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Abstract

Background: Many existing scales for microstressor assessment do not differentiate between objective (ie, observable) stressor
events and stressful cognitions or concerns. They often mix items assessing obj ective stressor events with items measuring other
aspects of stress, such as perceived stressor severity, the evoked stress reaction, or further consequences on health, which may
result in spurious associationsin studiesthat include other questionnaires that measure such constructs. Most scales were devel oped
several decades ago; therefore, modern life stressors may not be represented. Ecological momentary assessment (EMA) allows
for sampling of current behaviors and experiencesin real time and in the natural habitat, thereby maximizing the generalization
of the findings to real-life situations (ie, ecological validity) and minimizing recall bias. However, it has not been used for the
validation of microstressor questionnaires so far.

Objective: Theaim isto develop aquestionnaire that (1) allows for retrospective assessment of microstressors over one week,
(2) focuses on objective (ie, observable) microstressors, (3) includes stressors of modern life, and (4) separates stressor occurrence
from perceived stressor severity.

Methods: Cross-sectional (N=108) and longitudinal studies (N=10 and N=70) were conducted to evaluate the Mainz Inventory
of Microstressors (MIMIS). In the longitudinal studies, EMA was used to compare stressor data, which was collected five times
per day for 7 or 30 days with retrospective reports (end-of -day, end-of-week). Pearson correlations and multilevel modeling were
used in the analyses.

Results. High correlations were found between end-of-week, end-of-day, and EMA data for microstressor occurrence (counts)
(r=.69 for comparisons per week, r=.83 for cumulated data) and for mean perceived microstressor severity (r=.74 for comparisons
per week, r=.85 for cumulated data). The end-of-week questionnaire predicted the EMA assessments sufficiently (counts: beta=.03,
95% CI .02-.03, P<.001; severity: beta=.73, 95% Cl .59-.88, P<.001) and the association did not change significantly over four
subsequent weeks.

Conclusions; Our results provide evidence for the ecological validity of the MIMIS questionnaire.
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Introduction

Background

The impact of microstressors on mental health, either alone or
in addition to macrostressors, has been reported in alarge body
of research [1-5]. The term macrostressor refers to potentially
traumatizing events, such as natural or human-made disasters,
whereas the term microstressor, or daily hasse, refers to the
“irritating, frustrating, distressing demandsthat to some degree
characterize everyday transactions with the environment” ([4]
page 3).

For the assessment of stress and stressors, several approaches
have been suggested and discussed in the literature. The
response-based approach focuses on the effect of stressors on
the individual. This line of research emerged with Selye [6],
who was particularly interested in the physiological response
to stress and the development of illness. However, it has been
criticized that the response-based approach does not take into
account the characteristics of the stressor, but rather assumes a
nonspecific response to adverse stimulations regardless of the
situation [7]. Instead of focusing on the individual response to
stress, the stimulus-based approach suggests focusing on the
stressor itself. This approach has its origins in the work by
Holmes and Rahe [8], who measured life stress by assigning
numbers (so-caled life change units) to a list of critical life
events to assess the adaptive effort required to cope with the
event. The stimulus-based approach has also been applied to
assess the effect of microstressors[9]. Stone and Shiffman [10]
pointed out that the frequency and type of stressors occurring
in a certain time period provide information about the level of
stress experienced in the same period.

Assessment of Microstressors

So far, a number of validated self-report scales for the
assessment of microstressors have been developed. The first
validated scales for the assessment of microstressors are the
Hassles and Uplifts Scales [4,11]. Severa other microstressor
guestionnaires have been published subsequently, such as the
Inventory of Small Life Events[12], the Daily Stress Inventory
[13], and the Weekly Hassle Scale [14]. Moreover,
guestionnaires for specific target groups have been published,
such asthe Adolescent Stress Questionnaire[15], an adaptation
of the Everyday Stressor Index [16] for the assessment of
microstressors occurring in everyday life of Turkish or German
mothers with young children, or a microstressor questionnaire
for students, the Inventory of College Students Recent Life
Experiences (ICSRLE) [17]. Multimedia Appendix 1 provides
an overview of the questionnaires.

M ethodological Considerationsin the Assessment of
Microstressors

A criticism isthat many of the existing microstressor scales do
not exclusively focus on objective (ie, observable) stressors,
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but also include items assessing cognitions, emotions, and
consequences of stress or symptoms, which may conceptually
overlap other questionnaires assessing the same constructs and
may consequently result in spurious associations[5,7,14,18-21].
In clinical routine, the issue of nonobservable stressors and
spurious associations may be negligible when assessing patients
on an individual level to obtain information on their current
stressor |oad; however, the methodol ogical issue arisesin studies
on associations between microstressors and other topics or
concepts that are also partialy covered by items in the
microstressor questionnaire. For example, the Daily Hassles
and Uplifts Scale includes items about inner concerns (eg,
trouble making decisions or concern about the meaning of life)
[11], and similar items may also be found in symptom scales
of stress-related mental disorders. Consequently, in studiesusing
both scales, the overlapping items and constructs may result in
an overestimation of the association between the hassles scale
and the symptom scale. This may lead to wrong conclusions
about the impact of microstressors on mental health because
similar questionswere asked in both questionnaires. Inresilience
research, for example, it istheorized that individua differences
in the subjective reactions to stressors are a key determinant of
why some people stay healthy under stressor exposure while
others with similar stressor exposure develop mental health
problems[22]. This theory can obviously only be tested if one
can separately quantify stressor exposure and subjective
reactions to the stressor exposure.

To avoid this methodological issue, it has been suggested to
strictly focus on objective (ie, observable) situations instead of
subjective aspects, such asinterpretations, cognitions, emotions,
or symptoms [5,18,21]. This alows for an unconfounded
analysis of the effect of microstressors on the outcome in
guestion (eg, perceived distress or physical health). In some
studies, this issue is addressed by excluding potentially
confounding items [23]. Until now, there have been only afew
microstressor questionnairesin which that i ssue has been taken
into account during the devel opment phase of the questionnaire
[12].

Many of the existing questionnaires were developed and
validated between 1980 and 1990 [4,11-13]. Consequently,
stressors that have occurred as a consequence of later
developments, such as globalization, urbanization, and
digitalization, may not be represented.

All studies validating the previously mentioned questionnaires
rely on retrospective data. Real-time data, as obtained by using
ecological momentary assessment (EMA), hasrarely been used
for the validation of microstressor questionnaires. EMA methods
allow for sampling of current behaviors and experiences of a
subject inreal time and in their natural habitat [24]. EMA aims
to maximize ecological validity (ie, generalization of the
findings to real-life situations) to minimize recall bias, and it
also allowsfor the study of microprocessesthat impact behavior
inreal-world contexts[24]. The method has a ready been applied
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in studies on the effects of microstressors [25-27] and for
comparisons between retrospective and momentary data for
alcohol consumption [28], headache [29], pain [30], or affect
and sexua behavior [31], for example. A recent systematic
review eval uated studies on mobile phone-based self-assessment
of stressin healthy adults[32]. The authors found in only three
of 35 studies included in the review was the validity of the
mobile phone-based stress assessment against validated
retrospective stress questionnaires examined [33-35]. In one of
those studies (N=48 participants), a moderate statistically
significant positive correlation was found (r=.4, P<.05) [35].
No statistically significant correlations were found in the other
two studies, which may be caused by small sample sizes (N=7
and N=17) [33,34]. Pdrarinsdéttir and colleagues [36] also
conducted a study and found a statistically significant positive
correlation between mobile phone-based stress assessment and
a validated stress scale (beta=.0167, 95% CI .0070-.0026;
P=.001). However, al four studies used the Cohen’s Perceived
Stress Scale[37] for validation of the mobile phone-based stress
assessment, which focuses on subjective, rather than objective,
aspects of stress.

Aims and Objectives of This Study

In this study, we aimed to devel op aquestionnairethat (1) allows
for retrospective assessment of microstressors occurring during
the course of oneweek, (2) focuses on objective (ie, observable)
microstressors to overcome the risk of spurious associations
caused by assessing subjective aspects (such as cognitions or
emotions), (3) aso includes stressors of modern life, and (4)
combinesthe stimulus- and response-based approach for stressor
assessment to measure the occurrence of the stressors and the
perceived severity of the stressor.

In addition, we applied a validation strategy that maximizes
ecological validity by using EMA for the validation of the
guestionnaire.

Methods

Overview

The validation of the questionnaire was conducted in three
phases. The first phase involved item generation of objective
stressors (see Multimedia Appendix 2), the second phase
involved questionnaire construction and revision, and the third
phase involved EMA evaluation of the retrospective
guestionnaire. The first version of the questionnaire included
67 items and was applied in the first and the second phase of
guestionnaire development. The fina version of the
guestionnaire included 58 items and was used in the third phase.
In both versions of the questionnaire, participants were asked
to provide information about microstressors occurring during
the past seven days. To obtain additional information about the
individual impact of each stressor, the questionnaire includes
afive-point Likert scale (0-4; O=not at all severe, 4=extremely
severe) after each item, asking for the perceived severity of the
stressor (see Multimedia Appendix 2).

All participants were recruited at the Johannes Gutenberg
University, Mainz, Germany. Data were collected online using
the survey tool SoSci Survey [38].
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The study protocols were approved by the ethics committee at
the Rhineland-Palatinate state chamber of physicians
(837.085.13 [8770-F] and 837.183.16 [10502]). The Checklist
for Reporting Results of Internet E-Surveys (CHERRIES) [39]
was applied (see Multimedia Appendix 3).

Questionnaire Construction and Revision

A cross-sectional study (study 1) and a small-scale EMA
feasibility study (study 2) were conducted to evaluate the
67-item version of the Mainz Inventory of Microstressors
(MIMIS) (study 1) and to test the feasibility of a mobile
phone-based EMA assessment of the questionnaire (study 2).

Study 1: Cross-Sectional Study

There were no explicit inclusion or exclusion criteria. The
sample included 120 undergraduate students (data collection
period: October 2014 to January 2016). All participants
completed aquestionnaire ng sociodemographic variables
(age and sex) and the 67-item version of the MIMIS,
retrospectively ng the number of microstressors and their
severity over the past seven days. A free-text input was provided
to include additional microstressors in case the experienced
microstressor was not already on the list. Data from 108
participants were used for the assessment of the questionnaire;
11 participants did not complete the questionnaire and one
participant was excluded due to extreme response tendency (ie,
all itemsrated at the highest level). The final sample included
72.5% women (79/108) and 27.5% men (30/108). The mean
age was 23.91 (SD 4.06, range 18-43) years.

Study 2: Ecological Momentary Assessment Feasibility

This study was conducted to test the feasibility of a mobile
phone-based EMA assessment of the questionnaire. Inclusion
criteriawere no severe mental disorder (eg, schizophrenia) and
good mental health (screening questionnaire: General Health
Questionnaire total score <24 [40]). Participants who were in
current psychiatric or psychotherapeutic treatment and users of
illegal drugs or those with reported high levels of alcohol
consumption (average consumption of standard glasses of
alcohol per week >15) were excluded [41,42]. Potential
participants were invited for an initial briefing session. After
written consent was obtained, each participant was provided
with a study mobile phone (type: Motorola Moto E) to avoid
technical problems related to different operating systems. The
study was conducted over seven subsequent days.

For the mobile phone-based EM A assessment, weimplemented
the 67 items of the MIMIS questionnaire in a mobile
phone-based ambul atory assessment using the app MovisensXS
[43]. Ambulatory data of microstressorswere collected with an
event-contingent assessment (ie, participants recorded the
microstressor immediately after it occurred). After activating
the MovisensX S app, participants were asked to select from the
list of 67 prespecified microstressors. In case the experienced
microstressor was not aready in the list, a free-text input was
provided to include additional microstressors. Asintheoriginal
version of the MIMIS (end-of-week assessment, see study 1),
participants were asked to rate the severity of the selected
microstressor. Data entry was possible at any time. In addition
to the mobile phone-based assessment, we administered a

JMIR Ment Health 2020 | vol. 7 | iss. 2 | 14566 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

modified version of the MIMIS at the end of each day, asking
for microstressors occurring on that particular day (“How many
times did the situation occur during the day?’ “ To what extent
did you find the situations mentally straining?’). At the end of
the seven-day assessment period, we aso used the origina
version of the 67-item MIMI S questionnaire (see study 1). The
data collection ended with a final session the following week.
At this final session, participants returned the study mobile
phones and were asked to provide feedback on the study in a
semistructured interview.

The sample included 10 undergraduate students (six females;
data collection: June 2016). The mean age of participants was
26.6 (SD 2.05, range 23-30) years.

The data from study 1 and study 2 were used to revise the
67-item questionnaire. We analyzed the data of both studies (1
and 2) by considering the total occurrence per microstressor,
and excluded those microstressors that were discarded (ie,
frequency=0; 19 items removed). We used the information
provided by the free-text input to identify additional relevant
microstressors, which resulted in 10 additional items. We also
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revised the wording of the items to emphasize the objective
character of the microstressor. Therevised version of the MIMIS
guestionnaire consisted of 58 items covering a large range of
aspectsof daily living (eg, noise, traffic, interpersonal conflicts,
workload or time pressure) (see Multimedia Appendix 4). The
58-item questionnaire was then included in a four-week
longitudinal EMA study using the study design tested in study
2.

Study 3: Longitudinal Ecological M omentary
Assessment Study

Sample

Data collection was between September 2016 and March 2017.
We applied the same exclusion criteriaas in study 2. Figure 1
provides an overview of the recruitment process. Two
participants reported changes in their behavior (handling of
microstressors) during the study period because of the EMA
assessments in the postmonitoring interview. Therefore, we
excluded the data after datacollection. Thefinal sampleincluded
70 participants with a mean age of 23.93 (SD 3.15) years.

Figure 1. Flowchart of the longitudinal ecological momentary assessment study (study 3).

Assessed for elegibility
(n=280)

3

Total recruited
(n="74)

Completed final session
(n="72)

Excluded (n = 6):
—* = Exceeded GHQ cut-off score (> 23) (n=5)
*» Use of psychiatric medication (n= 1)

Drop out (n=2):
—# - Lack of time (n=1)
» Loss of mobile phone (n=1)

Excluded (n = 2):

* Measurement effects of the EMA methodology (n = 2)

Data available for analysis
(n=70)

Study Design and Procedures

For each participant, the study was conducted over four
subsequent weeks (28 days). We used the same procedure asin
study 2. In addition, data on sociodemographic variables (sex,
age, employment status, nationality, and education), mental
health-related variables (mental dysfunction and well-being),
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and chronic stress (discussed subsequently) were collected. The
revised 58-item version of the MIMIS questionnaire was
implemented in a mobile phone-based ambulatory assessment.
In contrast to study 2, we used a signal-contingent approach;
that is, an acoustic and visual signal (“please answer the
questions below” on the display) notifying participantsto record
data on the occurrence and perceived severity of microstressors

JMIR Ment Health 2020 | vol. 7 | iss. 2 | 14566 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

at five random time points between 9 am and 8 pm for 28
subsequent days. If participants were not able to answer the
guestionnaire by the time the signal occurred, they were
reminded every 30 minutes to complete the questionnaire for
the subsequent 90 minutes. Participants could also ignore the
initial signal and manually activate data entry during the
following 90 minutes. Asin study 2, at each assessment point,
participants were provided with the list of microstressors and
asked whether any of these occurred sincethelast dlarm (“Please
indicate which of the following situations occurred since the
last alarm, independent from whether they were perceived as a
hassle or not”). For each selected microstressor, participants
werethen asked to rate the severity of the stressor on afive-point
Likert scalefrom O (not at all severe) to 4 (very severe). Similar
to study 2, participants completed an end-of-day assessment on
each of the 28 days and an end-of-week assessment at the end
of each of the four weeks using the 58-item MIMIS
guestionnaire with the respective time scal e (past day, past seven

Chmitorz et al

days). Every evening at 7:58 pm or every Sunday at 11 am,
participants were reminded via email with alink to the online
survey to complete the end-of-day or end-of-week assessment,
respectively. Asin study 2, afinal session was conducted in the
week after the 28-day assessment period, in which participants
returned the study mobile phones and provided feedback in a
semistructured interview.

The participants received monetary compensation at the end of
the study. Here we applied a scoring system to increase the
motivation to participate in the study and provide complete
datasets. The score accounted for the number of complete
datasets provided in the EMA assessments and the online
guestionnaires. Participantsreceived upto €176 (see Multimedia
Appendix 3). To increase compliance, participants were
informed of their actual total score every evening via email
during the 28-day study period. Figure 2 provides an overview
of the study design.

Figure 2. Study design of the longitudinal ecological momentary assessment study.

Week 1

Day 1

slﬂ
5 random time points:

EMA agsesament of MIMIS

| |
| |

9 am
K end-of-day assessment _____

(MIMS onlire)

Same procedures as
day 1

Week 2 Week 3 Week 4

Day2-7

Sarne procedures as week 1
- daily EMA and end-of-day assessnent
- end-of-week assessment at day 14, 21 and 28

/

end-of-week assessment ,’/

(MIMIS online)

Statistical Analysis

Sample Characteristics

To describe the sampl e, proportionswere derived for categorical
variables; means and standard deviations were used for
continuous variables.

Quantification of Retrospective Bias

The primary analysis was the analysis of the retrospective bias
of the MIMI S questionnaire assessing microstressors at the end
of aweek over the past seven days.

To examine the level of retrospective bias of the MIMIS, we
compared the EMA, end-of-day, and end-of-week assessments
for each of the four weeks and over the entire four-week period
using Pearson correlations. Here, we considered the total counts
(number of days on which the microstressor occurred) of all 58
microstressors. To reach comparability with the end-of-week
assessment, microstressors measured with the EMA and
end-of-day assessments were counted nominally (0=did not
occur during the day, 1=did occur at least one time during the
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day) per day. For the correlations of severity, we considered
the mean of the average severity of each microstressor over all
microstressors in the end-of-week, end-of-day, and EMA
assessments. [n addition, we used multilevel modeling to further
assess to what extent the end-of-week assessment predicted the
ecologically valid EMA assessments and whether the association
varied over the four subsequent weeks. Two models were
applied: model 1 included thetotal countsand model 2 included
the mean severity ratings of al microstressors reported in the
end-of-week assessment or EMA. The outcome was the
end-of-week assessment; level onewasthe observationsin EMA
(model 1: total counts; model 2: mean stressor severity), level
two was the weeks, and level three was the participants. We
first calculated the null model to assess whether there was an
intraclass correlation (ICC), which refers to the extent of
variancethat can be explained by differenceswithin and between
persons. We subsequently included several predictors
hierarchically, including total counts of all microstressors of
each week (model 1) or mean severity over all microstressors
of each week (model 2), age, sex, week of assessment, and the
interaction term total counts of microstressorsassessed in EMA
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x week of assessment, and analyzed whether model fit was
improved by the predictorsusing likelihood ratio tests. We used
likelihood ratio teststo determine whether the predictors should
not only beincluded asfixed effects but also as random effects.
Thiswould allow for the slopes of the association between the
predictors and the criterion to vary between the participants
[44]. Model 1 included the interaction term “total counts of
microstressors assessed in EMA x week of assessment” as a
fixed effect and “week of assessment and total counts of all
microstressors of each week” as a random effect as indicated
by likelihood ratio tests. Model 2 included the interaction term
“mean severity over al microstressors of each week x week of
assessment” and age as fixed effects and week of assessment
as arandom effect, asindicated by likelihood ratio tests.

Table 1. Descriptive statistics of the psychometric study sample (N=70).2

Chmitorz et al

Statistical significance of effects was determined by P values
of less than .05 or by 95% confidence intervals (Cls). All
analyses were conducted in Stata version 15 [45].

Results

Sample Characteristics

Table 1 provides an overview of the sample characteristics in
the longitudinal EMA study. Of the 70 participants, 41 (59%)
werewomen; 66 of 70 (94%) were German and 47 of 70 (67%)
worked 20 hours or less per week. The study adherence was
excellent. On average, the participants completed 90% of the
assessments (end-of-day, end-of -week, and EMA) over the four
weeks.

Variable Participants
Gender, n (%)
Female 41 (59)
Male 29 (41)
Age (years), mean (SD) 239(3.2)
Nationality, n (%)
German 66 (94)
Others 4(6)
Employment status, n (%)
Full-time 5(7)
Part-time® 15 (21)
Others® 32 (46)
Not employed 18 (26)

BAll participants had a high school diploma (212 years of formal education) or equivalent.

b18-20 hours per week.
®Occasional jobs, jobs with less than 18 hours per week.

Intotal, the participants responded to 9162 of the EMA prompts
and missed 478 prompts. They filled in 1935 end-of-day and
282 end-of-week assessments. We excluded 39 end-of-day
formsand 6 end-of-week assessments because the questionnaires
were not filled in within the prescribed time period (end-of -day:
n=29, end-of-week: n=3) or were submitted twice (end-of-day:
n=10, end-of-week: n=3). Participants missed 64 end-of-day
assessments and 4 end-of-week assessments. With regard to
stressor frequency, the 10 most frequent (in counts) stressors
reported in the end-of -week assessment were journey/commute
towork, university, or school (n=65, counts: 987); housekeeping
(n=66, counts: 982); waiting time or delay (n=68, counts: 741);
interruption during an activity (n=62, counts. 693); high
demands or high workload at work, school, or university (n=54,
counts. 670); time pressure (n=59, counts. 666); lack of sleep
(n=66, counts: 603); own physical discomfort (n=67, counts:
600); boring tasks (n=56, counts: 429); and bad weather (n=60,
counts: 429).

http://mental .jmir.org/2020/2/e14566/

With regard to stressor severity, the 10 most severe stressors
reported in the end-of-week assessment were discrimination or
mobbing by another person (n=1, mean 3.0); problem with a
pet (=8, mean 2.4, SD 1.01); conflict or disagreement with
close persons (n=51, mean 2.19, SD 0.90); performance situation
at work, school, or university (n=42, mean 2.17, SD 1); side
effects of medications (n=8, mean 2.16, SD 0.93); high demands
or high workload at work, school, or university (n=54, mean
2.15, SD 0.75); bad news (n=22, mean 2.02, SD 1.37); child
care problems (n=4, mean 2, SD 0); problem or inconvenience
due to house hunting or moving (n=9, mean 2, SD 0.87); and
time pressure (n=59, mean 1.98, SD 0.82).

Multimedia Appendix 5 providesan overview of frequency and
severity over al three measurement modalities (EMA, end of
day, end of week).

Quantification of Retrospective Bias

Table 2 shows the correlations across subjects between
end-of-week, end-of-day, and EMA microstressor assessments
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in the subjectwise summed microstressor counts, both per week
and cumul ated for the entire assessment period (week 1 to week
4). With regard to the comparisons per week, al correlation
coefficients were high (r=.69), with the highest correlations

Chmitorz et al

between the end-of-week and end-of-day comparisons.
Regarding the comparison of cumulated data, all correlation
coefficientswerer>.83, with the highest correlation again found
between end-of-week and end-of-day data.

Table 2. Pearson correlations between the end-of-week, end-of-day, and ecol ogical momentary assessments (EMAs) in subjectwise summed microstressor

counts (N=70).

Assessment Week, r2
1 2 3 4 Cumulative (weeks 1-4)
End-of-week vs EMA .76 81 77 .69 .83
End-of-week vs end-of-day .88 .90 .90 a7 .94
End-of-day vs EMA .85 .85 .89 .86 .89

3p<.001 for all correlations.

Table 3 shows the correlations across subjects between
end-of-week, end-of-day, and EMA microstressor assessments
in the subjectwise averaged severity ratings of al microstressors,
both per week and cumulated for the entire assessment period
(week 1 to week 4). For the comparisons per week, all

correlation coefficients were high (r=.74), with the highest
correlations between end-of-week and end-of-day comparisons.
Regarding the comparison of cumulated data, all correlation
coefficientswerer=.85, with the highest correlation again found
between end-of-week and end-of-day.

Table 3. Pearson correlations between the end-of-week, end-of-day, and ecological momentary assessment microstressor assessments (EMAS) in

subj ectwise averaged microstressor severity ratings (N=70).

Assessment Week, r2
1 2 3 4 Cumulative (weeks 1-4)
End-of-week vs EMA 74 .83 .85 .81 .85
End-of-week vs end-of-day .84 .90 91 .90 .95
End-of-day vs EMA 74 .86 .87 .80 .86

3p<,001 for al correlations.

Table 4 shows the results of the multilevel modeling analysis
for model 1 (total counts of microstressors). The null model
showed an ICC of 0.31 for the participants, meaning that 31%
of the total variance in the EMA microstressor counts was
explained by differences between subjects and 69% by
differences within subjects. It also showed an ICC of 0.36,
which means that 36% of the total variance in the EMA
microstressor counts within persons was explained by
differences between weeks and 64% by differences within
weeks. The ICC indicated that a large proportion of variance

http://mental .jmir.org/2020/2/e14566/

was explained by differences within subjects or within weeks;
therefore, we continued with mixed model sto account for these
within-person/within-week processes. The microstressor counts
reported in the end-of-week assessments (weekly, total)
predicted the EMA assessments (beta=.03, 95% CI .02-.03,
P<.001) (see Table 4). That association did not change
significantly over the four subsegquent weeks (see Table 4:
stability assessment). The reported total counts of all
microstressorsin EMA did not differ significantly between the
four weeks (see Table 4: total count of microstressor of each
week x week of assessment).
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Table 4. Multilevel model assessing the association between microstressor counts reported by ecological momentary assessment and end-of-week
assessments and potential time-related variations over the course of four subsequent weeks (N=70).

Variable Beta (SE) z P value 95% CI
Weekly, total .03 (.003) 8.67 <.001 .02, .03
Stability assessment
Week 1 Reference
Week 2 -.08 (.14) -0.62 .53 -.35,.18
Week 3 -.12(.14) -0.86 .39 -.40, .16
Week 4 -.16 (.16) -1.00 .32 -.46, .15
Total counts of microstressors of each week x week of assessment
Week 1 Reference
Week 2 -.0006 (.003) -0.21 .84 -.006, .005
Week 3 -.00001 (.003) -0.00 .96 -.006, .006
Week 4 -.003 (.003) -0.84 40 -.009, .004

Table 5 shows the results of the multilevel modeling analysis
for model 2 (mean severity of the microstressors). The null
model showed an ICC of 0.35 for the parti cipants, meaning that
35% of thetotal variance in the mean severity of microstressors
reported by EMA was explained by differences between subjects
and 65% by differences within subjects. It also showed an ICC
of 0.42, which meansthat 42% of thetotal varianceinthe EMA
assessment within personswas explained by differences between
weeks and 58% by differenceswithin weeks. Asinthe previous
section, the ICC indicated that a large proportion of variance
was explained by differences within subjects or within weeks.

Therefore, we continued with mixed modelsto account for these
within-person/within-week processes. The mean severity of the
microstressors reported in the end-of -week assessments (weekly,
total) predicted the EMA assessments (beta=.73, 95% Cl .59-.88,
P<.001) (see Table 5). That association did not change
significantly over the four subsequent weeks (see Table 5:
stability assessment). The reported mean severity of all
microstressorsin EMA did not differ significantly between the
four weeks (see Table 5: mean severity of microstressor of each
week x week of assessment).

Table 5. Multilevel model assessing the association between the mean severity of microstressors reported by ecological momentary assessment and
end-of-week assessments and potential time-related variations over the course of four subsequent weeks (N=70).

Variable Beta (SE) z P value 95% ClI
Mean severity of all microstressors of each week? 73 (.07) 9.83 <.001 59, .88
Stability assessment
Week 1 Reference
Week 2 -.19(.12) -154 12 -42, .05
Week 3 -.15(.12) -1.18 24 -.39,.10
Week 4 -.14(.13) -1.01 31 -40, .13
M ean severity of microstressors of each week x week of assessment
Week 1 Reference
Week 2 .07 (.08) 0.93 .36 -.08,.23
Week 3 .07 (.08) 0.83 41 -.09, .23
Week 4 .04 (.09) 0.42 .67 -.13,.21
Age -.03(.00) -2.58 01 -.06, -.01

3For each selected microstressor, the severity per microstressor was rated using a five-point Likert scale (0, 1, 2, 3, 4; with O=not at al severe to

4=extremely severe).

Discussion

Principal Findings

In this paper, we report the development process and the
validation of a retrospective microstressor questionnaire, the

http://mental .jmir.org/2020/2/e14566/
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Mainz Inventory of Microstressors (MIMIS), which focuseson
objective microstressors, includes modern life stressors, and
Separates stressor occurrence from perceived stressor severity.

In the longitudinal EMA study (study 3), we found high
correlations in microstressor counts between the end-of-week,
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end-of-day, and EMA data (r=.69 for comparisons per week,
r=.83 for cumulated data) and high correlations in the mean
perceived severity of microstressors between the three
measurement methods (r=.74 for comparisons per week, r>.85
for cumulated data). For the reported microstressor counts, the
end-of-week questionnaire predicted the EMA assessments
sufficiently, and the association did not change significantly
over the measurement period of four subsequent weeks. A
weaker, athough still statistically significant, association was
found for microstressor severity. Here again, the association
did not change significantly over four subsequent weeks. Our
results provide evidence for the ecological validity of the
guestionnaire.

Comparison With Existing Scales

Compared with the existing questionnaires[4,11-13,16,17], the
MIMIS aso includes stressors of modern life due to its recent
development. Most of the existing microstressor questionnaires
also assess subjective (ie, nonobservable) stressors, except for
the Inventory of Small Life Events [12] and the Inventory of
College Students’ Recent Life Experiences[17]. However, these
guestionnaireswere devel oped more than 30 years ago and may
not include stressors that result from recent technological or
societal developments.

Strengths and Limitations

A major strength of our study is the use of EMA data for the
validation of the questionnaire. To the best of our knowledge,
this method has not yet been used in validation studies for
microstressor questionnaires. In addition, many of the existing
and widely used questionnaires have been developed and
validated between 1980 and 1990 [4,11-13]. With developing
a new microstressor questionnaire, we were able to include
microstressors of modern life. Another strength of our study is
the high compliance rate (on average 90%) in the longitudinal
EMA study. In addition, the established ecological validity of
the MIMIS alows for the quantification of microstressorsin a
retrospective, low-burden fashion, which does not sacrifice the
advantages of EMA in a significant way.

A potential limitation is the length of the questionnaire.
However, compared with other microstressor lists, which often
include morethan 80items[4,11,17], the MIMIS questionnaire
is gtill arelatively economical assessment method to assess a
wide range of microstressors. Another limitation may be the
objectivity of the microstressor items. Although we tried to
ensure all microstressor items were observable and discretely
countable events, one cannot exclude the subjective perception
of survey items. The subjective perception may be influenced
by individual differences in attention and mood of the
participants and consequently influence if someone perceives
aparticular item as a hassle or not. Another limitation may be
that the questionnaire includes microstressors usually occurring
in the lives of younger or middle-aged adults. Although some
items may apply, we did not specificaly take account of
microstressors that are most prevalent in older age. Moreover,
the samplesincluded in this study were relatively homogeneous

Chmitorz et al

for age, education, and employment status. Additional validation
studies may be required to test whether the microstressors
included in the MIMIS questionnaire are those typically
occurring in older age groups and whether there are any
differences in samples that are representative of the general
population. Two participants reported changesin their behavior
due to the assessment in the postmonitoring interview and were
excluded from the study. Those participants did not differ from
the remaining participants in terms of sociodemographic or
psychometric data. There is no reason to assume that the
exclusion of those participants introduced bias into the study.
In addition, our datado not allow for conclusions on concurrent
external validity because dataon mental health or other variables
related to the effects of microstressor exposure, such as
well-being or symptoms of chronic stress, were not assessed at
the end of the 28-day period. Future studies should focuson the
evaluation of the concurrent external validity by comparing the
MIMISwith respective constructs. Another potential limitation
may lie in the validation procedure itself, in the way that the
repeated EM A assessment could have an effect on the awareness
of microstressors that are then reported in the retrospective
assessment at the end of the week. Future studies should address
that issue by examining potential differences between groups
that monitored or did not monitor their microstressorsviaEMA
in the preceding week before completing the MIMIS
guestionnaire.

Conclusions and Outlook

In contrast to other microstressor questionnaires that include
cognitions, emotions, or consegquences of stress, the MIMIS
only includes objective stressors. The MIMIS can be applied
in basic and applied studies to examine the frequency and
perceived severity of avariety of stressors. As applied in this
study, it can also be included in the rea-life assessment of
stressors using mobile technology.

For clinical applications, theMIMI S could serve asaquick and
easy-to-administer tool for the assessment of the frequency and
the perceived severity of microstressorsin the past seven days.
In that way, it would provide insight into the current stressor
load of the person being investigated. As pointed out €l sewhere,
the actual stressor load during a period is essential to assess
psychologica resilience in that period in basic research and
intervention studies [22,46].

The aim of this study was to develop the questionnaire and
assess the ecological validity of the MIMIS by quantifying the
potential retrospective bias. Future studies should focus on the
external validation of the MIMIS by, for example, comparing
the subjective severity of microstressors reported in MIMIS
with biological markers for stress response, such as cortisol
levels [14]. In that way, it could be investigated whether
microstressors that are subjectively rated as more severe also
lead to higher stress responses, as would be expected.

This study provides evidence for the ecological validity of the
MIMIS. In future studies, the questionnaire should be tested on
other age groups, such as older adults or teenagers.

http://mental .jmir.org/2020/2/e14566/

JMIR Ment Health 2020 | vol. 7 | iss. 2 | 14566 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Chmitorz et d

Acknowledgments

Wethank SvenjaKamp for her support in data collection, Katrin Mundloch for trand ating the questionnaire, and Sarah ER Bailey
for proofreading and critical discussion of the trand ation. This project has received funding from the European Union’s Horizon
2020 Research and Innovation Programme under grant agreement No 777084, from Stiftung Rheinland-Pfalz fir Innovation
(MARP program, No 961-386261/1080), from the Ministry of Science of the state of Rhineland-Palatinate (DRZ program), and
from the German Research Foundation (DFG CRC 1193, subprojects B0O1, C01, C04, C05, C07, Z03).

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Overview of self-report scales for the assessment of microstressor considered for the development of MIMIS.
[DOCX File, 17 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Item generation.
[DOCX File, 14 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Checklist for Reporting Results of Internet E-Surveys (CHERRIES).
[DOCX File, 22 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Mainz Inventory of Microstressors (MIMIS).
[DOCX File, 69 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Counts and average severity of each microstressor.
[DOCX File, 51 KB-Multimedia Appendix 5]

References

1.  Asselmann E, Wittchen H, Lieb R, Beesdo-Baum K. A 10-year prospective-longitudinal study of daily hassles and incident
psychopathology among adolescents and young adults: interactions with gender, perceived coping efficacy, and negative
life events. Soc Psychiatry Psychiatr Epidemiol 2017 Nov;52(11):1353-1362. [doi: 10.1007/s00127-017-1436-3] [Medline:
28889251]

2. DelLongisA, Coyne JC, Dakof G, Folkman S, Lazarus RS. Relationship of daily hassles, uplifts, and major life events to
health status. Health Psychology 1982 Feb;1(2):119-136. [doi: 10.1037/0278-6133.1.2.119)]

3. Johnson JG, Sherman MF. Daily hassles mediate the rel ationship between major life events and psychiatric symptomatol ogy:
longitudinal findings from an adolescent sample. J Soc Clin Psychol 1997 Dec;16(4):389-404. [doi:
10.1521/jscp.1997.16.4.389]

4.  Kanner AD, Coyne JC, Schaefer C, Lazarus RS. Comparison of two modes of stress measurement: daily hassles and uplifts
versus major life events. J Behav Med 1981 Mar;4(1):1-39. [doi: 10.1007/bf00844845] [Medline: 7288876]

5. Monroe SM. Major and minor life events as predictors of psychological distress: further issues and findings. J Behav Med
1983 Jun;6(2):189-205. [Medline: 6620372]

6. SelyeH. The Stress of Life. New York: McGraw-Hill; 1978.

7.  Schwarzer R, Schulz U. Therole of stressful life events. In: Nezu AM, Nezu CM, Geller PA, editors. Handbook of
Psychology: Health Psychology. Hoboken, NJ: John Wiley & Sons; 2003.

8. Holmes TH, Rahe RH. The social readjustment rating scale. J Psychosom Res 1967 Aug;11(2):213-218. [doi:
10.1016/0022-3999(67)90010-4]

9.  Hobfall SE, Schwarzer R, Chon KK. Disentangling the stress labyrinth: interpreting the meaning of the term stressasit is
studied in health context. Anxiety Stress Copin 1998 Jul;11(3):181-212. [doi: 10.1080/10615809808248311]

10. Stone AA, Shiffman S. Reflections on the intensive measurement of stress, coping, and mood, with an emphasis on daily
measures. Psychol Health 2007 Dec 19;7(2):115-129. [doi: 10.1080/08870449208520014]

11. LazarusRS, Folkman S. Manual for the Hassles and Uplifts Scale: Research Edition. Paolo Alto, NM: Consulting
Psychol ogists Press; 1989.

http://mental .jmir.org/2020/2/e14566/ JMIR Ment Health 2020 | vol. 7 | iss. 2 | €14566 | p. 10
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=mental_v7i2e14566_app1.docx&filename=e711c254bfbc91d1371283c2f18aad9f.docx
https://jmir.org/api/download?alt_name=mental_v7i2e14566_app1.docx&filename=e711c254bfbc91d1371283c2f18aad9f.docx
https://jmir.org/api/download?alt_name=mental_v7i2e14566_app2.docx&filename=1de2de5663209cc610d00cebe4954327.docx
https://jmir.org/api/download?alt_name=mental_v7i2e14566_app2.docx&filename=1de2de5663209cc610d00cebe4954327.docx
https://jmir.org/api/download?alt_name=mental_v7i2e14566_app3.docx&filename=c40fc64fd8be954ca5cf72378c77b352.docx
https://jmir.org/api/download?alt_name=mental_v7i2e14566_app3.docx&filename=c40fc64fd8be954ca5cf72378c77b352.docx
https://jmir.org/api/download?alt_name=mental_v7i2e14566_app4.docx&filename=fe7b685a336c4d85b7d70043e8517ae3.docx
https://jmir.org/api/download?alt_name=mental_v7i2e14566_app4.docx&filename=fe7b685a336c4d85b7d70043e8517ae3.docx
https://jmir.org/api/download?alt_name=mental_v7i2e14566_app5.docx&filename=e91404d7b40de4d532ef44727c761a18.docx
https://jmir.org/api/download?alt_name=mental_v7i2e14566_app5.docx&filename=e91404d7b40de4d532ef44727c761a18.docx
http://dx.doi.org/10.1007/s00127-017-1436-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28889251&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.1.2.119
http://dx.doi.org/10.1521/jscp.1997.16.4.389
http://dx.doi.org/10.1007/bf00844845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7288876&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6620372&dopt=Abstract
http://dx.doi.org/10.1016/0022-3999(67)90010-4
http://dx.doi.org/10.1080/10615809808248311
http://dx.doi.org/10.1080/08870449208520014
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Chmitorz et d

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

ZautraA, Guarnaccia C, Dohrenwend B. Measuring small life events. Am J Community Psychol 1986 Dec;14(6):629-655.
[doi: 10.1007/bf00931340] [Medline: 3799554]

Brantley PJ, Waggoner CD, Jones GN, Rappaport NB. A Daily Stress Inventory: development, reliability, and validity. J
Behav Med 1987 Feb;10(1):61-74. [Medline: 3586002]

Weckesser LJ, Dietz F, Schmidt K, Grass J, Kirschbaum C, Miller R. The psychometric properties and temporal dynamics
of subjective stress, retrospectively assessed by different informants and questionnaires, and hair cortisol concentrations.
Sci Rep 2019 Jan 31;9(1):1098 [FREE Full text] [doi: 10.1038/s41598-018-37526-2] [Medline: 30705360]

Byrne DG, Davenport SC, Mazanov J. Profiles of adolescent stress: the devel opment of the Adol escent Stress Questionnaire
(ASQ). J Adolesc 2007 Jun;30(3):393-416. [doi: 10.1016/.adolescence.2006.04.004] [Medline: 16750846]

Jakel J, Leyendecker B. Tagliche Stressfaktoren und Lebenszufriedenheit tiirkischstdmmiger Mitter in Deutschland.
Zeitschrift fur Gesundheitspsychologie 2008 Jan;16(1):12-21. [doi: 10.1026/0943-8149.16.1.12]

Kohn PM, Lafreniere K, Gurevich M. The Inventory of College Students' Recent Life Experiences: a decontaminated
hassles scale for a special population. J Behav Med 1990 Dec;13(6):619-630. [Medline: 2077142]

Cohen S, Kessler R, Underwood G. Measuring Stress: A Guide for Health and Social Scientists. New York: Oxford
University Press; 1995.

Dohrenwend BS, Dohrenwend BP, Dodson M, Shrout PE. Symptoms, hassles, socia supports, and life events: problem of
confounded measures. J Abnorm Psychol 1984;93(2):222-230. [doi: 10.1037//0021-843x.93.2.222]

Eckenrode J, Bolger N. Daily and within-day event measurement. In: Cohen S, Kessler RC, Underwood GL, editors.
Measuring Stress: A Guide for Health and Social Scientists. New York: Oxford University Press; 1995:80-101.

Lu L. Daily hassles and mental health: alongitudinal study. Br J Psychol 1991 Nov;82:441-447. [doi:
10.1111/j.2044-8295.1991.tb02411.x] [Medline: 1782516]

Kalisch R, Muller MB, Tuscher O. A conceptual framework for the neurobiological study of resilience. Behav Brain Sci
2015;38:€92. [doi: 10.1017/S0140525X 1400082X] [Medline: 25158686]

Chamberlain K, Zika S. The minor events approach to stress: support for the use of daily hassles. Br J Psychol 1990
Nov;81:469-481. [doi: 10.1111/j.2044-8295.1990.tb02373.x] [Medline: 2279232]

Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol 2008;4:1-32. [Medline:
18509902]

Kenny R, Dooley B, Fitzgerald A. Ecological momentary assessment of adolescent problems, coping efficacy, and mood
states using a mobile phone app: an exploratory study. IMIR Ment Health 2016 Nov 29;3(4):e51 [FREE Full text] [doi:
10.2196/mental.6361] [Medline: 27899340]

Tessner KD, Mittal V, Walker EF. Longitudinal study of stressful life events and daily stressors among adolescents at high
risk for psychotic disorders. Schizophr Bull 2011 Mar;37(2):432-441 [FREE Full text] [doi: 10.1093/schbul/sbp087]
[Medline: 19734244]

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. IMIR Mhealth Uhealth 2019 Apr 01;7(4):e11215. [doi:
10.2196/11215]

Carney MA, Tennen H, Affleck G, Del Boca FK, Kranzler HR. Levels and patterns of alcohol consumption using timeline
follow-back, daily diaries and real-time. J Stud Alcohol 1998 Jul;59(4):447-454. [doi: 10.15288/jsa.1998.59.447] [Medline:
9647427]

Kikuchi H, Yoshiuchi K, Miyasaka N, Ohashi K, Yamamoto Y, Kumano H, et a. Reliability of recalled self-report on
headache intensity: investigation using ecol ogical momentary assessment technique. Cephalalgia2006 Nov;26(11):1335-1343.
[doi: 10.1111/j.1468-2982.2006.01221.x] [Medline: 17059441]

Stone AA, Broderick JE, Shiffman SS, Schwartz JE. Understanding recall of weekly pain from a momentary assessment
perspective: absolute agreement, between- and within-person consistency, and judged change in weekly pain. Pain 2004
Jan;107(1-2):61-69. [Medline: 14715390]

Shrier LA, Shih M, Beardslee WR. Affect and sexual behavior in adolescents: areview of the literature and comparison
of momentary sampling with diary and retrospective self-report methods of measurement. Pediatrics 2005
May;115(5):e573-e581 [FREE Full text] [doi: 10.1542/peds.2004-2073] [Medline: 15867022]

Pérarinsddttir H, Kessing LV, Faurholt-Jepsen M. Smartphone-based self-assessment of stressin healthy adult individuals:
asystematic review. JMed Internet Res 2017 Feb 13;19(2):e41. [doi: 10.2196/jmir.6397]

Adams P, Rabbi M, Rahman T, Matthews M, Voida A, Gay G, et a. Towards personal stress informatics: comparing
minimally invasive techniques for measuring daily stressin the wild. In: Proceedings of the 8th International Conference
on Pervasive Computing Technol ogiesfor Healthcare. 2014 Presented at: PervasiveHealth '14: 8th International Conference
on Pervasive Computing Technologies for Healthcare; May 20-23, 2014; Oldenburg, Germany p. 72-79. [doi:
10.4108/icst.pervasivehealth.2014.254959]

Parkka J, Merilahti J, MattilaEM, Mam E, AntilaK, Tuomisto MT, et al. Relationship of psychologica and physiological
variablesin long-term self-monitored data during work ability rehabilitation program. |EEE Trans Inf Technol Biomed
2009 Mar;13(2):141-151. [doi: 10.1109/T1TB.2008.2007078] [Medline: 19272856]

http://mental .jmir.org/2020/2/€14566/ JMIR Ment Health 2020 | vol. 7 | iss. 2 | €14566 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1007/bf00931340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3799554&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3586002&dopt=Abstract
http://dx.doi.org/10.1038/s41598-018-37526-2
http://dx.doi.org/10.1038/s41598-018-37526-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30705360&dopt=Abstract
http://dx.doi.org/10.1016/j.adolescence.2006.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16750846&dopt=Abstract
http://dx.doi.org/10.1026/0943-8149.16.1.12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2077142&dopt=Abstract
http://dx.doi.org/10.1037//0021-843x.93.2.222
http://dx.doi.org/10.1111/j.2044-8295.1991.tb02411.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1782516&dopt=Abstract
http://dx.doi.org/10.1017/S0140525X1400082X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25158686&dopt=Abstract
http://dx.doi.org/10.1111/j.2044-8295.1990.tb02373.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2279232&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509902&dopt=Abstract
https://mental.jmir.org/2016/4/e51/
http://dx.doi.org/10.2196/mental.6361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27899340&dopt=Abstract
http://europepmc.org/abstract/MED/19734244
http://dx.doi.org/10.1093/schbul/sbp087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19734244&dopt=Abstract
http://dx.doi.org/10.2196/11215
http://dx.doi.org/10.15288/jsa.1998.59.447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9647427&dopt=Abstract
http://dx.doi.org/10.1111/j.1468-2982.2006.01221.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17059441&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14715390&dopt=Abstract
http://europepmc.org/abstract/MED/15867022
http://dx.doi.org/10.1542/peds.2004-2073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15867022&dopt=Abstract
http://dx.doi.org/10.2196/jmir.6397
http://dx.doi.org/10.4108/icst.pervasivehealth.2014.254959
http://dx.doi.org/10.1109/TITB.2008.2007078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19272856&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Chmitorz et d

35.

36.

37.

38.
39.

40.

41.

42.

43.

45,
46.

Wang R, Chen F, Chen Z, Li T, Harari G, Tignor S, et a. StudentLife: using smartphones to assess mental health and
academic performance of college students. In: Proceedings of the 2014 ACM International Joint Conference on Pervasive
and Ubiquitous Computing. 2014 Presented at: UbiComp '14: ACM International Joint Conference on Pervasive and
Ubiquitous Computing; September 13-17, 2014; Seattle, WA p. 3-14 URL : https.//www.springerprofessional .de/en/
studentlife-using-smartphones-to-assess-mental -heal th-and-academ/13298886 [doi: 10.1145/2632048.2632054]
Pérarinsddttir H, Faurholt-Jepsen M, Ullum H, Frost M, Bardram JE, Kessing LV. The Validity of Daily Self-Assessed
Perceived Stress Measured Using Smartphones in Healthy Individuals: Cohort Study. IMIR Mhealth Uhealth 2019 Aug
19;7(8):€13418 [FREE Full text] [doi: 10.2196/13418] [Medline: 31429413]

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. JHealth Soc Behav 1983 Dec;24(4):385-396.
[Medline: 6668417]

Leiner DJ. SoSci Survey—The Solution for Professional Online Questionnaires. 2019. URL : https.//www.soscisurvey.de
Eysenbach G. Improving the quality of Web surveys: the Checklist for Reporting Results of Internet E-Surveys (CHERRIES).
JMed Internet Res 2004 Sep 29;6(3):e34 [FREE Full text] [doi: 10.2196/jmir.6.3.e34] [Medline: 15471760]

Goldberg DP, Gater R, Sartorius N, Ustun TB, Piccinelli M, Gureje O, et al. The validity of two versions of the GHQ in
the WHO study of mental illnessin general health care. Psychol Med 1997 Jan 01;27(1):191-197. [doi:
10.1017/s0033291796004242]

Gerlicher AM, Tischer O, Kalisch R. Dopamine-dependent prefrontal reactivations explain long-term benefit of fear
extinction. Nat Commun 2018 Oct 16;9(1):4294 [ FREE Full text] [doi: 10.1038/s41467-018-06785-y] [Medline: 30327462]
Gerlicher AM, Tischer O, Kalisch R. L-DOPA improves extinction memory retrieval after successful fear extinction.
Psychopharmacology 2019 Jun 26;236(12):3401-3412. [doi: 10.1007/s00213-019-05301-4]

movisens GmbH. movisensXS. Karlsruhe, Germany: movisens; 2019.

Hoffman L, Stawski RS. Persons as contexts: eval uating between-person and within-person effectsin longitudinal analysis.
Res Hum Dev 2009 Jun 05;6(2-3):97-120. [doi: 10.1080/15427600902911189]

StataCorp. Stata Statistical Software: Release. College Station, TX: StataCorp LLC; 2017:15.

Chmitorz A, Kunzler A, Helmreich |, Tuscher O, Kalisch R, Kubiak T, et a. Intervention studies to foster resilience-a
systematic review and proposal for aresilience framework in future intervention studies. Clin Psychol Rev 2018
Feb;59:78-100 [FREE Full text] [doi: 10.1016/j.cpr.2017.11.002] [Medline: 29167029]

Abbreviations

EMA: ecological momentary assessment
ICC: intraclass correlation
MIMIS: Mainz Inventory of Microstressors

Edited by J Torous; submitted 02.05.19; peer-reviewed by G Peters, SBerrouiguet, C Smons; comments to author 02.07.19; revised
version received 25.09.19; accepted 02.11.19; published 24.02.20

Please cite as:

Chmitorz A, Kurth K, Mey LK, Wenzel M, Lieb K, Tuscher O, Kubiak T, Kalisch R

Assessment of Microstressorsin Adults: Questionnaire Devel opment and Ecological Validation of the Mainz I nventory of Microstressors
JMIR Ment Health 2020;7(2):€14566

URL: http://mental.jmir.org/2020/2/€14566/

doi: 10.2196/14566

PMID: 32130154

©Andrea Chmitorz, Karolina Kurth, LaraK Mey, Mario Wenzel, Klaus Lieb, Oliver Tlischer, Thomas Kubiak, Raffagl Kalisch.
Originally published in IMIR Mental Health (http://mental .jmir.org), 24.02.2020. Thisis an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Mental Health, is properly
cited. The complete bibliographic information, alink to the original publication on http://mental .jmir.org/, aswell asthis copyright
and license information must be included.

http://mental .jmir.org/2020/2/€14566/ JMIR Ment Health 2020 | vol. 7 | iss. 2 | €14566 | p. 12

RenderX

(page number not for citation purposes)


https://www.springerprofessional.de/en/studentlife-using-smartphones-to-assess-mental-health-and-academ/13298886
https://www.springerprofessional.de/en/studentlife-using-smartphones-to-assess-mental-health-and-academ/13298886
http://dx.doi.org/10.1145/2632048.2632054
https://mhealth.jmir.org/2019/8/e13418/
http://dx.doi.org/10.2196/13418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31429413&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6668417&dopt=Abstract
https://www.soscisurvey.de
https://www.jmir.org/2004/3/e34/
http://dx.doi.org/10.2196/jmir.6.3.e34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471760&dopt=Abstract
http://dx.doi.org/10.1017/s0033291796004242
http://europepmc.org/abstract/MED/30327462
http://dx.doi.org/10.1038/s41467-018-06785-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30327462&dopt=Abstract
http://dx.doi.org/10.1007/s00213-019-05301-4
http://dx.doi.org/10.1080/15427600902911189
https://linkinghub.elsevier.com/retrieve/pii/S0272-7358(17)30020-X
http://dx.doi.org/10.1016/j.cpr.2017.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29167029&dopt=Abstract
http://mental.jmir.org/2020/2/e14566/
http://dx.doi.org/10.2196/14566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130154&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

