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Abstract
Background: Sleep is essential for wellbeing, yet sleep disturbance is a common problem linked to a wide
range of health conditions. Palmitoylethanolamide (PEA) is an endogenous fatty acid amide proposed to
promote better sleep via potential interaction with the endocannabinoid system.

Methods: This double-blind, randomized study on 103 adults compared the e�cacy and tolerability of 8
weeks of daily supplemented PEA formulation (350 mg Levagen+TM) to a placebo. Sleep quality and
quantity were measured using wrist actigraphy, a sleep diary and questionnaires.

Results: At week 8, PEA supplementation reduced sleep onset latency, time to feel completely awake and
improved cognition on waking. After 8 weeks, both groups improved their sleep quality and quantity
scores similarly. There was no difference between groups at baseline or week 8 for sleep quantity or
quality as measured from actigraphy or sleep diaries.

Conclusion: These �ndings support PEA as a potential sleeping aid capable of reducing sleep onset time
and improving cognition on waking.

Trial registration: Australian New Zealand Clinical Trials Registry ACTRN12618001339246. Registered 9th

August 2018, http://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=375493&isReview=true

Introduction
Sleep is essential for mental and physical wellbeing (Chattu et al. 2018; Medic et al. 2017). Having a
properly functioning sleep-wake cycle promotes survival (Worley 2018), adequate energy levels and
normal motor and cognitive functioning (Walker et al. 2003; Kesner et al. 2020). Impaired sleep has been
linked to a number of health consequences (Medic et al. 2017) such as: negative social functioning,
accidents, cardiovascular disease, chronic pain, neurodegenerative disorders, depression, obesity, cancer
and all-cause mortality (Chattu et al. 2018; Medic et al. 2017; Irwin et al. 2015; Krueger et al. 2008;
Mullington et al 2010). An underlying pathogenesis to these health conditions is in�ammation. Poor
sleep quality has been shown to increase in�ammatory mediators, potentially inducing the adverse
physical and cognitive symptoms of sleep loss (Irwin et al. 2015, 2016; Krueger et al. 2008; Mullington et
al. 2010). Poor sleep quality may also increase in�ammation through increased sympathoadrenal
activity, decreased glucose tolerance and neuroendocrine changes (Irwin et al. 2015; Krueger et al. 2008;
Mullington et al. 2010)

The endogenous cannabinoid (endocannabinoid) system regulates numerous circadian processes
including food intake, peripheral metabolism, and body temperature via the suprachiasmatic nucleus
(Vaughn et al. 2010; Ho et al. 2008; Prospero-Garcia et al. 2016; Murillo-Rodriguez et al. 2011) and is
involved in the sleep/wake cycle, (Kesner et al. 2020; Murillo-Rodriguez et al. 2011). The endocannabinoid
system consists of lipid mediators that act upon speci�c receptors, including the nervous system (Kesner
et al. 2020; Prospero-Garcia et al. 2016; Murillo-Rodriguez et al. 2011) It can also in�uence temperature
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regulation, fat storage, mood and behaviour regulation, sensory perception, motor activity, nervous
system modulation, and endocrine and gastrointestinal (GI) function (Vaughn et al, 2010) – all previously
shown to have an effect on sleep (Vaughn et al, 2010). Endocannabinoid signalling follows a circadian
rhythm (Vaughn et al. 2010; Murillo-Rodriguez et al. 2011), such that sleep deprivation could lead to
disruption to this cycle (Vaughn et al, 2010). Developing treatment strategies that target the
endocannabinoid system could be a potential way to manage sleep disorders and disturbances.

Palmitoylethanolamide (PEA), an endogenous fatty acid amide, works synergistically with the
endocannabinoid, anandamide (AEA) (Ho et al. 2008). AEA concentrations are low at sleep onset,
increase during sleep and high at wakening (Vaughn et al. 2010; Ho et al. 2008). It is proposed that
increased AEA signalling could facilitate deep non-rapid eye movement (NREM) sleep through inducing
adenosine release (Prospero-Garcia et al. 2016). However, disturbed sleep is possibly related to impaired
AEA signalling (Vaughn et al. 2010). Therefore, an exogenous dose of PEA could possibly restore
dysregulated AEA signalling and facilitate better sleep. PEA is also proposed to have an effect on sleep
due to its ability to act through transient receptor potential cation channel subfamily V member 1 (TrpV1).
Activation of TRPV1 via increased AEA initiates vasorelaxation through a release of vasodilators (Vaughn
et al. 2010; Zygmunt et al. 1999) and may facilitate sleep (Vaughn et al. 2010; Ho et al. 2008; Ambrosino
et al. 2013; Franco-Cereceda et al. 1989).

Additionally, PEA’s pain-alleviating and anti-in�ammatory properties (Canteri et al. 2010; Evangelista et al.
2018; Chirchiglia et al. 2018; Conigliaro et al. 2011; Dalla Volta et al. 2016; Keppel Hesselink et al, 2012;
Marini et al. 2012) could reduce pain and in�ammation reported to impair sleep (Evangelista et al. 2018).
A study by Evangelista et al found that 600 mg of PEA administered to patients awaiting carpal tunnel
syndrome surgery signi�cantly improved patient’s overall sleep quality, including an increase in
continuous sleep time and a reduction of sleep latency (Evangelista et al. 2018). It was reported that this
was due to its mitigation of pain symptoms in the treatment group encountering neuropathic pain, which
contributed to their poor sleep quality (Evangelista et al. 2018). Such �ndings point to PEA as a potential
option for sleep disorders.

A limitation to PEA’s therapeutic e�cacy is its traditionally poor bioavailability (Gabrielsson et al. 2016).
Levagen+® is a clinically studied PEA formulation utilizing cold-water dispersible (CWD) technology
(LipiSperse) that signi�cantly increases plasma PEA concentrations by approximately 2-fold (Briskey et
al. 2020). Therefore, the aim of this study is to evaluate the e�cacy of Levagen+® (PEA)
supplementation on sleep quality and quantity in healthy adults with sleep pattern disturbance. It is
hypothesised that PEA supplementation one hour prior to sleep onset will improve sleep quality, quantity
and onset time.

Materials And Methods
This study was approved by the Bellberry Ltd Human research and ethics committee (approval number
HREC2018-08-668-A-1) and carried out in accordance with current International Conference on
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Harmonization Guideline for Good Clinical Practice and registered on the Australian New Zealand Clinical
Trials Registry (ACTRN12618001339246). Potential participants were recruited through databases and
mainstream media from Brisbane, Australia and surrounding areas.

Participants
One hundred and twenty-�ve healthy males and females over 18 years of age with a disturbed sleeping
pattern (> 5 on the PSQI) were recruited. Potential participants were screened for inclusion and exclusion
criteria prior to providing written consent for enrolment. Inclusion criteria included: males and females
(females of child-bearing potential being on a prescribed form of birth control), agree not to change
current diet or exercise or use other supplements for sleep disturbances for the study period. Exclusion
criteria included: any unstable or serious illness (e.g. kidney, liver, diabetes), malignancy or treatment for
malignancy within the previous two years, clinically signi�cant in�ammation connective tissue disease or
arthritis, suffered from any mood disorders such as depression and bipolar disorder, any neurological
disorders such as multiple sclerosis, receiving or prescribed over the counter sleep medication or aid
during the trial, diagnosed sleep apnea, diagnosed or consistent gastrointestinal issues that disrupt sleep,
active smokers or those taking nicotine, prescribed drug or illegal substances, chronic past and/or present
alcohol use (> 14 alcoholic drinks per week), regular intake of stimulants (e.g. coffee, caffeine
supplements or caffeine containing beverages) from midday onwards, suffering from insomnia, night-
shift employment or any other such situation that left one unable to have a normal night’s sleep,
disturbed sleeping patterns caused by external factors (e.g. children, partner, noise), allergic to any of the
ingredients in the PEA or placebo formula, pregnant or lactating or any condition or non-medicated
supplement use which in the opinion of the investigator made the participant unsuitable for inclusion.

Participants were randomly allocated to either the placebo or PEA group using random allocation
software (www.sealedenvelope.com), with both the participants and investigators blinded to allocation.

Participants received either 350 mg of PEA (2 x 175 mg Levagen+® capsules) or maltodextrin (2 x 175
mg capsules) taken orally, daily, and with water one hour prior to sleep onset for the study duration (8
weeks). The PEA and placebo product were both housed in opaque capsules and bottles to appear
identical. Trial product was supplied by Gencor Paci�c (Lantau Island, Hong Kong) and manufactured by
Pharmako Biotechnologies (Sydney, Australia).

Intervention
Upon enrolment, participants completed a health assessment including diet, exercise, medication and
medical history, anthropometry measures (weight, height, body mass index, waist/hip circumference),
questionnaires [Global Pittsburgh Sleep Quality Index (PSQI), The Sleep Inertia Questionnaire (SIQ),
Epworth Sleepiness Scale (ESS), Patient Reported Outcomes Measurement Information System
(PROMIS) sleep disturbance, Rand 36-item Health Survey (SF-36) and gastrointestinal tolerance
questionnaire] and provided a blood sample (when possible).

http://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=375493&isReview=true
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Upon completion of baseline measures, participants were randomised and provided with trial product as
well a Consensus Sleep Diary (Carney et al. 2012) and Polar (Kempele, Finland) A370 sleep monitor both
of which were completed/worn for 3 consecutive days/nights at baseline, day 5 and weeks 2, 4, and 8.
During the trial, questionnaires were repeated on day 5 and weeks 2 and 4. Upon completion (week 8), all
baseline measures were again recorded.

Table 1
Outcome Measures

Outcome measure Frequency Tool used

Sleep Quality and Quantity Baseline, day
5, weeks 2, 4 &
8

PSQI, Polar A370 sleep monitor (wrist
actigraphy) and the consensus sleep diary

Sleep onset latency Baseline, day
5, weeks 2, 4 &
8

Consensus sleep diary

Sleep disturbance (waking
during the night or waking too
early)

Baseline, day
5, weeks 2, 4 &
8

Wrist actigraphy, consensus sleep diary and
the PROMIS sleep disturbance questionnaire

Sleep inertia Baseline, day
5, weeks 2, 4 &
8

SIQ and wrist actigraphy

Daytime sleepiness Baseline, day
5, weeks 2, 4 &
8

SIQ and consensus sleep diary

Morning grogginess on waking Baseline, day
5, weeks 2, 4 &
8

SIQ and consensus sleep diary

Daytime nap count and duration Baseline, day
5, weeks 2, 4 &
8

ESS and consensus sleep diary

General quality of life Baseline, day
5, weeks 2, 4 &
8

SF-36

Pathology and Safety markers Baseline and
week 8

Albumin, ALT, AST, GGT, total bilirubin, hsCrp,
IL10, IL6, IL8 and TNFa

Adverse events Continuously Spontaneously reported by the participant or
noticed by a trial supervisor

PSQI = Global Pittsburgh Sleep Quality Index; PROMIS = Patient Reported Outcomes Measurement
Information System; SIQ = The Sleep Inertia Questionnaire; ESS = Epworth Sleepiness Scale; SF-36 = 
Rand 36-item Health Survey; ALT = Alanintransaminase; AST = Aspartate Transaminase; GGT = 
Gamma-Glutamyl Transferase; hsCRP = high sensitivity C-reactive Protein; IL = interleukin; TNF = 
Tumor Necrosis Factor.
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Statistical analysis
A sample size of 100 participants was required, based on the power to detect a change of 2 PSQI points
between the placebo and treatment groups using and effect size: 0.67, Alpha error probability: 0.05,
Power 0.95. Based on an approximate 20% drop-out rate 125 participants were recruited.

Data was analysed with R (Vienna, Austria), using a range of native statistical functions and functions
from the packages tidyverse, rcompanion, dplyr, reshape2, and ggplot. Linear regression slope calculation
for later analysis was performed in Microsoft Excel. Once assessed for normality, differences between
group means were assessed with both Student’s t-test and Mann-Whitney U (non-parametric) tests,
accordingly. Linear modelling via repeated measures ANOVA was carried out to test further the likelihood
of a signi�cant difference between products over the length of the study. Repeated measures
ANOVA/ANCOVA were used to analyze within groups variables from all time points, with and without
covariates. General linear mixed modelling was also performed on participant data to compare the group
dynamics. Results were considered statistically signi�cant if p < 0.05.

Analysis for sleep onset latency was undertaken only for participants where sleep latency was more than
10 minutes at baseline (n = 78 participants).

Results
Of the 125 randomized participants, 103 completed the study (55 PEA and 48 placebo), 16 were lost to
follow up and six dropped out due to adverse events: two in the PEA group (loss of taste and reduced
sleep quality) and four in the placebo group (stomach pain, diarrhoea, dizziness, worse sleep).

No signi�cant differences were observed between the two groups for any baseline demographic data.
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Table 2
Baseline demographic results

  PEA Placebo

Male 25 14

Female 30 34

Waist circumference (cm) 91.6 ± 14.4 89.4 ± 14.0

Hip circumference (cm) 104.6 ± 10.4 104.0 ± 7.9

Heart rate (bpm) 63.2 ± 9.3 62.9 ± 9.3

Height (cm) 171.3 ± 8.2 170.9 ± 10.9

Weight (kg) 79.4 ± 17.6 75.7 ± 17.1

N.B. Data is presented as mean ± standard deviation; PEA = palmitoylethanolamide: bpm = beats per
minute.

 

Sleep quality was rated as moderate for both groups from the PSQI (Buysse et al. 1989) score with no
difference between groups at baseline present. (Table 3). At week 8, both groups had improved their PSQI
scores similarly (Table 3).

Table 3
The Pittsburgh Sleep Quality Index

  PEA Placebo

Baseline 11.2 ± 2.8 11.7 ± 3.3

Day 5 9.0 ± 2.7 9.8 ± 3.4

Week 2 8.2 ± 2.7 8.8 ± 3.3

Week 4 7.8 ± 3.0 8.2 ± 3.4

Week 8 7.6 ± 3.1 7.7 ± 3.6

N.B. Data presented as mean ± standard deviation; PEA = palmitoylethanolamide.

 

There was no signi�cant difference in sleep quantity or quality for actigraphy measurements or sleep
diaries at baseline or 8 weeks between groups (Tables 4 & 5). There was no signi�cant difference for
sleep onset latency (time to fall asleep) at baseline between groups (Table 5). A sub-group analysis
utilising general linear mixed model analysis for individuals with sleep onset > 10 minutes at baseline
showed a signi�cant reduction in sleep onset latency time (total and change) for weeks 4 and 8 in the
PEA group compared with the placebo group (Table 4; Fig. 1; p < 0.05).
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Table 4
Sleep actigraphy data

  PEA Placebo

  Baseline Week 4 Week 8 Baseline Week 4 Week 8

Total Sleep time
(hrs)

7.49 ± 1.1 7.66 ± 1.2 7.58 ± 1.1 7.52 ± 1.2 7.54 ± 1.2 7.48 ± 1.1

Sleep Time (hrs) 7.00 ± 1.0 7.10 ± 1.0 7.03 ± 1.1 6.98 ± 1.2 7.02 ± 1.2 6.97 ± 1.1

Interruptions (min) 34.3 ± 
14.1

32.3 ± 
11.6

32.2 ± 
11.2

32.1 ± 
12.2

31.3 ± 
12.4

30.9 ± 
11.8

Sleep quality (1–5) 2.7 ± 0.6 3.1 ± 0.7 3.1 ± 0.7 2.5 ± 0.7 3.0 ± 0.7 2.9 ± 0.9

Sleep Continuity (1–
5)

3.2 ± 0.9 3.2 ± 0.9 3.2 ± 0.9 3.2 ± 0.9 3.4 ± 1.0 3.3 ± 0.9

Sleep Percentage
(%)

92.4 ± 3.9 92.9 ± 3.0 92.8 ± 2.4 92.8 ± 3.0 91.1 ± 7.5 93.0 ± 2.9

N.B. Data presented as mean ± standard deviation; total sleep time = sleep time + interruptions + sleep
latency; PEA = palmitoylethanolamide.

 
Table 5

Sleep diary data

  PEA Placebo

  Baseline Week 4 Week 8 Baseline Week 4 Week 8

Sleep time (hrs) 6.1 ± 1.5 6.7 ± 1.4 6.7 ± 1.3 6.1 ± 1.5 6.5 ± 1.3 6.5 ± 1.5

Sleep Latencya

(min)
42.8 ± 
42.2

26.8 ± 
26.3*

23.4 ± 
23.1*

36.2 ± 
40.5

34.2 ± 
40.5

30.3 ± 
39.2

Interruptions (n) 3.3 ± 2.1 3.0 ± 2.3 3.3 ± 3.0 3.9 ± 3.8 3.0 ± 3.0 2.9 ± 2.8

Interruptions (min) 41.0 ± 
39.3

29.9 ± 
30.1

35.0 ± 
34.8

35.3 ± 
32.0

31.6 ± 
41.5

32.6 ± 
42.7

N.B. Data presented as mean ± standard deviation; * = signi�cant difference between groups; a = sleep
latency data for participants reporting > 10min at baseline (n = 78); PEA = palmitoylethanolamide.

 

There was no change in sleep disturbance or sleep interruptions as measured by consensus sleep diary,
actigraphy or the PROMIS questionnaire during the study (Tables 4–6). There were no differences in
daytime sleepiness levels (ESS) for both groups throughout the study (Table 6).
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There was a signi�cant difference (p < 0.05) in change from baseline for time to feel completely awake
(sleep inertia) and domain scores for cognition in the PEA group compared to the placebo at week 8. No
other domains were signi�cantly different between groups (Table 6).

Table 6
Data from sleep questionnaires including domain scores

    PEA     Placebo  

  Baseline Week 4 Week 8 Baseline Week 4 Week 8

Epworth Sleepiness Scale 6.5 ± 4.4 4.6 ± 3.8 4.7 ± 4.1 6.7 ± 4.1 4.8 ± 3.9 4.3 ± 4.1

PROMIS 61.5 ± 
6.0

56.8 ± 
6.5

55.3 ± 
6.6

62.2 ± 
6.5

56.5 ± 
6.7

55.1 ± 
9.0

SIQ Total score 45.1 ± 
15.7

36.9 ± 
13.1

37.1 ± 
12.4

45.0 ± 
12.4

37.1 ± 
15.0

36.8 ± 
15.1

SIQ Physiological 15.8 ± 
6.0

12.2 ± 
4.5

12.4 ± 
4.7

16.2 ± 
4.9

12.8 ± 
5.7

12.6 ± 
5.5

SIQ Responses to Sleep
Inertia

13.8 ± 
5.2

12.3 ± 
4.9

11.6 ± 
4.3

14.5 ± 
4.6

12.0 ± 
4.7

12.0 ± 
5.0

SIQ Cognitive 10.5 ± 
4.6

9.0 ± 3.7 8.0 ± 3.2* 9.4 ± 3.0 7.4 ± 3.6 7.8 ± 4.1

SIQ Emotional 4.9 ± 2.6 4.4 ± 2.3 4.2 ± 1.6 4.9 ± 2.3 4.5 ± 2.7 4.8 ± 2.8

SIQ Time to feel completely
awake

25.9 ± 
25.3

18.4 ± 
21.1

14.7 ± 
17.5*

23.6 ± 
23.8

20.4 ± 
20.4

22.4 ± 
25.1

N.B. Data presented as mean ± standard deviation; * = signi�cant difference between groups at p < 
0.05; PEA = palmitoylethanolamide; PROMIS = Patient Reported Outcomes Measurement Information
System; SIQ = The Sleep Inertia Questionnaire.

 

No signi�cant differences either within or between groups were found for any pathology marker or for the
SF-36. All pathology markers were within normal ranges throughout the study. There was no difference
between the placebo and PEA group for compliance (9.7 ± 8.4 and 13.2 ± 9.9 capsules remaining
respectively) or reported gastrointestinal tolerance issues between groups (4 reported cases in the
placebo group).

Discussion
The aim of this study was to evaluate the e�cacy of PEA supplementation on sleep quality and quantity
in healthy adults with sleep pattern disturbance. It was hypothesised that PEA supplementation one hour
prior to sleep onset would improve sleep quality, quantity and onset time. No treatment effect was seen
for the total PSQI score or sleep duration, despite both groups reporting poor sleep at baseline as
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measured by the PSQI. This is due to both groups reporting a reduction in PSQI scores from baseline
scores.

The reduction in PSQI in both groups could be due to a number of possible reasons. One reason may be a
placebo effect. A second possibility is that participants may have become more focussed on measuring
individual aspects their sleep. As such, baseline scores may be in�ated, with participants not having an
accurate re�ection of their sleep behaviour. However, after 8-weeks in the study, participants may have
had an improved recall on the facets of their sleep such that the PSQI total score may have increased in
accuracy.

To accurately measure sleep duration, two methods of sleep measurement were incorporated in the
study. Sleep duration was measured by both consensus sleep diary and wrist actigraphy which were
consistent between measures but overall, slightly lower, though not signi�cant, in consensus diary
reporting (0.3–0.8 hours). Previous research has demonstrated a moderate correlation between diary and
actigraphy measures, with discrepancies higher in groups who have less sleep (Carney et al. 20120;
Hanish et al. 2017). In our study, both groups reported achieving approximately 6–7 hours of sleep per
night. Therefore, it is likely that this study population suffered more from sleep disturbance and high
sleep onset latency rather than lack of sleep duration.

A key �nding of this study indicated that PEA signi�cantly reduced the amount of time to fall asleep in
individuals with sleep latency issues. This reduction in sleep onset latency could be the result of a
number of physiological responses to PEA. An increase in AEA levels via the endocannabinoid system
(Vaughn et al. 2010; Ho et al. 2008), a change in in�ammatory signalling or reduction in pain sensitivity
could all promote faster sleep (Betoni et al. 2013; Di Cesare et al. 2013; Helyes et al. 2003; Costa et al.
2008; LoVerme et al. 2006; Luongo et al. 2013). Sleep disturbance has been linked with in�ammation and
in�ammatory signalling that contributes to possible sleep disturbance (Irwin et al. 2015; Mullington et al.
2010; Irwin et al. 2016). Therefore, a change in in�ammation sensitivity (signalling or receptor activity)
could alter sleep patterns. However, as this trial did not measure AEA concentrations, or �nd any change
in serum cytokines, this is speculative.

PEA supplementation improved the time to feel fully awake and cognition on waking. This is of particular
interest as sleep inertia and daytime grogginess is a common side effect of many pharmaceutical
options for the treatment of sleep disturbance (Miner et al. 2017). The combination of the PEA group
reporting falling asleep faster and waking up feeling more alert and awake compared to the placebo
group, suggests that future studies on PEA and sleep should focus on populations with di�culty getting
to sleep and/or waking up.

A major limitation of this study was that it was disrupted by the COVID-19 pandemic, limiting the number
of participants able to provide blood samples. Therefore, we were only able to measure pathology
markers on a limited number of participants greatly reducing the power of the analysis making it di�cult
to make inferences on the outcomes. Had all participants been able to provide a blood sample, it may
have provided stronger evidence for changes in blood cytokines and supported an anti-in�ammatory
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mechanism. A proposed area of focus for future studies on PEA and sleep would bene�t by having a
studied powered for biochemistry markers such as AEA and in�ammatory cytokines.

Conclusion
Overall, the results of this study support PEA as a potential sleeping aid capable of reducing sleep onset
time in individuals with sleep latency issues and improving cognition on waking. Further studies would
bene�t by speci�cally focusing on sleep latency and/or including participants with severely disturbed
sleep.
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Figure 1

Change in Sleep onset latency (time to get to sleep) over 8 weeks for participants reporting time to sleep
>10 minutes at baseline.


