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ABSTRACT
Stress is a well‐established risk factor for a range of negative health outcomes, making the longitudinal assessment of everyday
stress increasingly important. This study tested the feasibility of combining a prospective assessment of stress responses using
Ecological Momentary Assessment (EMA) with a retrospective evaluation of stressors via a Life History Calendar (LHC). It also
examined how different operationalizations of stress components—reactivity, recovery, and pileup—using various intra‐
individual baselines influenced stressor count, mental health symptoms, and trait anxiety. A sample of 165 adults (50.9% fe-
male; M age = 24.91 years, SD = 4.61) was followed over six months. Stress responses were assessed prospectively via EMA,
administered three times daily, and stressor exposure was retrospectively captured using the LHC. We computed indices of
stress reactivity, recovery, and pileup using three baseline types: local (1‐week and 2‐week periods prior to a stressor episode)
and a cumulative average of all prior stressor‐free weeks. Hierarchical multiple regression analyses examined associations
between these indices and changes in mental health symptoms and trait anxiety. Combining EMA and LHC methods to assess
stress components was feasible. Baseline choice influenced both stressor episode counts and the associations between stress
components and mental health outcomes. Stress reactivity and pileup, based on both local and cumulative baselines, were
consistently associated with increases in mental health symptoms. Only one operationalisation of stress recovery was linked to
changes in symptoms. Trait anxiety was not associated with any stress component, except for pileup when using a 1‐week local

Abbreviations: DASS‐21, Depression, Anxiety, and Stress Scales; DASS‐A, DASS anxiety subscale; DASS‐D, DASS depression subscale; DASS‐S, DASS stress subscale; EMA, ecological momentary
assessment; EMA‐A, EMA anxiety scores; LHC, Life History Calendar; STAI‐T, State‐Trait Anxiety Inventory–Trait.

© 2025 John Wiley & Sons Ltd.

Stress and Health, 2025; 41:e70128 1 of 12
https://doi.org/10.1002/smi.70128

https://orcid.org/0009-0007-6057-1795
https://orcid.org/0000-0003-3863-5223
mailto:carles.soriano.mas@ub.edu
mailto:mafullana@clinic.cat
https://doi.org/10.1002/smi.70128
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fsmi.70128&domain=pdf&date_stamp=2025-11-27


baseline. These findings support the feasibility of integrating EMA and LHC methods to assess stress dynamics. Different
baseline definitions yield distinct results, highlighting the importance of carefully selecting baseline parameters in stress
research. This has important implications for designing and refining future studies on stress and health.

1 | Introduction

Stress is a recognized risk factor for a wide range of negative
health outcomes. Defined as an individual's perception of a
situation as a threat to their homoeostasis and their perceived
ability to cope (Lazarus and Folkman 1984). Stress is inherently
dynamic and varies both between and within individuals (Sli-
winski et al. 2009). However, despite this intra‐individual na-
ture, most stress research has focused on static and group‐level
approaches (Heshmati et al. 2024; Smyth et al. 2023). Recently,
there has been increasing interest in using longitudinal methods
to study stress, emphasising its dynamic and intra‐individual
nature by capturing stressors and stress responses over time
(Smyth et al. 2023). Ecological momentary assessment (EMA)
has become a very valuable tool to capture such within‐person
variation, allowing for repeated sampling of individuals' expe-
riences in their natural environments, thus enhancing ecolog-
ical validity (Shiffman et al. 2008). By enabling real‐time,
contextually grounded measurement of stress and related pro-
cesses in everyday life—insights often inaccessible through
traditional methods—EMA has transformed stress research.
Moreover, technological advances, such as the widespread use
of smartphones, have enhanced the accessibility and usability of
EMA, further accelerating this progress (Zhang et al. 2024;
Weber et al. 2022; Lohani et al. 2025).

The classical definition of stress by Lazarus and Folkman's
(Lazarus and Folkman 1984) highlights two key components:
primary assessment (the initial response to a stressor, i.e. stress
reactivity) and secondary assessment (stress recovery) (Lazarus
and Folkman 1984). Building on this framework, novel ap-
proaches have been proposed for evaluating these components
(Kalisch et al. 2021; Smyth et al. 2018). Specifically, Smyth
et al. (2023) proposed an EMA‐based approach for assessing
stress components in daily life, focussing on three key elements:
stress reactivity, stress recovery, and a newly introduced
component—pileup, which refers to the accumulation of
stressor episodes over time. To operationalise these components,
they suggested several EMA‐based strategies that use different
types of individualised baselines, ranging from more proximal
(‘local’, referring to a recent stress‐free period) to more distal
(‘cumulative’, referring to the average of past stressor‐free pe-
riods) (Smyth et al. 2023).

This study builds on the proposal of Smyth et al. (2023), by
examining how different operationalizations of stress compo-
nents ‐using different baselines‐are associated with two critical
constructs: declining mental health and trait anxiety. Prior
research suggests that increased stress reactivity and pileup are
associated with poorer mental health outcomes (Kalisch
et al. 2021; Shackman et al. 2016), while individuals with higher
trait anxiety (also called neuroticism or dispositional negative
affect; Shackman et al. 2016) may experience heightened stress
reactivity, reduced stress recovery, and greater pileup (Kalisch
et al. 2021; Shackman et al. 2016); although the evidence is not

conclusive for trait anxiety/neuroticism (Mey et al. 2020). Thus,
some of the EMA‐based operationalizations of stress compo-
nents should demonstrate significant associations with in-
creases in mental health symptoms and with trait anxiety.

One of the challenges in assessing stress involves defining what
constitutes a stressor (Cohen et al. 2019). As Kalisch et al. (2021)
noted, defining a stressor as ‘a situation that elicits a stress
response’, presents a practical conundrum, as a stressor for one
person may not be a stressor for another. Moreover, the
magnitude and quality of the stress response play a critical role
in defining whether a situation qualifies as a stressor. One
approach to this problem is to define a set of potential stressors
(events or stimuli) and assess both their occurrence and the
extent to which they trigger measurable stress responses
(Kalisch et al. 2021). In this study, we used a Life History Cal-
endar (LHC) ‐a tool widely employed in psychological research
(Axinn et al. 1999; Caspi et al. 1996; Freedman et al. 1988)‐ to
assess the presence and number of potential stressors, while
EMA was used to measure stress responses. We opted to assess
stressors retrospectively using the LHC rather than in real time
via EMA for three main reasons. First, repeated in‐the‐moment
questioning about stressor exposure may increase participants'
overall psychological reactivity, a well‐documented phenome-
non in ecological assessment research (Shiffman et al. 2008;
König et al. 2022). Second, we aimed to minimise participant
burden, which was already substantial given the requirement to
complete 11 items per day. Finally, as noted above, defining and
operationalising ‘a stressor’ is complex, and leaving this entirely
to participants' subjective interpretation in real time can intro-
duce inconsistency (Kalisch et al. 2021).

To our knowledge, this is the first study to assess the feasibility
of combining both strategies (EMA to assess stress responses
and LHC to assess stressors) to examine how different oper-
ationalizations of stress components using different baselines
affect stressor count and the association between stress com-
ponents and mental health symptoms and trait anxiety. We
expected that our findings would inform the design and
refinement of future research on stress and health.

2 | Methods

2.1 | Participants

Participants were recruited for a prospective‐longitudinal study
on predictors of mental health symptoms (e.g., anxiety and
depressive). Adults from the university community ‐including
students and staff‐residing in Barcelona were invited to partic-
ipate. Participants were recruited using snowball sampling
through the professional and academic networks of the research
team. A large number of individuals (n = 840) were initially
screened using the Spanish version (Buela‐Casal et al. 2016) of
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the State‐Trait Anxiety Inventory–Trait (STAI‐T) subscale
(Spielberg et al. 1970) via a secure web system. To ensure a
range of trait anxiety levels, participants were stratified into
quartiles based on STAI‐T scores, including individuals with
current anxiety disorders. From these, 361 individuals met
preliminary inclusion criteria and were further assessed through
a physician‐administered telephone interview using the Spanish
version (Ferrando et al. 1998) of the Mini International
Neuropsychiatric Interview (MINI; Sheehan et al. 1998). Inclu-
sion criteria were: (1) age > 18, (2) fluency in Spanish, (3)
owning a smartphone, and (4) willingness to participate in a
neuroimaging assessment (part of the larger study). Exclusion
criteria included: (1) current or past major medical illness, (2)
current or past mental health disorders except for current anx-
iety disorders (panic disorder/agoraphobia, social anxiety dis-
order, or generalised anxiety disorder), (3) regular substance use
(except tobacco), (4) medication that could interfere with the
study, and (5) contraindications to neuroimaging assessment.

A total of 178 participants met the inclusion and exclusion
criteria and started EMA data collection. The final sample ‐
consisting of those who completed the 6 months EMA assess-
ment phase‐included 165 participants (50.9% females) with a
mean age of 24.91 years (SD = 4.61; range: 19–36). In terms of
racial and ethnic composition, 119 participants (72.1%) identi-
fied as White, 44 (26.7%) as Hispanic/Latino, and 2 (1.2%) as
Asian. Eleven participants (6.7%) had a current diagnosis of an
anxiety disorder.

2.2 | Ethical Considerations

The study protocol was reviewed and approved by the Institu-
tional Review Board of Bellvitge University Hospital (Barcelona,
Spain), under approval number PR144/16. All participants
provided informed consent prior to participation, in accordance
with the Declaration of Helsinki.

2.3 | Procedures

At baseline, participants underwent a neuroimaging session (as
reported elsewhere) and completed self‐report questionnaires
(see below). They were also instructed to download the EMA
app and received both verbal and written instructions detailing
the EMA protocol, including plain‐language definitions for each
survey item. Participants were informed that they would receive
€200 for completing ‘most’ of the EMA notifications throughout
the study, without a specific number being defined. After
6 months of EMA data collection, participants attended a
follow‐up laboratory session where they completed the same
self‐report questionnaires as at baseline and underwent a LHC
assessment to measure stressor exposure (see Figure 1).

2.4 | Assessment of Trait Anxiety and Mental
Health Symptoms

The STAI‐T completed during screening was used as the base-
line measure of trait anxiety (also referred to as ‘neuroticism/

negative emotionality’; Shackman et al. 2016). The Spanish
version of the STAI‐T, which has total scores ranging from 0 to
60, exhibits excellent psychometric properties (Guillén‐
Riquelme and Buela‐Casal 2011), with an internal consistency
(Cronbach's alpha) of 0.90 in this study.

At both baseline and follow‐up, participants also completed the
Spanish version (Daza et al. 2002) of the Depression, Anxiety,
and Stress Scales (DASS‐21; Lovibond and Lovibond 1995),
which includes 21 items across three subscales: depression
(DASS‐D), anxiety (DASS‐A), and stress (DASS‐S). The total
scores for each subscale range from 0 to 21. The internal con-
sistency of the subscales in this study, measured by Cronbach's
alpha at both time points, was high: DASS‐D (0.85/.85), DASS‐A
(0.75/.77), and DASS‐S (0.84/.88).

2.5 | Assessment of Potential Stressors

Exposure to potential stressors during the 6‐month period was
assessed at follow‐up using a physician‐administered LHC. Our
LHC enquired about 40 events that ‘represented a significant
change in the participant's environment’; grouped into 13 do-
mains. The LHC was structured as a matrix, with 24 columns
representing weeks and rows listing events (see Supporting
Information S1: Figure S1). Participants' responses were recor-
ded by drawing a continuous line in the corresponding row
from the week the event began to the week it ended, enabling
the assessment of event presence and the number of events per
week. Due to the difficulty in estimating the duration of certain
events, we decided a priori that for ‘Love life’, ‘Family and
friends’, ‘Home’, and ‘Education and Work’ domains, events
would be coded as present for only 1 week following their onset.
For other domains, events were coded based on their actual
duration. Major traumatic events were included in the LHC,
though only a few participants reported such events (n = 7, 4.3%
of the sample).

2.6 | Assessment of Stress Responses Using EMA

We used a recently developed smartphone EMA app to assess
stress responses over the 6‐month follow‐up period (Fortea
et al. 2023). The EMA protocol is described in detail in the
referenced report.

We used EMA‐Anxiety (EMA‐A) scores as our stress response
indicator. These scores were calculated by averaging weekly
responses to four items that measured anxiety‐related symp-
toms: anxious apprehension, muscle tension, worry, and
avoidance. Participants rated these items on a visual analogue
scale (VAS), moving a slider along a horizontal line with end-
points labelled ‘not at all’ and ‘very much’. Responses were
transformed into scores ranging from 0 to 100, higher scores
indicating greater symptom severity.

Participants received three daily notifications at pseudor-
andomized intervals ‐ morning (9:00 a.m.–2:00 p.m.), afternoon
(2:00 p.m.–7:00 p.m.), and evening (7:00 p.m.–12:00 a.m.). They
had a two‐hour window to respond to the items; any items not
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completed within the timeframe were skipped until the next
notification. Further details on the app's functionality can be
found in (Fortea et al. 2023).

In a previous study involving the first 99 participants from the
current sample, we evaluated the app's feasibility (retention and
compliance) and psychometric properties (reliability and val-
idity) over a 6‐month period. The app demonstrated high
feasibility, and EMA‐A scores showed excellent within‐person
(RC = 0.99) and between‐person (RKF = 0.85) reliability, strong
convergent validity, moderate discriminant validity, and signif-
icant incremental validity over several self‐report questionnaires
(Fortea et al. 2023).

2.7 | Operationalisation of Stressors and Stress
Reactivity

In longitudinal studies, stressors can occur sequentially or
simultaneously, requiring careful consideration of how to define
and measure the accumulation of stressors over time (Smyth
et al. 2023). To address this, we defined an ‘event episode’ for each
participant as the presence of one or more events lasting one or
more weeks, with the episode starting at least 1 week without an
event (except for the first event episode, which could begin in the
first week). Multiple events occurring during an ‘event episode’
were considered part of the same episode, allowing participants to
experience several event episodes (Figure 2).

As highlighted in the introduction, determining whether an
event qualifies as a stressor is challenging, requiring an evalu-
ation of stress responses. These responses must show an in-
crease relative to a baseline for an event to be classified as a
stressor. To operationalise this, we calculated stress reactivity
for each event episode by measuring changes in EMA‐A scores
during the episode relative to a ‘stressor‐free’ baseline. We
defined ‘stressor episodes’ as event episodes where stress reac-
tivity was positive (i.e., > 0) compared to the baseline (Figure 2).

Following the approach of Smyth et al. (2023), we computed
stress reactivity using three different baselines (see Figure 3).
Local baseline 1 was the participant's EMA‐A scores in the week
preceding the stressor episode. Local baseline 2 was the par-
ticipant's EMA‐A score 2 weeks prior. The cumulative baseline
represented the participant's average stressor‐free EMA‐A

scores throughout the study period before the onset of the
stressor episode (see Figure 4).

2.8 | Operationalisation of Pileup

After defining a stressor episode for each participant, we oper-
ationalised pileup in two ways: (1) the number of stressor epi-
sodes experienced by the participant or (2) the number of weeks
during which stressor episodes occurred. We then applied the
three stress reactivity baselines (local baseline 1, local baseline 2
and cumulative baseline) to each of these definitions. These
resulted in six different operationalizations of pileup.

2.9 | Operationalisation of Average Stress
Reactivity

We calculated stress reactivity for each stressor episode using
the three stress reactivity baselines mentioned above (local
baseline 1, local baseline 2 and cumulative baseline). To derive
an individual index of average stress reactivity, we averaged the
stress reactivity scores within each participant by dividing the
stress reactivity in each stressor episode by the number of epi-
sodes. This resulted in three operationalizations of average
stress reactivity corresponding to each of the three baselines.

2.10 | Operationalisation of Stress Recovery and
Average Stress Recovery

Following Smyth et al. (2023), we operationalised stress recov-
ery using two approaches (see Figure 5): (1) immediate recov-
ery, was defined as the difference between mean EMA‐A scores
during a stressor episode and the mean EMA‐A scores during
the two stressor‐free weeks immediately following that stressor
episode. This operationalisation is independent of pre‐stressor
baselines and focuses on recovery relative to the stressor
episode itself. (2) cumulative recovery, was calculated by
comparing the mean EMA‐A scores during the weeks without a
stressor after a stressor episode to the mean EMA‐A scores
during all the stressor‐free weeks prior to the stressor episode,
dating back to the start of the study.

FIGURE 1 | Summary of procedures. EMA = ecological momentary assessment; MINI = MINI international neuropsychiatric interview.
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This approach considers the participant's cumulative stress
response history and whether stress levels return to that cu-
mulative baseline (see Figure 6).

To define stress recovery, the timing and extent of initial stress
reactivity must also be considered, as reactivity baselines in-
fluence recovery (Smyth et al. 2023). Therefore, we combined

FIGURE 2 | Definition of ‘event episode’ and ‘stressor episode’ in the current study. Event episodes with increased stress reactivity relative to a
stressor‐free baseline (first two episodes depicted here) were defined as stressor episodes (see main text).

FIGURE 3 | Baselines that were defined in the current study to assess stress reactivity. Each baseline represents within‐person mean ecological
momentary assessment anxiety (EMA‐A) scores. (A) Local baseline 1: computes the mean EMA‐A scores in the non‐stressor week before the
stressor episode. (B) Local baseline 2: computes the mean EMA‐A scores of the stressor‐free weeks 2 weeks before the stressor episode.
(C) Cumulative baseline: computes the mean EMA‐A scores of all the stressor‐free weeks since the start of the study.

FIGURE 4 | Examples of the three reactivity baselines applied to one stressor episode.

Stress and Health, 2025 5 of 12
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the two recovery operationalizations (immediate and cumula-
tive) with the three reactivity baselines (local baseline 1, local
baseline 2 and cumulative baseline) to create six operationali-
zations of recovery. We then averaged stress recovery scores
across stressor episodes for each participant (stress recovery for
each stressor episode divided by the number of episodes) and
calculated individual indices of average stress recovery using the
resulting six operationalizations.

2.11 | Statistical Analyses

Statistical analyses were conducted using IBM SPSS Statistics
v.23. In preliminary analyses, we calculated descriptive statistics
for symptom levels (DASS subscale scores), EMA‐A scores, and
the number of EMA notifications answered or unanswered, as
well as changes in symptom levels using repeated‐measures
Student's t‐tests.

Descriptive statistics were calculated for the number of
events reported in the LHC and the number of stressor ep-
isodes according to the proposed operationalizations. Indices
of pileup, average stress reactivity, and average stressor re-
covery were computed for each participant across different
operationalizations.

We used hierarchical multiple regression analyses to examine the
association of these operationalizations with symptom change,
using each operationalisation as a predictor and symptoms (e.g.,
DASS‐A scores at follow‐up) as the outcome, while adjusting for
age and baseline DASS subscale scores. Age was included as a
covariate because preliminary analyses showed significant asso-
ciations with several operationalizations, while sex was not
included as. It showed no significant associations.

Additionally, we assessed the relationship between trait anxiety
(STAI‐T scores) and the operationalizations through regression
analyses, also adjusting for age.

FIGURE 5 | Operationalizations of stress recovery used in the current study. (A) Immediate recovery: computes the change in mean ecological
momentary assessment anxiety (EMA‐A) scores from the stressor episode to the following two stressor‐free weeks. (B) Cumulative recovery:
computes the change in mean EMA‐A scores during the weeks without a stressor after a stressor episode compared to the mean EMA‐A scores
during all the stressor‐free weeks before the stressor episode since the onset of the study (cumulative baseline).

FIGURE 6 | Examples of the recovery operationalizations applied to two stressor episodes. Note that the operationalizations of stress recovery also
considered reactivity baselines (see main text).
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3 | Results

3.1 | Preliminary Analyses

Participants showed low‐to‐moderate levels of stress (M = 3.58,
SD = 3.26), depression (M = 1.93, SD = 2.22), and anxiety
(M = 1.36, SD = 1.86) symptoms at baseline. At follow‐up, stress
(M = 4.84, SD = 4.07), depression (M = 2.59, SD = 3.13) and
anxiety (M = 1.78, SD = 2.58) symptoms had significantly
increased (DASS‐S: t = −4.11, p < 0.001; DASS‐D: t = −2.87,
p = 0.005; DASS‐A; t = −2.17, p = 0.032). The overall mean
EMA‐A score was 17.67 (SD = 21.70) across all participants.

The data cleaning process involved 89,100 potential notifications
(165 retained participants � 180 days � three notifications per
day). Of these, participants responded to 68,554 notifications,
resulting in a mean of 409 answered notifications per participant
(SD = 90.40) and 131 (SD = 90.40) unanswered notifications per
participant. The percentage of answered notifications per partic-
ipant ranged from 15% to 98.7% with the majority of participants
(75.7%) responding to more than 50% of the notifications. The
overall response rate was 77%. A total of 1239 notifications (1.3%)
were lost due to technical issues, such as participants changing
time zones or smartphone software updates.

3.1.1 | Stressors and Stress Reactivity

In our sample, all participants reported at least one event from
the LHC list during the study period. Supporting
Information S1: Table S1 presents the number and percentage of
participants who reported each event category included in the
LHC. There was considerable variability in the total number of
events reported, with a mean of 21.84 (SD = 15.02; range = 1–66;
see Supporting Information S1: Figure S2). The choice of stress
reactivity baseline significantly influenced both the total num-
ber of stressor episodes across the entire sample (n = 239 with
local baseline 1, n = 176 with local baseline 2, and n = 228 with
cumulative baseline; see Supporting Information S1: Figures
S3–S5) and the number of stressor episodes per individual.
Specifically, for local baseline 1, the mean was 1.45 (SD = 0.74,
range = 1–4), for local baseline 2, the mean was 1.07 (SD = 0.25,
range = 1–2), and for the cumulative baseline, the mean was
1.41 (SD = 0.78, range = 1–6).

3.2 | Pileup

Different averages were obtained when pileup was defined as
the number of stressor episodes versus the number of weeks
with stressor episodes (using number of stressor episodes,
M = 2.47, SD = 1.47; using number of weeks with stressor ep-
isodes, M = 13.02, SD = 6.55). Applying the three stress reac-
tivity baselines to these two operationalizations yielded six
different measures of pileup. Of these, two operationalizations
showed a significant association with symptom change in our
multiple regression analyses (Table 1). Specifically, pileup
operationalised as the number of stressor episodes with a cu-
mulative baseline was significantly associated with stress scores
(DASS‐S) at follow‐up, explaining an additional 2.4% of variance

beyond age and stress symptoms at baseline (F (3, 160) = 16.54,
p < 0.001). Similarly, pileup operationalised as the number of
weeks with stressor episodes and the cumulative baseline was
significantly associated with stress scores at follow‐up, ac-
counting for 2.4% of additional variance beyond age and stress
symptoms at baseline (F (3, 160) = 16.56, p < 0.001). Addi-
tionally, trait anxiety was significantly associated with pileup
operationalised as the number of weeks with stressor episodes
and local baseline 2, r = 0.17, p = 0.03.

In summary, we confirmed the expected association between
stressor exposure (pileup) and symptom increase by defining a
stressor as an event with increased stress reactivity and oper-
ationalising pileup using local (1 week) or cumulative baselines.
Other operationalizations of pileup did not support this associ-
ation. Only one operationalisation of pileup, which used the
number of weeks with stressors, supported the expected asso-
ciation of trait anxiety with pileup.

3.3 | Average Stress Reactivity

Both operationalizations of average stress reactivity ‐ using local
baseline 1 (F (3, 100) = 9.31, p < 0.001) and the cumulative
baseline (F (3, 92) = 7.14, p < 0.001)‐ were significantly asso-
ciated with stress scores (DASS‐S) at follow‐up, accounting for
11% and 9% of the additional variance beyond age and stress
scores at baseline (Table 2). In addition, two operationalizations
of average stress reactivity were associated with anxiety scores
(DASS‐A) at follow‐up: the operationalisation using local base-
line 1 (F (3, 100) = 15.97, p < 0.001), which accounted for 14% of
the additional variance, and the operationalisation using the
cumulative baseline (F (3, 92) = 12.098, p < 0.001), which
accounted for 11% of the additional variance. Trait anxiety was
not associated with any of our indices of average stress
reactivity.

In summary, two operationalizations of average stress reactivity
were found to be associated with symptom increase, while none
supported its association with trait anxiety.

3.4 | Average Stress Recovery

Among the six operationalizations of average stress recovery,
only one was significantly associated with stress (DASS‐S)
scores (Table 3). The operationalisation using cumulative re-
covery and the local baseline 2 significantly predicted stress
symptoms at follow‐up. It explained 9% of additional variance
over and above age and stress symptoms at baseline (F (3,
37) = 3.53, p = 0.02). This association was negative, indicating
that lower average recovery was related to an increase in stress.
Trait anxiety was not significantly associated with any of our
operationalizations of average stress recovery.

4 | Discussion

In a longitudinal study with a relatively large sample, we tested
the feasibility of combining EMA and LHC methods to assess

Stress and Health, 2025 7 of 12
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stress components and examined the effects of multiple oper-
ationalizations of these components. Our results showed that
different operationalizations affected stressor counts, but only
some aligned with expected associations with changes in mental
health symptoms or trait anxiety. These findings have meth-
odological, theoretical, and clinical implications.

Stressors were assessed using a LHC, and stress responses were
evaluated through EMA. This method effectively distinguishes
the assessment of potential stressors from the assessment of
stress responses, thereby reducing reporting biases (e.g., indi-
vidual differences in labelling events as stressors). The classifi-
cation of events as stressors, based on their potential to trigger
stress responses, required establishing a baseline. This, in re-
turn, influenced the frequency of stressors and subsequent es-
timates of stress pileup, underscoring the importance of
selecting appropriate baselines for both stressors and stress
components.

We operationalised stress components—pileup, stress reactivity,
and stress recovery‐following the framework proposed by Smyth
et al. (2023). However, the expected theoretical assumptions
from prior research were only confirmed for certain operation-
alizations (Kalisch et al. 2021; Shackman et al. 2016) and for
specific symptoms ‐ namely, stress and anxiety, but not

depression. Notably, only those operationalizations of pileup
utilising cumulative baselines were associated with increased
mental health symptoms. Both local and cumulative baselines
for stress reactivity correlated with increased mental health
symptoms. For stress recovery, the most predictive operation-
alisation combined a cumulative recovery baseline with a local
stress reactivity baseline. From a methodological and practical
perspective, our findings suggest that capturing stress compo-
nents in everyday life via EMA may require employing multiple
baselines (Smyth et al. 2023), with cumulative (longer‐term)
baselines proving crucial for measuring pileup and recovery.
The significant associations between cumulative baselines and
mental health may be due to the relatively minor nature of most
stressors. Further research is needed to investigate this
hypothesis.

While trait anxiety was positively associated with pileup (stressor
exposure), there was no significant association between trait
anxiety and average stress reactivity or stress recovery. Previous
research has demonstrated an association between trait anxiety
and elevated momentary negative affect (see Shackman
et al. 2016), but most of these findings come from self‐report or
inter‐individual approaches (Shackman et al. 2016), rather than
EMA or intra‐individual analyses (with some exceptions, such as
Hur et al. 2022). Additionally, prior studies have used different

TABLE 1 | Predicting symptom scores at follow‐up from different operationalizations of pileup, controlling for age and symptoms at baseline.
Results from multiple regression analyses. Only significant results (p < 0.05) are shown.

Variable B
95% CI

SE B β R2 ΔR2LL UL

DASS‐S at follow‐up (n = 164)

Step 1 0.21 0.21***

Constant 5.20** 2.06 8.34 1.59

Age −0.09 −0.22 0.03 0.06 −0.11

DASS‐S at baseline 0.56*** 0.39 0.73 0.09 0.45***

Step 2 0.24 0.02*

Constant 3.63* 0.24 7.02 1.72

Age −0.08 −0.20 0.04 0.06 −0.09

DASS‐S at baseline 0.55*** 0.38 0.72 0.09 0.44***

Pileup episodes using cumulative baseline 0.85* 0.11 1.59 0.38 0.16*

DASS‐S at follow‐up (n = 164)

Step 1 0.21 0.21***

Constant 5.20** 2.06 8.34 1.59

Age −0.09 −0.22 0.03 0.06 −0.11

DASS‐S at baseline 0.56*** 0.39 0.73 0.09 0.45***

Step 2 0.24 0.02*

Constant 4.34** 1.14 7.53 1.61

Age −0.08 −0.20 0.04 0.01 −0.09

DASS‐S at baseline 0.54*** 0.37 0.71 0.09 0.43***

Pileup weeks using cumulative baseline 0.11* 0.01 0.20 0.05 0.16*
Abbreviations: CI = confidence interval; DASS‐S = depression, anxiety and stress scale, stress subscale; LL = lower limit; SE = estimated error; UL = upper limit.
*p < 0.05.
**p < 0.01.
***p < 0.001.
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TABLE 2 | Predicting symptom scores at follow‐up from different operationalizations of average stress reactivity, controlling for age and symptoms
at baseline. Results from multiple regression analyses. Only significant results (p < 0.05) are shown.

Variable B
95% CI

SE B β R2 ΔR2LL UL

DASS‐S at follow‐up (n = 104)

Step 1 0.11 0.11**

Constant 5.04* 0.92 9.159 2.07

Age −0.06 −0.23 0.102 0.08 −0.07

DASS‐S at baseline 0.41** 0.18 0.637 0.11 0.33**

Step 2 0.22 0.11***

Constant 2.68 −1.41 6.768 2.06

Age −0.01 −0.17 0.154 0.08 −0.01

DASS‐S at baseline 0.35** 0.14 0.572 0.11 0.29**

Stressor reactivity using local baseline 1 0.19*** 0.09 0.298 0.05 0.33***

DASS‐S at follow‐up (n = 96)

Step 1 0.10 0.10**

Constant 5.36* 0.96 9.763 2.21

Age −0.07 −0.25 0.112 0.09 −0.07

DASS‐S at baseline 0.38** 0.14 0.620 0.12 0.31**

Step 2 0.19 0.09**

Constant 3.20 −1.21 7.612 2.22

Age −0.02 −0.19 0.158 0.09 −0.02

DASS‐S at baseline 0.35** 0.12 0.580 0.11 0.29**

Stressor reactivity using cumulative baseline 0.15** 0.06 0.244 0.05 0.30**

DASS‐A at follow‐up (n = 104)

Step 1 0.19 0.19***

Constant 2.49 0.13 4.85 1.19

Age −0.06 −0.16 0.03 0.05 −0.11

DASS‐A at baseline 0.61*** 0.35 0.87 0.13 0.42***

Step 2 0.32 0.14***

Constant 0.87 −1.41 3.14 1.19

Age −0.02 −0.11 0.06 0.04 −0.05

DASS‐A at baseline 0.57*** 0.33 0.81 0.12 0.39***

Stressor reactivity using local baseline 1 0.13*** 0.07 0.19 0.03 0.38***

DASS‐A at follow‐up (n = 96)

Step 1 0.17 0.17***

Constant 2.48 −0.08 5.04 1.29

Age −0.06 −0.16 0.05 0.05 −0.10

DASS‐A at baseline 0.59*** 0.31 0.86 0.14 0.40***

Step 2 0.28 0.11***

Constant 1.01 −1.50 3.53 1.27

Age −0.02 −0.12 0.07 0.05 −0.04

DASS‐A at baseline 0.56*** 0.31 0.82 0.13 0.38***

Stressor reactivity using cumulative baseline 0.10*** 0.048 0.15 0.03 0.34***
Abbreviations: CI = confidence interval; DASS‐A = depression, anxiety and stress scale, anxiety subscale; DASS‐S = depression, anxiety and stress scale, stress subscale;
LL = lower limit; SE = estimated error; UL = upper limit.
*p < 0.05.
**p < 0.01.
***p < 0.001.
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definitions of stress reactivity and recovery (e.g., De Calheiros
Velozo et al. 2023; Weber et al. 2024).

From a theoretical standpoint, our findings underscore that
stress is not a static construct, but rather comprises multiple
dynamic components—namely, reactivity, recovery, and
pileup—which should be conceptually distinguished and
empirically measured as separate processes. This supports
process‐oriented models of stress (Lazarus and Folkman 1984;
Almeida 2024) that emphasise the temporal unfolding and intra‐
individual variability of stress responses. Although the present
study was not conducted in a clinical population, the findings
have potential clinical relevance. Specifically, clinicians and
health professionals may benefit from incorporating multiple
baseline periods (e.g., weekly vs. cumulative) when assessing
and monitoring stress in patients, as different baselines can
yield distinct insights into an individual's stress dynamics.
Furthermore, given the consistent association between stress
pileup and increased mental health symptoms, targeted in-
terventions may be warranted to prevent or mitigate the cu-
mulative buildup of stress over time.

This study has several strengths, including its prospective longi-
tudinal design, a relatively large sample size, and a 6‐month study
period that allowed for extensive data collection on stressor ex-
periences and stress components. Notably, all participants expe-
rienced at least one stressor event during the study period, which
is essential for detecting variability in stress responses (Smyth
et al. 2023). However, the study also has several limitations. First,
the sample was relatively young, and most stressors recorded
were ‘everyday’ stressors, which may limit the generalisability of
the findings to populations with different sociodemographic
characteristics or exposure to other types of stressors, such as
traumatic events. Second, self‐reported anxiety was the sole
measure of stress response, potentially overlooking other nega-
tive emotions like sadness and the study did not directly assess
subjective stressor appraisal, an important aspect of the stress
process. Third, the use of the LHC introduced temporal

imprecision due to its weekly assessment of stressor presence and
reliance on retrospective recall, which may be particularly sus-
ceptible to memory biases, especially for everyday stressors that
are harder to recall accurately over extended periods. The LHC
approach also excluded some potential definitions of stressors
(e.g., ‘perceived internal events’: Smyth et al. 2023) and made it
impossible to assess certain operationalizations of stress compo-
nents (e.g., using ‘proximal’ baselines right before the stressor
(Smyth et al. 2023)). Finally, we chose to use aggregated means
primarily to facilitate integrationwith the retrospective LHC data
and due to the exploratory nature of our analyses. We acknowl-
edge the limitations of this approach, especially regarding the
capture of within‐person dynamics. Future studies employing
statistical methods that account for these dynamics, such as
multilevel models (Kim et al. 2018), are warranted.

5 | Conclusions

This study demonstrates the feasibility of integrating Life His-
tory Calendar methods with Ecological Momentary Assessment
to assess stress and its components, reinforcing the value of this
combined approach in capturing the dynamic nature of stress.
Future research should further develop and refine operational-
izations of stress components that are predictive of mental
health outcomes and consider alternative statistical modelling
techniques to enhance our understanding of stress dynamics
over time.
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Variable B
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DASS‐S at follow‐up (n = 41)

Step 1 0.13 0.13
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Age −0.12 −0.39 0.15 0.13 −0.14

DASS‐S at baseline 0.31* 0.01 0.61 0.15 0.32*

Step 2 0.22 0.09*

Constant 5.36 −1.26 11.97 3.26

Age −0.07 −0.34 0.19 0.13 −0.08

DASS‐S at baseline 0.32 0.03 0.6 0.14 0.33*
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***p < 0.001.
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