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The function of dreams is a longstanding scientific research question. Simulation theories of dream 
function, which are based on the premise that dreams represent evolutionary past selective pressures 
and fitness improvement through modified states of consciousness, have yet to be tested in cross-
cultural populations that include small-scale forager societies. Here, we analyze dream content 
with cross-cultural comparisons between the BaYaka (Rep. of Congo) and Hadza (Tanzania) foraging 
groups and Global North populations, to test the hypothesis that dreams in forager groups serve a 
more effective emotion regulation function due to their strong social norms and high interpersonal 
support. Using a linear mixed effects model we analyzed 896 dreams from 234 individuals across 
these populations, recorded using dream diaries. Dream texts were processed into four psychosocial 
constructs using the Linguistic Inquiry and Word Count (LIWC-22) dictionary. The BaYaka displayed 
greater community-oriented dream content. Both the BaYaka and Hadza exhibited heightened threat 
dream content, while, at the same time, the Hadza demonstrated low negative emotions in their 
dreams. The Global North Nightmare Disorder group had increased negative emotion content, and 
the Canadian student sample during the COVID-19 pandemic displayed the highest anxiety dream 
content. In conclusion, this study supports the notion that dreams in non-clinical populations can 
effectively regulate emotions by linking potential threats with non-fearful contexts, reducing anxiety 
and negative emotions through emotional release or catharsis. Overall, this work contributes to our 
understanding of the evolutionary significance of this altered state of consciousness.

Why do humans dream? As a product of the brain’s neurophysiology, our species can produce hallucinatory 
experiences during sleep. These dream experiences represent an altered state of consciousness. Why is it that we 
exhibit this altered state of consciousness rather than experiencing sleep in total perception quiescence? Research 
investigating dream content reveals that the dream state of consciousness, which is most often expressed in 
rapid-eye movement (REM), appears to be preoccupied with world simulation with content often reflecting the 
self ’s social realities1,2, social networks3,4, and dangers5. Yet, whether dreams could enhance cognitive, affective, 
or social adaptation has been a question of active debate for decades.

A common framework for explaining the function of dreams is provided by simulation theories, which 
are based on the premise that dreams have a biological function and reflect selective pressures and fitness 
enhancement in the evolutionary past via altered states of consciousness6. Accordingly, dreams are credible 
real-world analogs7–14 that prime the individual for corresponding contexts encountered in waking life. From 
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this perspective, it has been argued that the phenotypic expression of dreaming could meet the necessary criteria 
for evolution by natural selection15.

Dream simulation and emotion regulation
Emerging work integrating neuroscience and dream content analysis suggests that emotional experiences are 
a crucial part of the virtual-world simulation of dreams and support an adaptive process that contributes to 
the resolution of emotional distress and preparation for future affective reactions6,16–19. In this context, the 
threat simulation theory6 and social simulation theory9 posit that dreams are biased to simulate threatening 
and social situations respectively. Such a mechanism would, in turn, promote adjusted behavioral responses in 
real-life situations5,9. Other studies have also supported the idea that past negative memories are reprocessed 
and combined in dreams with new, realistic, and safe contexts, suggesting the possibility of desensitization20,21 
or extinction17 functions for dreaming. Functional dreams could thus expose us to threatening situations while 
providing us with efficient solutions to these situations. Such a process may facilitate the resolution of current 
social and emotional internal conflict16,22, a process also called emotional catharsis23, and the reduction of next-
day negative mood24.

Together, these proposals and empirical observations suggest a potential core function of dreams via simulat-
ing distress in a safe environment to help process threats in beneficial ways; as such, functional dreams would 
strongly contribute to efficient emotion regulation in wakefulness18. These mechanisms seem to be impaired in 
clinical populations, such as patients with nightmare disorder17,25 and anxiety disorders26—two pathologies 
characterized by less efficient fear extinction17,27.

Indeed, anxiety is considered a maladaptive emotional response implicating dysfunction of inhibitory (extinc-
tion) learning27, and the persistence of the fear response across time. We would thus expect that dreams with 
high levels of anxiety and negative emotions in the presence of a threat, as those found in clinical populations, 
would not serve the emotional processing function of dreams, as no emotional resolution is achieved. Critically, 
Revonsuo posited that the adaptive emotional function of dreams may be particularly relevant to contemporary 
small-scale societies facing routine ecological risks such as infectious disease and predation, as the emotional 
simulating mechanism would be fully activated in the face of the kinds of challenges within their environment6. 
Although there is some preliminary evidence for this argument5,28, 29, such arguments have yet to be comparatively 
tested with large, multicultural datasets.

The importance of cross‑cultural testing of dream content
The major challenge to the scientific investigation of dream function remains a sampling problem. To date, most 
dream studies have been conducted in the Global North—and primarily in the U.S. and European settings with 
samples of limited socio-economic and racial/ethnic breadth. Thus, one critical challenge to overcome limitations 
in past dream-based research, is to test the function of dreams by generating dream content variation among 
diverse populations’ socio-ecological experiences. This may be due in part to the interest of sleep researchers in 
pairing such work with sleep-based physiological techniques (i.e. polysomnography) that have been historically 
limited to lab settings (but see30 for field-based methods in human biology and sleep research that are gaining 
momentum). While historically dreams have been the subject of anthropological investigation28,31–33, this eth-
nographic work is largely descriptive. Hence, much of the dream data are generated from studies that represent a 
very narrow range of human experiences for select populations (e.g., college undergraduates) at specific historical 
moments (e.g., between 1970 and 1990) in particular locations (e.g., U.S., Europe) and under similar societal 
and economic contexts (e.g., educated, high income).

There is a dearth of direct empirical tests of the evolutionary function of dreams, including comparative 
perspectives that would enable us to assess variation across cultural and ecological contexts in relation to dream 
content9. For example, smaller-scale societies that engage in mixed-subsistence foraging (i.e., hunt and gather 
for a large part of their diet), often differ from other smaller-scale societies in important ways. The depth and 
breadth of egalitarianism (i.e., cultural values and practices aimed at the treatment of all individuals as equal, 
often with norms around avoidance of prestige and hierarchy) in many sub-tropical foraging populations is 
intertwined with norms of cooperative pooling of time and energetic resources, such as to help provision and 
care for children34–39. Such forms of egalitarianism and extensive cooperation in resource sharing and family life 
are thought to be critical to survival and reproduction.

In contemporary populations, including the Hadza of Tanzania and BaYaka of the Republic of the Congo 
forager communities we focus on here, these cooperative subsistence and social dynamics necessarily place a 
strong emphasis on the importance of face-to-face supportive relationships for day-to-day health, well-being, and 
even survival35,38–49. These communities share some broad socioecological similarities in terms of (i) continuous 
environmental exposure to key stimuli—such as ambient light and temperature cues—known to drive circadian 
entrainment (e.g., circadian driven fluctuations have been shown to influence central characteristics of dream 
reports50), (ii) gender divisions of foraging and household labor (though varying in their intensity between the 
BaYaka and Hadza), (iii) ecological risk in the form of predation exposure by way of large animals, pathogens 
and parasites, and (iv) norms regarding egalitarianism and generous resource sharing behaviors39–44,51,52.

The community-oriented interpersonal behaviors characteristic of BaYaka and Hadza and their maintenance 
require high degrees of emotion regulation and social problem solving. Unlike the experience of many individu-
als in populations from the Global North, these foragers’ daily interactions are repeated with the same network 
of cooperative partners throughout their lives. Additionally, although precise estimates are difficult to assess, 
mortality rates are relatively higher in subsistence-level societies compared to populations with better access 
to emergency care and biomedical treatment41—a factor that may be relevant in evaluating the possible threat 
simulation function of dreams. Thus, foragers may experience greater threat and community oriented responses 
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to threat in their dreams. If an adaptive function of dreams is to reinforce or rehearse such day-to-day, prosocial 
(i.e., community-oriented) interactions, particularly with trusted kin, then people in BaYaka and Hadza com-
munities will have a higher representation of those interactions and family members in their dreams than would 
typical populations in the Global North who reside in more individualistic societies.

Hypotheses and predictions
Here, we compare the dreams of two foraging communities—the BaYaka and Hadza—to non-clinical and clinical 
(i.e., with nightmares and social anxiety) populations from the Global North. First, because of their strong egali-
tarian social norms and high levels of daily face-to-face interpersonal support from trusted family and friends, 
we predict that the dream content of both forager groups will have a greater frequency of community-oriented 
behaviors when compared to dreamers in the Global North. Second, given that both forager groups experience 
greater early-to-midlife mortality—subsequently leading to a greater chance of an individual losing their own 
life, the life of offspring, kin, or friends—we predict a greater frequency of threat related dream content relevant 
to mortality. Third, we expect that foragers’ dreams will serve an efficient emotion regulation function, where 
threats are associated with new, non-fearful contexts/efficient solutions17, and, thus, with lower anxiety/negative 
emotions in dreams. Finally, we predict that the Nightmare group will have greater levels of negative emotions 
in dreams and that the student group, associated with COVID-19 pandemic, as well as the social anxiety group, 
will be characterized by greater anxiety in dream content. By comparing these groups, we can better understand 
the role of culture and environment in shaping the human experience of dreaming.

Material and methods
Participants
In all, individuals from two sub-Saharan foraging egalitarian communities with low degrees of market integration, 
the Hadza and BaYaka and from three high income capitalistic populations (including non-clinical and clinical 
populations) totaling 234 participants contributed 896 dreams (see Table 1 for summary details).

Global North data collection and characteristics
Data from the Global North populations were drawn from previously published studies done in Switzerland, 
Belgium, and Canada. The Switzerland and Belgium samples were generated between 2014 and 202225,26,53–55 and 
included data from three groups: a non-patient group of young healthy participants, patients suffering from social 
anxiety disorder (SAD), and patients suffering from nightmare disorder. Participants in these studies all kept the 
same sleep and dream diary (for details see18). During the night or every morning, upon spontaneous awakening, 
the participants were asked to report whether they had a dream with or without recall or no dream at all. They 
also reported the presence of specific emotions thanks to dichotomous questions (presence/absence); in total, 
eleven emotions could be reported. A twelfth choice was reserved to the “absence of emotions”. In the last section 
of the dream diary, they were also asked to freely write down the dreams they had experienced during their sleep.

The non-clinical reference control group in the Global North includes 219 participants (123 females). A subset 
of 103 participants, aged between 16 and 40 years old (M = 22.1, SD  = 7.9), had dream word counts equal to or 
greater than 20 words and were included in the dream analysis (word average per dream = 78.2, SD = 66.0). All 
participants followed a constant sleep schedule during the days preceding the experiment to assess the mean 
sleep duration and exclude any circadian disturbance or sleep disorder. People suffering from mental disorders 
were excluded. Ethical approval was granted by the committee of the Faculty of Medicine of the University of 
Liege and by the Ethical Committee of the Canton of Geneva.

Dreams were also collected from patients suffering from social anxiety disorder (SAD) according to The 
Diagnostic and Statistical Manual of Mental Disorders (DSM5)26,56. SAD is characterized by a persistent amount of 
fear when confronted with social situations57. Forty-eight subjects (32 females) were included in the final sample, 
after assessment of their social anxiety disorder level. The dream diary was filled every morning upon awakening 
for 2 weeks. Three hundred twenty-four (324) dream reports were collected (6.75 dreams per participant). A 
subset of 37 participants, aged between 16 and 40 years old (M = 24.4, SD =7.9), had dream word counts equal 
to or greater than 20 words and were included in the dream analysis (word average per dream = 76.9, SD = 56.7). 
Ethical approval was granted by the Ethical Committee of the Canton of Geneva, Switzerland (“Commission 
Cantonale d’Ethique de la Recherche sur l’être humain”).

Additionally, dreams were collected in individuals suffering from nightmare disorder25. In total, 36 patients 
(27 females) were included. All of them suffered from nightmare disorder according to DSM5 with at least 
moderate severity (> 1 episode per week). Every morning upon awakening participants filled in a dream diary 

Table 1.   Sample summary description of dream participants.

Community Country Participants Mean age Dream reports

Non-clinical control Switzerland, Belgium 103 22.1 356

Social Anxiety Disorder Switzerland 37 24.4 184

Nightmare Disorder Switzerland 33 26.3 113

University of Toronto Students Canada 24 21.9 168

BaYaka Democratic Republic of Congo 19 42.3 27

Hadza Tanzania 18 42.7 48
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for 2 weeks. One hundred thirty-four (134) dream reports were collected (3.72 dreams per participant). A subset 
of 33 participants, aged from 20 to 35 years old (M = 26.3, SD = 8.4), had dream word counts equal to or greater 
than 20 words and were included in the dream analysis (word average per dream = 43.5, SD = 23.8). Ethical 
approval was granted by the Ethical Committee of the Canton of Geneva, Switzerland (“Commission Cantonale 
d’Ethique de la Recherche sur l’être humain”).

Altogether, the Belgian and Swiss studies had 924 dream reports collected from the dream diary over 397 
nights (4.2 dreams per participant on average). Of those dreams the number that were included in the final 
analysis with words counts equal to or above 20 are as follows: control N = 356, Nightmare Disorder N = 113, and 
SAD = 184.

Students at the University of Toronto contributed dream reports (N = 184) collected during the fourth wave 
of the COVID-19 pandemic, where the proliferation of COVID-19 variants was of major concern in Ontario, 
Canada, as announced by the Public Health Agency of Canada (Statistics Canada, 2021). In total, 24 students (21 
females) aged from 19 to 25 years old (M = 21.9, SD = 5.5) were included. Ethics was approved and attained by 
the University of Toronto REB (RIS Human Protocol Number 39768). During this time, self-rated mental health 
was below national average (< 50%), and 82% of the Canadian population that were eligible for vaccination were 
fully vaccinated, however restrictions were still imposed in most areas, including mask-wearing, and limiting 
contacts. Thus, explorations of evolutionary theories on dream functions may have special relevance during the 
COVID-19 pandemic58,59. The final number of dreams equal to or above 20 words and included in the analysis 
was N = 168 (word average per dream = 120.6, SD = 44.4).

Global South data collection and characteristics
Data were collected over different time periods by different experimenters. Hadza participants (N = 18) were 
surveyed by DRS in January and February of 2016 and BaYaka participants (N = 19) by AHB, SLL, VM, and 
MSS in June and July 2017. Hadza participants were aged between 18 and 68 years old (M = 42.7, SD = 8.5) and 
BaYaka participants were aged between 27 and 70 years old (M = 42.3, SD = 10). Combined, we collected a total 
of 101 dream reports (2.16 dreams per participant and a word average per dream = 38.7, SD = 18.9). The Hadza 
contributed 48 dream reports (female dreams = 12, male dreams = 36; word average per dream = 44.4, SD = 20.6); 
all Hadza dreams were equal to or greater than 20 words and were included in the analysis. The BaYaka (N = 19) 
contributed 53 dream reports (females dreams = 26, male dreams = 27); twenty-seven BaYaka dreams were equal 
to or greater than 20 words (word average per dream = 28.7, SD = 9.1) and were included in the analysis.

Dream reports were collected in the field using a modified Most Recent Dream (MRD) method60 as a tem-
plate for questionnaires, and in practice (as the indigenous populations could not write) were a daily verbally 
administered dream diary. The instructions, given by field researchers in morning after a sleep period, requested 
the participant to recall whether they dreamt the previous night. If subjects answered in the affirmative, they 
were then asked to recount the details of the dream using the MRD method template. The report was expected 
to be detailed, including a description of the dream’s setting, the people involved (their age, sex, and relationship 
to the participant), and any animals present in the dream. Participants were also instructed to describe their 
emotions during the dream and whether it was a positive or negative experience. This method is ideal for use in 
small-scale societies because it is a fast, inexpensive, and reliable way to obtain large samples of dream reports. 
For both forager groups, dream content was translated by the aid of a multilingual field assistant at the time the 
dream was recorded. Importantly, it is essential to note that, as both the MRD modified and verbally administered 
dream diary (Global South) and the classic Dream Diary method (Global North) recorded dreams of the previ-
ous night, they shared a similar approach and were directly comparable. Additionally, both were administered 
shortly after awakening from sleep on the same day as the dream, thereby minimizing potential memory biases61.

For work with the Hadza, IRB approval was granted from the University of Nevada, Las Vegas (2014) and 
verbal consent for participation was asked to each participant in Swahili, the second language of the Hadza 
community. All research was performed with approval of the government of Tanzania, via the Tanzanian Com-
mission for Science and Technology (COSTECH) and the Tanzanian National Institute for Medical Research 
(NIMR). For the BaYaka, village council consent for this study was obtained at a community meeting in 2015. 
Subsequently, community consent was annually renewed. Verbal consent was provided by each participant fol-
lowing recruitment into this study. Approval to conduct research in the Republic of the Congo was given by The 
Centre de Recherche et D’Edudes en Sciences Sociales et Humaines. Ethics approval was obtained from Duke 
University (2017), the University of Notre Dame (2017), and the University of Cambridge (2017).

All methods were performed in accordance with the relevant guidelines and regulations, and informed con-
sent was obtained from all participants.

Dream text analysis
LIWC-22 is an acronym for Linguistic Inquiry and Word Count, and it is a text analysis software program that 
can return results for up to 90 different variables or categories62. The English text analysis strategy employed 
the LIWC-22 Dictionary. This internal dictionary is comprised of over 12,000 words, phrases, and emoticons, 
which have been carefully selected and categorized into sub-dictionaries to assess various psychosocial con-
structs. Essentially, the LIWC-22 software program is designed to map linguistic constructions to important 
psychosocial theories and constructs, and thus, target words contained in texts that are read and analyzed by 
LIWC-22 are used for this purpose.

In this study, the dream texts were translated and transcribed into English, and preprocessed into four 
super-categories—Community-oriented (by grouping the LIWC categories: social, family, moral, friend, and 
prosocial), Threat (by grouping the LIWC categories: conflict and death), Negative emotions (encompassing the 
category: negative emotions), and Anxiety (encompassing the category: anxiety). To create an outcome variable 
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for statistical models (see section ‘Modelling’), we summed the number of words of each category in each dream 
text. Examples of the Community-oriented target words were: care, help, thank, please, parent, mother, father, 
baby, honor, deserve, judge, you, we, he, she. Examples of the Threat target words were: fight, killed, attack, 
death, dead, die, kill. Examples of the Negative emotions target words were: bad, hate, hurt, tired. Examples of 
the Anxiety target words were: worry, fear, afraid, nervous. The LIWC-22 Dictionary provides a systematic and 
reliable approach to text analysis63 and has been widely used in other word-based dream content analyses25,64,65.

Modelling
To assess the predictors of the four response variable categories (Community-oriented, Threat, Negative emotions, 
Anxiety dream content) by population (BaYaka, Hadza, Nightmare, SAD, Students, and Control) we used a linear 
mixed effects model, built using the lme4 package and model averaged using the MuMin package66. To normalize 
the count data for each category, we square root transformed the response variable67,68. Finally, we made statistical 
inferences using a combination of standardized coefficients, confidence intervals, and p-values. We controlled 
for the fixed effects of age, number of dream reports, word count and sex as well as subject ID (to control for 
repeated measures) as a random effect. After assessing information criterion, models including the number of 
dream reports and age as fixed effects differed little from models without them, and so we removed them from 
final analysis. To increase the power of the model to identify the predicted patterns in the data, we obtained coef-
ficients based on optimization of the log-likelihood using shrinkage, which incorporates measurement error into 
the regression model and improves less certain estimates by pooling information from more certain estimates69.

The non-patient sample from the Global North was used as a model reference category (i.e., a group that is 
used as a point of comparison for other groups in a statistical analysis) so effect-size estimates for each popula-
tion are predicted differences in counts of dream content compared to this sample.

The dream content models were fit as follows:

The full dataset, along with all meta-data and more detail of each variable, is available in the Open Science 
Framework (OSF) data repository: https://​osf.​io/​7n6kf/.

Results
Community‑oriented’ dream content is greatest in BaYaka
Amongst all sampled populations, the BaYaka showed greater community-oriented dream content than all group 
samples from Global North populations and Hadza population, after adjusting for sex, word count, and subject 
ID. As shown in Table 2, and displayed in Fig. 1, after factor correction, the BaYaka sample positively drives 
community-oriented dream content. Additionally, women’s dream reports and word count were drivers of the 
response variable (Table 2). As ethnographic data, we present a few such examples here:

‘I was walking in the forest with my two adult daughters and found a porcupine in a trap and brought it back 
to the village to eat it. It was a good dream’
‘I was net hunting with my family (including extended family camp) and we caught many animals so he had 
to make a smoker "bota" to smoke all of them’

Model : dreamcontent ∼ Population+ Sex +WordCount +
(

1|Subject
)

Responsei ∼ N
(

αj[i] + β1(WC)+ β2(Sexfemale), σ
2
)

αj ∼ N
(

γ α
0 + γ α

1 (PopulationBaYaka)+ γ α
2 (PopulationHadza)+ γ α

3 (PopulationNightmare)

+γ α
4 (PopulationSAD)+ γ α

5 (PopulationStudents), σ
2
αj

)

, for ID j = 1, . . . J

Table 2.   The effect of predictor variables on prosocial dream content. The Control is the reference category for 
Population, and Male is the reference category for Sex. Positive coefficients indicate greater prosocial dream 
content, while negative coefficients indicate lesser prosocial dream content. The Asterix signifies a significant p 
value.

Predictor Estimate (S.E.) Confidence interval P value

Population: BaYaka 0.14 (0.03) (0.072, 0.214)  < 0.01*

Population: Hadza − 0.08 (0.04) (− 0.160, 0.004) 0.06

Population: Nightmare 0.03 (0.04) (− 0.058, 0.111) 0.54

Population: SAD 0.02 (0.05) (− 0.071, 0.115) 0.65

Population: Students − 0.06 (0.05) (− 0.158, 0.033) 0.20

Sex: Female − 0.060 (0.03) (− 0.006, 0.157) 0.07

Word Count − 0.042 (0.04) (0.048, 0.193) 0.01*

https://osf.io/7n6kf/
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‘Threat’ dream content is greatest in BaYaka and Hadza
After adjusting for sex, word count, and controlling for repeated measures of the subject ID, both the BaYaka 
and Hadza samples had higher levels of threat dream content compared to the Global North groups. This is 
shown in Table 3 and depicted in Fig. 2. Thus, belonging to the BaYaka or Hadza community is associated with 
a greater probability of experiencing threatening dream content. No other factors were found to significantly 
influence threat dream content.

Importantly, several dream reports gathered among the Hadza community demonstrated high threat situation 
to which a positive, emotionally cathartic resolution was found. For example:

‘I dreamt I was being chased by a herd of elephants; I was in Nyanza, which is open flat savanna land. I ran 
and found a small cave which was too small for the elephants to follow. I escaped’.
‘I was chased by an elephant in the bush around camp. I was with four unfamiliar women. I escaped by run-
ning into the mountains’.
‘I dreamt I was in the forest and the military was chasing me with guns and he climbed a tree to get away.’
‘I was chased by a leopard in nearby mountains. I began by hunting but realized that I was the hunted. I was 
alone but I escaped’.

Moreover, in some Hadza dream reports, a solution to a threat was found through social support:

’I dreamt I fell into a well that is near the Hukumako area by the Dtoga people. I was with two others and 
one of my friends helped me get out of the well.’
‘I dreamt a buffalo hit me. I was in Numbeya bushland where we look for honey. I was looking for the "small 
honey". There was another man called January and he came and helped me’
‘I dreamt a Toga not from this camp (who) took a knife and a person he didn’t know from another camp. After 
I told the guy to stop, he left our Sengele camp.’

Figure 1.   Prosocial dream estimates plot.

Table 3.   The effect of predictor variables on threat dream content. The Control is the reference category for 
Population, and Male is the reference category for Sex. Positive coefficients indicate greater threat dream 
content, while negative coefficients indicate lesser threat dream content. The Asterix signifies a significant p 
value.

Predictor Estimate (S.E.) Confidence interval P value

Population: BaYaka 0.07 (0.03) (0.007, 0.140) 0.02*

Population: Hadza 0.24 (0.04) (0.166, 0.306)  < 0.01*

Population: Nightmare 0.03 (0.04) (− 0.040, 0.106) 0.37

Population: SAD − 0.04 (0.04) (− 0.117, 0.038) 0.32

Population: Students − 0.02 (0.04) (− 0.094, 0.061) 0.64

Sex: Female − 0.01 (0.04) (− 0.083, 0.059) 0.74

Word Count − 0.02 (0.04) (− 0.046, 0.095) 0.49
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’Negative emotion’ dream content is greatest in Nightmare disorder sample
After adjusting for sex, word count, and subject ID, the sample of patients from the Global North in the Night-
mare Disorder group had higher levels of dream content with negative emotions compared to the reference 
group (Table 4 and Fig. 3). Conversely, the Hadza exhibited significantly fewer negative emotion words in their 
dream content than the reference group. No other groups differed from the reference group, as shown in Table 4 
and depicted in Fig. 3. The following dream reports demonstrate high fear without resolution in the Nightmare 
Disorder group:

‘My mom would call me on my phone and ask me to put it on speakerphone so my sister and cousin could hear. 
Crying she announced to us that my little brother was dead. I was screaming in sadness and crying in pain.’
‘I was with my boyfriend, our relationship was perfect and I felt completely fulfilled. Then he decided to 
abandon me, which awoke in me a deep feeling of despair and anguish.’
‘I remember in my dream is that I was sitting at a table, in one of the secret rooms, across from a middle-aged 
man who said he was my uncle (he did not look like any of my uncles), and he was over 100 years old but 
looked like he was in his 50s. He looked like evil characters from movies. He said he was going to kill me after 
he went to speak with other people in the other room to admit his secret and then come to kill me. After he 
left the room, I got up and saw that the door was not fully closed. My thought was that I had to go fight him 
and then I woke up before I could approach the door.

‘Anxiety’ dream content is greatest in the Canadian (COVID‑19 pandemic era) student sample
After accounting for sex, the word count and participant repeated measures by subject ID, it was found that the 
student group had more anxiety dream content compared to the reference group. Table 5 and Fig. 4 indicate that 
no other groups demonstrated a significant difference from the control group. In the following two examples, 

Figure 2.   Threat dream estimates plot.

Table 4.   The effect of predictor variables on negative emotions dream content. The Control is the reference 
category for Population, and Male is the reference category for Sex. Positive coefficients indicate greater 
negative emotional dream content, while negative coefficients indicate lesser negative emotional dream 
content. The Asterix signifies a significant p value.

Predictor Estimate (S.E.) Confidence interval P value

Population: BaYaka − 0.04 (0.04) (− 0.106, 0.032) 0.30

Population: Hadza − 0.08 (0.04) (− 0.160, − 0.012) 0.02*

Population: Nightmare 0.08 (0.04) (0.005, 0.162) 0.04*

Population: SAD − 0.06 (0.04) (− 0.146, 0.022) 0.15

Population: Students 0.02 (0.04) (− 0.061, 0.110) 0.57

Sex: Female 0.03 (0.04) (− 0.049, 0.107) 0.46

Word Count 0.06 (0.04) (− 0.008, 0.137) 0.08
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Figure 3.   Negative emotions dream estimates plot.

Table 5.   The effect of predictor variables on anxiety dream content. The Control is the reference category for 
Population, and Male is the reference category for Sex. Positive coefficients indicate greater anxiety dream 
content, while negative coefficients indicate lesser anxiety dream content. The Asterix signifies a significant p 
value.

Predictor Estimate (S.E.) Confidence interval P value

Population: BaYaka − 0.06 (0.03) (− 0.125, 0.012) 0.10

Population: Hadza − 0.04 (0.04) (− 0.116, 0.029) 0.24

Population: Nightmare 0.03 (0.04) (− 0.040, 0.109) 0.37

Population: SAD − 0.04 (0.04) (− 0.117, 0.041) 0.35

Population: Students 0.08 (0.04) (0.005, 0.163) 0.04*

Sex: Female 0.06 (0.04) (− 0.017, 0.136) 0.13

Word Count − 0.02 (0.04) (− 0.096, 0.056) 0.60

Figure 4.   Anxiety dream estimates plot.
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the dream scenario illustrates the level of anxiety that the subject experiences as he needs to confront challenges 
alone:

‘The dream I remember relates to a game that I play. As it only involved myself, there was no one that I knew 
around, and I remember feeling anxious. I was doing a very difficult mini-game in the game where a bunch 
of non-player characters were all around me and I needed to hide behind obstacles to stay safe. I remember 
waking up once I died inside the mini-game’

Contrary to one of our predictions, no significant differences between the non-clinical group and the Social 
Anxiety Disorder group were found about the level of anxiety experienced in dreams. However, some dreams 
illustrate the social isolation these patients are experiencing in their real life, translated by a lack of social sup-
port when dangers arise:

‘I was in an elevator, stuck, alone. I pressed the down button, and then the elevator sped down. I was very 
scared, I tried to set off the emergency bell. I arrived at the bottom, it was dark and a sheet or blanket fell 
from the ceiling of the elevator to cover me.’

In other dreams of this group, people are regarded as hostile, which eventually increases the anxiety level:

‘I dreamed that I ran into someone I knew at the supermarket. We collided without excusing each other 
which led to an open conflict. The person in question threatens me, I go to the manager of the store accusing 
the person of having stolen something (it’s not true). Then we walk out of the store and the other begs me to 
drop my charge of theft. I tell him that I won’t go any further and that the newspapers won’t know anything 
because I’m a journalist. The person’s mother picks him up. I walk a bit until we go to their place. I explain to 
the person that I have the feeling of being followed by a man who looks like a shadow, and who watches over 
me and waits for the moment to seize me. I then understand that this man is death himself !’
‘In my dream, I was at my high school. I went into the classroom by myself and two friends (female, 18) that 
I thought were close to me started isolating me during group work. I worked by myself the entire class while 
they acted aggressively towards me, at least verbally. I pulled out my chair to go submit my assignment and 
it hit a person behind me (male, 18). This person is a friend from my primary school. He shouted at me even 
though I tried to explain to him what happened was just an accident. I used the washroom, and my phone 
was water-damaged by one of the two girls (may or may not be an accident). I asked her to pay me back, but 
subconsciously I did not want the refund but instead to have an excuse to hold a conversation with her. It 
was an unpleasant dream because I thought I was close to them.’

Discussion
In the present study, we tested the hypothesis that dreams serve an emotional function that is potentially adaptive 
by examining dream content from Hadza and BaYaka foragers, who belong to communities characterized by 
high levels of interpersonal support coupled with greater early-to-midlife mortality (due to predation, resource 
stress, food and water insecurity, and disease) in comparison to populations in the Global North. We found 
partial support to the first prediction, that forager dreams exhibit greater community-oriented dream content. 
Of all the populations examined, only BaYaka reported dreams with significantly more frequent content related 
to community-orientation and social support amongst family and friends (Table 2 and Fig. 1).

The second prediction, that foragers’ dreams contain more threat related content was supported. Both the 
BaYaka and Hadza samples demonstrated a greater frequency of mortality and conflict associated dream content 
compared to the reference group, whereas the other groups did not show such difference (Table 3 and Fig. 2). 
The prediction that dreams may augment the processing of high threat levels, yet also be characterized by low 
levels of both anxiety and negative emotions—was supported. The BaYaka exhibited levels of negative emotions 
in dreams that did not differ from the reference group, while the Hadza exhibited significantly less dream content 
with negative emotions compared to the reference. As expected, the Nightmare Disorder group also exhibited 
significantly greater levels of negative emotions in dreams (Table 4 and Fig. 3). A similar pattern was found 
with anxiety dream content, where the student group during the COVID-19 pandemic was characterized by 
significantly greater anxiety dream content compared to the reference group, while the BaYaka and Hadza did 
not differ compared to the reference group (Table 5 and Fig. 4).

Evidence for an emotional function of dreams in small‑scale forager populations
BaYaka and Hadza foragers face several specific hazards. BaYaka communities reside in a rainforest ecology 
in the Congo Basin, where routine hazards (i.e., specific sources of danger include: (i) intergroup conflict with 
Bantu fisher-farmers due to perceived trade and labor related debt, (ii) illnesses (malaria, tuberculosis, intestinal 
parasites), and (iii) extrinsic risks (i.e., broader factors that can increase a person’s overall risk of harm or nega-
tive outcomes) of everyday life, including encounters with dangerous animals like snakes, elephants, crocodiles, 
and gorillas while hunting, fishing, and foraging as well as other hazardous aspects of the forest such as falling 
limbs/trees and falls while climbing70. The BaYaka infant mortality rate in the study region is unknown, but (as 
measured elsewhere in the region) can be inferred to be around 20 percent41. Adult and juvenile mortality is 
generally relatively high compared to populations with better access to emergency care and biomedical treat-
ment, though precise estimates are currently unknown41. A study of death among the Aka in the Central African 
Republic found that infections and parasitic diseases were the most common causes of death across ages, causing 
22 percent of 669 deaths, and diarrhea causing another 21 percent of deaths71.
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The Hadza reside in a diverse ecological region characterized by rolling hills, grasslands, and acacia com-
miphora woodland. Hazards for the Hadza include (i) intergroup conflict with the Datoga pastoralists who 
co-reside in some areas of the landscape and keep large herds of cattle and goats that drink the scare water in 
the water holes during the dry season and eat much of the vegetation needed to support wildlife, (ii) illnesses 
(e.g. tuberculosis, malaria, viral diarrhea) that are faced with little access to biomedical treatment, and (iii) 
extrinsic risks of everyday life that include falling from trees when collecting honey, snakebites, and encounters 
with predators when hunting or scavenging meat48. One study showed that out of 75 deaths, a third of deaths 
were attributed to illness, with age, childbirth, poisoning or bewitching and homicide, and falling from trees as 
other causes of death72. With respect to mortality, 21% of infants die in the first year of life and 46% of juvenile 
children die by age 1572,73.

Comparatively, populations of the Global North face other types of threats and share different sociocultural 
values than individuals from small-scale societies. In contrast to collectivistic cultures, like BaYaka and Hadza, 
most societies of the Global North are strongly individualistic and competitive74. People in these societies have 
less routine face-to-face contact with and imperative cooperative reliance on broad kin networks. At the same 
time, this individualism shapes many common threats, which are mostly connected to social life (e.g., ostracism 
and exclusion, loss of status, shame, failure in an exam, etc.), and which are mostly experienced at an individual 
rather at a collective level. Although recent austerity plans resulted in the reemergence of unemployment, poverty, 
homelessness, and food insecurity in European and American countries75, economic development, public health 
infrastructure, and access to biomedical care have been linked to comparatively greater life expectancies in the 
Global North (e.g. 77 years in the U.S. and 80 years in the E.U.), with a larger proportion of deaths occurring in 
older age from chronic conditions76–78.

The present findings provide evidence that when compared to populations in the Global North, foragers 
disclose a prevalence of community-orientation in their waking life as well as the socially connected themes in 
their dreams, which may support emotional health. Specifically, our analysis suggests that even in the context of 
threat, community-orientation—expressed by strong social networks that rely daily on mutual assistance in the 
context of strong egalitarian social norms—may also play an important role in providing strategies to overcome 
threats and ultimately achieve emotion regulation. Importantly, an interpretation of BaYaka and Hadza dreams 
is that foragers activate both the threat simulation and extinction functions of dreaming, which may result in 
resolution of these threats within their dreams.

The dysfunctional nature of nightmares
We claim here, in line with other theoretical concepts17, that increased threat in dreams (as compared to dreams 
from healthy controls) does not seem to be functional without a subsequent emotional resolution. For example, 
patients with nightmare disorder have dreams characterized by recurrent, intense, and highly threatening content 
that cause significant distress and impairment in social, occupational, or other areas of functioning56. Nightmares 
are dreams with high threat but insufficient emotional resolution. The dreamer cannot find effective solutions 
for threats, therefore high fear and anxiety impedes emotion regulation and catharsis. According to the threat 
simulation theory, individuals possess a threat simulation system by which multiple factors (such as, inherited 
personality traits, threat input throughout adolescent development, current stress levels and recent threat input) 
regulate dream phenotypes. These inputs can also be attenuated by strong social support networks and egalitarian 
norms. Previous work has suggested that threatening content in dreams ultimately serve to strengthen waking 
threat perception skills and threat avoidance behaviors that help to self-cope with the challenging realities of 
waking life6,8,79,80.

The forager data further supports the idea that overcoming threat by way of adaptive emotional responses 
(in wake or sleep) is a crucial component of an efficient emotion regulation in the face of stressful events. When 
the presence of threats in dreams is not associated with subsequent emotional resolution, as in recurrent night-
mares, dreams seem to lose their emotional processing function. Our results, along with others81–83 suggest that 
nightmares are dysfunctional dreams with high threat simulation coupled with lack of fear extinction.

Dreams in situations of social isolation or social anxiety
Contrary to the community-oriented character of the BaYaka population, and similar to the increased negative 
emotions found in nightmares, the dream reports collected from students during the pandemic era were char-
acterized by high levels of anxiety, and sometimes these manifested with themes of isolation and having to con-
front challenges alone (as depicted in the dream text examples in the “Results” section). For example, dreamers 
experienced high anxiety because of the presence of hostile people in the narrative, without finding any positive 
way to deal with such a threat. Our results suggest that dreams of individuals in situations of social isolation or 
social anxiety do not seem to achieve a sufficient degree of emotional resolution (see also26). Whether there is a 
causal relationship between such a deficient extinction function of dreaming and the symptomatology of anxiety 
disorders is not clearly elucidated and should be further tested in the future.

Limitations
There are several limitations to the current study, particularly in regard to the dream content collection among 
the BaYaka and Hadza populations. Future dream research in such small-scale societies should emphasize not 
only generating dream data but also including daily reports of activity or evidence of daytime emotion regula-
tion or performance18. Accounts for waking life experiences enable a direct analysis of dreams to experiences 
encountered during the day, which would then allow to test threat or social simulation hypotheses or to make 
claims related to these hypotheses in general60. Correlational studies, such as the one conducted by Sterpenich and 
colleagues18, or interventional studies (i.e., manipulating dream content and observing its effect in wakefulness25) 
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offer a closer approximation of the relationship between wake and dream functions. Importantly, observational 
dream research, including the present study, cannot claim to provide strong evidence for causality between 
wakefulness and dreams, nor for the directionality of such relationship regarding emotion regulation functions. 
Finally, as both a point of originality for this work and in distinction from previous work, this study did not test 
for the daytime emotional state-response, as emotional resolution was assessed in the dream itself.

Dream reports with greater length are more likely to contain sufficient information to accurately describe a 
dream29. Yet, some dream reports from both of these communities were relatively short in length. This can be 
attributed to dream recounting having to be translated and transcribed into English. Although we made efforts 
to recount as much detail as possible, dream descriptions could only be paraphrased summaries of dreams dis-
tilled through the translator. In addition, it is difficult to assess whether the participant recounting his/her dream 
was motivated and/or had sufficient practice formulating accurate long-term memories of the dream. Often, 
inexperienced dream recounters simply answer the questionnaire as is presented to them, which can attribute 
to dream report bias80. Despite the short dream descriptions and less formalized training in dream recounting, 
the BaYaka and Hadza communities are characterized by a rich storytelling culture and were typically highly 
motivated to discuss dreams and their interpretations. We also note that these samples are characterized by a stark 
lack of sexually related activity in dreams. It may well be that for these groups, the lack of recounting dreams of 
a sexual nature may reflect a taboo placed on descriptions of sexuality in general.

Conclusion
Here we provide support for the idea that in non-clinical populations with real and perceived threats, dreams 
may process high threat levels, yet also be characterized by low anxiety and negative emotions. Our results 
suggest indirectly that dreams can effectively regulate emotions by linking potential dangers with novel, non-
fearful dream contexts and can lead to a reduction in feelings of anxiety and other negative emotions, as a form 
of emotional release or catharsis. In addition, in at least one such community (the BaYaka), emotional catharsis 
is often achieved by strong social support. Ultimately, if dreaming prepares human beings to face likely chal-
lenges and dangers in waking life, then our results are among the first to show these potential functions under 
evolutionarily relevant socio-ecological conditions.

Data availability
The data that support the findings of this study are publicly available on OSF (https://​osf.​io/​7n6kf/). 

Received: 26 June 2023; Accepted: 22 September 2023

References
	 1.	 Kahn, D. & Hobson, A. Theory of mind in dreaming: Awareness of feelings and thoughts of others in dreams. Dreaming 15, 48 

(2005).
	 2.	 Tuominen, J., Valli, K. & Revonsuo, A. Social Simulation Theory of Dreaming: State of the Evidence: OR0941. Int. J. Psychol. 51 

(2016).
	 3.	 Hall, C. S. & Van de Castle, R. L. The Content Analysis of Dreams. (Appleton Century Crofts, New York, 1966).
	 4.	 Han, H. J., Schweickert, R., Xi, Z. & Viau-Quesnel, C. The cognitive social network in dreams: Transitivity, assortativity, and giant 

component proportion are monotonic. Cognit. Sci. 40, 671–696 (2016).
	 5.	 Valli, K. & Revonsuo, A. The threat simulation theory in light of recent empirical evidence: A review. Am. J. Psychol. 122, 17–38 

(2009).
	 6.	 Revonsuo, A. The reinterpretation of dreams: An evolutionary hypothesis of the function of dreaming. Behav. Brain Sci. 23, 

877–901. https://​doi.​org/​10.​1017/​s0140​525x0​00040​15 (2000).
	 7.	 Dresler, M. The Multifunctionality of Dreaming and the Oblivious Avatar. In Open MIND. Vol. 32(C) (eds. Metzinger, T. & Windt,  

J. M.) (Frankfurt am Main: MIND Group, 2015).
	 8.	 Revonsuo, A., Tuominen, J. & Valli, K. The Avatars in the Machine - Dreaming as a Simulation of Social Reality. In Open MIND. 

Vol. 32(T) (eds. Metzinger, T. & Windt,  J. M.) (Frankfurt am Main: MIND Group, 2015).
	 9.	 Tuominen, J., Stenberg, T., Revonsuo, A. & Valli, K. Social contents in dreams: An empirical test of the social simulation theory. 

Conscious. Cognit. 69, 133–145 (2019).
	10.	 Hobson, J. A. REM sleep and dreaming: Towards a theory of protoconsciousness. Nat. Rev. Neurosci. 10, 803–813 (2009).
	11.	 Tart, C. T. The world simulation process in waking and dreaming: A systems analysis of structure. J. Mental Imag. 11, 145–157 

(1987).
	12.	 Foulkes, D. Dreaming: A Cognitive-Psychological Analysis. (Routledge, New York, 2014).
	13.	 Revonsuo, A. Consciousness, dreams and virtual realities. Philos. Psychol. 8, 35–58 (1995).
	14.	 Windt, J. M. The immersive spatiotemporal hallucination model of dreaming. Phenomenol. Cognit. Sci. 9, 295–316 (2010).
	15.	 Franklin, M. S. & Zyphur, M. J. The role of dreams in the evolution of the human mind. Evol. Psychol. 3, 147470490500300100 

(2005).
	16.	 Cartwright, R., Agargun, M. Y., Kirkby, J. & Friedman, J. K. Relation of dreams to waking concerns. Psychiatry Res. 141, 261–270 

(2006).
	17.	 Nielsen, T. & Levin, R. Nightmares: A new neurocognitive model. Sleep Med. Rev. 11, 295–310. https://​doi.​org/​10.​1016/j.​smrv.​

2007.​03.​004 (2007).
	18.	 Sterpenich, V., Perogamvros, L., Tononi, G. & Schwartz, S. Fear in dreams and in wakefulness: Evidence for day/night affective 

homeostasis. Hum. Brain Mapp. 41, 840–850 (2020).
	19.	 Scarpelli, S., Bartolacci, C., D’Atri, A., Gorgoni, M. & De Gennaro, L. The functional role of dreaming in emotional processes. 

Front. Psychol. 10, 459 (2019).
	20.	 Perlis, M. L. & Nielsen, T. A. Mood regulation, dreaming and nightmares: Evaluation of a desensitization function for REM sleep. 

Dreaming 3, 243 (1993).
	21.	 Barbeau, K., Turpin, C., Lafrenière, A., Campbell, E. & De Koninck, J. Dreamers’ evaluation of the emotional valence of their day-

to-day dreams is indicative of some mood regulation function. Front. Behav. Neurosci. 16, 947396 (2022).
	22.	 Cartwright, R., Luten, A., Young, M., Mercer, P. & Bears, M. Role of REM sleep and dream affect in overnight mood regulation: A 

study of normal volunteers. Psychiatry Res. 81, 1–8 (1998).

https://osf.io/7n6kf/
https://doi.org/10.1017/s0140525x00004015
https://doi.org/10.1016/j.smrv.2007.03.004
https://doi.org/10.1016/j.smrv.2007.03.004


12

Vol:.(1234567890)

Scientific Reports |        (2023) 13:16530  | https://doi.org/10.1038/s41598-023-43319-z

www.nature.com/scientificreports/

	23.	 Desseilles, M., Dang-Vu, T. T., Sterpenich, V. & Schwartz, S. Cognitive and emotional processes during dreaming: A neuroimaging 
view. Conscious Cogn 20, 998–1008. https://​doi.​org/​10.​1016/j.​concog.​2010.​10.​005 (2011).

	24.	 Schredl, M. Characteristics and contents of dreams. Int. Rev. Neurobiol. 92, 135–154. https://​doi.​org/​10.​1016/​s0074-​7742(10)​
92007-2 (2010).

	25.	 Schwartz, S., Clerget, A. & Perogamvros, L. Enhancing imagery rehearsal therapy for nightmares with targeted memory reactiva-
tion. Curr. Biol. 32, 4808-4816.e4804. https://​doi.​org/​10.​1016/j.​cub.​2022.​09.​032 (2022).

	26.	 Borghese, F. et al. Targeted memory reactivation during REM sleep in patients with social anxiety disorder. Front. Psychiatry 13, 
904704. https://​doi.​org/​10.​3389/​fpsyt.​2022.​904704 (2022).

	27.	 Craske, M. G., Hermans, D. & Vervliet, B. State-of-the-art and future directions for extinction as a translational model for fear 
and anxiety. Philos. Trans. R. Soc. B 373, 20170025. https://​doi.​org/​10.​1098/​rstb.​2017.​0025 (2018).

	28.	 Gregor, T. A content analysis of Mehinaku dreams. Ethos 9, 353–390 (1981).
	29.	 Domhoff, W. G. Finding Meaning in Dreams: A Quantitative Approach (Plenum Press, 1996).
	30.	 Samson, D. R. Taking the sleep lab to the field: Biometric techniques for quantifying sleep and circadian rhythms in humans. Am. 

J. Hum. Biol. 33, e23541. https://​doi.​org/​10.​1002/​ajhb.​23541​18 (2020).
	31.	 Wax, M. L. Dream sharing as social practice. Dreaming 14, 83 (2004).
	32.	 Berndt, R. M. Excess and Restraint: Social Control Among a New Guinea Mountain People (University of Chicago Press, 1962).
	33.	 Tonkinson, R. Dream Travelers 87–106 (Springer, 2003).
	34.	 Kramer, K. L. Cooperative breeding and its significance to the demographic success of humans. Annu. Rev. Anthropol. 39, 417–436 

(2010).
	35.	 Boyette, A. H., Lew-Levy, S., Sarma, M. S., Valchy, M. & Gettler, L. T. Fatherhood, egalitarianism, and child health in two small-

scale societies in the Republic of the Congo. Am. J. Hum. Biol. 32, e23342 (2020).
	36.	 Hill, K. & Hurtado, A. M. Cooperative breeding in South American hunter–gatherers. Proc. R. Soc. B 276, 3863–3870 (2009).
	37.	 Kaplan, H., Hill, K., Lancaster, J. & Hurtado, A. M. A theory of human life history evolution: Diet, intelligence, and longevity. Evol. 

Anthropol. 9, 156–185 (2000).
	38.	 Crittenden, A. N. & Marlowe, F. W. Attachment Reconsidered 67–83 (Springer, Berlin, 2013).
	39.	 Crittenden, A. N. & Marlowe, F. W. Allomaternal care among the Hadza of Tanzania. Hum. Nat. 19, 249 (2008).
	40.	 Gettler, L. T., Redhead, D., Dzabatou, A. & Lew-Levy, S. BaYaka forager food sharing networks in the Congo Basin: The roles of 

gender homophily and kin sharing. Am. J. Biol. Anthropol. 181, 59–69 (2023).
	41.	 Hewlett, B. S. Intimate Fathers: The Nature and Context of Aka Pygmy Paternal Infant Care (University of Michigan Press, 1993).
	42.	 Kitanishi, K. Food sharing among the Aka hunter-gatherers in northeastern Congo. Afr. Study Monogr. 25, 3–32 (1998).
	43.	 Crittenden, A. N. In Ancestral Landscapes in Human Evolution: Culture, Childrearing and Social Wellbeing (eds Narvaez, D. et al.) 

282 (Oxford University Press, 2014).
	44.	 Apicella, C. L. & Crittenden, A. N. In The Handbook of Evolutionary Psychology (ed. Buss, D. M.) 797–827 (Wiley Publishing, 2015).
	45.	 Crittenden, A. N. et al. Infant co-sleeping patterns and maternal sleep quality among Hadza hunter-gatherers. Sleep Health 4, 

527–534 (2018).
	46.	 Herlosky, K. N., Benyshek, D. C., Mabulla, I. A., Pollom, T. R. & Crittenden, A. N. Postpartum maternal mood among Hadza 

foragers of Tanzania: A mixed methods approach. Cult. Med. Psychiatry 44, 305–332. https://​doi.​org/​10.​1007/​s11013-​019-​09655-4 
(2019).

	47.	 Marlowe, F. W. In Feeding Ecology in Apes and Other Primates (eds Hohmann, G. & Robbins, M. M.) (Cambridge University Press, 
2006).

	48.	 Marlowe, F. The Hadza: Hunter-Gatherers of Tanzania (University of California Press, 2010).
	49.	 Apicella, C. L., Marlowe, F. W., Fowler, J. H. & Christakis, N. A. Social networks and cooperation in hunter-gatherers. Nature 481, 

497 (2012).
	50.	 Wamsley, E. J., Hirota, Y., Tucker, M. A., Smith, M. R. & Antrobus, J. S. Circadian and ultradian influences on dreaming: A dual 

rhythm model. Brain Res. Bull. 71, 347–354. https://​doi.​org/​10.​1016/j.​brain​resbu​ll.​2006.​09.​021 (2007).
	51.	 Hewlett, B. S. Husband-wife reciprocity and the father-infant relationship among Aka pygmies. Father-Child Relations: Cultural 

and Biosocial Contexts 153–176 (1992).
	52.	 Lewis, J. Ekila: Blood, bodies, and egalitarian societies. J. R. Anthropol. Inst. 14, 297–315 (2008).
	53.	 Sterpenich, V. et al. Sleep sharpens sensory stimulus coding in human visual cortex after fear conditioning. NeuroImage 100, 

608–618 (2014).
	54.	 Sterpenich, V. et al. Memory reactivation during rapid eye movement sleep promotes its generalization and integration in cortical 

stores. Sleep 37, 1061–1075. https://​doi.​org/​10.​5665/​sleep.​3762 (2014).
	55.	 Sterpenich, V., Ceravolo, L. & Schwartz, S. Sleep deprivation disrupts the contribution of the hippocampus to the formation of 

novel lexical associations. Brain Lang. 167, 61–71. https://​doi.​org/​10.​1016/j.​bandl.​2016.​12.​007 (2017).
	56.	 American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th ed. https://​doi.​org/​10.​1176/​appi.​

books.​97808​90425​596 (American Psychiatric Publishing, Arlington, VA, 2013).
	57.	 Falk, L. & Leweke, F. Social anxiety disorder. Recognition. Assessment and treatment. NEJM 376, 2255–2264 (2017).
	58.	 Wang, J., Zemmelman, S. E., Hong, D., Feng, X. & Shen, H. Does COVID-19 impact the frequency of threatening events in dreams? 

An exploration of pandemic dreaming in light of contemporary dream theories. Conscious. Cognit. 87, 103051 (2021).
	59.	 Kilius, E., Abbas, N. H., McKinnon, L. & Samson, D. R. Pandemic Nightmares: COVID-19 lockdown associated with increased 

aggression in female university students’ dreams. Front. Psychol. 12, 562 (2021).
	60.	 Domhoff, G. W. Methods and measures for the study of dream content. Princ. Pract. Sleep Med. 3, 463–471 (2000).
	61.	 Schredl, M. Most recent dreams vs. diary dreams: A methodological note. Dreaming 13, 293–296 (2020).
	62.	 Boyd, R. L., Ashokkumar, A., Seraj, S. & Pennebaker, J. W. The development and psychometric properties of LIWC-22 1–47 (University 

of Texas at Austin, 2022).
	63.	 Tausczik, Y. R. & Pennebaker, J. W. The psychological meaning of words: LIWC and computerized text analysis methods. J. Lang. 

Soc. Psychol. 29, 24–54 (2010).
	64.	 Mallett, R., Sowin, L. & Carr, M. Social Media Reveals Population Dynamics of Dysphoric Dreaming.  PsyArXiv  https://​doi.​org/​10.​

31234/​osf.​io/​zq4ka (2022).
	65.	 Bulkeley, K. & Graves, M. Using the LIWC program to study dreams. Dreaming 28, 43 (2018).
	66.	 Bartoń, K. MuMIn: Multi-model Inference. http://​CRAN.R-​proje​ct.​org/​packa​ge=​MuMIn. (2014).
	67.	 Maindonald, J. & Braun, J. Data Analysis and Graphics Using R: An Example-Based Approach Vol. 10 (Cambridge University Press, 

2006).
	68.	 Crawley, M. J. Statistical Computing an Introduction to Data Analysis Using S-Plus (2002).
	69.	 McElreath, R. Statistical Rethinking: A Bayesian Course with Examples in R and Stan (Chapman and Hall/CRC, 2018).
	70.	 Froment, A. Hunter-Gathers of the Congo Basin 117–164 (Routledge, 2017).
	71.	 Hewlett, B. S., Van De Koppel, J. M. & Van De Koppel, M. Causes of death among Aka pygmies of the Central African Republic. 

African Pygmies 45–63 (1986).
	72.	 Blurton Jones, N. G., Hawkes, K. & O’Connell, J. F. Antiquity of postreproductive life: Are there modern impacts on hunter-gatherer 

postreproductive life spans?. Am. J. Hum. Biol. 14, 184–205 (2002).

https://doi.org/10.1016/j.concog.2010.10.005
https://doi.org/10.1016/s0074-7742(10)92007-2
https://doi.org/10.1016/s0074-7742(10)92007-2
https://doi.org/10.1016/j.cub.2022.09.032
https://doi.org/10.3389/fpsyt.2022.904704
https://doi.org/10.1098/rstb.2017.0025
https://doi.org/10.1002/ajhb.2354118
https://doi.org/10.1007/s11013-019-09655-4
https://doi.org/10.1016/j.brainresbull.2006.09.021
https://doi.org/10.5665/sleep.3762
https://doi.org/10.1016/j.bandl.2016.12.007
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.31234/osf.io/zq4ka
https://doi.org/10.31234/osf.io/zq4ka
http://CRAN.R-project.org/package=MuMIn


13

Vol.:(0123456789)

Scientific Reports |        (2023) 13:16530  | https://doi.org/10.1038/s41598-023-43319-z

www.nature.com/scientificreports/

	73.	 Jones, N. G. B., Smith, L. C., Oconnell, J. F., Hawkes, K. & Kamuzora, C. L. demography of the Hadza, an increasing and high-
density population of savanna foragers. Am. J. Phys. Anthropol. 89, 159–181. https://​doi.​org/​10.​1002/​ajpa.​13308​90204 (1992).

	74.	 Humphrey, A. & Bliuc, A.-M. Western individualism and the psychological wellbeing of young people: A systematic review of 
their associations. Youth 2, 1–11 (2021).

	75.	 McKee, M., Reeves, A., Clair, A. & Stuckler, D. Living on the edge: Precariousness and why it matters for health. Arch. Public Health 
75, 1–10 (2017).

	76.	 Szreter, S. Industrialization and health. Br. Med. Bull. 69, 75–86 (2004).
	77.	 Cervellati, M. & Sunde, U. The effect of life expectancy on economic growth reconsidered. J. Econ. Growth 16, 99–133 (2011).
	78.	 Acemoglu, D. & Johnson, S. Disease and development: The effect of life expectancy on economic growth. J. Polit. Econ. 115, 925–985 

(2007).
	79.	 Valli, K. et al. The threat simulation theory of the evolutionary function of dreaming: Evidence from dreams of traumatized chil-

dren. Conscious. Cognit. 14, 188–218 (2005).
	80.	 Revonsuo, A. & Valli, K. How to test the threat-simulation theory. Conscious. Cognit. 17, 1292–1296 (2008).
	81.	 Carr, M., Saint-Onge, K., Blanchette-Carrière, C., Paquette, T. & Nielsen, T. Elevated perseveration errors on a verbal fluency task 

in frequent nightmare recallers: A replication. J. Sleep Res. 27, e12644 (2018).
	82.	 Simor, P., Pajkossy, P., Horváth, K. & Bódizs, R. Impaired executive functions in subjects with frequent nightmares as reflected by 

performance in different neuropsychological tasks. Brain Cognit. 78, 274–283 (2012).
	83.	 Marquis, L. et al. Decreased activity in medial prefrontal cortex and anterior cingulate cortex in idiopathic nightmare sufferers 

during wakefulness. Sleep 39, A226–A227 (2016).

Acknowledgements
We would like to thank both the Hadza and BaYaka for participating in this study. We would like to thank Dambo 
Justin and Mékouno Paul for assistance with data collection in Congo. We would like to thank Jarno Tuominien 
for useful discussions and Audrey Theux for technical assistance. This project was funded by the National Geo-
graphic Society (no. 9665-15 to DS), the Jacobs Foundation (to LG and AB), the Medical Direction of University 
Hospitals of Geneva (PRD 18-2019-I to LP) and the Swiss National Science Foundation (CRSK-3_190722 to LP).

Author contributions
Conceptualization: D.S. and L.P. Methodology, software: D.S., A.C., L.P. Data curation: D.S., A.C., N.A., J.S., 
M.S.S., S. L-L., F.B., P.H., V.S., L.T.G., A.B., A.N.C., L.P. Writing—original draft preparation: D.S. and L.P. Visu-
alization, investigation: D.S., S. L-L., S.S., V.S., L.T.G., A.B., A.N.C., L.P. Supervision: D.S. and L.P. Funding 
acquisition: D.S., S. L-L., L.T.G., A.B., A.N.C., L.P. Writing—reviewing and editing: D.S., A.C., N.A., J.S., M.S.S., 
S. L-L., F.B., P.H., S.S., V.S., L.T.G., A.B., A.N.C., L.P.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to D.R.S. or L.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.1002/ajpa.1330890204
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Evidence for an emotional adaptive function of dreams: a cross-cultural study
	Dream simulation and emotion regulation
	The importance of cross-cultural testing of dream content
	Hypotheses and predictions
	Material and methods
	Participants
	Global North data collection and characteristics
	Global South data collection and characteristics

	Dream text analysis
	Modelling

	Results
	Community-oriented’ dream content is greatest in BaYaka
	‘Threat’ dream content is greatest in BaYaka and Hadza
	’Negative emotion’ dream content is greatest in Nightmare disorder sample
	‘Anxiety’ dream content is greatest in the Canadian (COVID-19 pandemic era) student sample

	Discussion
	Evidence for an emotional function of dreams in small-scale forager populations
	The dysfunctional nature of nightmares
	Dreams in situations of social isolation or social anxiety
	Limitations

	Conclusion
	References
	Acknowledgements


