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Predicting the affective tone of
everyday dreams: A prospective
study of state and trait variables

Eugénie Samson-Daoust?, Sarah-Héléne Julien!, Dominic Beaulieu-Prévost(®? &
Antonio Zadra®?-3

Although emotions are reported in a large majority of dreams, little is known about the factors that
account for night-to-night and person-to-person variations in people’s experience of dream affect. We
investigated the relationship between waking trait and state variables and dream affect by testing
multilevel models intended to predict the affective valence of people’s everyday dreams. Participants
from the general population completed measures of personality and trauma history followed by a
three-week daily journal in which they noted dream recall, valence of dreamed emotions and level of
perceived stress for the day as well as prior to sleep onset. Within-subject effects accounted for most
of the explained variance in the reported valence of dream affect. Trait anxiety was the only variable
that significantly predicted dream emotional valence at the between-subjects level. In addition to
highlighting the need for more fine-grained measures in this area of research, our results point to
methodological limitations and biases associated with retrospective estimates of general dream affect
and bring into focus state variables that may best explain observed within-subject variance in emotions
experienced in everyday dreams.

Despite decades of advances in dream research, relatively little is known about how dreams are formed and what
factors predict their content and emotional tone. One of the most widely studied models of dream content is
the continuity hypothesis of dreaming'* which posits that dreams are generally continuous with the dreamer’s
current thoughts, concerns and salient experiences. In line with this conceptualization of dreams, a large propor-
tion of dream research!*~” has been dedicated to quantifying various dimensions of people’s dream reports and
investigating their relationship to different aspects of people’s waking life. While much of this work has helped
refine our understanding of which aspects of waking life (e.g., day-to-day actions, ongoing concerns, learning
tasks, stressful experiences, psychological well-being) are most likely to be reflected or embodied in various facets
of people’s dreams (e.g., settings, interpersonal interactions, activities, thematic contents), attempts to identify
factors accounting for night-to-night or person-to-person variations in the intensity and valence of dream affect
have yielded mixed results’-".

Given that emotions are present in a vast majority of home and laboratory dream reports and that some
theorists'®-%° believe that affect plays a key role in structuring dream content, elucidating why people experience
negatively toned dreams on some nights and positively toned dreams on others is of prime importance. Among
the most studied factors hypothesised to influence dream valence are stress®'~?*, trait or personality characteris-
tics?>=?7, history of traumatic experiences?-*!, and psychological well-being” 83233, Relatedly, one neurocognitive
model*** of dysphoric and everyday dream production suggests that variations in the frequency and intensity
of negative dream emotions are partially determined by affect load, or day-to-day variations in emotional stress,
and that the relation between dream content and stress varies as a function of affect distress, or the disposition to
experience events with distressing, reactive emotions.

Many of the factors believed to predict the experience of negative dreams, including trauma history and psy-
chopathology, have been associated with disturbed dreaming?®*¢-3¢ and likely contribute to the development
and heightening of affect distress***. Similarly, other dispositional traits related to the concept of affect distress,
such as boundary thinness* (used to describe particularly sensitive and vulnerable individuals prone to mixing
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Trait variables (Level-2) State variables (Level-1)
PC-
M SD Sex Age STAI-T BQ18 ETISR-SF | PTSD M-Stress | B-Stress | DRF
Sex
Age 42.55 14.63 —0.017
STAI-T 44.11 10.46 —0.033 —0.164
BQ18 33.14 |9.12 0.056 —0.123 | 0.336%%**
ETISR-SF 2.18 1.94 —0.080 | —0.106 |0.115 0.146
PC-PTSD 1.04 1.34 0.053 —0.006 | 0.373%** | 0.273%* | (.342%**
M-Stress 3.73 1.60 0.012 —0.169 | 0.332%%* | (.162 0.046 0.184*
B-Stress 1.83 1.45 —0.040 | 0.023 0.361%%* 1 0.114 0.019 0.242%% | 0.752%**
DRF 1.58 0.74 0.140 0.203* —0.192% 0.076 —0.045 —0.107 | —0.151 —0.142
Dream valence | 5.12 1.10 —0.023 —0.103 | 0.288%** | 0.105 0.047 0.097 0.300%** 0.185* —0.052

Table 1. Correlations, Means and Standard Deviations of Trait and State Study Variables (N = 128). Note.
Pearson correlations (two-tailed). Correlations with sex represent point-biserial correlations. Women were
coded 0, men were coded 1. Correlations with daily measures are for mean value or total value (for DRF)

per participant across study duration, while their means and standard deviations are across all measurement
occasions (i.e., 2653 days). STAI-T = trait scale of the State-Trait Anxiety Inventory - Form Y; BQI8=short
form of the Boundary Questionnaire; ETISR-SF = shortened French version of the Early Trauma Inventory-
Self Report; PC-PTSD = Primary Care PTSD screen; M-Stress = maximum perceived stress; B-Stress =bedtime
perceived stress; DRF = dream recall frequency. *p < 0.05. **p < 0.01. ***p < 0.001.

thoughts, images and feelings) and trait anxiety*' (stable individual differences in the tendency to experience
anxiety across situations) are also correlated with indices of negative dream content, including frequency of bad
dreams and nightmares?**42-45, Thus, affect distress may be viewed as encompassing a range of factors known to
impact dream affect, including trauma history, psychopathology, trait anxiety, and boundary thinness.

While several studies have investigated the differential impact of state and trait factors on dream con-
tent”1112:32:4246-50 ' m ot have focused solely on nightmares, have been purely retrospective in nature, or did not
weigh state-related findings against trait factors such as personality or psychopathology. Only two studies*>*®
have ever used a prospective design to assess the effect of trait and daily state measures on everyday dreams. The
first one*? assessed state anxiety and depression (what the authors termed “mood”) in relation to trait measures
believed to underlie nightmare occurrence. They found statistically significant correlations between their state
and trait variables and nightmare frequency, but only in individuals with thin psychological boundaries. The
second study*® obtained similar results in that daily stress was found to statistically predict general sleep-related
experiences—a concept elaborated by Watson®! to describe nocturnal phenomena such as nightmares, falling
dreams, flying dreams and sleep paralysis—but only in young adults scoring high on a measure of trait dissocia-
tion (the tendency to experience psychological detachment from reality).

In sum, in addition to giving rise to inconsistent results, research on the determinants of dream affect has been
limited by the often retrospective nature of the study design, single measurement points, focus on nightmare
incidence or broad sleep-related experiences, and a failure to evaluate the interactive role of state and trait fac-
tors within a larger conceptual framework. We therefore used a prospective, multilevel design to investigate the
interplay between daily fluctuations in perceived levels of stress and trait indices of affect distress as determinants
of dream affect. Individuals from the general population first completed questionnaire measures of sleep and
dream experiences, trait anxiety, boundary thinness, trauma history, and PTSD symptoms, followed by at least
three consecutive weeks of daily assessments of perceived stress as well as dream recall, including the emotional
valence associated with each remembered dream. Since daily measures (N =2538) were nested within individu-
als (N=128), multilevel hierarchical linear modelling (HLM) analyses were performed in order to examine the
distinctive effect of state and trait variables.

Results

Descriptive statistics and intercorrelations of tested variables. Table 1 presents the means, stand-
ard deviations and zero-order Pearson correlations between study variables. Daily measures were averaged per
participant over the study’s duration to investigate their association to trait variables. All observed correlations
were in the expected direction. The highest obtained correlation (r=0.752) was between the mean daily level
of maximum stress and the mean level of stress prior to bedtime. The fact that daily maximum stress was more
strongly correlated with daily dream valence (r=0.300) than was daily stress prior to bedtime (r=0.185) suggests
that the two variables tapped into different facets of perceived stress. As can be seen in the table, trait anxiety was
statistically correlated with a majority of other studied variables, while sex did not show statistically significant
correlations with any of the other measures.

Multilevel models predicting dream valence as outcome. A total of 1700 nights led to a dream recall
in participants over the study’s three-week duration, of which 1653 (97.2%) contained ratings on the dream’s emo-
tional valence. Of the 1700 nights, 773 (45.5%) yielded more than one recalled dream and participants reported
an average of 6.9 dreams per week. Figure 1 presents the distribution of dream valence ratings for the 1653 dream
reports. The mean dream valence score was 5.08 (SD =2.27), or at the midpoint of the positive to negative rating

SCIENTIFIC REPORTS |

(2019) 9:14780 | https://doi.org/10.1038/s41598-019-50859-w


https://doi.org/10.1038/s41598-019-50859-w

www.nature.com/scientificreports/

500
420

400
(2]
£
3
S 300
s
)
>
2]
c
[
> 201
@ 200 189 . 191
('S

158
120 124 2
100
62 59
0
1 2 3 4 5 6 7 8 9 10
Positive Dream emotional valence Negative

Figure 1. Distribution of dream emotional valence for 1653 dream reports.

95% CI
Level | Estimate |SE WaldZ | p LL UL
Within-subject variance 1 4.301 0.155 | 27.713 | <0.001%*** 14,007 | 4.616
Between-subject variance 2 0.825 0.148 5.584 | <0.001%** | 0.581 1.172

Table 2. Covariance Parameters of Intercepts-Only Model for Predicting Dream Valence. Note. SE = standard
error. Based on 1653 observations from 128 participants. *p < 0.05. **p < 0.01. ***p < 0.001.

scale. As can also be seen in the figure, highly positive dreams (scores of 1 or 2) were approximately twice as fre-
quent as highly negative ones (scores of 9 or 10).

Table 2 presents the intercepts-only model (i.e., unconditional model) for daily measures of dream valence.
The intraclass correlation was 0.161, indicating that 16.1% of the variance in dream valence occurred between
subjects, while 83.9% of the variance occurred within subjects (i.e., across days).

Table 3 presents the multilevel model predicting dream valence using trait (Level-2) and state (Level-1) pre-
dictors. At Level-2, when all predictors were entered in the model as fixed terms, trait anxiety (STAI-T) was the
only variable to statistically predict dream valence. At Level-1, neither of the two daily measures of perceived
stress statistically predicted the dream valence experienced on the subsequent night. Dream recall frequency per
night was the only statistically significant Level-1 predictor. This measure was used as a control variable since
dream valence was only provided for the best remembered dream on a given night when more than one dream
was recalled (45.5% had multiple recalls) and thus the two variables were not entirely independent.

When standardized scores for trait anxiety (ZSTAI-T) were entered as a single predictor of dream valence in
a separate model, it was found to be an even better predictor (p < 0.001) than when it was considered alongside
other predictor variables, with each increase in standard deviation STAI-T scores explaining a 0.33 unit increase
in dream valence ratings. This model reduced the unexplained between-subject variance by 11.6%, thus explain-
ing a total of 1.9% of the variance in dream valence ratings obtained over the study’s 3-week duration.

Post Hoc multilevel models predicting dream valence as an outcome variable. Since interac-
tions between predictors could potentially explain why neither of our perceived stress variables predicted dream
valence*>*%, we tested for possible interactions, particularly between trait variables (Level-2) and daily perceived
stress (Level-1), but did not find a statistically significant interaction that could predict dream valence. The only
statistically significant interaction predicting dream valence was between trait anxiety (STAI-T) scores and dream
recall frequency (p = 0.007), which was positive and expected since the dream valence rating of the most vivid or
best-remembered dream on a given night can increase when a greater number of dreams is recalled on that night.

Since daily perceived stress did not predict the dream valence experienced on the subsequent night, models
testing for potential a dream-lag effect (i.e., increased incorporation in dreams of events having occurred 5-7 days
prior to the dream)®*>* were also computed post hoc. Separate datasets pairing daily perceived stress levels from
previous days (i.e., two to seven days prior to recalled dreams) with reported valence of subsequently recalled
dream were generated. No statistically significant effect of perceived stress from the past 2 to 7 days on dream
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95% CI
Estimate | SE df t P LL UL

Intercept 4.743 0.219 248.605 21.668 <0.001 %% 4.312 5.174
Between-subject predictors (Level-2)

Sex —0.078 0.235 102.552 —0.332 0.741 —0.544 0.388
Age —0.003 0.007 118.613 —0.405 0.686 —0.017 0.011
Trait anxiety (STAI-T) 0.032 0.011 111.621 2.909 0.004%* 0.010 0.053
Boundary thinness (BQ18) —0.006 0.012 112.021 —0.475 0.636 —0.030 0.018
Youth trauma (ETISR-SF) —0.017 0.057 108.177 —0.293 0.770 —0.130 0.096
PTSD symptoms (PC-PTSD) 0.018 0.085 104.872 0.214 0.831 —0.150 0.186
Within-subject predictors (Level-1)

Maximum stress 0.012 0.031 1328.583 0.378 0.706 —0.049 0.073
Bedtime stress —0.006 0.047 1281.578 —0.126 0.899 —0.098 0.086
Control variable (Level-1)

Dream recall frequency (DRF) (0278 (0083 [1382530 [3345  [<ooor*** [o115 0441

Table 3. Linear Mixed-Effects Model for Dream Valence. Note. Trait anxiety and boundary thinness scores were
grand mean centered (Level-2), while maximum and bedtime stress were participant mean centered (Level-1).
SE = standard error, df=degrees of freedom. Based on 1653 observations from 128 participants. *p < 0.05.

#5p < 0,01, #p < 0,001,

valence was found in any of the datasets tested, thus refuting a possible delayed effect of perceived stress on sub-
sequently experienced dream affect.

Additional multilevel models predicting perceived stress as outcome. Using a reversed model,
we aimed to predict daily stress scores (both maximum and prior to bedtime) using dream valence and DRF
from the preceding night, along with the other predictor variables. The models only yielded a statistically signif-
icant effect of trait anxiety as a predictor of both maximum (p =0.031) and bedtime stress levels (p =0.007) (see
Supplementary Tables S1 and S2 for more details).

Discussion

We investigated the relationship between waking trait and state variables and dream affect by testing multilevel
models aiming to predict the affective valence of people’s everyday dreams. Moreover, this was the first time a
prospective day-by-day design was used to test predictors of dream valence at the between-subject as well as
within-subject levels of variance. The results showed that daily measures of perceived stress collected from a
non-clinical sample of adults do not, as suggested by some theorists, predict the emotional valence of dreams
experienced later that night, nor on immediately subsequent nights. This study is also the first to identify trait
anxiety as a key dispositional variable in predicting dream valence, even when trait measures are weighed against
state variables.

Taken as a whole, these results run counter to previous findings indicating that state variables are better pre-
dictors of dysphoric dream frequency than are dispositional traits**#”, and that daily stress or mood interacts with
trait variables to predict nightmares*>*%. Previous positive results could be due to methodological considerations
as these studies either lacked a multilevel, prospective design, focused on nightmare occurrence*>*#” or general
sleep-related experiences* instead of everyday dreams, or focused on undergraduate (often psychology) students
instead of recruiting participants from the general adult population®¢-.

Our results are reminiscent of Cellucci and Lawrence’s study® of nightmare sufferers showing that daily rat-
ings of general and maximum anxiety were statistically correlated with nightmare frequency and intensity in only
a small minority of participants. Since trait variables were not assessed in their study, why nightmare occurrence
was related to daily anxiety in some participants but not others remains to be determined. In line with this ques-
tion, Soffer-Dudek and Shahar*® found that daily stress predicted “general sleep-related experiences” only in
individuals scoring high in trait dissociation (a trait strongly correlated with boundary thinness), while Blagrove
and Fisher* found that correlations between state anxiety and nightly incidence of nightmares were only statis-
tically significant in participants scoring high on boundary thinness. While the interplay between dispositional
and state factors underlying nightmare occurrence may play a role in the emotional tone of everyday dreams, the
current study showed no statistical interactions between various trait variables and daily levels of perceived stress
in predicting dream valence.

With respect to the other dispositional traits investigated, it is noteworthy that although traumatic experi-
ences, including aversive events during one’s childhood, are well-documented correlates of disturbed dream-
ing?1**54-%% we found no statistically significant effect of trauma history on everyday dream affect. Most findings
linking trauma and dream content, however, have come from work focused on trauma-related nightmares, typ-
ically in patients diagnosed with PTSD. By contrast, only 23 (18%) of our participants had a cut-off score of 3 or
greater on the PC-PTSD (indicative of ongoing trauma-related difficulties) and only 16% reported more than
one dream with an affect score of 9 or 10 (indicative of a nightmare) during the three weeks of the study. In fact,
as shown in Fig. 1, dreams with highly intense negative affect represented less than 8% of the over 1600 dream
reports collected in the current study.
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Similarly, while boundary thinness has been linked to dream content variables such as high dream recall,
frequent nightmares and negatively-toned dreams?®*>”-, it had no predictive value in our models of everyday
dream valence. This trait variable may be better suited to the study of nightmare sufferers, a population specif-
ically investigated by Hartmann et al.>® when developing this personality construct, or to individuals prone to
particularly vivid or bizarre dreams®.

Turning to the construct of affect load, the current study did not find evidence to support the idea that daily
variations in perceived stress are temporally related night-to-night variations in dream affect. It should be noted
that studies having reported an effect of affect load on the emotional content of dreams did so by measuring affect
load retrospectively (e.g., for the past month) at a single point in time”*5*” rather than on a day-to-day basis.
This underscores the importance of how state factors are assessed since correlates of retrospectively estimated
state variables can be biased by dispositional factors (e.g., personality) and are not necessary correlates of pro-
spective, day-to-day measurements of these constructs. In fact, this is not the first time in dream research that
prospective study designs have yielded findings contradicting results obtained with retrospective measurements
of dream-related variables, including correlates of dream recall and dream content®*-¢%

The concept of affect load may also need to be better defined to allow for more directly comparable study
results. For example, in exploring the effects of stress on dreams, researchers have investigated acute stressors®*,
experimental stressors?>%>, emotional stressors®, as well as cumulative stressors?'. Additionally, in light of the
recently proposed social simulation theory of dream function® in which dreaming is conceptualized as simulat-
ing social skills and bonds to strengthen waking social relationships, the study of social or interpersonal stress-
ors® in relation to dream content may be particularly valuable, especially since a vast majority of dream reports
feature social interactions>'>%’ and that concerns of an interpersonal nature are frequent in everyday dreams'>.
Moreover, as suggested by some researchers®, dream content may be more reactive to the emotional nature of
stressors than to the stressors per se. Finally, it is important to note that our participants were not particularly
stressed—or at least did not perceive that they were—during the 3-week study as reflected by their mean score of
3.6 (out of 9) on our measure of daily maximum stress and 1.7 (out of 9) for daily bedtime stress. It is possible that
direct or interaction effects of state and trait variables on dream affect become heightened, and thus more readily
observable, during periods of acute or chronic stress.

When stress or affect load are studied in relation to dream content, they are usually assessed with self-report
questionnaires. However, subjective levels of perceived stress can differ from variations or patterns in the bio-
logical markers of cortisol’®”!. It is thus possible that physiological modulation of stress response, as opposed
to subjective stress perception, plays a role in people’s nightly experience of dream affect. Of note, Nagy et al.”
found a blunted cortisol awakening response in women reporting frequent nightmares, which was independent
of lifestyle, psychiatric symptoms and demographic variables. This led the authors to hypothesize that low cortisol
reactivity could be a trait-like feature of nightmare sufferers. Similarly, some researchers’ have suggested that the
gradual rise in people’s cortisol level from the middle of the night until its peak in the morning could account for
observed increases in dream emotionality, bizarreness, vividness and length across the night’*, independently of
sleep stage. The use of biomarkers such as cortisol, which can be sampled in saliva’, could therefore be of par-
ticular interest in investigating the range and intensity of dream emotions reported both within and across nights.

Furthermore, since dream emotional valence was measured for the best-recalled dream upon awakening in the
morning, the current study is limited to a narrow portion of participants’ sleep mentation. In addition, given the
recency of morning dreams’ and the aforementioned increase in dreamlike qualities of sleep mentation across
the night, dream emotional valence was likely based on dreams occurring moments before morning awakenings.
Affect load could thus have been processed through the emotional valence of dreams that were not collected in
the present study (i.e., dreams from earlier periods of the night or other forms of unrecalled sleep mentation).
Such a hypothesis could be tested with serial laboratory-based awakenings for dream collection across the sleep
period, although the proportion of dreams containing emotions as well as their valence tend to differ when they
are self-reported in the laboratory'>!*1776 as opposed to participants’ natural home enviornment'®”7-7°,

Finally, our sample of over 1600 dream reports revealed a roughly equal distribution of positive and negative
emotions, as well as a higher proportion of intense positive emotions as opposed to negative emotions. This finding
adds to the growing evidence showing that when the presence and valence of dreamed emptions are scored by the
participants themselves as opposed to by external judges, as done in early studies of dream content'?, a considerably
higher proportion (70% to 100%) of dream reports are found to contain emotions'®””-” and that positive dream
affect is particularly more frequent than when dream reports are assessed by external raters'””*. These findings
also highlight the interest of investigating positive dimensions of waking states, such as mindfulness?” and positive
emotions’ in relation to dream affect. In a related vein, the study of how self-regulation techniques such as relaxa-
tion and meditation may modulate the impact of state and trait factors on dream content also merits investigation.

In sum, results of the present study showed that trait anxiety, but not day-to-day levels of perceived stress, pre-
dicted the affective tone of home dream reports and revealed a potential bias in previous studies associated with
the use of one-time retrospective assessments of state variables in predicting night-to-night variations in dream
affect. The present results also underscore the need for additional research on factors underlying the valence of
emotions experienced in everyday dreams as opposed to focusing solely on nightmares or trauma-related dreams.
In particular, the study of different categories of stressors and the use of stress biomarkers could be particularly
useful in elucidating the differential impact of state and trait factors on dream content.

Method

Procedure. Data were collected as part of a larger online study conducted on the Qualtrics Research Suite
platform. After providing informed consent, participants were emailed a link giving them access to the study
materials. Participants first completed a series of questionnaires on sleep, personality, trait anxiety and trauma
history. They then received, over a maximum of four consecutive weeks, daily scheduled notifications to complete
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a questionnaire on dream recall in the morning as well as an evening questionnaire on the stress and emotions
experienced that day. The project was approved by the Arts and Science Research Ethics Committee of the
Université de Montréal, Canada (Project no. CERAS-2017-18-013-P) and all research was performed in accord-
ance with their guidelines and regulations.

Participants. One hundred and twenty-eight non-paid participants (98 women, 30 men, M, =42.55,
8D, = 14.63, range = 19-76 years) were recruited from the general adult population between February and July
2018 via ads in free local newspapers (74.9% of sample), social networks (9.4%), email lists (8.6%) and com-
munity posters (7.1%). Study materials were available in both French and English to reflect the bilingual nature
of Montreal, Canada. One hundred and twelve of the 128 volunteers (87.5%) completed the study in French.
Eighty-eight participants (68.8% of sample) were working at the time of study, 20 (15.6%) were students, 12
(9.4%) were retired, 5 (3.9%) were unemployed, and 3 (2.3%) did not specify their occupation. Of the 285 people
who initially expressed interest in the study, 151 provided written informed consent and completed the first set
of questionnaires. Of these 151 participants, 23 (18 women, 5 men) were excluded for providing fewer than three
consecutive days of matching stress and dream valence data. Participants’ morning dream data were paired with
their stress ratings completed prior to bedtime the night before. Sixty-six of 128 participants (51.6%) completed
one or more days of data collection beyond the 21 consecutive days required. These data were included in the
analyses as they contained validly paired evening stress and morning dream valence scores.

Retrospective measures. Participants first completed a general Sleep and Dream Questionnaire® used to
assess basic sleep, dream and demographic variables.

Boundary thinness. The short form of the Boundary Questionnaire (BQ18)*, which contains 18 items derived
from the original Boundary Questionnaire®’, was used to measure boundary thinness or thickness, a personality
trait associated with various aspects of dreaming®’, including high dream recall*’ and nightmare prevalence®.
People with thin psychological boundaries are typically described as being creative, sensitive, vulnerable and
easily mixing thoughts, images and feelings. The total score of the BQ18 consists of a sum of the ratings (ranging
from 0 to 4) on the 18 items after inverting the ratings on 4 items. Scores on the BQ18 are positively correlated
(r=0.87, N=_856) with total scores on the original Boundary Questionnaire®’. Cronbach’s alpha (c) for the BQ18
in the present study was 0.70.

Trait anxiety. 'The Trait scale of the State-Trait Anxiety Inventory — Form Y (STAI-T)®! measures anxiety as an
enduring personality trait and consists of 20 statements that pertain to how participants “generally feel.” Each item
is rated on a 4-point Likert scale. The total score is calculated as a sum of all the ratings (ranging from 0 to 80),
with a higher score indicating higher trait anxiety. The STAI-T is widely used and has been translated in multiple
languages, including in French Canadian®. The latter shows a correlation of r=0.82 with the original English
version and a test-retest correlation of r=0.94. The original French-Canadian translation shows strong internal
consistency (w=0.91) and an identical reliability (o =0.91) obtained in the present study.

Youth trauma. A shortened French version® of the Early Trauma Inventory Self Report (ETISR-SF)3 was used
to assess a range of physical, emotional, and sexual abuse experiences that may have occurred before the age of 18.
The seven items, presented in “Yes-No” format, yield a total score ranging between 0 and 7. Cronbach’s alpha (o)
for the ETISR-SF in the present study was 0.73.

Posttraumatic stress disorder. 'The Primary Care PTSD Screen (PC-PTSD)? measures four factors specific to
posttraumatic stress disorder (PTSD): reexperiencing, avoidance, hyperarousal and numbing. A positive response
to any of the yes/no items indicates that the responder may have PTSD or trauma-related problems, and a cut-off
score of 3 is recommended to detect positive cases. Cronbach’s alpha (o) for the PC-PTSD in the present study
was 0.75.

Prospective measures. Dream recall and content were assessed each morning via URL links emailed to
each participant at 3:00 AM. To ensure that reported dream recall data was for the targeted day, daily links expired
at 6:00 PM. This time range was sufficiently broad to accommodate participants’ occupations and schedules.
Reminders were automatically sent out at 3:00 PM if the morning questionnaire had not been completed by that
time. Waking perceived stress for the day was measured prior to bedtime with links sent out at 6:00 PM and expir-
ing at 3:00 AM. A reminder was sent at 12:00 AM (i.e. midnight) if participants had not completed the evening
questionnaire by that time.

Dream affect and content. Dream recall was assessed with a single item, “Did you dream last night?” and a
“Yes-No” answer format. If “No” was selected, participants had the option of returning to the questionnaire if ever
they remembered a dream later in the day. If participants answered “Yes,” they were required to indicate if they
remembered one, two, or three or more dreams from that night. These values were used to calculate participants’
dream recall frequency. Participants then had to indicate (for the most vivid or best-remembered dream from
the night if more than one dream was recalled), the dream’s emotional valence by answering the question, “What
was the general emotion of your dream?” using a 10-point Likert scale ranging from positive (1) to negative (10).
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Perceived stress.  Two daily measures of perceived stress were completed prior to bedtime using a 10-point Likert
scale ranging from not stressed at all (0) to extremely stressed (9). The first measure required participants to rate
the maximum level of stress experienced that day while the second required participants to rate their stress level
at the time of questionnaire completion (i.e., prior to bedtime). These scales, reviewed by Dr. Sonia J. Lupien,
director of the Centre for Studies on Human Stress (https://humanstress.ca/), were used instead of more exhaus-
tive instruments such as the Daily Stress Inventory® due to the multi-week nature of the study and our desire to
limit volunteers’ workload.

Statistical analyses. Data were analyzed using hierarchical linear modeling (HLM) with IBM SPSS
Statistics (version 25), where affect load (level 1: affective dream content [outcome], perceived stress [predictor])
was underpinned by the participants’ dispositional measures (level 2 predictors: trait anxiety, boundary thinness,
trauma history, PTSD, sex, age). The level of statistical significance for every analysis was set at p=0.05. This type
of multilevel analysis is ideally suited to such a dataset as it a) allows for the analysis of multiple relationships
while considering shared variance at both levels, b) takes into account dependency across measurement time
points, ¢) doesn't require balanced designs in which different individuals have a fixed number of prospective data
points without any missing data, and d) has fewer assumptions and is less likely to underestimate error than other
statistical methods®’.

Although dream valence was the main outcome variable of interest, models predicting daily perceived
stress were also tested to investigate possible effects of dreamed emotions on daytime stress. Dream valence
had a normal distribution and enough anchor points (10) to approximate continuity. It was thus tested using
linear mixed-effects modeling (MIXED command). Since both measures of daily perceived stress were posi-
tively skewed, they were tested under a Poisson distribution using a generalized estimating equation (GENLIN
command) which, in both cases, presented a better model fit than with a normal distribution under a linear
mixed-effects model.

When dream valence was the outcome variable, measures of daily stress from the preceding day were used as
Level-1 predictors while trait, trauma and demographic variables were used as Level-2 predictors. Since dream
recall frequency was measured daily, it was also used as a Level-1 predictor to assess its possible mediating effect
on dream valence and other predictor variables, with values from 1 (one dream remembered on that night) to 3
(three or more dreams remembered). When daily stress was the outcome of interest, the dataset was shifted in
order for a given night’s dream valence to be paired with levels of perceived stress of the following day. Considering
that participants’ first daily measurement was for perceived stress, there was a smaller total of 2410 observations,
not 2538, because the first stress values and last dream valence values were unpaired and thus excluded.

We first computed an intercepts-only model where time was not specified as a repeated measures variable and
no predictors entered. This procedure is reccommended to determine the amount of between-subject variance in
the outcome variable, also known as the intraclass correlation®. The intraclass correlation was thus calculated by
dividing the value of the intercept (between-group) variance by the sum of the residual (within-group) variance
and intercept.

We then progressively added predictors to the unconditional model, beginning with individual Level-2 pre-
dictors. All Level-2 variables were grand mean centered. Level-1 stress predictor variables were centered to each
participants’ mean for the duration of the study to account for dispositional biases in reported self-ratings.

Finally, post hoc analyses were performed to test alternate hypotheses. Interactions were tested between pre-
dictors to assess whether the model generalized to the whole sample or if some effects were moderated by other
variables. We individually tested and reported the potential moderating effects of every level 2 predictor and of
dream recall and valence (level 1) on each of the two level 1 stress predictors. The effect on dream valence of the
stress variables from 2 to 7 days ago was also tested using lagged independent variables.

Data Availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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