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ABSTRACT

KEYWORDS:

Dreams, mental experiences occurring during REM sleep, are closely connected with the regulation of dopamine. The study 
aimed to investigate the association between dopamine and dreaming activity through proxy variables such as aerobic exercise 
and sugary consumption, both demonstrated to affect dopamine levels. A sample of n=64 participants ranging from 13 to 71 
years old with a mean age of 29.9 were asked researcher-developed questions through surveys on SurveyMars. All data was 
analyzed through Pearson Product Moment correlation using SPSS software. The r and p values were calculated and 
correlational scatter plots were created. In total, 64 responses were collected in part 1 of the survey and 307 responses were 
collected in part 2 of the survey. The �indings of the study revealed that there is a signi�icant positive correlation between higher 
sugary substance consumption and dream vividness. Additionally, there was a positive correlation between the amount and 
intensity of exercise and dream vividness. However, there was only a non-signi�icant correlation between sugary substance 
consumption and higher amount and intensity of exercise and dream recall frequency. Future directions and limitations are 
discussed.
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Dreams are intrinsically diverse. James (2025) [5] stated that 
normal dreams are the most common type of dream people will 
experience in the REM stage, when the brain is as equally active 
as when awake. Dreams often replay daily scenarios with 
familiar locations, familiar people and recent events, while 
displaying expressed thoughts or emotions. Even though the 
context of dreams varies, normal dreams do not typically leave a 
lasting impression on people upon waking. On the other hand, 
nightmares, often occurring during the REM stage of sleep, will 
leave a more long-lasting impression on people due to their 
emotional intensity and unsettling nature. Nightmares can be 
triggered by stress, anxiety, and traumatic events. Vivid dreams 
are another type of common dreams. With rich details, vivid 
dreams can evoke strong emotions that make people wonder if 
the dream is happening or has actually happened. Recurring, or 
repeating, dreams happen when the unconscious mind of 
human brains tries to process unresolved issues that need 
attention in real life. They also take place during REM, while 
dream context is commonly related to stress and anxiety as well. 
Lucid dreaming refers to dreams that happen when the dreamer 
is aware that they are dreaming and, during which, they may 
control their dream’s context. Lucid dreams, also occurring 
during REM sleep, are often harmless but may cause unsettling 
feelings when the content becomes increasingly intense or 
frightening [5].
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TYPES OF DREAMS

INTRODUCTION
Dreams are dynamic mental experiences that occur during sleep, 
especially during rapid eye movement sleep (REM). Typically, 
dreams occurring in REM sleep are longer and more vivid 
compared to dreams in non-REM sleep. During dreams, people 
often perceive thoughts, emotions, visual images, and other 
event-like experiences [1]. In 1900, Sigmund Freud proposed 
that dreams originate from complex psychological settings that 
are completely different from real life experiences, while the 
physiological function of dreams remains somewhat unclear 
even today [1].

experiences that are downregulated through the administration 
of anti-dopamine medications [4].

Dopamine is a neurotransmitter that plays a crucial role in 
reward regulation in the brain [2]. Human nature encourages 
participation in behaviors that release more dopamine, and 
when doing something pleasurable, the brain releases more 
dopamine, stimulating motivation and craving within the body 
[2]. In recent years, the role dopamine exerts during REM sleep 
has been scienti�ically demonstrated. Research has 
demonstrated that the mesolimbic dopamine (ML-DA) system 
shows increasing neural activity during REM sleep. Generally, 
elevated dopamine levels in the ML-DA system during sleep play 
a crucial role in the generation of dreams [3]. The upregulation 
or downregulation of dopamine during REM sleep might affect 
the vividness of dreams, as previous experiments on narcolepsy 
showed that REM sleep is associated with hallucinatory
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their relationship to dreaming activity. This study intended to
provide new evidence about how daily behaviors, serving as 
proxy variables, impact dreaming. The use of proxy variables is 
a low-cost and effective method that enables investigations 
without specialized equipment, providing for broader use in 
different communities. Results of this research methodology can 
be easily understood and communicated with participants, 
other researchers, and wider societies, increasing awareness of 
sleep, dreaming, daily behaviors–and, potentially, infer 
dopaminergic activity. Further research employing survey type 
data combined with neuroimaging could provide a more direct 
and extensive evaluation of dopamine modulation; this research 
direction is suggested.

This research required human participants and all data were 
collected through 100% con�idential and anonymous surveys. 
No identi�iable information was collected except for age and the 
city/state the participant is based in. Data collected were only 
used in this research.

Human participants were either based in China or the US 
without any gender limitations, ranging from high school 
teenagers to adults. No vulnerable populations were involved.

Survey questions were developed by the researcher in 
discussion with the mentor and surveys were created on 
SurveyMars, an online survey platform. The survey employed 
was a 2-part document; part 1 aimed to collect general 
information of participants, and part 2 more speci�ically 
investigated factors that affect 24-hour dreaming activity. Part 2 
required regular recording of dream content for 1 week 
continuously. Participants were instructed to complete both 
parts of the survey within 2 weeks of receipt. Participants 
indicated their consent prior to accessing the survey on an 
electronic consent form. Participants under 18 asked their 
parents/legal guardians to provide consent as well (the assent 
process). The consent form and the introduction to the survey 
clearly stated that participation was completely voluntary and 
participants should stop at any time they feel uncomfortable. 
Additionally, participants were instructed to reach out to 
professional help if they have any survey-content-related lasting 
negative effects. Generally, participants were asked to report 
their usual and daily exercise pattern, sugary food intake, 
sleeping routine and characteristics of their dreams.

The anonymously collected data were analyzed through SPSS 
software. Basic statistical characteristics, such as mean, ranges, 
standard deviations and distributions, were initially calculated 
for all variables including dreaming frequency, intensity of 
aerobic exercise, amount of sugary food intake, etc. Additionally, 
to test the hypothesis, the correlation between dream frequency 
and vividness and level of exercise and dream frequency and 
vividness and sugary food intake were analyzed with Person 
Product Moment (PPM) correlations through SPSS.

There are 64 participants in total for this study, ranging from 13 
to 71 years old while the mean age was 29.9 years old with a 

Dopamine and physical activity have a bidirectional relationship. 
Dopamine affects motivation to continue and practice physical 
activity due to its signi�icant role in reward mechanisms. As a 
neurotransmitter, which supports cognitive control, dopamine 
encourages humans to pursue behaviors that bring satisfaction 
continuously, such as physical activity.

Successful cognitive control is essential for continuous 
engagement in physical activity; on the other hand, excess or 
diminished dopamine will lead to mental disorders such as 
depression. In turn, physical activity in�luences the central 
dopaminergic system. While physical activity is known to 
increase dopamine receptor availability in the central nervous 
system, an increase in physical activity corresponds with 
upregulation of neurotransmitter activity, additionally, reducing 
levels of anxiety and depression [6]. 5-HT is known for its effects 
on sleep and rodents that receive large amounts of exercise will 
have higher 5-HT in various areas of the brain while the level of 
dopamine only increases in the striatum. After 8 weeks of 
food-reinforced running-wheel exercise, rats are found to have 
upregulated concentrations of dopamine in brain homogenates, 
resulting from the exercise-induced higher levels of serum 
calcium [7].

While dopamine has been extensively studied in reward 
processing in relation to aerobic exercise and sugary food intake 
[10-12], current dream research often requires invasive and 
clinical methods [12]. Neuroimaging techniques have been 
applied in brain studies since the 1990s, in combination with 
electroencephalography. Positron Emission Tomography (PET)
uses radioactive tracers that will measure and visualize 
physiological information, including glucose consumption and 
dopamine release. In addition, the detection of radioactive decay
as an accumulated component will assist the imaging of H 2 15 O 
to reveal the blood �low across the whole brain, indicating 
neuronal activities. Functional MRI became the most commonly
used studying human cognitive process technique in the early 
1990s. While fMRI is less invasive compared to PET due to less 
radiation exposure, a major shared constraint is their high costs 
[12].

In addition, although neuroimaging provides insights into the 
distribution of brain activity, dream reports are not easily 
obtained and functional neuroimaging is hard to operate during
REM or NREM sleep [10]. Moreover, current dream studies often 
rely on dream reports, where dream experiences are not fully 
represented. And the potential information loss in complex 
series of cognitive operations between the transfer from dream 
content to dream reports lead to inaccurate reports [11]. There is 
minimal research related to dream characteristics occurring in 
real-life settings as individuals can neither report their activities
in dreaming nor researchers are able to collect and validate an 
individual&#39;s experience [13]. In other words, researchers 
can only assess dream consciousness based on reports rather 
than direct observation; therefore, understanding the dif�iculty 
to predict any speci�ic dreams, researchers investigate the 
properties of all dreams instead of any individual dream activity 
[14].

This project aimed to investigate dopamine-modulating 
behaviors such as aerobic exercise and sugary food intake and
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DISCUSSION

Figure 3: Signi�icant Correlation between the Exercise 
Intensity and Dream Vividness

Note: This �igure suggests the correlation between exercise 
intensity and dream vividness. Participants indicated both their 
exercise intensity (1 means very light and 5 means very intense) 
and dream vividness on a scale of 5.

There was no correlation found between sugary substance 
consumption and dream recall. A slightly negative and 
non-signi�icant correlation of -.095 was found between exercise
intensity and dream recall. The negative correlation has a p 
value of .291 which is above the 5% (.05) signi�icance level. The 
duration of exercise and dream recall was not signi�icantly 
correlated while there is a trend towards positive correlation. 
However, the positive correlation has a p value of .127 that is 
above the 5% (.05) level of signi�icance.

The current research outcomes were profound. Sugary 
substance consumption had a signi�icant positive correlation 
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Figure 1: Signi�icant Correlation between Sugary Substance 
Consumption and Dream Vividness

Note: This �igure reveals the signi�icant correlation between 
sugary substance consumption and dream vividness. 
Participants indicated the number of sugary substances they  
onsumed yesterday and rated the vividness of their dreams on a 
scale of 5, 1 means very poor and 5 means very vivid. The second 
positive correlation of .392 was found between the 
amount/duration of exercise and the vividness of dreams with a 
signi�icance level of .015.

Figure 2: Signi�icant Correlation between the Amount of 
Exercise and Dream Vividness

Note: This �igure demonstrates the correlation between the 
amount/duration of exercise and dream vividness. Participants 
indicated the duration of exercise of the day in minutes and 
rated the vividness of their dreams on a scale of 5. The third 
positive correlation of .336 was found between the intensity of 
exercise and the vividness of dreams with a signi�icance level of 
.022.

standard deviation of 15.34. The minimum hours of sleep was 4 
hours while the maximum was 12 hours, with a mean of 7.08 
hours with a standard deviation of 1.34. The average time of 
weekly exercise was 226.1 minutes. The average number of 
sugary substances consumed per day was 1.7 with a minimum of 
0 and a maximum of 4.

Using Pearson Product Moment correlations via SPSS, three 
positive correlations were found. The �irst positive correlation of 
.239 was found between the number of sugary substances 
consumed and vividness of dreams with a signi�icance level of 
.021. Participants indicated the number of sugary substances 
they consumed yesterday and rated the vividness of their dreams 
on a scale of 5, 1 means very poor and 5 means very vivid. The 
second positive correlation of .392 was found between the 
amount/duration of exercise and the

vividness of dreams. Participants indicated the duration of 
exercise of the day and rated the vividness of their dreams on a 
scale of 5. The third positive correlation of .336 was found 
between the intensity of exercise and the vividness of dreams. 
Participants indicated their exercise intensity and dream 
vividness on a scale of 5. 

The �irst positive correlation of .239 was found between the 
number of sugary substances consumed and vividness of dreams 
with a signi�icance level of .021.

Correlational Data

Additional Findings

Outcomes and Previous Research



The use of proxy variables like aerobic exercise and sugary 
substance consumption is a low-cost and effective method that 
enables investigations without specialized equipment, 
providing broader use in different communities. Results of this 
research can be easily communicated with society given the 
universality of the variables studied. Further research 
employing survey type data combined with neuroimaging could 
provide a more direct and extensive evaluation of dopamine 
modulation; this research direction is suggested. Visualizing 
increased dopaminergic activity during periods when 
participants report vivid dreaming would expand our 
understanding of this dynamic relationship. 

There are other methods that surveys can be combined with 
modern imaging techniques.

Positron Emission Tomography has been commonly used in 
neuroimaging since it was �irst discovered in 1985 by Heiss et al. 
However, PET radiotracers have been primarily used in changes 
in dopamine levels but not yet expanded into studies of other 
neurotransmitters.

Conventional PET methods also often estimate the BP ND based 
on kinetic models to assume the system is at equilibrium when 
under investigation; however, this assumed equilibrium can 
often be diminished when using pharmacological or behavioral 
stimuli to invoke dopamine release intentionally, therefore 
producing biased BP ND estimation. New methods that allow 
detection for non-constant dopamine levels have been 
developed, describing dopamine release as an exponential 
decay. lp-ntPET is also a more �lexible method compared to 
conventional PET, while it is sensitive to noises and results in 
limited accuracy. The effectiveness of these different 
methodologies is still being explored.

The positive correlations between sugary substance 
consumption, the amount of exercise, and exercise intensity and 
dream vividness provide robust evidence of the role of 
dopamine in dreaming context. An increase in dopamine level 
will potentially lead to more vivid dreams. While the correlation 
between sugary substance consumption, the amount of exercise, 
and exercise intensity and dream recall is not signi�icantly 
demonstrated in this research, future studies employing survey 
type of data and neuroimaging techniques can provide more
evidence into the �ield.

Limitations
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A sample size of 64 participants might not have been ideally 
suf�icient and a larger sample size may have produced more 
signi�icant correlations among the study variables. Given that
participants were either from China or the US, the sample size 
and results were not globally representative. Additionally, the 
participant sample was very homogeneous in terms of 
socioeconomic and behavioral patterns; these factors may have 
affected the results. Research outcomes could have been 
different with a more diverse participant sample. For example, a 
larger and more varied participant sample would have made the 
analysis more comprehensive and representative. In part 2 of 
the survey, participants were asked to report 1 week of data 
daily. There was data loss during the week when participants 

forgot to �ill out the survey. Lack of consistency might have also 
resulted in data loss. Since all data is self-reported, participants 
might have different interpretations for their own data, leading 
to a potential inaccuracy; the participant bias effect. Further, 
there were numerous missing data points which generally 
affects the validity and statistical power of the data analysis.

with dream vividness. Additionally, both the intensity and
amount of exercise had a signi�icant positive correlation with the 
dream vividness. There were a trio of signi�icant positive 
correlations as part of the research �indings. However, the sugary 
substance consumption did not have a signi�icant correlation 
with dream recall. The amount and intensity of exercise were not 
signi�icantly correlated with dream recall either. Interestingly, 
though, there was a trend towards signi�icance and a larger 
sample size might have produced signi�icant positive/negative 
correlations among these variables.

The ML-DA (mesolimbic dopamine) system shows increasing 
neural activities during REM sleep and plays a crucial role in 
generation of dreams [3]. Previous research on narcolepsy 
shows that REM sleep is associated with hallucinatory 
experiences that are downregulated through the administration 
of anti-dopamine medications; therefore, the increasing or 
decreasing amount of dopamine might affect dream vividness 
[4]. In the current study, the amount of intensity of exercise and 
sugary substance consumption, both previously demonstrated to 
affect the dopamine level, were signi�icantly positively correlated 
with dream vividness. It is suggested then that when dopamine 
levels increase, the vividness of dreams increases as well–this 
relationship is mediated by exercise intensity and sugary 
substance consumption.

A study on Parkinson’s Disease patients revealed that the ML-DA 
(mesolimbic dopamine) system plays a role in certain aspects of 
dreaming activities. The correlation was found between 
functional neuroanatomical correlates of dream recall and PD 
(Parkinson’s disease) patients, who are in a hypodopaminergic 
state. The study also found that visual vividness of dreams is 
associated with amygdala volumes and the mPFC (medial 
prefrontal cortex) thickness [15]. Another study revealed that a 
thicker cortex was correlated with a smaller

amount of dopamine release while cortical thickness is also 
related to drug-induced striatal dopamine release. However, in 
various disease states, alterations in both striatal dopamine and 
thickness of the frontal cortex have been observed [16]. While 
cortex thickness remains different individually and it is not 
investigated in this study, its association with dopamine release 
further affects the vividness of dreams. In this study, dopamine 
and vividness of dream show positive correlations. Potential 
further investigations could measure striatal dopamine and the 
thickness of the frontal cortex in combination with dream 
surveys in healthy participants; as an extrapolation of the 
present research.

Future directions

CONCLUSION
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