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Abstract
This study examined daily affective dynamic indices among individuals with a major depressive disorder (MDD) diagnosis in 
the past one year at the time of the interview, focusing on affective variability and change in affect in response to daily events 
(affective reactivity). Data were from the main survey and daily diary project of the Midlife in the United States (MIDUS) 
study. Participants (N = 1,970; nMDD = 202; nnon-MDD = 1,768) completed structured clinical interviews on mental health and 
telephone interviews about their daily experiences spanning eight consecutive days. Multilevel models revealed that the MDD 
group experienced greater positive (PA) and negative affect (NA) variability than the non-MDD group. On days that at least one 
stressful event was reported, the MDD group experienced a greater decrease in PA and a greater increase in NA. On days that 
at least one positive event was reported, the MDD group experienced a greater increase in PA and a greater decrease in NA. 
Changes in affect to daily events, particularly the mood brightening effect, may be indicators of depression and potential targets 
for intervention. Limitations of the study include a community sample, reliance on self-reported measures of daily stressors 
and positive events, inclusion of remitted and current MDD participants, and the DSM-III-R based criteria for MDD diagnosis.

Keywords  Affective dynamics · Positive and negative affect · Daily stress · Daily positive events · Major depressive 
disorder (MDD)

MDD and Affect

Depression is often conceptualized as increased negative 
affect (NA) and deficient positive affect (PA) that remains 
relatively unchanged over time during the depressed mood 
state (Dunn et al., 2020). Despite persistent disturbances 
in affect, research on daily affect for individuals diagnosed 
with major depressive disorder (MDD) is sparse (Bylsma 
et al., 2011). Affective dynamics, assessed using ecologi-
cal momentary assessment (EMA) paradigms, provide a 
nuanced understanding of within-person fluctuations of neg-
ative affect (NA) and positive affect (PA) in daily life. Affec-
tive dynamics are indicators of psychological functioning 

and well-being (Ong & Steptoe, 2020). Affective indices 
examined in intensive longitudinal design studies within the 
community population suggest, in general, NA varies over 
time while PA remains relatively stable (Scott et al., 2020). 
However, this may differ for individuals with MDD. Studies 
are unclear whether NA varies or remains stable in day-to-
day life among patients with MDD compared to controls. 
Similarly, the variability of everyday PA remains unclear. 
The understanding of affective dynamics in depression has 
important treatment implications. For example, PA levels 
on stressful days predicted depression and anxiety disor-
ders seven years later (Rackoff & Newman, 2020). Another 
predictive study (Panaite et al., 2020) showed that a greater 
number of daily positive events predicted better well-being 
in depressed individuals 10 years later.

Treatment of depression typically focuses on decreas-
ing NA levels. Emerging evidence suggests, in contrast to 
NA, treatments need to also focus on increasing PA levels 
(Craske et al., 2019; Dunn et al., 2019). With the recent 
shift and focus of treatment on PA, the study of affective 
dynamics in depression has recently gained momentum 
in the scientific literature (Panaite et al., 2020). However, 
affective dynamic indices (e.g., affect levels, variability, 
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reactivity) are not static states but dynamic processes 
that vary across time (affective variability) and change 
in response to external events, such as daily stressors and 
positive events (affective reactivity) (Almeida, 2005). 
Further investigation into the daily affective dynamics 
of MDD is warranted in order to get a better understand-
ing of the pattern and differences in these indices com-
pared to non-depressed individuals. This would allow for 
better targeted treatment interventions. In this study, we 
focus on examining differences in affective variability and 
affective reactivity between MDD and non-MDD indi-
viduals from a community sample.

Affective Variability and MDD

Daily affective variability (i.e., indexed as a within-
person variability of affect within a person) captures the 
overall range of affect levels a person may experience 
across a particular time period (Ram & Gerstorf, 2009). 
Greater variability in affect may be associated with worse 
health outcomes. Studies support a cost linked to mov-
ing in and out of an affective “homeostasis” with higher 
fluctuations predicting poorer mental and physical health 
(Piazza et al., 2013). Temporal fluctuations in PA are 
associated with elevated mortality risk in older adults 
(Ong & Steptoe, 2020).

Affective variability has generally been found to be sig-
nificantly higher in depressed individuals than in healthy 
controls (Bos et al., 2019). However, there are discrepancies 
in the literature on whether NA and PA are significantly 
variable in depressed individuals. One study showed indi-
viduals with more severe forms of depression demonstrated 
lower variability of PA. Another study, however, observed 
greater variability of PA in MDD (Heininga et al., 2017). 
Other studies on affective fluctuations showed that depressed 
patients had higher variability in NA (Peeters et al., 2006) 
and PA in comparison to controls (Gilbert, 2012; Gruber 
et al., 2013; Peeters et al., 2006). Patients with a current dis-
order of depression and/or anxiety disorders were found to 
have higher fluctuations of NA (Lamers et al., 2018) and PA 
than remitted patients and controls (Schoevers et al., 2021). 
Most studies have not included large samples affected by 
mood disorders, nor have they systematically investigated 
the comorbid role of anxiety disorders (Pfaltz et al., 2010). 
Such comparisons are essential for understanding how affec-
tive regulation differs between depression and comorbid 
anxiety disorder (O’Leary et al., 2017). This study focuses 
on affective variability in MDD by assessing day-to-day 
within-person fluctuations controlling for comorbid anxiety 
disorders. We also measure affective variability in a novel 
way by implementing multilevel heterogeneous variance 
models that simultaneously model level and variability in 
the same analyses.

Affective Reactivity and MDD

Our second focus in the study is the role of context (i.e., 
how affect changes in response to daily stressful or posi-
tive events). The change in affect due to daily context (i.e., a 
stressful event or a positive event) is termed affective reactiv-
ity (Charles et al., 2009). The role of context in the depres-
sion literature has focused primarily on negative events such 
as stress or major past adverse events. Previous studies exam-
ining affective reactivity following daily life events in MDD 
have yielded mixed results. One study reported increased NA 
in reaction to daily negative events among individuals with 
prior depression as compared with controls (Husky et al., 
2009), while another study found smaller increases in NA in 
response to negative events in individuals with MDD (Peeters 
et al., 2003). The latter study also reported that decreases in 
PA following stressors were of significantly smaller magni-
tude in MDD compared with controls, while increases in PA 
following positive events were larger. A third study found no 
significant differences between participants with and without 
depression regarding changes in PA following either positive 
or negative events, or relative to increases in NA following 
negative events (Bylsma et al., 2011). The one relatively con-
sistent yet surprising finding in examining affect reactivity 
in depression is the “mood brightening” effect. The mood 
brightening (MB) effect observed in ecological investigations 
of affective reactivity in depression is an unusual theoreti-
cal and empirical phenomenon in the depression literature. 
The MB effect refers to findings that individuals with MDD 
report larger decreases in negative affect (NA) in response 
to positive events in daily life compared to individuals with 
no history of MDD (Bylsma et al., 2011; Peeters et al., 2003; 
Thompson et al., 2012). Interestingly, these studies also 
observed that the MB effect was observed even after con-
trolling for baseline mood, suggesting that this effect could 
not be accounted for by high levels of current NA among 
individuals with MDD. Another study observed a similar 
MB effect for depressed participants, but these individuals 
did not differ from controls concerning PA following posi-
tive events, or positive or negative affect following negative 
events (Khazanov et al., 2019). In summary, with the excep-
tion of the mood brightening effect that was observed across 
three investigations (Bylsma et al., 2011; Peeters et al., 2003; 
Thompson et al., 2012), the findings of previous EMA studies 
are inconsistent concerning differences in affective reactiv-
ity between individuals with and without depression. Such 
inconsistency may be explained by numerous factors includ-
ing the presence of comorbidity, the nature of the event itself, 
and the clinical state of the participants at the time of the 
study (aan het Rot et al., 2012; Bylsma et al., 2011; Tan et al., 
2012; Vrshek-Schallhorn et al., 2015).

In summary, the study of affective dynamics in MDD is 
warranted given the mixed results in the literature and the 
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importance of affective dynamics in well-being. Implement-
ing ecological sampling paradigms to advance the causes 
and maintenance of MDD and improve treatment interven-
tions is supported (Telford et al., 2012). A meta-analysis has 
shown that overall, low psychological well-being co-occurs 
with more variable, unstable, and inert affect, with more 
pronounced results for negative compared to positive affect 
(Houben et al., 2015). The current study examines the dis-
tinctive nature of affective variability and affective reactiv-
ity, among MDD vs. non-MDD groups, particularly focusing 
on positive affective reactivity given the mood brightening 
effect observed in the literature.

The Role of Daily Diary Assessment of Daily 
Stressors and Positive Events

The experience of life event stressors has been linked with 
worse mental health outcomes (Charles et al., 2013). Earlier 
work on stress generally focuses on major life events, which 
are relatively rare, or generates chronic stress over long peri-
ods of time. Perceived stress has also gained attention as it 
captures the subjective experience of stress, but it is lim-
ited in that it is unable to disentangle subjective stress from 
the frequency of exposure to stressful events. One way we 
address this limitation in the current study to better focus on 
capturing the daily stress process is through the assessment 
of daily stressors. This paradigm focuses on small everyday 
stressful events rather than larger isolated events. Since we 
measure affect associated with daily stressors, this allows 
us to differentiate between perceived stress and the actual 
stressor. Everyday stressors such as a job interview, meet-
ing a work deadline, and caring for children are also linked 
to health outcomes (Almeida et al., 2002). However, most 
of this evidence comes from cross-sectional or retrospec-
tive data on stress (Cohen et al., 2007; Pearlin & Bierman, 
2013). The daily diary methodology allows individuals to 
report their experiences of events on the day they occurred, 
decreasing the likelihood of retrospective bias and increas-
ing the accuracy of perception and occurrence of events.

How everyday stressors impact daily affective levels in 
depressed individuals and whether this differs from healthy 
individuals is unclear. Most studies have focused on tempo-
ral changes in affect with less emphasis on affective reactiv-
ity, or how affect changes in relation to daily events, whether 
stressful or positive. Investigating affective reactivity has 
several advantages. First, affective reactivity provides a better 
assessment of the impact of daily stressors on affective levels. 
Research has focused on overall stress and trauma with less 
focus on daily stressors (Grzywacz et al., 2004). Second, the 
focus on stress has usually taken a between-person approach 
based on the concept that some people experience more stress 
than others. This study centers on the within-person dynamic 

characteristics of affect associated with exposure to stressors. 
Daily stressors usually lead to the stress response including an 
increase in negative affect (Almeida et al., 2020). This within-
person approach to the stress process could help identify affec-
tive responses and changes associated with exposure to daily 
events. In other words, do depressed individuals experience 
similar levels of change in negative affect in response to a 
stressor or more compared to non-depressed individuals? Sim-
ilarly, assessment of change in positive affect is also important, 
particularly given the consistent yet unusual mood brighten-
ing effect observed specifically in MDD. Further, stability 
of positive affect in the face of daily stressors is an indicator 
of robust psychological well-being (Ong & Steptoe, 2020). 
Recent research suggests that intra-individual variability or 
fluctuations in PA over time is a predictor of individual health 
outcomes; for example, greater fluctuations in PA were associ-
ated with greater mortality (Ong & Ram, 2017; Ong & Step-
toe, 2020). We suspect that individuals with MDD have higher 
reactivity of both NA and PA associated with daily stressors.

Notably, earlier studies have recruited from clinics that 
may not generalize to the general population because of the 
increased severity and comorbidity of disorders reflected in 
clinical settings (Du Fort et al., 1993). Only two of the previ-
ously cited EMA investigations of affective dynamics have 
recruited participants from the general community (Bylsma 
et al., 2011; Thompson et al., 2012). Another gap in the liter-
ature is affective reactivity to positive events. There has been 
growing interest and recognition of the importance of PA but 
less focus on the frequency of positive event occurrence and 
affective reactivity to positive events (Ong & Ram, 2017; 
Ong & Steptoe, 2020; Rackoff & Newman, 2020; Sin et al., 
2020). Studies have reported that daily positive events are 
associated with better health outcomes (e.g., lower inflam-
mation) independent of positive affect levels (Sin et al., 
2015). However, there is a lack of understanding of affec-
tive responses to these positive events. It is critical to assess 
whether the occurrence of a positive event produces affective 
changes in depressed individuals, as it suggests important 
treatment implications. We speculate that MDD participants 
would have higher PA and lower NA associated with daily 
positive events.

Hypotheses

The central purpose of the current study is to observe affec-
tive change indices, specifically, variability and reactivity, 
in the daily lives of individuals recently diagnosed with 
Major Depressive Disorder (MDD) based on daily tele-
phone diary assessments and compare them to a non-MDD 
group. The present study tested two hypotheses. First, does 
the MDD group report higher negative and positive affect 
variability in a large national community sample? For PA, 
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we hypothesize that there would be lower mean PA levels 
and greater within-person affective variability in daily PA 
in the MDD group compared to the non-MDD group. For 
NA, we expect that there would be higher mean levels and 
greater within-person affective variability in daily NA in 
the MDD group compared to the non-MDD group. Second, 
we examine whether individuals with MDD exhibit higher 
affective reactivity to daily stressor and positive events. For 
negative affective reactivity, we expect that there would be 
a greater increase in NA in response to daily stressors and a 
greater decrease in NA in response to daily positive events 
in the MDD group compared to the non-MDD group. For 
positive affective reactivity, we expect a greater decrease in 
PA in response to daily stressors and a greater increase in 
PA in response to daily positive events in the MDD group 
compared to the non-MDD group.

Method

Participants and Procedure

The current study used data drawn from the second wave 
of the National Study of Daily Experiences (NSDE), the 
daily diary project of the Midlife in the United States 
(MIDUS) study (Ryff & Almeida, 2017; Ryff et al., 2018, 
2021). The MIDUS study is a national survey examin-
ing health and well-being across middle and older adult-
hood. The original sample at the first wave of the study 
(MIDUS I) was recruited from 1995 to 1996 via a ran-
dom-digit-dialing (RDD) procedure, resulting in 7,108 
non-institutionalized and English-speaking adults aged 
between 25 and 74. In 2004 to 2006, a longitudinal fol-
low-up was conducted (MIDUS II) which included 4,963 
participants who completed the baseline phone interview 
(aged 35–86 years; 75.4% retention rate). Of those, 81% 
completed self-administered questionnaires (SAQs). Due 
to the lack of participants as racial minorities, especially 
those who identified as Black (90.1% white and 4.6% 
Black in MIDUS II vs. 75.1% white and 12.3% Black 
in the U.S. population), this sample was not fully repre-
sentative of the U.S. population. To improve the diversity 
representation of the MIDUS II sample, a supplemental 
sample of 592 participants who mostly identified as Black 
(93.4%) were recruited from Milwaukee County, WI. 
The Milwaukee oversample completed the initial base-
line interview (70.7%) and 67.2% of them also completed 
the SAQs. A random subsample of MIDUS II partici-
pants were invited to enroll in the daily diary study, and 
2,022 participants completed the telephone interviews 
about their daily experiences on eight consecutive days 
(Almeida et al., 2009). Approximately 96% of partici-
pants completed at least six interview days, resulting in 

92% of retention rate (i.e., 14,912 days out of a possible 
16,176 days). Further data documentation is available at 
http://​doi.​org/​10.​3886/​ICPSR​26841.​v2.

Of the 2,022 participants with 14,895 interview days, 
we included 1,970 participants with 12,225 interview days 
in the analyses who completed at least two consecutive 
interview days. The median time gap between the main 
survey and daily diary assessment for the current sample 
was 1.6 years (19 months), where about 50% had less than 
a 1-year gap and 70% had less than a 2-year gap. We used 
demographic variables drawn from the MIDUS II main sur-
vey, and participants who did not provide information on 
demographic characteristics (n = 52) were excluded in the 
analyses. The final sample of this study were aged 57 years 
on average and 57% were female. In addition, 85% of the 
sample identified their racial group as white, 11% Black, and 
4% others (i.e., Asian, native American, native Hawaiian, or 
others), and 31% of the sample reported their highest level 
of education completed as high school or less.

Measures

Daily Affect

Daily affect was measured using scales developed by 
MIDUS (Mroczek & Kolarz, 1998; Watson et al., 1988). 
Participants reported how much of the time they experi-
enced 13 positive and 14 negative emotions using a 5-point 
scale ranging from 0 (none of the time) to 4 (all of the time). 
Negative affect items included feeling restless or fidgety, 
nervous, worthless, so sad nothing could cheer you up, hope-
less, irritable, lonely, upset, everything was an effort, jittery, 
ashamed, angry, frustrated, and afraid (αwithin-person = .84, 
αbetween-person = .75; Hox et al., 2017). Positive affect items 
included feeling in good spirits, extremely happy, calm and 
peaceful, cheerful, full of life, enthusiastic, proud, active, 
like you belong, satisfied, attentive, close to others, and 
confident (αwithin-person = .91, αbetween-person = .96; Hox et al., 
2017). Daily negative and positive affect were calculated 
using average scores of affect items, respectively.

Daily Stressors

Daily stressors were measured using the Daily Inventory of 
Stressful Events (DISE; (Almeida et al., 2002). The DISE 
asks about the occurrence in the past 24 h of seven events 
that most people commonly find stressful. These events 
included an argument or disagreement, avoidance of an 
argument, a stressor at work/school, a stressor at home, dis-
crimination, stressful events experienced by a close friend 
or relative (i.e., a network stressor), and any other stressor. 
We used a binary variable representing whether participants 
experience any of stressors on a given day (1 = yes, 0 = no).

http://doi.org/10.3886/ICPSR26841.v2
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Daily Positive Events

Participants reported whether each of the following five 
positive events had occurred in the past 24 h during the 
telephone interviews: a positive social interaction, a posi-
tive experience at work/school/volunteer position, a posi-
tive experience at home, a positive event experienced by a 
close friend or relative (i.e., a network positive event), and 
any other positive event (Sin & Almeida, 2018). A binary 
variable indicating whether participants experienced any 
positive event on a given day (1 = yes, 0 = no) was used for 
the analyses.

Major Depressive Disorder (MDD)

Recent MDD was diagnosed during the MIDUS II main 
survey using the Comprehensive International Diagnostic 
Interview-Short Form (Kessler et al., 1998) which aligned 
with the Diagnostic and Statistical Manual–Third Edi-
tion-Revised (DSM-III-R; American Psychiatric Asso-
ciation, 1987) criteria. During the telephone interview, 
the CIDI-SF assessed whether participants experienced 
depressed mood or anhedonia in the past 12 months, and 
associated symptoms including problems with eating, 
sleeping, concentration, energy, feelings of self-worth, 
and suicidal ideations or actions. A criterion for a diag-
nosis of MDD required the concurrent presence of at 
least two weeks of either depressed affect or anhedonia 
for most of the day/nearly every day, and at least of four 
associated symptoms. Studies have shown that the CIDI-
SF has a strong inter-rater reliability, diagnostic sensitiv-
ity, and diagnostic specificity compared to the full CIDI 
(Kessler et al., 1998). Bipolar Disorder was not assessed 
within this group, only MDD.

Covariates

Sociodemographic covariates included age, gender (male vs. 
female), race (white vs. Black), highest education level (high 
school graduate or less vs. more than high school graduate), 
and marital status (married vs. non-married). A diagnosis 
of an anxiety disorder (i.e., generalized anxiety disorder and 
panic disorder), assessed using CIDI-SF, was also included 
as a covariate, as MDD and anxiety disorders are highly 
comorbid (Kessler et al., 2007). We also included a weekday 
vs. weekend variable as a covariate indicating whether the 
interview day was on a weekday or weekend, and previ-
ous-day positive and negative affect (i.e., lagged outcome 
variable) to strictly evaluate the day-level association. In 
addition, we included person-means of daily stressors and 
positive events as covariates (i.e., the proportion of days 
on which the stressors/positive events had occurred across 
interview days).

Data Analysis

Multilevel models were estimated to examine our hypoth-
eses on differences in daily affective variability and affec-
tive reactivity to daily events between MDD and non-MDD 
groups. Affective variability was operationalized as a within-
person variability of daily affect across eight study days, 
and affective reactivity was operationalized as the degree of 
change in affect in response to daily events compared to days 
without any events. For the analyses, level-1 continuous pre-
dictors were person-mean centered and level-2 continuous 
predictors were grand-mean centered to interpret estimated 
parameters as deviations from person-mean and grand-mean, 
respectively. First, to examine whether MDD has a greater 
daily affective variability, we tested multilevel models with 
heterogeneous within-person variance. This approach is 
powerful and parsimonious in that it allows modeling for 
within-person fluctuation in daily affect while controlling for 
all within- and between-person covariates (Liu et al., 2018). 
Level 1 residuals of daily affect estimated from these models 
represent within-person variability of daily affect. For exam-
ple, equations for a model with within-person heterogeneous 
variance estimating daily negative affect are as follows:

Level 1 (day-level):

Level 2 (person-level):

At level 1, �0i represents the intercept which indicates 
the person i’s average amount of negative affect and edi is 
a residual error representing leftover level-1 variance in 
negative affect for person i. At level 2, �00 represents the 
sample mean of negative affect, �01 represents the effect 
of MDD on the person-specific intercept �0i , and u0i rep-
resents a deviation of person i’s mean from the sample 
mean of negative affect. R matrix indicates the vari-
ance–covariance matrix of level-1 (i.e., within-person) 
residuals, where �2

eg
 differs across two groups (i.e., MDD 

and non-MDD groups). The models with heterogeneous 
within-variance were compared with common variance 
model based on Akaike Information Criterion (AIC) and 
Bayesian Information Criterion (BIC), of which lower 
values indicate a better-fitting-model.

To examine differences in affective reactivity to daily 
events among MDD and non-MDD groups, we estimated 
multilevel models with cross-level interaction terms between 
daily events and MDD. For example, equations for a model 

Daily Negative Affectdi = �0i + edi, edi ∼ N(0,R)

R =

[

�2

eg=0
0

0 �2

eg=1

]

�0i = �00 + �01(Major Depression Disorder)i + u0i, u0i ∼ N(0,G)
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examining interaction between daily events and MDD on 
daily negative affect are as follows:

Level 1 (day-level):

Level 2 (person-level):

At level 1, �1i and �2i are the slopes representing a change 
in person i’s daily negative affect on stressor days and positive 
event days, respectively. At level 2, �11 and �21 capture the inter-
action effects between daily events (i.e., daily stressors and daily 
positive events) and MDD. u1i and u2i represent leftover level-2 
variance in the regression coefficients, �1i and �2i , respectively, 
that is not explained by MDD. Random effects (i.e., random 
slopes) were included in the estimation for daily stressors and 
daily positive events, which allows changes in daily affect in 
response to daily events to differ across individuals. The afore-
mentioned covariates were also included in the analyses.

Results

Descriptive Statistics and Correlations

Participants’ sociodemographic characteristics and descrip-
tive statistics for daily experiences are presented in Table 1. 
Among the sample of 1,970 participants, 202 participants 

Daily Negative Affectdi =

�0i + �1i(Daily Stressor)di + �2i(Daily Positive Event)di + edi

�0i = �00 + �01(MDD)i + u0i
�1i = �10 + �11(MDD)i + u1i
�2i = �20 + �21(MDD)i + u2i

(10.3%) were diagnosed with MDD in the past 12 months and 
1,768 participants (89.7%) were not diagnosed with MDD. 
MDD participants were more likely to be younger (M = 52.2 
vs. 57.2) and female (72.3% vs. 55.5%) than non-MDD par-
ticipants, and 35% of MDD participants had an anxiety dis-
order compared to 5% among non-MDD participants. On 
76.9% of interview days, both MDD and non-MDD partici-
pants reported at least one stressor or positive event. Stressors 
occurred on 44% of interview days among MDD participants 
and 35% of days among non-MDD participants. Positive 
events occurred on 63% of interview days among MDD par-
ticipants and 69% of days among non-MDD participants.

Table 2 shows patterns of associations among the daily 
diary variables (i.e., within-person and between-person cor-
relation coefficients). The intraclass coefficients indicate that 
between-person differences account for 77% of variance in 
daily positive affect, 53% in daily negative affect, 25% in daily 
stressors, and 41% in daily positive events. At the between-
person level, the correlation coefficients between MDD status 
and daily events were moderate to weak, indicating that MDD 
participants were more likely to report higher NA, lower daily 
PA, higher stressor exposure, and lower positive event expo-
sure. At both between-person and within-person levels, the 
correlation matrix indicates that higher daily PA was corre-
lated with lower daily NA, having fewer stressors, and more 
positive events. In addition, lower daily NA and reports of 
positive events were correlated with having stressors, respec-
tively, at both between-person and within-person levels.

Daily Affective Variability

Table 3 shows the results from multilevel models with 
heterogeneous within-person variance. The fixed-effect 

Table 1   Descriptive statistics

Note: MDD Major Depressive Disorder

MDD
(n = 202; Obs = 1,186)

Non-MDD
(n = 1,768; Obs = 11,039)

Total
(N = 1,970; Obs = 12,225)

Variable Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%)

Sociodemographic and anxiety disorder
  Age, years
  Sex, Male
  Race, White
  Education, high school graduate or 

less
  Marital status, Married
  Anxiety disorder

52.21 (10.93)
56 (27.7%)
172 (85.2%)
70 (34.7%)
114 (56.4%)
70 (34.7%)

57.22 (12.23)
786 (44.5%)
1,502 (85.0%)
538 (30.4%)
1,246 (70.5%)
90 (5.1%)

56.74 (12.19)
842 (42.7%)
1,674 (85.0%)
608 (30.9%)
1,360 (69.0%)
160 (8.1%)

Daily diary variables
  Positive affect
  Negative affect
  Stressors (% of days)
  Positive events (% of days)
  Weekday (vs. weekend)

2.26 (0.88)
0.39 (0.45)
44.4%
62.7%
72.1%

2.81 (0.67)
0.15 (0.21)
34.7%
68.5%
72.4%

2.75 (0.72)
0.18 (0.25)
35.7%
67.9%
72.4%
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estimates for association between MDD and daily affect 
indicate that MDD group reported higher average levels of 
NA (est. = 0.182, SE = 0.019, p < .001) and lower average 
levels of PA (est. = -0.423, SE = 0.055, p < .001). For within-
person variance components, MDD group reported greater 
variability in both NA (0.131 vs. 0.037) and daily PA (0.244 
vs. 0.133; See Fig. 1).

Affective Reactivity to Daily Events

Table 4 displays the results from multilevel models for affec-
tive reactivity to daily stressors and positive events. For 
positive affective reactivity, the interaction between daily 
positive events and MDD was significant (Est. = 0.181, 
SE = 0.038, p < .001). Figure 2a shows that there was a 

greater increase in PA on days with any positive events in 
MDD participants (simple slope: est. = 0.253, SE = 0.037, 
p < .001) than non-MDD participants (simple slope: 
est. = 0.072, SE = 0.010, p < .001). The interaction between 
daily stressors and MDD on PA was marginally significant 
(est. = -0.068, SE = 0.035, p = .054). Although the result did 
not reach statistical significance level of 0.05, we conducted 
simple slope analyses to examine the difference between 
positive affective reactivity to daily stressors in MDD vs. 
non-MDD groups (Fig. 2b). Simple slope analyses revealed 
that there was a decrease in PA on stressor days in both 
MDD participants (Est. = -0.199, SE = 0.034, p < .001) and 
non-MDD participants (Est. = -0.131, SE = 0.009, p < .001).

For negative affective reactivity, the interaction 
between MDD and daily positive events (est. = -0.103, 

Table 2   Intraclass Correlation 
(ICC) and within- and between-
person correlations

Note: N = 1,970; Observations = 12,225; MDD = Major Depressive Disorder; Diagonals (bold) represent 
intraclass correlation (ICC; between-person level variance divided by total variance) for the variables. 
Numbers above diagonals show within-person correlation coefficients, and below diagonals are between-
person correlation coefficients. * p < .05, *** p < .001

Variable MDD Positive affect Negative affect Stressors Positive events

MDD
Positive affect –.24*** .77 –.49*** –.21*** .10***

Negative affect .31*** –.56*** .53 .35*** –.02*

Stressors .12*** –.31*** .41*** .25 .11***

Positive events –.06*** .12*** –.03*** .29*** .41

Table 3   Parameter estimates for 
multilevel models with within-
person heterogeneous variance

Note:  N = 1,970; Observations = 12,225; MDD = Major Depressive Disorder; Model-fit indices indicate 
heterogenous within-person variance models (PA: AIC = 16672.29, BIC = 16768.63; NA: AIC = -356.66, 
BIC = -260.33)fit better than the common variance models (PA: AIC = 16858.66, BIC = 16947.58; NA: 
AIC = 458.16, BIC = 547.09) for both positive and negative affect
†  p = < .10, * p < .05, ** p < .01, *** p < .001

Daily positive affect Daily negative affect
Estimate (SE) Estimate (SE)

Fixed effect
  Intercept 2.838 (0.047)*** .174 (0.015)***

  MDD –.423 (0.055)*** .182 (0.019)***

  Age .010 (0.001)*** –.002 (0.000)***

  Male (vs. female) –.039 (0.032) –.011 (0.010)
  Less than high-school graduate .064 (0.034)† –.002 (0.010)
  White (vs. others) –.045 (0.044) –.032 (0.014)*

  Married (vs. not-married) .063 (0.035)† –.028 (0.011)**

  Anxiety disorder –.270 (0.060)*** .154 (0.019)***

  Previous-day affect .010 (0.010) .031 (0.010)***

  Weekday (vs. weekend) –0.049 (0.010)*** 0.038 (0.004)***

Random effect
  VAR (Intercept) 0.437 0.036
  Residual 0.133 0.037

Heterogeneous within-person variance component
  MDD 0.244 0.131
  Non-MDD 0.133 0.037
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SE = 0.024, p < .001) and between MDD and daily stressors 
(est. = 0.114, SE = 0.026, p < .001) were significantly asso-
ciated with NA. Figure 2c indicates that there was a greater 

decrease in NA on a positive-event day among MDD par-
ticipants (simple slope: est. = -0.087, SE = 0.015, p < .001) 
than non-MDD participants (simple slope: est. = 0.002, 

Fig. 1   Daily affective reactivity to daily events. Dotted lines represent 
average levels of daily affect across 8 days and solid lines represent 
variability in daily affect. The values used are estimated values from 
the heterogeneous variance multilevel model without daily events 
components. An average level of positive affect was lower in MDD 

(b = 2.415) than non-MDD (b = 2.838), and that of negative affect was 
higher in MDD (b = 0.356) than non-MDD (b = 0.174). Variances in 
both daily positive affect (PA) and negative affect (NA) were higher 
in MDD (PA = 0.244; NA = 0.133) than non-MDD (PA = 0.131; 
NA = 0.037)

Table 4   Parameter estimates for 
multilevel models examining 
affective reactivity to daily 
events

N = 1,970; Observations = 12,225; MDD Major Depressive Disorder
†  p < .10., * p < .05, *** p < .001

Daily positive affect Daily negative affect
Estimate (SE) Estimate (SE)

Fixed effect
  Intercept 2.836 (0.045)*** .125 (0.011)***

  MDD –.433 (0.062)*** .189 (0.023)***

  Daily stressors –.131 (0.009)*** .149 (0.006)***

  Daily positive events .072 (0.010)*** .001 (0.005)
  Daily stressors X MDD –.068 (0.035)† .114 (0.026)***

  Daily positive events X MDD .181 (0.038)*** –.103 (0.024)***

  Age .005 (0.001)*** .000 (0.000)
  Male (vs. female) –.056 (0.030)† .009 (0.007)
  Less than high-school graduate .032 (0.033) .020 (0.007)*

  White (vs. others) –.058 (0.042) –.036 (0.001)***

  Married (vs. not-married) .067 (0.031)* –.031 (0.007)***

  Previous-day affect .005 (0.010) .009 (0.009)
  Weekday (vs. weekend) –.038 (0.008)*** .026 (0.004)***

  Average daily stressor days –.701 (0.061)*** .194 (0.015)***

  Average daily positive-event days .411 (0.059)*** –.060 (0.014)***

Random effect
  VAR (Intercept) .448 .030
  VAR (Stressor slope) .018 .024
  VAR (Positive event slope) .022 .006
  CORR (Int, Stressor slope) –.137 .343
  CORR (Int, Positive event slope) –.459 –.844
  CORR (Stressor slope, Positive event slope) –.427 .168
  Residual .123 .035

Heterogeneous within-person variance component
  MDD .213 .117
  Non-MDD .123 .030
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SE = 0.006, p = .70). In addition, as depicted in Fig. 2d, 
there was a greater increase in NA on stressor-days among 
MDD participants (simple slope: est. = 0.263, SE = 0.025, 
p < .001) compared to non-MDD participants (simple slope: 
est. = 0.149, SE = 0.006, p < .001).

Discussion

This study investigated whether individuals diagnosed with 
MDD in the past one year experienced higher affective 
variability and reactivity to daily events compared to non-
depressed individuals using a large U.S. national sample. Our 
first hypothesis was supported in that depressed individuals 
experienced higher levels of both NA and PA variability over 
an 8-day period. Our second goal was to determine whether 
depressed individuals experienced higher affective reactivity 
to daily events, including both stressful and positive events. 
This hypothesis was also supported as we found that depressed 
individuals experienced significantly higher levels of negative 
affect reactivity (i.e., an increase in NA) to daily stressors and 
lower levels of negative affect reactivity (i.e., a decrease in NA) 
to daily positive events, in alignment with the mood brightening 
effect consistently detected in previous studies. Depressed indi-
viduals also experienced a greater increase in levels of positive 
affect in response to positive events, also corresponding to the 
mood brightening effect. We only found marginally significant 
effects of daily stressors on positive affect. Thus, as expected, in 

addition to mean level affect differences, we found differences 
in affective variability and reactivity in the MDD group.

Affective Variability

The higher levels of NA and lower levels of PA in depressed 
individuals is unsurprising and expected. However, despite the 
belief of a stable depressed mood and affect state, depressed 
individuals still experience higher levels of affective variability 
for both negative and positive affect. We found that, overall, the 
MDD group experienced 3.5 times higher levels of negative 
affective variability and close to twice as much higher levels of 
positive affective variability compared to the non-MDD group. 
The higher NA variability is supported by the literature (Koval 
et al., 2013; Panaite et al., 2020), although similar studies did 
not find significant variability in PA (Panaite et al., 2020). 
Positive affective dynamic indices have increasingly gained 
importance as a marker for well-being and positive mental 
health. Given that the MDD group was experiencing such 
higher variability levels for both negative and positive affect, 
interventions targeting the decrease in affective variability may 
be warranted, focusing on positive affective variability.

Affective Reactivity to Daily Events

Earlier work by Almeida and colleagues has emphasized the 
importance of affective dynamics indices as a predictor of 
both physical and mental health outcomes (Almeida, 2005; 

Fig. 2   Daily affective reactivity to daily events between MDD and Non-MDD adults. Interaction effects of “Daily Events x MDD status” for 
daily positive affect and negative affect, controlling for all the covariates 
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Almeida et al., 2020; Charles et al., 2013; Piazza et al., 2013; 
Sin et al., 2020). In our study, MDD participants experienced 
not only higher negative affect and lower daily positive affect 
but also higher stressor exposure (9% more reported stress-
ors) and lower positive event exposure (6% less reported 
positive events) compared to non-MDD participants. This 
implies that, within this sample, the MDD group experiences 
at least one extra stressor event per week and at least one less 
positive event per week. On a yearly basis, that translates to 
52 extra stressors and 52 fewer positive events for the MDD 
group compared to the non-MDD group. This finding is in 
line with the stress generation hypothesis (Hammen, 1991, 
2006), where depressed individuals are more likely to expe-
rience stressful life events than non-depressed ones because 
they behave in ways contributing to stressful environments 
influenced by their beliefs, expectations, and personal char-
acteristics (Alloy et al., 2010). With the caveat that the 8-day 
sample might not be representative of the participants’ year, 
this reflects how the MDD group navigates and perceives 
their daily lives, highlighting the importance of context and 
external events that happen on a daily basis.

The investigation of how affect is impacted by the occur-
rence of both stressors and positive events in depressed 
individuals was a novel aspect of this study. Here too, we 
found that the MDD group’s NA increased and PA decreased 
significantly in response to a stressful event compared to the 
non-MDD group. Thus, the already elevated levels of NA 
are further exacerbated in the event of a daily stressor in 
depressed individuals. Similarly, the PA levels which were 
lower than those of non-depressed individuals prior to the 
stressor also decreased significantly when the daily stressor 
occurred. The impact of event-related affective changes 
on daily functioning is a promising research area that war-
rants further investigation. Research has demonstrated that 
reduced PA in the event of a daily stressor is likely to main-
tain and even predict future depression relapse (Rackoff & 
Newman, 2020).

In accordance with the mood brightening theory, depressed 
individuals experienced an increase in PA and decrease in NA 
significantly more than the non-depressed group in response 
to positive events. Thus, the MDD group appears to experi-
ence a greater advantage or gain from positive events than the 
non-MDD group, at least in terms of the magnitude of change 
in NA and PA following daily positive events (Panaite et al., 
2018). This challenges the theoretical view of depression 
as involving intractable and high levels of NA (Koval et al., 
2013). The findings also contradict most lab-based studies 
which generally detect an association of blunted affect irre-
spective of context in MDD (Rottenberg, 2005). From a thera-
peutic standpoint, the findings on affective reactivity to posi-
tive events were both informative and promising. The caveat, 
however, is that non-depressed individuals have significantly 
higher levels of PA and lower levels of NA to begin with 

and thus there is limited room for change. On the other hand, 
depressed individuals have room for change, and introducing 
coping mechanisms to not only heighten these affect changes 
but also to maintain them is a vital research area that requires 
further investigation. Recent innovative interventions are 
now targeting increases in positive affect, not just decreases 
in negative affect, to improve transdiagnostic symptoms of 
depression, anhedonia, and anxiety in mental health patients 
(Craske et al., 2019; Dunn et al., 2019).

Limitations

Several limitations of this study should be noted. First, our 
study is based on a community population; therefore, generali-
zation to mental health populations needs to be cautious war-
ranting replication in a clinical population of MDD patients. 
Second, other comorbid psychiatric symptoms, including 
bipolar disorder, were not controlled other than generalized 
anxiety disorder and panic disorder. Importantly, bipolar dis-
order shares overlapping diagnostic criteria with MDD and 
is well known to be sensitive to positive affect. Due to the 
lack of information on bipolar disorder, we could not rule out 
whether some individuals within the MDD group actually had 
bipolar disorder, which in turn could account for some of the 
positive affect findings (Painter et al., 2019). Future studies 
could address whether other mental disorders have similar 
impacts on daily affective dynamics and reactivity. Third, the 
timeline for diagnosis of MDD was not fully known due to the 
time gaps between the diagnostic interview and daily diary 
assessments. Therefore, it is unclear how many of the MDD 
group were symptomatic and fulfilled diagnostic criteria at the 
time of completing the daily diary interviews, limiting gener-
alization of the results to clinical samples. Further, the cross-
sectional observational design of the current study does not 
inform about causal relationships (i.e., is the higher affective 
variability and reactivity in MDD caused by the development 
of MDD symptoms or vice versa?). Future studies using longi-
tudinal or experimental design and multiple assessments could 
help to examine the directionality of the associations. Addi-
tionally, our measures on daily affect and daily events are based 
on subjective self-reported questionnaires which might pro-
duce reporting biases. Studies that utilize objective indicators 
of daily events and well-being could inform how these biases 
created by self-reported measures may impact the results. 
Next, DSM III R criteria was the basis for MDD diagnosis at 
the time of the study. The major difference between DSM III 
R and DSM 5 criteria would be the absence of the following 
criterion for MDD diagnosis in the DSM 5: “The symptoms 
are not better accounted for by bereavement (i.e., after the loss 
of a loved one, the symptoms persist for longer than 2 months 
or are characterized by marked functional impairment, morbid 
preoccupation with worthlessness, suicidal ideation, psychotic 
symptoms, or psychomotor retardation).” Thus, the DSM III 
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R excludes individuals from MDD who are experiencing 
symptoms of grief/sadness related to bereavement while the 
DSM 5 criteria do not. Finally, marginally significant inter-
action effects of daily stressor and MDD status on positive 
affect might indicate that the result did not produce statistically 
meaningful results. However, we found that there was a dif-
ference in simple slopes, which indicates that there might be 
meaningful difference in positive affective reactivity to daily 
stressors between two groups. Nevertheless, these results need 
to be interpreted with caution and replicated in different sam-
ples in future investigations. Future studies should measure 
cumulative stressors rather than relying on a binary measure 
of stressors.

Future Directions

Despite these limitations, our study has important impli-
cations for future investigation. Our study could warrant 
future studies in two areas: intervention-focused and 
symptom-trajectory-focused. Intervention-focused studies 
would benefit from investigating the impact of increasing 
affective stability with a particular focus on increasing PA. 
This may be achieved through interventions directed at 
increasing positive experiences in the lives of people with 
MDD. The second area of investigation focuses on the 
trajectory of changes in depressive symptoms based on 
longitudinal studies examining the link between the emer-
gence of depressive symptoms, their maintenance, and 
the remission of symptoms based on changes in affective 
dynamics. This would provide clues on the stability of the 
mental health diagnosis over time and the factors associ-
ated with it (Keyes et al., 2010). The robustness, scope, 
and relative specificity of the brightening effect highlights 
the need to resolve conflicting findings across laboratory 
and ecological studies to advance the understanding of 
affective dynamic indices in MDD (Khazanov et al., 2019).
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