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Abstract
Background Repetitive negative thinking—and worry as a common variant—have been suggested to be transdiagnostic 
maintaining factors of psychopathology in refugees. Using an ecological momentary assessment (EMA) approach, this 
study tested the feasibility of EMA and the hypothesis of a self-reinforcing relationship (a) between worry and affect and 
(b) between worry and sleep in refugees. Additionally, we examined whether worry interacts with postmigration stress to 
impact on affect and sleep.
Methods For 1 week, 45 trauma-exposed Afghan refugees received five prompts per day asking them to report on momen-
tary levels of worrying and negative as well as positive affect. In addition, sleep quality was assessed in the morning and the 
occurrence of postmigration stress at night.
Results Our findings did not indicate a bidirectional relationships (a) between worry and affective experiences and (b) 
between worry and poor sleep quality. However, worry experienced on a given day predicted increased negative affect on 
the next day; in turn, positive affect predicted decreased worrying on the next day. Hypotheses on the interaction between 
worry and stress in predicting affect and sleep were not supported.
Conclusion These preliminary findings suggest unidirectional effects of daily worry on negative affect and positive affect on 
daily worry. However, the low compliance rate and the small sample size precludes drawing firm conclusions. Implications 
for further EMA research among refugees are discussed.
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Introduction

In response to the unprecedented numbers of refugees being 
forcibly displaced as well as consistent evidence for elevated 
rates of psychological disorders in this group, research on 
refugee mental health has advanced significantly in recent 
years (Turrini et al. 2017). However, there has long been a 

rather narrow focus on posttraumatic stress disorder (PTSD), 
with considerably less attention paid to other mental health 
problems in this group (Nickerson 2018). In addition, 
research has largely focused on the role of pre-migration 
traumatic events in the development of psychopathology, 
and much less is known about other risk and maintaining 
factors of psychopathology in refugees. In order to develop 
more effective and tailored psychological interventions, 
there is a need to better understand psychological processes 
maintaining mental health problems across diagnostic cate-
gories. It therefore appears particularly promising to investi-
gate the role of transdiagnostic processes in this population.

Refugees from Afghanistan resettling in western coun-
tries are a group facing a particularly high mental health 
burden which has been linked to pre-migration traumatic 
events (such as prolonged exposure to war) as well as an 
unstable postmigration situation (Alemi et al. 2014). Due 
to a radically decreasing asylum approval rate in Germany, 
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many Afghans are currently confronted with an insecure res-
idence status, lack of work permit and separation from their 
families. In contrast to other refugee populations (e.g., those 
originating from Syria), Afghan refugees have nevertheless 
been underrepresented in research on refugee mental health, 
possibly due to challenges such as relatively low average 
levels of education, unstable living conditions in exile and 
multiple, chronic traumatization.

Repetitive Negative Thinking and Worry 
as Transdiagnostic Processes

Repetitive negative thinking defined as excessive thinking 
about current concerns, problems, past experiences or wor-
ries about the future, has been identified in Western samples 
as an important transdiagnostic process (Ehring and Watkins 
2008). There is evidence from a number of cross-sectional 
as well as prospective studies showing that repetitive nega-
tive thinking plays a crucial role in the development and/
or maintenance of psychological disorders (Ehring and 
Watkins 2008; McEvoy et al. 2013; Spinhoven et al. 2018; 
Watkins 2008). In the literature on refugee mental health, 
this process has often been referred to as “thinking a lot” 
(Hinton et al. 2016). This key idiom of distress is one of 
the nine entries in the Diagnostic and Statistical Manual-5 
glossary of cultural concepts of distress (DSM-5; American 
Psychiatric Association 2013). It is used in many cultures to 
express thinking about one or more distress-inducing topics 
such as current worries or past negative events, and can in 
turn trigger negative emotional, somatic as well as mental 
symptoms (Hinton et al. 2016). In a cross-cultural review on 
idioms of “thinking too much”, it was associated with differ-
ent types of symptom severities such as depression, anxiety, 
and PTSD, but also with aspects of experience not reducible 
to psychiatric symptoms or disorders, such as socioeconomic 
vulnerability (Kaiser et al. 2015).

One common variant of repetitive negative thinking or 
“thinking a lot” is worry. It is defined as a chain of thoughts 
and images, negatively affect–laden and relatively uncon-
trollable which involves mostly future-focused anticipation 
of negative outcomes (Borkovec et al. 1983). In a study on 
trauma-exposed Cambodian refugees, worry has been identi-
fied as the most common type of dysphoric cognition under 
the construct of “thinking a lot” (Hinton et al. 2016). Worry 
is a dysfunctional cognitive coping strategy involved in a 
large number of different disorders such as generalized anxi-
ety disorder, depression, and PTSD (Bardeen et al. 2013; 
Ehring and Behar in press). It is conceivable that repetitive 
negative thinking in the form of worry is highly prevalent in 
refugees with mental health problems, for several reasons. 
First, many refugees have experienced premigration trauma 
events, and excessive worrying is common in trauma survi-
vors (e.g., Michael et al. 2007; Roussis and Wells 2008). In 

addition, this group is frequently confronted with postmigra-
tion problems and situations that are related to an ambiguous 
and potentially negative outcome, such as socioeconomic 
disadvantage, unemployment, separation from their fami-
lies, discrimination, and uncertainty related to the asylum 
application process (Porter and Haslam 2005). As both pre-
migration trauma load and postmigration life stress make 
the refugee population vulnerable to extensive worrying, it 
appears important to better understand the antecedents and 
consequences of excessive worry in this group. In one of the 
few studies on this topic to date, worry was investigated in 
a sample of 201 Cambodian trauma-exposed refugees (Hin-
ton et al. 2011). Results of a path analysis suggested that 
worry is associated with PTSD and that this relationship is 
mediated by somatic arousal and trauma recall. However, the 
study solely focused on PTSD and was limited to a cross-
sectional design, which does not allow drawing inferences 
about causality or directions of the associations.

Ecological Momentary Assessment Among Refugees

To address this shortcoming, the current study used smart-
phone-based ecological momentary assessment (EMA) 
to investigate the proximal antecedents and consequences 
of worry in a sample of trauma-exposed refugee in their 
natural environments. EMA assessments involved repeated 
sampling of participants’ current worry episodes as well as 
emotional and mental experiences in response to prompts 
emitted by a smartphone. EMA maximizes ecological valid-
ity and minimizes recall bias when reporting momentary 
experiences in daily life. Furthermore, it enables us to inves-
tigate dynamics changes in worry and other psychological 
processes across time. The rich and nuanced data collected 
through EMA designs allows elaborated analyses on micro-
processes of worry through refined statistical techniques: 
for instance hierarchical linear modeling to examine the 
interplay with other processes such as affect or sleep in a 
real-world context (Myin-Germeys et al. 2009). Indeed, an 
EMA study produces multilevel data that can be analyzed 
at different levels, such as the prompt, day, and person lev-
els. As smartphone technology has been documented to be 
both appealing and accessible among refugees (smartphone 
use between 66 and 89%, depending on country of origin; 
Emmer et al. 2016; UNHCR 2017), we assumed that EMA 
would be a promising assessment tool for refugees.

Bidirectional Relationships Between Worry, Affect 
and Sleep

According to the transcultural “thinking a lot” model, cogni-
tions such as worry trigger both mental symptoms, negative 
affect and somatic symptoms such as headache and poor 
sleep (Hinton et al. 2016). These symptoms can in turn be 
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expected to trigger more worrying, leading to a vicious cir-
cle. The current study focused on affective experience and 
sleep as possible antecedents and consequences of worry. 
Specifically, we aimed to test the self-reinforcing cycle, 
proposed by the “thinking a lot” model, in which worrying 
contributes to negative affect and sleep disturbances, result-
ing in further worrying.

To the best of our knowledge, no study has tested the 
proposed bidirectional relationships (a) between worry and 
affective experiences and (b) between worry and poor sleep 
quality in a refugee population. In the broader literature on 
Western, non-refugee populations, the existing, limited data 
does not provide clear evidence either. To date, there are 
only two EMA studies examining the proposed self-reinforc-
ing cycle within one study design but both focus on worry 
and sleep; data on affect is still lacking. First, Thielsch et al. 
(2015) found that pre-sleep worrying among patients with 
generalized anxiety disorder predicted reduced sleep quality, 
which in turn resulted in increased levels of worry on the 
subsequent day. Second, however, another study among high 
trait worrier indicated that worry experienced on a particular 
day predicted increased sleep disturbances at the following 
night, but not vice versa (McGowan et al. 2016). In sum, 
there is very little evidence on the bidirectional relationship 
to date, with the effect of worry on sleep appearing more 
consistent than the reverse one.

As an alternative to bidirectional effects, there might be 
unidirectional detrimental effects of daily worry on sleep as 
well as on subsequent levels of positive and negative affect. 
These unidirectional effects have been investigated more 
thoroughly and show clearer evidence to date. In a study 
combining self-reports and long-term sleep monitoring with 
actigraphy among Japanese students, repetitive thought in 
the evening predicted longer sleep-onset latency, decreased 
sleep efficiency, and reduced total sleep time (Takano et al. 
2014). A similar study found that daily worry predicted 
heightened sympathetic and reduced parasympathetic action 
as well as impaired subjective sleep in a non-clinical sam-
ple (Weise et al. 2013). According to psychological mod-
els of insomnia, this is due to a physiological arousal and 
emotional distress being triggered by worry and leading to 
the perception of sleep problems and genuine sleep deficits 
(Harvey 2002; Harvey et al. 2005).

In terms of affect, experimentally induced worry and 
rumination revealed to increase negative affect and decrease 
positive affect among a community sample in a series of two 
studies (McLaughlin et al. 2007). However, this unidirec-
tional relationship of worry and affect could not be repli-
cated in a clinical sample (Kircanski et al. 2018). Given the 
unclear findings and the mere focus on Western samples to 
date, it remains to be tested whether the relationship between 
worry and affective experience as well as sleep in refugees is 

of an unidirectional or a bidirectional nature, as predicted by 
the transcultural “thinking a lot” model (Hinton et al. 2016).

Interaction Between Worry and Stress

In the group of trauma-exposed refugees, there is accumulat-
ing evidence pointing to a key impact of postmigration stress 
such as discrimination, loneliness, and fear of deportation on 
mental health (Li et al. 2016). However, it is conceivable that 
not all refugees respond to these stressors in a similar way, 
but that their response is moderated by a number of vulner-
ability and resilience factors. Worry might be a vulnerability 
factor for psychological symptoms that may exert deleterious 
effects especially in interaction with postmigration stress 
which refugees experience in their daily lives. Corroborative 
evidence for this hypothesis comes from studies conducted 
in Western populations showing, for example, that the com-
bination of elevated trait repetitive negative thinking (in the 
form of rumination) and a stressful event is associated with 
increased negative affect and general distress (Moberly and 
Watkins 2008; Robinson and Alloy 2003). In addition, not 
only trait rumination but also the state level of so-called 
stress-reactive rumination was shown to interact with the 
experience of life stress to prospectively predict depressive 
symptoms and negative mood in diary studies (Connolly 
and Alloy 2017; Genet and Siemer 2012). As rumination 
and worry are closely related, overlapping constructs, the 
question arises whether the finding that engaging in stress-
reactive rumination leads to higher subsequent negative 
effects on symptoms or affect when it occurs in interplay 
with life stress might be transferrable to the process of worry 
and postmigration stress in refugees. Therefore, the current 
study not only investigated the main effect of worry on psy-
chological distress (i.e., affective experience, sleep quality), 
but also the interactive effects of worry and postmigration 
stress on these outcomes.

Objective

The current study used an EMA paradigm in which Afghan 
refugees reported their current levels of worry and affect as 
well as quality of nighttime sleep and postmigration stress 
for 7 days in their daily life. As past research has not fre-
quently used EMA in refugee populations, we were initially 
interested in the feasibility (i.e., compliance and reactivity) 
of an EMA design with this specific sample. Furthermore, 
the study aimed to investigate Afghan refugees for the self-
reinforcing relationships (a) between worry and affect and 
(b) between worry and sleep. Finally, we aimed to examine 
the interaction between worry and postmigration stress in 
predicting affect and sleep. The following hypotheses were 
tested:
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Hypothesis 1 Bidirectional relationship between worry 
and affect:

Hypothesis 1a Worry significantly predicts increased lev-
els of negative affect and decreased levels of positive affect.

Hypothesis 1b Negative affect significantly predicts 
increased levels of worrying and positive affect significantly 
predicts decreased levels of worrying.

Hypothesis 2 Bidirectional relationship between worry 
and sleep:

Hypothesis 2a Worry significantly predicts decreased 
sleep quality at the following night.

Hypothesis 2b Sleep quality significantly predicts 
increased levels of worrying on the next day.

Hypothesis 3 Interaction between worry and stress:

Hypothesis 3a The interaction between postmigration 
stress and worry significantly predicts an increase in nega-
tive affect and decrease in positive affect.

Hypothesis 3b The interaction between postmigration 
stress and worry significantly predicts a decrease in sleep 
quality.

Given the nested structure of our data we were able to test 
our hypotheses not only at a between-subject level, but also 
at different within-subject levels: Sleep variables, on the one 
hand, are only specified at the day-level whereas affect, on the 
other hand, is specified both at the day- and prompt-levels. 
This multi-level approach allows us to explicitly differenti-
ate between predictions at a trait-like level (between-subject 
level) as well as between longer-term (day-level) and short-
term (prompt-level) predictions.

Method

Participants

We aimed to recruit participants with a range of mental 
health burden, providing greater power to investigate the 
role of worry in individuals reporting different levels of dis-
tress. This is why we used two different recruitment strat-
egies. First, participants were recruited from a sample of 
patients taking part in a clinical intervention study at an 
outpatient unit for victims of torture and war (n = 21; Koch 
et al. 2020). Second, participants were recruited via refer-
rals from teachers and social workers or via community 

advertisements (n = 31). A priori inclusion criteria were as 
follows: (1) being a refugee or asylum seeker from Afghani-
stan (2) at least 15 years of age, (3) literacy in Dari or Ger-
man and (4) exposure to a traumatic event in Afghanistan or 
on the way into exile. Seven participants were excluded from 
statistical analyses because of their low compliance with 
the EMA protocol (i.e., responded to < 20% EMA signals). 
Reported reasons for the low compliance were technical 
problems (n = 2) and no time and motivation (n = 5). When 
comparing the excluded with the included participants on 
the baseline variables, we did not find a substantial differ-
ence on the GHQ-28; both groups exceeded the cut-off with 
excluded participants showing only a slightly lower score 
(M = 31.67, SD = 14.18) than the included ones (M = 36.21, 
SD = 15.36). Similarly, both groups showed the mean PCL-5 
scores around the established cut-off of 33 indicative for 
PTSD, with excluded participants again scoring slightly 
lower (M = 29.67, SD = 12.01) than those in the included 
sample (M = 34.24, SD = 14.74). Concerning the number of 
traumatic events, descriptive differences were only minor 
between the two groups (excluded participants: M = 10.29, 
SD = 5.50; included participants: M = 11.87, SD = 4.31). 
Thus, the final sample consisted of 45 Afghan refugees and 
asylum seekers settling in Germany.

The majority of participants were male (n = 41; 
91%) with ages ranging from 15 to 47 years (M = 22.91, 
SD = 7.46). Participants had arrived in Germany on average 
2.02 years ago (SD = 0.80; range = 1.00 to 4.83) and had 
spent 8.64 years in education (SD = 4.69; range = 1 to 18). 
Most of the sample currently went to school or attended a 
German-language course (87%, n = 39); 11% of the sample 
were employed (n = 5), and 2% were unemployed without 
a working permit (n = 1). Twelve participants had been 
granted a residence permit (27%), whereas the remaining 
33 participants had an insecure residence status (73%). Ten 
participants (22%) were taking sleeping medication dur-
ing the time of the study but were asked to keep the intake 
stable.

EMA Measures

All measures used in this study were translated into Dari and 
back-translated into German by experienced translators in 
accordance with gold standard practices (Bontempo 1993). 
Minor discrepancies were rectified by the research team and 
translators with experience in working with mental health 
material.

Worry

Earlier EMA research has used different items to operation-
alize worry, for example by asking questions for worry dura-
tion, burden, frequency, and intensity (e.g., Thielsch et al. 
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2015). As EMA can only have a few items per prompt, we 
decided to focus on worry intensity (“How much do you 
worry right now?”), which was easy to understand. Par-
ticipants rated this item on a visual analogue scale, ranging 
from 0 = not at all to 100 = a lot). Participants were asked to 
complete this item 5 times per day.

Negative and Positive Affect

Negative and positive affect were assessed using ten items of 
emotional adjectives. In consultation with Afghan transla-
tors with extensive experience in the mental health sector, 
four items were selected from the International Positive and 
Negative Affect Schedule Short-Form (“afraid”, “upset”, 
“ashamed”, and “active”; I-PANAS-SF; Thompson 2007); 
and six items were added, which were relevant and applica-
ble within the Afghan language (“helpless”, “guilty”, “sad”, 
“relaxed,”, “happy”, and “satisfied”). Participants rated the 
extent to which they felt each emotion at the current moment 
on a visual analogue scale, ranging from 0 = not at all to 
100 = very much. We aggregated the rating scores as indi-
cators of negative and positive affect, which appeared to 
be a reliable measurement within- and between-person (for 
both scales: RKF > .991; RC > .752). Participants were asked 
to complete this item 5 times a day.

Sleep

Sleep quality was measured with one item (“How well did 
you sleep last night?”), analogous to Thielsch et al. (2015). It 
was rated on a visual analogue scale, ranging from 0 = very 
bad to 100 = very good. Participants were asked to com-
plete this item at the first prompt of each day. Additional 
sleep-related items were included in this measurement for a 
different research question not of relevance for the current 
analyses.

Postmigration Stress

We used the Postmigration Living Difficulties (PMLD) 
Checklist (Silove et al. 1997; Steel et al. 1999) and adapted 
it to the German context and to the daily assessment format. 
This adapted checklist includes 16 postmigration stressors, 
and participants were asked to rate the extent to which each 
of the stressors was of concern to them on a particular day. 
The checklist was completed every evening during the EMA 
phase (i.e., at the last prompt of a day). Items are rated on a 

5-point scale (0 = not a problem to 4 = a very serious prob-
lem). Items scored at least 3 (a moderately serious problem) 
are considered positive responses, adding to a total count of 
daily postmigration stressors. Reliability was estimated to be 
excellent between persons (RKF > .99) and moderate within 
persons (RC = .69).

Dispositional Questionnaires

Participants completed several self-report questionnaires 
during the lab appointments.

The Traumatic Event Checklist consisted of 23 items 
adapted from the Posttraumatic Diagnostic Scale (PDS; 
Foa et al. 1997) and the event list of the Harvard Trauma 
Questionnaire (HTQ; Mollica et al. 1992). Participants were 
asked to rate if they had experienced or witnessed different 
potentially traumatic events. Overall trauma exposure was 
represented by a count of the number of types of traumatic 
events reported.

The General Health Questionnaire (GHQ-28; Goldberg 
et al. 1997) was used to assess general psychological health 
on the different subscales somatization, anxiety/insomnia, 
social dysfunction and depression.

The PTSD Checklist for DSM-5 (PCL-5; Weathers et al. 
2013) was used to assess the severity of PTSD symptoms.

Both of these symptom measures have strong psychomet-
ric properties and can be used as screening instruments to 
detect psychological distress (via cut-off of 23/24; Goldberg 
et al. 1997) or a probable PTSD (via DSM-5 diagnostic algo-
rithm for PTSD; Blevins et al. 2015).

Procedure

The study was approved by the local Research Ethics Com-
mittee (project number 2017_76_Koch_b). We used mobile-
phone-based EMA to collect data from participants 5 times a 
day (fixed time-based design: 7:45 am [weekdays] or 10:30 
am [weekend], 1:00 pm, 4:00 pm, 7:00 pm, and 9:30 pm) 
for a period of 7 days. Most participants used their personal 
smartphone for the assessment. For those with no appropri-
ate device, the research team provided a smartphone for the 
duration of the assessment. Whereas affect and worry were 
reported at each of the five daily prompts, participants rated 
the postmigration stress they experienced over the course 
of the day only once in the evening (last prompt of the day) 
and their sleep quality upon awakening once in the morning 
(first prompt of the day). The EMA items were presented 
in the following order: Sleep/postmigration stress (where 
applicable), positive and negative affect, and worry. Each 
prompt had to be answered within 30 min after receiving the 
signal. Responses that were not completed within the time 
limit were not recorded in the system. Before and after the 
7 days of EMA, participants attended two appointments in 

1 RKF is a between-subject reliability coefficient, estimating the reli-
ability as an average over k time points for fixed coefficients, and is 
indicative of the consistency of item responses over time and across 
people (Shrout and Lane 2012).
2 RC is a within-subject reliability coefficient, and is indicative to 
evaluate sensitivity to within-person change (Cranford et al. 2006).
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the lab. During the first meeting, a member of the research 
group explained the purpose of the study, gave a briefing on 
the EMA procedure and emphasized that the participation 
was voluntary, that participants could withdraw from the 
study at any point and that data would remain anonymous 
and not used for the asylum process. All participants—and 
in case of being minor also their guardians—then gave writ-
ten informed consent. They also completed the trauma list 
and answered some demographic questions. At the second 
and last appointment, they completed a pack of question-
naires (GHQ-28, PCL-5). Participants also filled in addi-
tional questionnaires that are not of relevance for the current 
analyses and results of which will be reported elsewhere. 
At the end of the 1-week course of EMA, participants were 
compensated for their time. For the EMA-week, partici-
pants received €10, but only if they answered 80% of all 
prompts. The two assessment sessions were compensated 
with €18. For participants taking part in the treatment study, 
the assessment was part of the standard assessment; these 
participants were therefore not compensated for their par-
ticipation in the assessment sessions.

Statistical Analysis

All the hypotheses were tested with package lme4 of R 
software, version 3.6.1. (Bates et al. 2015). Because of the 
nested structure of our data, we used hierarchical linear 
modeling (HLM) fitted with Restricted Maximum Likeli-
hood. HLM allows testing our hypotheses at different levels 
(i.e., between-subject level, day-level, and/or prompt-level). 
The degrees of freedom were obtained by applying the Sat-
terthwaite approximation (Satterthwaite 1946).

Our first model had a two-level structure, with the day-
level nested to the person level. As sleep was only reported 
on a daily basis, worry and affect ratings were also specified 
at the day-level by aggregating the scores per day. All pre-
dictors were person-mean centered prior to all analyses to 
best capture the effect of within-subject fluctuations during 
the EMA week. HLM analyses tested whether a day-level 
variable for Person j on Day d (e.g.,  NAdj) was predicted by 
the other variable on Day d -1 (e.g.,  Worry(d−1)j), after con-
trolling for the level of the dependent variable on Day d−1 
(e.g.,  NA(d−1)j). We also controlled for correlates of com-
pliance to reduce potential bias introduced by missingness. 
Separate models were estimated for each of the variables as 
an independent variable with the other variable as a predic-
tor, which allowed us to test the direction of the association 
between worry and affect as well as worry and sleep. All 
models assumed random effects for the intercept and slope, 
which were allowed to vary across participants. Exemplarily 
for the lagged regression on negative affect (NA, Hypothesis 
1a), the model is specified in the following equations:

In the level-1 model, the level of NA on day d is predicted 
by worry and NA on the previous day, d−1 (with rdj as the 
residual). The intercept (β0j) is a function of the person-
mean (pm) of the predictor for person j across all days (e.g., 
 Worrypm,j). Thus, we were able to analyze the relationship 
between worry and affect also at a between-subject level, 
which represents more stable, trait-like effects (i.e., people 
with a greater tendency to worry would report a higher level 
of negative affect over the EMA course). All level-1 coeffi-
cients (β0j, β1j, and β2j) were assumed to vary at level-2 with 
random effects u0j, u1j and u2j.

A similar two-level model was additionally specified at 
the prompt- (instead of day-) level for affective experience, 
because—in contrast to sleep—affect was reported 5 times 
a day. Therefore, we estimated additional models for the 
momentary relationship between worry and affective expe-
rience, which allows us to differentiate between short-term 
(prompt-level) as well as longer-term (day-level) predictions.

To test Hypotheses 3 (i.e., the interaction between 
worry and stress in predicting negative affect and sleep), 
interaction terms were added to the above described mod-
els at the day level. Two types of interactions were consid-
ered here: (a) the within-level interaction  (Worry(d−1)j X 
 Stress(d−1)j) and (b) the cross-level interaction  (Worry(d−1)j 
X  Stresspm,j) when predicting affect and sleep. The for-
mer interaction speaks to a day-level phenomena (i.e., on 
a day when people experienced higher levels of stress, 
worry would exhibit a lager effect on affect and sleep), 
whereas the latter cross-level interaction taps into a person 
(or trait) level phenomenon (i.e., people who generally 
experience higher levels of stress tend to show a higher 
effect of worry on affect and sleep). All predictors were 
person-mean centered.

Results

Descriptive Statistics and Compliance with EMA

Table 1 shows range, means, and standard deviations for 
the scales assessed at baseline and via EMA. Around half 
of the participants (n = 26; 58%) met the criteria for a prob-
able PTSD diagnosis according to the DSM-5 diagnostic 
algorithm, and 73% of all participants (n = 23) exceeding the 

Level 1 (day − level) ∶ NAdj =�0j + �1jWorry(d−1)j

+ �2jNA(d−1)j + rdj,
,

Level 2 (person − level) ∶ �0j = �00 + �01Worrypm,j + u0j,

�1j = �10 + u1j,

�2j = �20 + u2j.
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cut-off for psychological distress, as measured by the GHQ-
28. Across all participants, the most important stressor was 
a fear of deportation, which was reported on 80% of daily 
(evening) prompts, followed by fear for family back home 
(76%) and separation from family (72%; see Fig. 1 for more 
details). 

After excluding 7 participants with very low compli-
ance rates (< 20%), the final data of 866 responses at the 

prompt-level and 261 responses at the day-level from 45 
participants were submitted to analyses (out of the possible 
1575 observations at the prompt-level and 315 observations 
at the day-level). The mean response rate at the prompt-
level was 55% with the range of 21–95% (SD = 20.75). Exact 
compliance rates for the different EMA variables are shown 
in Table 1. Exploratory correlation and regression analyses 
were conducted to identify demographic or dispositional 
factors that were associated with the compliance rate. A 
higher compliance rate was associated with longer time set-
tled in Germany (r = .31; p = .037), lower PTSD symptom 
severity (r = .40; p = .006), and a secure residence status, t 
(43) = 2.28, p = .028). We included these three correlates of 
compliance in all of the models at Level 2 to reduce poten-
tial bias introduced by missingness. We also tested whether 
there was an increasing or decreasing trend of worry over the 
course of EMA, because participating in EMA per se may 
have influenced the levels of worry (i.e., reactivity to EMA). 
Therefore, an additional HLM analysis was conducted, in 
which momentary worry was predicted by prompt num-
ber (i.e., the number of prompts received so far). Prompt 
number was not a significant predictor of worry, indicating 
that worry did not have a linear trend over the course of the 
assessment, B = 0.06, SE = 0.12, t = 0.50, p = .622.

Table 1  Descriptive statistics for study variables (N = 45)

Notes: PCL-5 PTSD Checklist for DSM-5, GHQ-28 General Health 
Questionnaire (28 item version), EMA  Ecological Momentary 
Assessment

Variable M (SD) Range EMA compliance: 
percentage (SD)

Dispositional variables
 Number of traumatic 

events
11.87 (4.31) 4–21

 PCL-5 34.24 (14.74) 7–70
 GHQ-28 36.21 (15.36) 13–73

EMA variables
 Worry 56.85 (29.94) 0–100 55% (21)
 Negative affect 30.41 (23.48) 0–95 55% (21)
 Positive affect 46.35 (22.39) 0–97 55% (21)
 Postmigration stress 9.98 (4.07) 0–16 60% (24)
 Sleep quality 48.24 (25.46) 0–100 51% (28)

0% 20% 40% 60% 80% 100%

Conflicts (with other refugees, social workers or authorities)

Foreign food

Discrimination

Not getting acess to treatment for health problems

Communication difficulties

Homesick

Difficulties with school

Difficulties with employment

Not enough money

Being unable to return to your home country in an emergency

No contact person

Loneliness, boredom or isolation

Poor living conditions

Seperation from family

Fear for familiy

Fear of deportation

Fig. 1  Mean percentages of days, when the respective postmigration stressor was reported
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Intraclass correlations (ICCs) indicated that two third of 
the variance in negative affect, positive affect and worry at a 
prompt- as well as at a day-level was explained by individual 
differences (range: 0.61–0.71), whereas the ICC was smaller 
for sleep quality (0.31).

Bidirectional Relationship Between Worry 
and Affect

To test Hypotheses 1, we estimated different HLMs with 
worry predicting negative or positive affect (Hypothesis 
1a) and with negative or positive affect predicting worry 
(Hypothesis 1b). First, we estimated the models at a day 
level for longer-term predictions and second zoomed in 
and estimated the models at a prompt-level for short-term 
predictions.

For the day-level, results on the analyses of the bidirec-
tional relationship between worry and negative affect as well 
as positive affect, respectively, are presented in Table 2 (for 
more details see also Table A in the Supplementary). As 
hypothesized, worry on the previous day d−1 predicted 
increased levels of negative affect on the subsequent day 
d. However, this association between worry and negative 
affect was unidirectional as negative affect did not signifi-
cantly predict worry on the subsequent day. In both models, 
we found a significant effect of a between-subject predictor: 
i.e., the person-mean of worry on negative affect as well 
as of the person-mean of negative affect on worry. These 
significant between-subject effects indicate that people with 
greater tendency of worrying showed higher levels of nega-
tive affect, and vice versa. In terms of positive affect, we 
found similar significant between-subject effects; the person-
mean of worry predicted decreased positive affect and the 
person-mean of positive affect predicted decreased worry. In 
contrast to our hypothesis, we found no significant within-
subject effect of worry on a given day on positive affect on 
the next day. However, the effect of positive affect on worry 
was significant; higher levels of positive affect were associ-
ated with decreased levels of worry on the subsequent day. 
It is noteworthy that the autocorrelation of worry was not 
significant in this model.

For the prompt-level, results on the analyses of the bidi-
rectional relationship between worry and negative affect as 
well as positive affect respectively, are presented in Table 3 
(for more details see also Table B in the Supplementary). 
Contrary to our hypotheses, neither the effect of worry on 
affect nor the effect of affect on worry was significant at the 
prompt-level.

Bidirectional Relationship Between Worry and Sleep

Two parallel HLM analyses were conducted with worry 
predicting sleep quality (Hypothesis 2a) and sleep quality 

predicting worry (Hypothesis 2b) at the day-level. Results 
are shown in Table 2 (for more details see also Table A in the 

Table 2  HLM parameter estimates for the bidirectional models at a 
day-level

Notes: d day, pm person-mean
a Number of observations: 245
b Number of observations: 243
c Number of observations: 91
d Number of observations: 146

Fixed effect: β Estimates (SE) t p

Dependent variable: Negative affectda

 Worryd−1 0.14 (0.06) 2.29 .026
 Worry pm 0.43 (0.09) 4.99 < .001
 Negative  affectd−1 0.15 (0.06) 2.40 .017
 PTSD severity 0.52 (0.13) 3.88 < .001
 Time in Germany < 0.01 (0.23) < − 0.01 > .999
 Residency 7.39 (4.98) 1.48 .146

Dependent variable: Worryd
b

 Negative  affectd−1 − 0.04 (0.11) − 0.31 .758
 Negative  affectpm 1.08 (0.19) 5.56 < .001
 Worryd−1 0.17 (0.07) 2.27 .024
 PTSD severity − 0.16 (0.22) − 0.72 .477
 Time in Germany 0.32 (0.33) 0.97 .341
 Residency − 7.69 (7.21) − 1.07 .293

Dependent variable: Positive affectda

 Worryd−1 − 0.09 (0.06) − 1.48 .150
 Worrypm − 0.38 (0.10) 3.72 < .001
 Positive  affectd−1 0.17 (0.07) 2.58 .011
 PTSD severity − 0.28 (0.16) − 1.79 .081
 Time in Germany 0.12 (0.27) 0.44 .666
 Residency 1.33 (5.89) 0.23 .823

Dependent variable: Worryd
b

 Positive  affectd−1 − 0.17 (0.08) − 2.12 .036
 Positive  affectpm − 0.74 (0.20) − 3.66 < .001
 Worryd−1 0.08 (0.07) 1.15 .251
 PTSD severity 0.21 (0.23) 0.91 .367
 Time in Germany 0.36 (0.36) 1.01 .320
 Residency − 0.56 (7.88) − 0.07 .944

Dependent variable: Sleep qualityd
c

 Worryd−1 0.10 (0.20) 0.53 .602
 Worrypm − 0.38 (0.13) − 2.95 < .001
 Sleep  qualityd−1 − 0.11 (0.12) − 0.94 .353
 PTSD severity − 0.18 (0.21) − 0.86 .400
 Time in Germany − 0.47 (0.30) − 1.57 .127
 Residency − 3.98 (6.39) − 0.62 .540

Dependent variable: Worryd
d

 Sleep  qualityd−1 − 0.04 (0.08) − 0.50 .620
 Sleep  qualitypm − 0.80 (0.25) − 3.21 < .001
 Worryd−1 0.09 (0.08) 1.09 .288
 PTSD severity 0.29 (0.25) 1.13 .265
 Time in Germany 0.03 (0.42) 0.08 .937
 Residency 0.44 (8.79) 0.05 .960
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Supplementary). At the between-subject level, the person-
mean of worry significantly predicted decreased sleep qual-
ity, whereas the person-mean of sleep quality significantly 
predicted decreased levels of worrying. This indicates that 
people with a greater tendency of worrying reported poorer 
sleep quality and vice versa. Contrary to our hypothesis, 
however, we found no significant within-subject effect of 
sleep quality on worry or vice versa.

Interaction Between Worry and Stress

In our last hypotheses, we predicted that postmigration stress 
(daily and person-mean) would moderate the relationship 
between the level of worrying on a given day and affective 
experience on the next day (Hypothesis 3a) or sleep quality 
at the following night (Hypothesis 3b). In contrast to the 

hypotheses, none of the interaction effects was significant 
in the estimated models (see Table C in the Supplementary 
materials). This finding indicates that postmigration stress 
did not interact with worry to impact on subsequent affective 
experience or sleep.

Discussion

In this study, we examined naturally occurring worry at vari-
ous times of the day among trauma-exposed Afghan refu-
gees in a naturalistic setting by using an EMA paradigm. As 
this is one of the first studies to use the EMA methodology 
in a sample of trauma-exposed refugees, we initially aimed 
to explore the acceptability and feasibility of this technology. 
Contrary to our hypothesis, our findings did not indicate a 
bidirectional relationship (a) between worry and affective 
experiences and (b) between worry and poor sleep qual-
ity. However, worry experienced on a given day predicted 
increased negative affect on the next day; in turn, positive 
affect predicted decreased worrying on the next day.

Feasibility of EMA and Implications

After having excluded 7 participants because of very low com-
pliance rate (< 20%), the average compliance rate was 55% 
although it varied largely across participants. This rate is sig-
nificantly lower than an average compliance of 78% measured 
in a pooled dataset of 10 EMA studies among 1717 individuals 
with various mental health conditions (Rintala et al. 2019). In a 
meta-analysis among adolescents the compliance rate has been 
shown to range from 51 to 92% (Heron et al. 2017). Given our 
relatively young sample, our compliance rate is comparable, 
but clearly at the lower end of the continuum found in adoles-
cents. Consequently, our results need to be considered in the 
context of a low compliance resulting in limited observations 
per estimated model. The low compliance might have also 
contributed to the limited standard deviation, particularly of 
those variables, which were only assessed once a day (e.g., 
sleep and postmigration stress).

In sum, the high variance in the compliance rate indicates 
that EMA is a feasible method in refugees under certain 
conditions. This is why we strongly recommend the follow-
ing measures to be taken in future studies in order to reach 
higher completion rates: For one, a shorter time settled in 
Germany, an insecure residence status as well as a higher 
PTSD symptom severity were all associated with a lower 
compliance rate. This indicates that the more insecure and 
distressed people are in their daily life, the harder it is to 
adhere to a burdensome and time-consuming EMA protocol 
for 7 days. These people might need particularly close sup-
port while participating in EMA studies, for example, by 
effective briefing and communication during the sampling 

Table 3  HLM parameter estimates for the bidirectional models at a 
prompt-level

Notes:  i prompt number, pm person-mean
a Number of observations: 582
b Number of observations: 576

Fixed effect: β Estimates (SE) t p

Dependent variable: Negative affectia

 Worryi−1 0.05 (0.03) 1.63 .113
 Worrypm 0.48 (0.08) 5.81 < .001
 Negative  affecti−1 0.18 (0.04) 4.35 < .001
 PTSD severity 0.43 (0.13) 3.38 < .001
 Time in Germany − 0.05 (0.22) − 0.21 .832
 Residency 8.19 (4.68) 1.75 .088

Dependent variable: Worryi
b

 Negative  affecti−1 0.08 (0.12) 0.68 .503
 Negative  affectpm 1.08 (0.18) 5.90 < .001
 Worryi−1 0.20 (0.04) 5.22 < .001
 PTSD severity − 0.17 (0.22) − 0.78 .440
 Time in  Germany 0.31 (0.32) 0.98 .334
 Residency − 6.94 (7.06) − 0.98 .332

Dependent variable: Positive affectia

 Worryi−1 − 0.04 (0.05) − 0.92 .360
 Worrypm − 0.41 (0.04) − 10.41 < .001
 Positive  affecti−1 0.23 (0.06) 3.59 < .001
 PTSD severity − 0.27 (0.06) − 4.25 < .001
 Time in Germany 0.30 (0.09) 3.46 < .001
 Residency 0.43 (2.02) 0.21 .831

Dependent variable: Worryi
b

 Positive  affecti−1 − 0.02 (0.10) − 2.25 .803
 Positive  affectpm − 0.68 (0.06) − 10.58 < .001
 Worryi−1 0.17 (0.06) 2.80 < .001
 PTSD severity 0.29 (0.08) 3.51 < .001
 Time in Germany 0.63 (0.11) 5.75 < .001
 Residency 2.35 (2.61) 0.90 .367
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procedure consistent with guidelines for the use of EMA 
protocols among clinical populations (Palmier-Claus et al. 
2011). And second, future research should provide more 
incentives for responding to all prompts. One possibility is 
to give a greater financial compensation. Internal incentives 
would also be worth considering, such as increasing the 
motivation for participating: Although we did not conduct 
a structured assessment on the participants’ understandings 
on the study protocol, the results of our informal interview 
suggest that a lot of our participants did not understand why 
it is important to answer each prompt. Thus, it might be 
helpful to further motivate them by explaining the study’s 
rational and the importance of high involvement and com-
plete participation more precisely. Third, due to the fact that 
a lot of people from a refugee background lack experience in 
filling out questionnaires, it is particularly important that the 
EMA procedure is practiced. Together with a translator, all 
questions as well as the response scales should be gone over 
in detail and arising questions should be answered before-
hand to ensure each item is understood. Afterwards, par-
ticipants should complete at least one practice entry under 
supervision.

Bidirectional Relationship Between Worry 
and Affect

As suggested by the transcultural “thinking a lot” model (Hin-
ton et al. 2016), we additionally aimed to examine the bidirec-
tional relationships between worry and affect (Hypothesis 1) 
and between worry and sleep (Hypothesis 2) at different levels 
(i.e., between-subject level, day level, and/or prompt level). 
However, in contrast to the “thinking a lot” model’s predic-
tions, our data did not support a bidirectional relationship 
between worry and affect. Instead, we found the relationship 
seems to be more complex, depending on whether we estimate 
long-term (day-level) or short-term (prompt-level) prediction 
models. At the between-subject (i.e., person-mean) level, we 
found that worry was associated with increased negative affect 
and decreased positive affect. This means, for example, that 
people with a greater tendency of worry reported higher 
levels of negative affect over the course of EMA (and vice 
versa). Note that these between-subject results do not inform 
the direction of the associations due to the cross-sectional 
nature. On the other hand, our day-level analyses indicated 
specific unidirectional effects: (a) worry on a given day pre-
dicted increases in negative affect on the next day, and (b) 
positive affect on a given day predicted decreases in worry 
on the next day. However, these prospective effects were not 
observed in the prompt-level analyses, which suggest that the 
associations between worry and affect are not visible in this 
relatively short (several hours) time window.

The null findings at the prompt level are consistent 
with recent models stressing the role of worry in avoiding 

affective experiences. For example, the contrast avoidance 
model suggests that worry serves to sustain, rather than to 
change, levels of negative and positive affect in the service 
of avoiding emotional contrast (Llera and Newman 2014; 
Newman and Llera 2011). The model has been validated 
repeatedly among nonclinical and clinical participants (Kir-
canski et al. 2018; Newman et al. 2019).

Our results, however, might indicate that the avoidance 
function of worry might only be successful in the short-term, 
but not the longer-term: We found significant effects at the 
day level, in that the level of worrying during the day pre-
dicted increases in negative affect on the next day. For posi-
tive affect, only the reverse effect was found in that higher 
levels of positive affect on a given day predicted decreased 
levels of worrying on the next day. This is in line with clini-
cal data on the effectiveness of treatment approaches which 
aim to increase positive affect such as pleasant activity 
scheduling and behavioral activation in order to decrease 
repetitive negative thinking: Behavioral activation has not 
only been confirmed to be an efficient intervention in reduc-
ing rumination in addition to symptoms of depression in a 
meta-analysis (Mazzucchelli et al. 2009), but also in reduc-
ing excessive worry among a community population of 
excessive worriers (Chen et al. 2013).

Another reason for the discrepancy between results at the 
prompt vs. day level might lie in the time-interval depend-
ency of cross-lagged panel models (Kuiper and Ryan 2018). 
Depending on the time-interval of observation, cross-lagged 
panel models can lead to different parameter estimates. In 
our data, for example, the autoregressive effects which rep-
resent the stabilities of the variables appeared to be higher 
the smaller the time-interval was. This made it more difficult 
for additional predictors to reach significance beyond these 
autoregressive effects.

Bidirectional Relationship Between Worry and Sleep

We also tested the bidirectional relationship between worry 
and sleep. At the between-subject level, we found significant 
associations between worry and poor sleep quality; people 
with a greater tendency of worry reported decreased sleep 
quality (and vice versa). On a day level, however, worry on a 
given day did not significantly predict decreased sleep quality 
on the subsequent night nor did sleep quality predict changes 
in worrying on the next day. Our results are at odds with the 
predictions derived from the “thinking a lot” model as well as 
the results of several EMA studies that mostly confirm unidi-
rectional relationships between worry and sleep (McGowan 
et al. 2016; Thielsch et al. 2015). Of note, several participants 
gave the same or similar rating score on their sleep quality 
over the course of EMA, resulting in a small mean of within-
person standard deviation across participants [M (SD) = 15.31; 
range: 0–48.32]. This may have contributed to the lack of 
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within-subject findings. Additionally, the number of obser-
vations used in the models was limited due to many missing 
values in the sleep variable, which was only assessed once a 
day in the morning. Whereas the first model predicting sleep 
used only 91 observations, the second reversed model predict-
ing worry made use of 146 observations. Future research with 
a higher compliance rate and consequently a higher number 
of observations as well as a larger standard deviation within 
person is therefore much needed to draw final conclusions 
about a bidirectional or unidirectional relationship.

Interaction Between Worry and Stress

To test our third hypothesis, we examined the interactive 
effect of worrying and postmigration stress. This is the first 
study assessing postmigration stress repeatedly in the daily 
life of refugees via EMA in contrast to the usual retrospec-
tive assessment with the PMLD Checklist. Our participants 
reported a high number of postmigration stressors every-
day with the fear of deportation being the most relevant 
one. However, postmigration stress did not exacerbate the 
psychological distress that follows worrying. There are a 
number of methodological factors that need to be taken 
into account when interpreting these findings. First, the low 
compliance again resulted in the small number of observa-
tions ranging between 66 and 166. This limited the statistical 
power to detect the very small effects of the interactions. 
Second, another possible reason might lie in the way we 
operationalized postmigration stress. We used the widely 
accepted PMLD Checklist and adapted it to the daily assess-
ments. Thus, we had a daily score of how many stressors the 
participants had experienced throughout the day and were 
only able to examine the moderating role of postmigration 
stress at a day level. In previous studies on stress-reactive 
rumination among non-refugee populations, however, par-
ticipants recorded stressors on every prompt, reducing ret-
rospective biases and being able to analyze short-term det-
rimental effect of engaging in rumination in interplay with 
current life stress (Connolly and Alloy 2017; Moberly and 
Watkins 2008). The use of the checklist might have also 
contributed to the very small mean of within-person stand-
ard deviation across participants (M ([SD] = 1.56; range: 
0–3.69), as some of the predefined stressors assessed such 
as poor living conditions might be relatively stable.

Limitations

Results from the current study must be considered in the 
context of limitations. First, the low compliance rate has 
led to reduced statistical power, and questions the repre-
sentativeness of the sampling and thus the validity and 

generalizability of the findings. We cannot preclude system-
atic noncompliance at a prompt level. Therefore, we need 
to be cautious in drawing solid conclusions from this data 
for the cross-lagged associations. Second, our research is 
limited by not including other source of information such 
as objective measures of sleep disturbance (e.g., polysom-
nography, actigraphy) as well as standard self-report ques-
tionnaires to measure trait worry at baseline (e.g., Penn 
State Worry Questionnaire; Meyer et al. 1990). Third, even 
though our study design allowed to investigate phenomena 
micro-longitudinally and to elucidate predictive lagged rela-
tionships, it is important to note that we cannot infer exact 
causality from these results. Therefore, experimental studies 
are needed to investigate the causal effect of worry on affect, 
sleep, and the maintenance of psychopathology in refugees. 
Fourth, third factors influencing the variables of interest 
cannot be ruled out in a naturalistic setting. For example, 
some assessments were taking place in the month of Rama-
dan, which might have had an influence on the participants, 
especially on their sleep quality. Fifth, our study is limited 
to worry as a common variant of the idiom “thinking a lot” 
and its relationship with affect and sleep. Although this is 
defensible as a first step, future studies should also assess 
the more general construct of “thinking a lot” which has a 
broader cross-cultural relevance. By additionally integrating 
other types of mental (e.g., poor concentration) and somatic 
distress (e.g., headache), the transcultural “thinking a lot” 
model (Hinton et al. 2016) could be tested more thoroughly.

Conclusion

Due to the cost efficiency and accessibility, smart-device 
technology can be a useful tool for assessment in minor-
ity groups. It is noteworthy that this EMA study focused 
on a unique and particularly vulnerable population that is 
currently underrepresented in research. Despite the meth-
odological challenges involved, it appears promising to use 
EMA for the assessment of transdiagnostic processes main-
taining mental health problems in trauma-exposed refugees 
under certain conditions. As discussed in detail above, some 
modifications to the setting of EMA research in this group 
appear warranted.

A number of preliminary conclusions can be derived 
from the current findings. However, due to several limi-
tations, a replication of these findings in a larger sample 
and with longer sampling times is clearly necessary before 
any firm conclusions can be drawn. Even though we did 
not find evidence for the self-reinforcing cycle between 
worry and affective experience or sleep, our day-level find-
ings imply that decreased positive affect predicts increased 
worry, which results in increased negative affect. Moreover, 
people with a greater tendency of worry reported not only 
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increased negative affect and decreased positive affect but 
also decreased sleep quality.

Thus, the findings are in line with the idea that worry 
appears to be a relevant transdiagnostic factor in trauma-
exposed refugees, which needs to be addressed in treatment. 
If findings can be replicated and extended in future research, 
a relevant clinical implication in the long run may be to 
address worry both directly in treatment but also indirectly 
by teaching strategies aiming to maintain and increase expe-
riences of positive emotions. Our group tried to implement 
these findings in the development of a culture-sensitive 
skills-training for refugees, which also targets cognitive 
processes such as worrying (Koch et al. 2020).
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