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Background: Previous studies have shown a relationship between environments
and mental health. However, limited studies have investigated the impact of
environment stress (ES) on emotional reactivity. Our study aimed to fill this gap by
examining how daily ES affects momentary emotional reactivity using experience
sampling method (ESM).

Methods: Participants were randomly recruited from a prospective cohort study
in Hong Kong to participate in a 7-day ESM study. The participants received eight
electronic signals daily assessing their ES, positive affect (PA) and negative affect
(NA). Participants were categorized into depressed group or control group based
on Revised Clinical Interview Schedule. Psychometric properties of the ESM
assessment were evaluated. Multilevel linear regression analyzes were
conducted to examine the association of ES with PA, NA and the group status
of the participants (cases versus controls).

Results: A total of 15 participants with depression and 15 healthy controls were
recruited, and 1307 momentary assessments were completed with a compliance
rate of 77.8%. The depressed group demonstrated a significant increase in NA in
response to ES, while the control group showed a decrease in PA. In addition, the
depressed group reported a lower perception of control and interaction with
their environment compared to the control group.

Conclusion: Using ESM, a valid, reliable, and easy-to-use self-reporting tool, our
findings provided valuable insights on the potential mechanisms underlying
emotional responses to stressful environments.
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Introduction

With a large number of people living in cities, urban
environments have become increasingly prevalent globally. Earlier
studies have consistently highlighted the relationship between the
environment and mood disorders (1). However, there is limited
evidence on how the environment affects our everyday emotions.
Emotions can fluctuate moment to moment in response to the stress
from the surrounding environment, also known as environmental
stress (ES) (2-4).

Understanding the connection between ES and emotional
reactions is essential for developing effective interventions and
promoting population mental health. Stress has been
conceptualized as the individual’s subjective evaluation of the
perceived stress of specific events and minor disturbances that
occur as part of their daily routine (5). These daily stressors
typically refer to the challenges of day-to-day living, ranging from
common familial issues to workplace conflict and obstacles from
the physical environment (6). ES is the perceived environmental-
related stress in daily life, while immediate emotional reactions,
such as positive affect (PA) and negative affect (NA), represent the
response to these daily stressors (7). This complex interplay of
emotional reactivity to ES has been explored using the experience
sampling method (ESM), a structured self-reported technique
designed to examine subjective momentary experiences in
everyday life (8-10). In the early stages, ESM primarily used
traditional pen-and-paper diaries or questionnaires. However, as
technology advanced, electronic devices and smartphone
applications have been integrated into momentary assessment
(9, 11). Using electronic devices, participants are prompted at
random intervals to fill out questionnaires capturing their current
emotions, environment and activities. ESM offers the advantage of
collecting data that concerns both the context (e.g., location and
situation) and structure (e.g., the associations between environment
and emotion) (12). These daily techniques provide a reliable
means to study various aspects of a people’s life throughout the
day (13). Utilizing ESM to collect real-time responses at multiple
time points reduces recall bias and assessment error, improving
ecological validity and reliability (14). It is widely used in studies on
people with depression, psychotic disorder and substance abuse
(15-17).

The impact of environment on emotional responses fluctuates
among individuals. Studies have shown that stress-related
emotions, in particular, sadness-depression, commonly arise from
individual-environment interactions (18). Therefore, studying
emotional reactions to environmental stress in people suffering
from depression is important for understanding this dynamic. A
recent systematic review found that the ESM, when deployed
through electronic devices, effectively measures psychological
outcomes such as mood and stress in adult patients with various
physical conditions (11). Momentary affect has been largely
correlated with the physical and social context of the
environment. For instance, NA has been associated with being
alone and at the hospital, whereas PA is often linked to
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environments and public locations crowded with people (19).
Despite this, the application of smartphone-based ESM for
studying urban stress and its psychometric properties is limited
(20). Enhancing our understanding of environmental stressors and
the dynamic change in emotional responses is particularly
important considering the established relationship between the
environment and mental health. By employing ESM, we can gain
valuable insights into how people with depression respond to
environmental stressors.

This exploratory study was designed to investigate the
momentary emotional responses to daily ES using ESM. By
collecting real-time data in naturalistic settings, we aimed to
compare the effects of ES on individuals with and without
depression. We hypothesized that ES would increase NA and
decrease PA. As compared to healthy individuals, we
hypothesized that participants with depression would exhibit
greater emotional reactivity (both PA and NA), interact less with
their environment, and perceive a lower sense of personal control

over their surroundings.

Materials and methods
Study design and participants

This study used data from a 3-year longitudinal follow-up study
of the Hong Kong Mental Morbidity Survey (HKMMS). The
baseline HKMMS was a population-representative survey
consisting of 5719 Chinese adults aged between 16 and 75 living
in Hong Kong (21, 22). After 3 years, a follow-up study was
conducted to investigate the long-term mental health outcomes.
In this exploratory case-control study, invitations were randomly
sent to a total of 45 participants (23 cases and 22 control subjects),
out of which 33 of them (17 cases and 16 control subjects) agreed to
participate in the study. One particular case was unable to be
matched with control subjects due to the challenges encountered
in finding a suitable match. A comparison between those who
agreed to participate and those who declined was conducted,
revealing no significant differences between the two groups in
terms of age, gender, education level, marital status and
employment status (p > 0.05). Participants with a score of 12 or
higher on the Revised Clinical Interview Schedule (CIS-R) (23) were
recruited as cases. Depression diagnosis was further ascertained
using the Chinese-bilingual version of the Structured Clinical
Interview for DSM-IV, Axis I, patient version (SCID) (24, 25).
Control subjects were age-, gender- and education-matched to the
cases, and had no lifetime history of mental disorders as defined by
the SCID. Exclusion criteria included intellectual disability,
dementia or significant cognitive impairment, lifetime history of
psychotic disorders, major visual problem that affected perception
of the surrounding environment, and inability to use a smartphone-
based program. The study was carried out in accordance with the
latest version of the Declaration of Helsinki. Ethical approval was
obtained from the Institutional Review Board of the University of
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Hong Kong/Hospital Authority Hong Kong West Cluster
(Reference No. UW15-304). Written informed consent was
obtained from all participants at the time of recruitment.

ESM procedure and assessments

Potential participants were contacted by phone to explain the aim
and objective of this study. After obtaining participants’ consent, face-
to-face interviews were conducted at their homes for an initial
assessment and detailed explanation of the study procedures.
Participants were given a smartphone (Samsung Galaxy J5) with
the ESM application installed. The device was programmed to emit
random electronic signals eight times a day between 10:00 am and
10:00 pm for seven consecutive days. At least one signal was
scheduled within each 90-minute span using a random number
table. The timing of the signals was designed to balance the
participant burden while ensuring the collection of valid data at
random timepoints throughout the day. On receiving each electronic
signal, participants were prompted to complete a self-reported
questionnaire within a 15-minute window. Any data submitted
beyond this time were discarded. The same set of questionnaires
was used throughout the study period, with each taking
approximately 2 minutes to complete. The ESM procedure was
explained to participants during a briefing session, and a practice
trial was administrated prior to the initial data collection to
ensure that the participants understood the instructions. Previous
studies showed that the application of ESM was feasible and
valid among both the general population (26) and people with
depression (27).

At each signal, participants were first instructed to take a
photograph of their current location, which was used to verify the
surrounding environment. They were then asked to respond to a list of
20 ESM items (Table 1), most of which were rated on a 7-point Likert
scale (1 =not at all; 7 = very much). Additional context-based questions
regarding their location and social environment were answered by
selecting from a list of options. Emotional states were assessed with four
PA (items 2, 4, 6 and 9: happy, relaxed, satisfied and excited) and four
NA (items 3, 5, 7 and 8: anxious, lonely, irritated and sad). PA and NA
scores were derived from the average of their respective items. With
reference to previous ESM studies on measuring activity- or event-
related stress (5, 28, 29), we assessed ES by asking the extent to which
participants currently experience discomfort with the environment. ES
was considered any of the three self-reported items measuring arousal
(item 10: T feel uncomfortable my current environment), frustration
(item 11: I am frustrated with my current environment) and stress
perceived from the surrounding environment (item 12: I would like to
leave this place). ES score was calculated as the average of these three
items. Interaction, personal control and social engagement in the
environment were measured with items 13 to 18. A general
statement of ‘my mood is affected by the surrounding environment
right now’ was asked at the end of assessment. In addition to the ESM
procedure, the CIS-R total scores were retrieved from the follow-up
study in assessing psychological distress. The score was derived from 14
sections of non-psychotic symptoms, with higher scores indicating
greater psychological distress (23, 30).
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Data processing

During the 7-day assessment, each participant generated eight
time-point entries per day, resulting in a maximum of 56 observations.
Assuming full compliant from 30 participants, the dataset would
comprise a total of 1680 observations. Data processing and cleaning
were performed according to the data management guide for
experience-sampling studies (31). Before data analysis, the ESM data
were checked to identify any problematic entries. Specifically, we
classified entries that took less than 10 seconds to complete (less
than 0.5 seconds per item) as non-compliant responses, indicating the
participant tapped the answers without considering the options.
Furthermore, trials with over 90% of identical entries were
considered as invalid and excluded from the analysis (32).

TABLE 1 List of ESM items.

No. Type ltem
. Snapshot Please take é photograph of your
current environment.
2 Emotional state = How happy do you feel right now?
3 How anxious do you feel right now?
4 How relaxed do you feel right now?
5 How lonely do you feel right now?
6 How satisfied do you feel right now?
7 How irritated do you feel right now?
8 How sad do you feel right now?
9 How excited do you feel right now?
Environmental i X
10 I feel uncomfortable with my current environment.
stress
11 I am frustrated with my current environment.
12 T would like to leave this place.
. To what extent are you interacting with your
13 Interaction . X
environment right now?
14 Perceived To what extent do you have control of your
control environment right now?
Where are you right now?
15 Social context Home/Office/School/Transport/Social event/Work
event/Others
16 How many people are with you right now? 012 3
4+
Who are you staying with right now? (check all that
7 apply)
Spouse/Family/Boyfriend or girlfriend/Colleague/
Friend/Classmate/Stranger
18 How close do you feel with this person
(these people)?
Mood
19 b o0 My mood is affected by the surrounding
7 . environment right now.
environment
20 Last Since the last signal, the environment that I stayed

signal effect was pleasurable.
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Statistical analysis

The psychometric properties of the ESM assessment were first
examined. The four PA items, four NA items and three ES items were
assessed for internal consistency using Cronbach’s alpha coefficient.
The convergent validity of the affect items was evaluated using
correlational analysis of CIS-R total scores with PA and NA scores.
The ESM data followed a hierarchical structure in which multiple
momentary observations are nested within participants. Due to the
highly correlated observations within each individual, multilinear
regression modeling was employed to analyze ESM data variability at
individual and group levels simultaneously (33). Prior research has
proposed compliance rate cut-offs between 30% and 60% of prompts
(28, 34-36). Given the limited exploration of momentary
environmental stress, our study employed a higher compliance rate
of 70% to effectively capture a comprehensive picture of participants’
daily experiences in this understudied area. Participants who
completed less than 70% of the data points (fewer than 40 self-
reports out of 56) were excluded from the analysis. Prior to analysis,
the individual-level covariates (e.g., the ES) at different data points were
centred around the individuals means (37). Multilevel linear regression
analysis was first conducted with PA and NA as the dependent
variables and ES as independent variables in the model. These
models were then further adjusted for age, gender and the CIS-R
total score. Additionally, in the separate ES-sensitivity models, ES,
group status (0 = control, 1 = depressed) and their interaction term (ES
x GROUP) were included as independent variables to examine
whether the group status (healthy controls versus depressed
participants) moderated emotional reactivity to the daily
environment. The analysis of interaction and personal control with
the environment between groups were conducted using same
procedure. All statistical analyzes were carried out using SPSS
Statistics version 20.0 (38).

Results
Participant characteristics

Seventeen participants with depression and sixteen healthy
matched control subjects were recruited. Two individuals from the
depression group and one from the control group failed to
complete at least 40 entries (compliance rate ranging from 11%
to 39%) and were excluded from the analyzes. The final sample
consisted of 15 depressed cases and 15 control subjects. Women
comprised two thirds of the sample. The mean age of the sample
was 49.4 years (SD 8.9 years; range 31 to 66 years), and 80% of the
participants had a secondary education or above. There were no
significant differences between two groups regarding marital
status (p = 0.256) or employment status (p = 0.143). The
median CIS-R scores for the control subjects and depressed
cases were 0 (range 0 to 7) and 23 (range 12 to 33), respectively.
The sociodemographic and clinical characteristics of the sample
are depicted in Table 2.

Table 3 presents the ESM characteristics of the sample. Of the
1680 signals sent, we received 1307 completed momentary
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assessments (675 from the control group and 635 from the
depressed group). All of the participants completed at least 70%
of the entries. The overall compliance rate was 77.8% (range 71.4%
to 89.3%). The control group had a higher compliance rate (78.6%)
than the depressed group (75%) (p = 0.008). Compared to the
control group, the depressed group displayed a lower PA (p <
0.001), higher NA (p < 0.001) and increased ES (p < 0.001). The
frequency distribution of the responses on PA, NA and ES are
presented in Supplementary Figures 1.1, 1.2 and 1.3, respectively. A
comprehensive view of ESM responses on PA for 15 cases and 15
control subjects is shown in Supplementary Figure 2. Participants
with depression reported spending more alone time (p < 0.001), had
more time at home (p < 0.001) and were less engaged in social
events (p < 0.001) than the control participants. They also indicated
less impact of the environment on their mood (p < 0.001).

Psychometric properties of
ESM assessment

The Cronbach’s alpha for momentary assessments was 0.96 for
PA, 0.80 for NA and 0.98 for ES, indicating good internal

TABLE 2 Sociodemographic and clinical characteristics of the sample.

Control Depressed

group (n=15)

group (n=15)

Gender, n (%)

Male 5(33.3) 5(33.3)
Female 10 (66.7) 10 (66.7)
Age group, n (%)

31-45 4(26.7) 5(33.3)
46-60 8 (53.3) 8 (53.3)
>61 3 (20.0) 2(13.3)
Age, mean (SD) 49.73 (9.28) 49.07 (8.91)
Education level, n (%)

Primary or below 3 (20.0) 3 (20.0)
Secondary 9 (60.0) 9 (60.0)
Tertiary or above 3 (20.0) 3 (20.0)
Education year, mean (SD)  12.78 (5.43) 11.90 (5.75)
Marital status, n (%)

Married 11 (73.3) 8 (53.3)
Not married 4(26.7) 7 (46.7)
Employment status, n (%)

Working 9 (60.0) 5(33.3)
Not working 6 (40.0) 10 (66.7)
CIS-R total score, 0(0-7) 23 (12-33)

median (range)

CIS-R, Revised Clinical Interview Schedule; SD, standard deviation.
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TABLE 3 ESM characteristics of the sample.

Control Depressed
group

(GENE))

group
(n=15)

T f
ofal lll.lt[.lbel' o 75 632 o
valid entries
Number of valid entries,
. N 44 (41-50) 42 (40-46) <0.01
median (range)
C li te (%),
ompliance rate (%) 78.6 (73.2-89.3) | 750 (714-82.1)  <0.01
median (range)
Positive affect,
. a 4.5 (1.8-6.5) 2.0 (1.0-4.3) <0.001
median (range)
Negati ffect,
egative afiect, 15 (1.0-4.0) 2.5 (1.0-4.8) <0.001
median (range)
Environmental stress,
. a 1.3 (1-4) 3(1-7) <0.001
median (range)
Uncomfortable with
3 1(1-4) 3 (1-7) <0.01
the environment
Frustrated with
. 1(1-4) 3(1-7) <0.01
the environment
Want to th
anttofeave the 1(1-4) 3(1-7) <0.01
current place
Social context, number of
: N <0.001
entries (%)
Alone 119 (17.7) 173 (27.2)
With others 553 (82.3) 462 (72.8)
Situation context, number
. b <0.001
of entries (%)
Home 276 (41.1) 403 (63.5)
Office 207 (30.8) 82 (12.9)
At transport 103 (15.3) 107 (16.9)
Social events 86 (12.8) 43 (6.8)
Mood affected by the
environment, 3(3-5) 3(1-6) <0.001
median (range)®

ESM, experience sampling method.
“Group differences by Mann-Whitney U test.
"Group differences by chi-square test.

consistency among the items in the three subscales (39). The
correlation coefficient between PA and NA was moderately high
(-0.64), suggesting a significant negative correlation between the
two opposite affect items. Furthermore, a correlation of -0.68 of PA
and a correlation of 0.51 of NA with the CIS-R total score suggested
moderate to good convergent validity of the affect items.

Association between ES and affects

Multilevel linear regression analysis revealed significant
associations between ES and PA (B = -1.21; 95% CI -1.64 to
-0.78; p < 0.001) and between ES and NA (B = 0.45; 95% CI 0.26
to 0.63; p < 0.001) in the full sample of 30 participants. These
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associations persisted after adjustment for age, gender and the CIS-
R total score (Table 4). A significant interaction effect of ES x
GROUP was found for both PA (B = 0.71; 95% CI 0.35 to 1.08; p <
0.001) and NA (B = -0.34; 95% CI -0.54 to -0.13; p = 0.003),
indicating that the group modified the positive and negative
emotional reactivity toward ES (Table 5). When stratified by
group, ES was associated with a decreased PA for the control
group (B = -1.77; 95% CI -2.39 to -1.16; p < 0.001), while no
association was observed for depressed group (B = -0.12; 95% CI
-0.80 to 0.57; p = 0.723). On the other hand, ES was associated with
an increased NA for the depressed group (B = 0.35; 95% CI 0.03 to
0.68; p = 0.031), but this was not seen in the control group (B = 0.08;
95% CI -0.18 to 0.34; p = 0.527) (Supplementary Table 1).
Moreover, participants with depression reported less interaction
with the environment (B = -1.20; 95% CI -2.29 to -0.11; p = 0.032)
and perceived less personal control over their environment
compared to those in the control group (B = -1.37; 95% CI -2.52
to -0.22; p = 0.021) (Supplementary Table 2).

Discussion

To our knowledge, our study is among the very few studies that
employed ESM to investigate emotional responses to daily
environmental stress. We recruited 15 participants with
depression and 15 matched healthy controls, and 1307
momentary assessments were completed with a satisfactory
compliance rate of 77.8%. The diary technique of ESM captures
momentary emotions, events and environmental conditions
through intensive and repeated self-report measures. By assessing
participants’ perceptions of daily life conditions, ESM offers insights
into underlying psychological processes (9, 40, 41). We specifically
examined environment-related stress experience and emotional
reactivity concurrently. The collection of real-time momentary
experiences minimized retrospective bias, and therefore are able
to reflect a more accurate relationship between the environment,
stress and affective states at any given moment. Furthermore, our
findings demonstrated excellent internal consistency for affect and
ES assessments. The emotional states obtained through the ESM
also correlated well with CIS-R measures, indicating good
convergent validity of the affect items. In sum, ESM is a feasible,
valid and reliable tool in assessing environmental factors and
emotion in daily life.

Environmental stress and
emotional reactivity

Our study identified a significant relationship between ES and
emotional reactivity. We noted that stress from the environment
was associated with lower PA and higher NA, regardless of
participants’ demographic characteristics or levels of
psychological distress (42). However, emotional responses
involving changes in various response systems such as feelings,
perceptions, and behavior, may vary between healthy individuals
and those with depression (43). We therefore examined whether
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TABLE 4 Multilevel model estimates for PA and NA with ES as predictor (n=30).

Mean (SD)
No. of observations B (SE) 95% Cl for B p-value
Control group (n=15) Depressed group (n=15)

PA

Model 1° 1307 1.92 (0.9) 3.11 (0.9) -1.21 (0.21) -1.64 t0 -0.78 <0.001
Model 2° 1307 1.92 (0.9) 3.11 (0.9) -1.25 (0.21) -1.67 to -0.83 <0.001
NA

Model 1* 1307 1.92 (0.9) 3.1 (0.9) 0.45 (0.09) 0.26 t0 0.63 <0.001
Model 2° 1307 1.92 (0.9) 3.1 (0.9) 0.4 (0.09) 0.26 t0 0.63 <0.001

CI, confidence interval; CIS-R, Revised Clinical Interview Schedule; ES, environmental stress; NA, negative affect; PA, positive affect; SD, standard deviation; SE, standard error.

“Multilevel model with PA and NA as dependent variables.

Multilevel model with PA and NA as dependent variables, adjusted for age, gender and CIS-R total score.

participants’ health status (healthy versus depressed) altered
emotional reactions to daily environment factors. We observed a
notable increase in NA towards environmental stressors in the
depressed group, while no such increase was found in control
group. These results aligned with previous studies that individuals
with depression tend to experience negative emotional reactions to
daily stress across different contexts, such as events, activities and
social interactions (28, 44, 45). For instance, Myin-Germeys et al.
(28) examined emotional reactivity in different patient groups with
severe mental illnesses and found that the group with major
depressive disorder displayed greater stress-induced NA
compared to healthy control subjects. In another ESM study of
279 twin pairs, Wichers et al. (46) suggested that the tendency to
respond to daily life stressors with NA could be considered as a risk
of depression. Moderately stressful events induced minimal effect to
healthy people but greatly triggered NA in those with depression or
a strong familial predisposition to depression. Our study built upon
previous findings and provided further evidence that daily life

TABLE 5 Multilevel model estimates for PA and NA with ES, GROUP and
ES x GROUP as predictors (n=30).

B (SE) 95% Cl for B p-value

PA

Intercept® 5.38 (0.82) 3.71 to 7.05 <0.001
ES -1.04 (0.17) -1.38 to -0.70 <0.001
GROUP -1.24 (0.51) -2.28 to -0.19 0.023
ES x GROUP 0.71 (0.18) 0.35 to 1.08 <0.001
NA

Intercept® 0.26 (0.29) -0.33 to 0.84 0.383
ES 0.31 (0.10) 0.09 to 0.52 0.008
GROUP 0.05 (0.19) -0.34 to 0.43 0.807
ES x GROUP -0.34 (0.10) -0.54 to -0.13 0.003

CI, confidence interval; CIS-R, Revised Clinical Interview Schedule; ES, environmental stress;
GROUP, group status (0=control, 1=depressed); ES x GROUP, interaction term of
environmental stress and group; NA, negative affect; PA, positive affect; SE, standard error.

“Multilevel model with PA and NA as dependent variables, adjusted for age, gender and CIS-R
total score.

Bold values denote statistical significance at the p<0.05 level.
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stressors are not limited to specific events or activities, but also
encompass the influence of physical environment.

Environmental stress in
depressed individuals

Negative emotional reactions to daily ES are a potential marker
for depression, as supported by other observational studies linking
stress induced by adverse environment to an increased depression
risk (47, 48). This mechanism could be explained by stress
sensitivity, where individuals with higher sensitivity to stress are
more prone to developing affective symptoms (49). People with
history of depression exhibit greater sensitivity to daily stresses, and
even modest stressors can trigger NA. Our findings suggest that
daily hassles in environment could heighten stress sensitivity in
those with depression, thereby intensifying their negative reactions.
Despite facing more ES, the depressed participants perceived their
mood to be less affected by the environment. These findings suggest
that people with depression may encounter stressful experience
with limited awareness of how their mood is influenced by
the environment.

Environmental stress in healthy individuals

Notably, healthy control subjects in our study showed no
changes in NA but exhibited a significant decrease in PA when
exposed to environmental stressors. However, we could not observe
this trend in depressed participants, which contradicts our
hypothesis. Several factors could explain this discrepancy. First,
the depressed group consistently had low PA levels throughout the
study period, reflecting the pathological state of depression and
made it difficult to detect emotional reactivity (28). Second,
previous studies have shown that naturalistic acute stressors
reduce hedonic capacity or the ability to experience pleasure in
healthy subjects (50, 51). Perceived stress manifests as decreased PA
rather than increased NA in non-clinical populations (52). Third,
the healthy participants may have been more conscious of the
surrounding environment than the depressed subjects. Many of
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them expressed concerns about the environment and its potential
impact, which might have increased their sensitivity to emotional
changes associated with their surroundings. Lastly, the effect of ES
on affect may differ among individuals with different personality
traits like agreeableness, neuroticism and extraversion (53, 54).
Future studies should account for these factors while examining
the affective response to ES.

Environment and stress vulnerability

Our findings indicate a difference in emotional response to ES
between people with depression and those without. Depressed
individuals tend to manifest stress through NA, while healthy
individuals exhibit stress through PA. These results suggest that the
psychopathological pathway of depression may be associated with
stress in urban environments. Ecological factors contribute to
depression and may be influenced by other psychosocial mediators
such as perceived control and interactions with physical environment.
Individuals with a lower sense of control over their environment are
less receptive to positive experiences and more sensitive to daily
environmental stressors, may make them more susceptible to
depression. In addition, our findings suggest that underlying
vulnerability modifies how individuals respond to stressors in
different situations. Intervention strategies should consider the
environmental contextual factors and the psychosocial mechanism
connecting everyday stressful environments to symptomatology.

Strengths and limitations

This study has several strengths worthy of note. First, the
methodological design using ESM offered not only strong
ecological validity, but also good reliability, improved accuracy and
reduced retrospective bias. By collecting real-time data on daily affect,
environmental stress and other relevant information for a week, we
assessed moment-to-moment experiences in participants’ everyday
environment. To ensure a comprehensive understanding of these
experiences, we placed great emphasis on achieving a high
compliance rate among participants, ensuring a robust and diverse
set of information for analysis. The ESM technique proves
particularly beneficial for people with depression, who are
frequently reported to have a negative retrospective bias (55, 56).
Second, we focused on the stressful experiences the participants
perceived from their environment instead of assessing the quality
of the environment. This approach allowed us to unambiguously
capture the adverse psychological effects (i.e., emotional reactivity)
caused by suboptimal environments (57). Third, we incorporated
multiple information sources, which enhanced the accuracy of the
ESM measures. For example, participants were asked to provide
photographs for location verification and CIS-R scores were retrieved
from interview for between-subject measures. Finally, the use of semi-
structured SCID interviews ensured adequate diagnostic verification
and confirmation of symptom severity to support the
participants’ eligibility.
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Several methodological limitations must be addressed. Despite
employing an advanced experience sampling method, this study
was limited by its modest sample size and potentially limited
generalizability of the findings. Further investigation with a larger
sample size is warranted. In addition, a practice effect was
commonly reported in ESM studies, especially among patients
with major depressive disorder (27, 58). Although we did not
observe a decrease in the response latencies over the course of the
study (practice effect not supported), the depressed participants had
a lower compliance rate compared to the controls, which could
potentially contribute to a reduced statistical power. Nevertheless,
the compliance rate of 75% in the depressed group was comparable
with, and somewhat higher than the rates reported in previous
studies (59, 60). Besides, it is important to note that while negatively
appraised environments are not necessarily the same as stressful
environments, there is often an overlap in daily life. Participants
who are predisposed to high NA might report elevated ES.
Similarly, the more intense an environment is, it tends to be
perceived as negative (61). The response bias should be
acknowledged. Another limitation was the self-reported nature of
the ESM, which predominantly assessed the subjective affective
states. Future studies should consider incorporating objective
physiological measures, such as heart rate or cortisol level, to gain
a more comprehensive understanding of the stress response to the
environment. Finally, the concept of environmental stress and its
associated contextual factors like location or social situation, have
yet to be fully explored. Future research should explore the impact
of ES on emotions in different contexts.

Conclusion

In conclusion, this study highlighted the importance role of
environment-related stress in regulating emotional responses. By
utilizing ESM, a reliable and valid self-report tool, we observed
significant variability of emotional reactions between depressed and
healthy individuals. Importantly, exposure to environmental
stressors led to a rise in NA for individuals with depression and a
reduction in PA for the healthy participants. Furthermore, people
with depression perceived less control over their environment and
had less interaction with it. This study extended beyond previous
studies by shedding light on the potential mechanisms underlying
emotional reactions to stressful environments. The role of daily-
environment stress-sensitivity fostered our understanding of the
psychological mechanisms contributing to depression. Future
investigation into this mechanism would help to develop
ecological momentary interventions targeting resilience building
towards daily environmental stressors and promoting effective self-
management of emotions.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1375735
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Wong et al.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of the University of Hong Kong/Hospital Authority
Hong Kong West Cluster (Reference No. UW15-304). The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

CW: Conceptualization, Formal analysis, Methodology,
Project administration, Visualization, Writing - original draft,
Writing - review & editing. WC: Conceptualization, Funding
acquisition, Supervision, Writing - review & editing. KL:
Visualization, Writing - review & editing. EC: Funding
acquisition, Supervision, Writing — review & editing. LL: Funding
acquisition, Supervision, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Health and Health Services Research Fund,
Food and Health Bureau of the Government of the Hong Kong SAR
(Grant No. 09101601) and Commissioned Research on Mental
Health Policy and Services, Food and Health Bureau, Hong Kong
SAR Government (Grant No. SMH-48).

References

1. Galea S. The urban brain: new directions in research exploring the relation
between cities and mood-anxiety disorders. Depress Anxiety. (2011) 28:857-62.
doi: 10.1002/da.20868

2. Brown LH, Strauman T, Barrantes-Vidal N, Silvia PJ, Kwapil TR. An experience-
sampling study of depressive symptoms and their social context. ] Nerv Ment Dis.
(2011) 199:403-9. doi: 10.1097/NMD.0b013e31821cd24b

3. aan het Rot M, Hogenelst K, Schoevers RA. Mood disorders in everyday life: a
systematic review of experience sampling and ecological momentary assessment
studies. Clin Psychol Rev. (2012) 32:510-23. doi: 10.1016/j.cpr.2012.05.007

4. Héhn P, Menne-Lothmann C, Peeters F, Nicolson NA, Jacobs N, Derom C, et al.
Moment-to-moment transfer of positive emotions in daily life predicts future course of
depression in both general population and patient samples. PLoS One. (2013) 8:€75655.
doi: 10.1371/journal.pone.0075655

5. Myin-Germeys I, van Os J, Schwartz JE, Stone AA, Delespaul PA. Emotional
reactivity to daily life stress in psychosis. Arch Gen Psychiatry. (2001) 58:1137-44.
doi: 10.1001/archpsyc.58.12.1137

6. Caspi A, Bolger N, Eckenrode J. Linking person and context in the daily stress
process. ] Pers Soc Psychol. (1987) 52:184-95. doi: 10.1037//0022-3514.52.1.184

7. Myin-Germeys I, van Os J. Stress-reactivity in psychosis: evidence for an affective
pathway to psychosis. Clin Psychol Rev. (2007) 27:409-24. doi: 10.1016/
j.cpr.2006.09.005

8. Csikszentmihalyi M, Larson R. Validity and reliability of the experience-sampling
method. ] Nerv Ment Dis. (1987) 175:526-36. doi: 10.1097/00005053-198709000-00004

9. Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev
Clin Psychol. (2008) 4:1-32. doi: 10.1146/annurev.clinpsy.3.022806.091415

Frontiers in Psychiatry

10.3389/fpsyt.2024.1375735

Acknowledgments

We thank the participants from the Hong Kong Mental
Morbidity Survey (HKMMS) who contributed their invaluable
time and perspectives to this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1375735/
full#supplementary-material

10. Myin-Germeys I, Kasanova Z, Vaessen T, Vachon H, Kirtley O, Viechtbauer W,
et al. Experience sampling methodology in mental health research: new insights and
technical developments. World Psychiatry. (2018) 17:123-32. doi: 10.1002/wps.20513

11. Yang YS, Ryu GW, Choi M. Methodological strategies for ecological momentary
assessment to evaluate mood and stress in adult patients using mobile phones:
systematic review. JMIR Mhealth Uhealth. (2019) 7:¢11215. doi: 10.2196/11215

12. Hurlburt RT. Randomly sampling thinking in the natural environment. ] Consult
Clin Psychol. (1997) 65:941-9. doi: 10.1037/0022-006X.65.6.941

13. Hektner JM, Schmidt JA, Csikszentmihalyi M. Experience sampling method:
measuring the quality of everyday life. Sage Publications, Inc. (2007).

14. Augustine AA, RJ. L, Mehl MR, C. T eds. Handbook of Research Methods for
Studying Daily Life. New York, NY: Guilford Press (2012) p. 497-510.

15. Myin-Germeys I, Birchwood M, Kwapil T. From environment to therapy in
psychosis: a real-world momentary assessment approach. Schizophr Bull. (2011)
37:244-7. doi: 10.1093/schbul/sbq164

16. Kramer I, Simons CJP, Hartmann JA, Menne-Lothmann C, Viechtbauer W,
Peeters F, et al. A therapeutic application of the experience sampling method in the
treatment of depression: a randomized controlled trial. World Psychiatry. (2014) 13:68—
77. doi: 10.1002/wps.20090

17. Fatseas M, Serre F, Alexandre J-M, Debrabant R, Auriacombe M, Swendsen ]J.
Craving and substance use among patients with alcohol, tobacco, cannabis or heroin
addiction: a comparison of substance- and person-specific cues. Addiction. (2015)
110:1035-42. doi: 10.1111/add.12882

18. Lazarus RS, Cohen JB. “Environmental stress”. In: Altman I, Wohlwill JF,
editors. Human behavior and environment. Boston, MA: Springer (1977). p. 89-127.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1375735/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1375735/full#supplementary-material
https://doi.org/10.1002/da.20868
https://doi.org/10.1097/NMD.0b013e31821cd24b
https://doi.org/10.1016/j.cpr.2012.05.007
https://doi.org/10.1371/journal.pone.0075655
https://doi.org/10.1001/archpsyc.58.12.1137
https://doi.org/10.1037//0022-3514.52.1.184
https://doi.org/10.1016/j.cpr.2006.09.005
https://doi.org/10.1016/j.cpr.2006.09.005
https://doi.org/10.1097/00005053-198709000-00004
https://doi.org/10.1146/annurev.clinpsy.3.022806.091415
https://doi.org/10.1002/wps.20513
https://doi.org/10.2196/11215
https://doi.org/10.1037/0022-006X.65.6.941
https://doi.org/10.1093/schbul/sbq164
https://doi.org/10.1002/wps.20090
https://doi.org/10.1111/add.12882
https://doi.org/10.3389/fpsyt.2024.1375735
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Wong et al.

19. Yang YS, Ryu GW, Park CG, Yeom I, Shim KW, Choi M. Mood and stress evaluation
of adult patients with Moyamoya disease in Korea: ecological momentary assessment method
using a mobile phone app. JMIR Mhealth Uhealth. (2020) 8:¢17034. doi: 10.2196/17034

20. Bergou N, Hammoud R, Smythe M, Gibbons J, Davidson N, Tognin S, et al. The
mental health benefits of visiting canals and rivers: An ecological momentary
assessment study. PloS One. (2022) 17:¢0271306. doi: 10.1371/journal.pone.0271306

21. Lam LC, Chan WC, Wong CS, Chen EY, Ng RM, Lee EH, et al. The Hong Kong
mental morbidity survey: background and study design. East Asian Arch Psychiatry.
(2014) 24:30-6.

22. Lam LC, Wong CS, Wang M], Chan WC, Chen EY, Ng RM, et al. Prevalence,
psychosocial correlates and service utilization of depressive and anxiety disorders in
Hong Kong: the Hong Kong Mental Morbidity Survey (HKMMS). Soc Psychiatry
Psychiatr Epidemiol. (2015) 50:1379-88. doi: 10.1007/s00127-015-1014-5

23. Chan WC, Wong CS, Chen EY, Ng RM, Hung SF, Cheung EF, et al. Validation of
the Chinese version of the revised clinical interview schedule: findings from Hong Kong
mental morbidity survey. East Asian Arch Psychiatry. (2017) 27:3-10.

24. So E, Kam I, Leung C, Chung D, Liu Z, Fong S. The Chinese-bilingual SCID-1/P
project: stage 1-reliability for mood disorders and schizophrenia. Hong Kong |
Psychiatry. (2003) 13:7-18.

25. So E, Kam I, Leung C, Pang A, Lam L. The Chinese bilingual SCID-I/P project:
stage 2-reliability for anxiety disorders, adjustment disorders and ‘no diagnosis’. Hong
Kong J Psychiatry. (2003) 13:19-25.

26. van Os ], Verhagen S, Marsman A, Peeters F, Bak M, Marcelis M, et al. The
experience sampling method as an mHealth tool to support self-monitoring, self-
insight, and personalized health care in clinical practice. Depress Anxiety. (2017)
34:481-93. doi: 10.1002/da.22647

27. Telford C, McCarthy-Jones S, Corcoran R, Rowse G. Experience sampling
methodology studies of depression: the state of the art. Psychol Med. (2012) 42:1119-
29. doi: 10.1017/50033291711002200

28. Myin-Germeys I, Peeters F, Havermans R, Nicolson NA, DeVries MW,
Delespaul P, et al. Emotional reactivity to daily life stress in psychosis and affective
disorder: an experience sampling study. Acta Psychiatr Scand. (2003) 107:124-31.
doi: 10.1034/j.1600-0447.2003.02025.x

29. Booij SH, Snippe E, Jeronimus BF, Wichers M, Wigman JTW. Affective reactivity to
daily life stress: Relationship to positive psychotic and depressive symptoms in a general
population sample. J Affect Disord. (2018) 225:474-81. doi: 10.1016/j.jad.2017.08.051

30. Lewis G, Pelosi AJ, Araya R, Dunn G. Measuring psychiatric disorder in the
community: a standardized assessment for use by lay interviewers. Psychol Med. (1992)
22:465-86. doi: 10.1017/50033291700030415

31. McCabe KO, Mack L, Fleeson W. “A guide for data cleaning in experience
sampling studies”. In: Mehl MR, Conner TS, editors. Handbook of research methods for
studying daily life. New York, NY: Guilford Press (2012). p. 321-38.

32. Christensen TC, Barrett LF, Bliss-Moreau E, Lebo K, Kaschub C. A practical
guide to experience-sampling procedures. ] Happiness Stud. (2003) 4:53-78.
doi: 10.1023/A:1023609306024

33. Fleeson W. “Using experience sampling and multilevel modeling to study
person-situation interactionist approaches to positive psychology”. In: Ong AD, Van
Dulmen MHM, editors. Oxford Handbook of Methods in Positive Psychology. New
York, NY: Oxford University Press (2007). p. 501-14.

34. Jacobs N, Myin-Germeys I, Derom C, Delespaul P, van Os J, Nicolson NA. A
momentary assessment study of the relationship between affective and adrenocortical
stress responses in daily life. Biol Psychol. (2007) 74:60-6. doi: 10.1016/
j.biopsycho.2006.07.002

35. Block V], Meyer AH, Miché M, Mikoteit T, Hoyer J, Imboden C, et al. The effect
of anticipatory stress and openness and engagement on subsequently perceived sleep
quality-An Experience Sampling Method study. J Sleep Res. (2020) 29:e12957.
doi: 10.1111/jsr.12957

36. Das-Friebel A, Lenneis A, Realo A, Sanborn A, Tang NKY, Wolke D, et al.
Bedtime social media use, sleep, and affective wellbeing in young adults: an experience
sampling study. J Child Psychol Psychiatry. (2020) 61:1138-49. doi: 10.1111/jcpp.13326

37. Kreft IG, de Leeuw J, Aiken LS. The effect of different forms of centering in
hierarchical linear models. Multivariate Behav Res. (1995) 30:1-21. doi: 10.1207/
$15327906mbr3001_1

38. IBM Corp. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM
Corp (2011).

39. Gliem JA, Gliem RR. “Calculating, interpreting, and reporting Cronbach’s alpha
reliability coefficient for Likert-type scales”. In: Midwest Research to Practice Conference

in Adult, Continuing and Community Education, Ohio State University, Columbus,
Ohio, USA (2003) 1:82-7.

Frontiers in Psychiatry

09

10.3389/fpsyt.2024.1375735

40. Trull TJ, Ebner-Priemer UW. Using experience sampling methods/ecological
momentary assessment (ESM/EMA) in clinical assessment and clinical research:
introduction to the special section. Psychol Assess. (2009) 21:457-62. doi: 10.1037/
20017653

41. TIida M, Shrout PE, Laurenceau J-P, Bolger N. “Using diary methods in
psychological research”. In: Cooper H, editor. APA handbook of research methods in
psychology, Vol. I: foundations, planning, measures, and psychometrics. Washington,
DC: American Psychological Association (2012) p. 277-305.

42. Larson R. “The experience sampling method”. In: Csikszentmihalyi M, editor.
Flow and the foundations of positive psychology. Dordrecht: Springer (2014). p. 21-34.

43. Bylsma LM, Morris BH, Rottenberg J. A meta-analysis of emotional reactivity in
major depressive disorder. Clin Psychol Rev. (2008) 28:676-91. doi: 10.1016/
j.cpr.2007.10.001

44. Barge-Schaapveld DQ, Nicolson NA, Berkhof ], deVries MW. Quality of life in
depression: daily life determinants and variability. Psychiatry Res. (1999) 88:173-89.
doi: 10.1016/S0165-1781(99)00081-5

45. Wichers M, Schrijvers D, Geschwind N, Jacobs N, Myin-Germeys I, Thiery E,
et al. Mechanisms of gene-environment interactions in depression: evidence that genes
potentiate multiple sources of adversity. Psychol Med. (2009) 39:1077-86. doi: 10.1017/
s0033291708004388

46. Wichers M, Myin-Germeys I, Jacobs N, Peeters F, Kenis G, Derom C, et al.
Genetic risk of depression and stress-induced negative affect in daily life. Br J
Psychiatry. (2007) 191:218-23. doi: 10.1192/bjp.bp.106.032201

47. Latkin CA, Curry AD. Stressful neighborhoods and depression: a prospective
study of the impact of neighborhood disorder. J Health Soc Behav. (2003) 44:34-44.
doi: 10.2307/1519814

48. Cutrona CE, Wallace G, Wesner KA. Neighborhood characteristics and
depression: an examination of stress processes. Curr Dir Psychol Sci. (2006) 15:188—
92. doi: 10.1111/j.1467-8721.2006.00433 x

49. Wichers M, Geschwind N, Jacobs N, Kenis G, Peeters F, Derom C, et al.
Transition from stress sensitivity to a depressive state: longitudinal twin study. Br |
Psychiatry. (2009) 195:498-503. doi: 10.1192/bjp.bp.108.056853

50. Bogdan R, Pizzagalli DA. Acute stress reduces reward responsiveness:
implications for depression. Biol Psychiatry. (2006) 60:1147-54. doi: 10.1016/
j-biopsych.2006.03.037

51. Pizzagalli DA, Bogdan R, Ratner KG, Jahn AL. Increased perceived stress is
associated with blunted hedonic capacity: potential implications for depression
research. Behav Res Ther. (2007) 45:2742-53. doi: 10.1016/j.brat.2007.07.013

52. Berenbaum H, Connelly J. The effect of stress on hedonic capacity. ] Abnorm
Psychol. (1993) 102:474-81. doi: 10.1037/0021-843X.102.3.474

53. Miller DJ, Vachon DD, Lynam DR. Neuroticism, negative affect, and negative
affect instability: establishing convergent and discriminant validity using ecological
momentary assessment. Pers Individ Dif. (2009) 47:873-7. doi: 10.1016/
j.paid.2009.07.007

54. Sandstrom GM, Lathia N, Mascolo C, Rentfrow PJ. Putting mood in context:
using smartphones to examine how people feel in different locations. J Res Pers. (2016)
69:96-101. doi: 10.1016/j.jrp.2016.06.004

55. Ben-Zeev D, Young MA, Madsen JW. Retrospective recall of affect in clinically
depressed individuals and controls. Cognit Emot. (2009) 23:1021-40. doi: 10.1080/
02699930802607937

56. Ben-Zeev D, Young MA. Accuracy of hospitalized depressed patients' and
healthy controls' retrospective symptom reports: an experience sampling study. J
Nerv Ment Dis. (2010) 198:280-5. doi: 10.1097/NMD.0b013e3181d6141f

57. Watson D. Intraindividual and interindividual analyses of positive and negative
affect: their relation to health complaints, perceived stress, and daily activities. ] Pers Soc
Psychol. (1988) 54:1020-30. doi: 10.1037/0022-3514.54.6.1020

58. Husky MM, Gindre C, Mazure CM, Brebant C, Nolen-Hoeksema S, Sanacora G,
et al. Computerized ambulatory monitoring in mood disorders: feasibility, compliance,
and reactivity. Psychiatry Res. (2010) 178:440-2. doi: 10.1016/j.psychres.2010.04.045

59. Bylsma LM, Taylor-Clift A, Rottenberg J. Emotional reactivity to daily events in
major and minor depression. ] Abnorm Psychol. (2011) 120:155-67. doi: 10.1037/
20021662

60. Palmier-Claus JE, Myin-Germeys I, Barkus E, Bentley L, UdaChina A, Delespaul PA,
et al. Experience sampling research in individuals with mental illness: reflections and
guidance. Acta Psychiatr Scand. (2011) 123:12-20. doi: 10.1111/acps.2010.123.issue-1

61. Koolhaas JM, Bartolomucci A, Buwalda B, de Boer SF, Fliigge G, Korte SM, et al.
Stress revisited: a critical evaluation of the stress concept. Neurosci Biobehav Rev. (2011)
35:1291-301. doi: 10.1016/j.neubiorev.2011.02.003

frontiersin.org


https://doi.org/10.2196/17034
https://doi.org/10.1371/journal.pone.0271306
https://doi.org/10.1007/s00127-015-1014-5
https://doi.org/10.1002/da.22647
https://doi.org/10.1017/s0033291711002200
https://doi.org/10.1034/j.1600-0447.2003.02025.x
https://doi.org/10.1016/j.jad.2017.08.051
https://doi.org/10.1017/S0033291700030415
https://doi.org/10.1023/A:1023609306024
https://doi.org/10.1016/j.biopsycho.2006.07.002
https://doi.org/10.1016/j.biopsycho.2006.07.002
https://doi.org/10.1111/jsr.12957
https://doi.org/10.1111/jcpp.13326
https://doi.org/10.1207/s15327906mbr3001_1
https://doi.org/10.1207/s15327906mbr3001_1
https://doi.org/10.1037/a0017653
https://doi.org/10.1037/a0017653
https://doi.org/10.1016/j.cpr.2007.10.001
https://doi.org/10.1016/j.cpr.2007.10.001
https://doi.org/10.1016/S0165-1781(99)00081-5
https://doi.org/10.1017/s0033291708004388
https://doi.org/10.1017/s0033291708004388
https://doi.org/10.1192/bjp.bp.106.032201
https://doi.org/10.2307/1519814
https://doi.org/10.1111/j.1467-8721.2006.00433.x
https://doi.org/10.1192/bjp.bp.108.056853
https://doi.org/10.1016/j.biopsych.2006.03.037
https://doi.org/10.1016/j.biopsych.2006.03.037
https://doi.org/10.1016/j.brat.2007.07.013
https://doi.org/10.1037/0021-843X.102.3.474
https://doi.org/10.1016/j.paid.2009.07.007
https://doi.org/10.1016/j.paid.2009.07.007
https://doi.org/10.1016/j.jrp.2016.06.004
https://doi.org/10.1080/02699930802607937
https://doi.org/10.1080/02699930802607937
https://doi.org/10.1097/NMD.0b013e3181d6141f
https://doi.org/10.1037/0022-3514.54.6.1020
https://doi.org/10.1016/j.psychres.2010.04.045
https://doi.org/10.1037/a0021662
https://doi.org/10.1037/a0021662
https://doi.org/10.1111/acps.2010.123.issue-1
https://doi.org/10.1016/j.neubiorev.2011.02.003
https://doi.org/10.3389/fpsyt.2024.1375735
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Environmental stress and emotional reactivity: an exploratory experience sampling method study
	Introduction
	Materials and methods
	Study design and participants
	ESM procedure and assessments
	Data processing
	Statistical analysis

	Results
	Participant characteristics
	Psychometric properties of ESM assessment
	Association between ES and affects

	Discussion
	Environmental stress and emotional reactivity
	Environmental stress in depressed individuals
	Environmental stress in healthy individuals
	Environment and stress vulnerability
	Strengths and limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


