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Omega-3 long-chain polyunsaturated fatty acid and sleep: a
systematic review and meta-analysis of randomized controlled
trials and longitudinal studies

Ying Dai ® and Jianghong Liu

Context: Omega-3, a long-chain polyunsaturated fatty acid (LC-PUFA), may help
promote healthy sleep outcomes. However, evidence from randomized controlled
trials are inconclusive. Objective: The objective of this systematic review and meta-
analysis was to explore the impact of omega-3 LC-PUFA supplementation and re-
lated dietary intervention in clinical trials as well as omega-3 LC-PUFA exposure in
longitudinal studies on human’s sleep-related outcome. Data Sources: The
PubMed, EMBASE, Cochrane Library, CINAHL, and AMED databases were searched
from inception to November 2019. Randomized controlled trials, clinical trials that
included a control group, and longitudinal studies that reported the intake of
omega-3 LC-PUFA and sleep-related outcomes were included. Study Selection: A
total of 20 studies with 12 clinical trials and 8 longitudinal studies were identified
for inclusion. Data Extraction: Participant characteristics, study location, interven-
tion information, and sleep-related outcome measurements were reported. Included
studies were appraised with Cochrane risk-of-bias tools and the Newcastle-Ottawa
Scale. Weighted mean differences (WMDs) and 95%Cls were pooled with fixed or
random effect models. Results: Omega-3 LC-PUFA may improve infants’ sleep or-
ganization and maturity. It reduced the percentage of infants’ active sleep
(WMD = -8.40%,; 95%Cl, —14.50 to -2.29), sleep-wake transition (WMD = —1.15%;
95%Cl, -2.09 to -0.20), and enhanced the percentage of wakefulness
(WMD = 9.06%; 95%Cl, 1.53-16.59) but had no effect on quiet sleep. Omega-3 re-
duced children’s total sleep disturbance score for those with clinical-level sleep
problems (WMD =-1.81; 95%Cl, -3.38 to —0.23) but had no effect on healthy
children’s total sleep duration, sleep latency, or sleep efficiency. No effectiveness
was found in adults’ total sleep duration, sleep latency, sleep efficiency, sleep qual-
ity, or insomnia severity. Conclusion: Omega-3 LC-PUFA may improve certain
aspects of sleep health throughout childhood. Additional robust studies are war-
ranted to confirm the relationship between omega-3 LC-PUFA and sleep.
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INTRODUCTION

Diet and nutrient implications on sleep have recently
received much attention. Two systematic reviews dem-
onstrated that macro- and micronutrients, energy in-
take, and dietary pattern affect healthy sleep."”
Observational studies have shown that higher propor-
tions of carbohydrate and fat intake,” lower consump-
tion of foods in the Mediterranean diet,* and
deficiencies in micronutrients, including vitamin By, fo-
late, iron, zinc, and magnesium, are associated with
shorter sleep duration and poorer sleep quality.>°
Experimental studies have shown that carbohydrate-
based, high-glycemic-index meals result in significant
shortening of sleep latency in healthy populations,” and
an early introduction of solid foods into infants’ diet
can facilitate longer sleep duration, fewer awakenings at
night, and reductions in parent-reported sleep
problems.®

Among various nutrients, the role of omega-3
long-chain polyunsaturated fatty acids (LC-PUFAs) on
sleep has been increasingly studied, and different lines
of evidence demonstrate the contribution of omega-3
LC-PUFA to sleep health. Animal studies have shown
that omega-3 LC-PUFA may be involved in regulating
the composition of melatonin and maintaining the
structure of neuronal membrane, both of which are es-
sential for sleep onset and sleep maintenance.””'* These
results are further reflected in human studies across var-
ious study designs. Observational studies show that
consuming omega-3 LC-PUFA supplement and a diet
rich in omega-3 LC-PUFAs (eg, fatty fish) is associated
with earlier sleep onset, longer weekend sleep duration,
and better sleep quality.">”"” Finally, intervention stud-
ies suggest omega-3 LC-PUFAs can improve sleep dis-
turbances and overall sleep quality.'®'” The findings
have been shown in children'® and adults."”

Sleep is essential for maintaining daily functioning
and good health and well-being across the lifespan.
Poor sleep is associated with a higher risk of incident
cardiovascular disease,”® disrupted glucose metabo-
lism,”! and even obesity in children** and adults.” Tt
also has negative effects on cognition, including de-
creased alertness and attention®*** and poor school per-
formance in children.”**” The prevalence of poor sleep
is reported to be 10% in infants and toddlers,”® 20% in
preschool children,”” 62% in school-aged children,”
26.0% to 28.3% in adolescents and young adults,”’ and
13.1% among older adults.”> A person’s sleep health can
be detected through several sleep outcomes, including
total sleep duration (TSD), sleep latency (SL), sleep effi-
ciency (SEff), and self-reported sleep quality (SQ),>
where TSD refers to the total sleep time between sleep
onset and offset,>* SL refers to the time a person takes

848

to fall asleep, and SEff is calculated as the total sleep du-
ration divided by time spent in bed.'® Self-reported SQ
is a person’s judgement of his or her sleep experience
based on a series of parameters including TSD, feeling
refreshed upon waking, and mood and daytime func-
tioning, among others.”® Given the high prevalence of
sleep problems across the lifespan and its detrimental
effects on health, targeted interventions to improve
sleep outcomes are warranted.

Although findings of the aforementioned studies
suggest omega-3 LC-PUFA is a potentially promising
nutrient supplement to improve adults’ and children’s
sleep outcomes, inconsistent results have been found in
other observational and experimental studies. Several
clinical trials have shown that omega-3 LC-PUFA does
not improve the sleep quality of adults with chronic in-
somnia or sleep disturbances in women with meno-
pause.®” These mixed results may be due to
methodological differences in study design, population,
or measures. Thus, whether omega-3 LC-PUFA supple-
mentation could improve sleep-related outcomes war-
rants additional investigation. Our aim for this
systematic review and meta-analysis was to explore
omega-3 LC-PUFA supplementation and dietary inter-
vention in clinical trials and omega-3 LC-PUFA expo-
sure in longitudinal studies on sleep-related outcome in
humans.

Table 1 PICOS criteria for inclusion of studies

Parameter Inclusion criteria
domain
Population  The general population: neonates/infants, chil-

dren, and adults, regardless of health status
Intervention/ Omega-3 LC-PUFA supplements with or with-

exposure out other nutrients (regardless of formula-
tion [ie, capsule, pills, or syrup]), or diet rich
in omega-3 LC-PUFAs
Comparator  Placebo, standardized diet, or no intervention.
Outcome Objective sleep-related outcomes, including

total sleep duration, sleep latency, sleep effi-
ciency, infant active sleep, sleep-wake tran-
sition, wakefulness, and quiet sleep, among
others
Subjective sleep-outcome information, including

sleep quality, insomnia severity, sleep distur-
bance, among others, reported via
questionnaire

Study design Randomized controlled trials, clinical trials that
included a control group, or longitudinal
studies that investigated the impact of
omega-3 LC-PUFA or diet rich in omega-3
LC-PUFA on sleep-related outcomes in
humans

Abbreviation: LC-PUFA, long-chain polyunsaturated fatty acid.
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METHODS

This review follows the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines
(Appendix S1 in the Supporting Information online).*®
The protocol of this study was registered with the
International Prospective Register of Systematic
Reviews (registration no. CRD42020156826). The re-
search question was defined using the Population,
Intervention, Comparator, Outcomes, and Study design
criteria (Table 1).

Data sources and search strategy

After consulting with a librarian, the PubMed, EMBASE,
Cochrane Library, CINAHL, and AMED databases were
searched from inception to November 2019. The search
strategy of PubMed was as follows: ((((“fish”[All Fields]
OR “fish oils”[MeSH Terms] OR (“fish”[All Fields] AND
“oils”[All Fields]) OR “fish oils”[All Fields] OR (“fish”[All
Fields] AND “oil’[All Fields]) OR “fish oil”[All Fields])
OR “Fish Oils”[Mesh]) OR (“fatty acids, omega-3”[MeSH
Terms] OR (“fatty”[All Fields] AND “acids”[All Fields]
AND “omega-3"[All Fields]) OR “omega-3 fatty
acids”[All Fields] OR “omega 3 fatty acids”[All Fields]))
OR “Fatty Acids, Omega-3”"[Mesh]) OR “Fatty Acids,
Unsaturated”[Mesh] AND ((((“sleep”[MeSH Terms] OR
“sleep”[All Fields]) OR “Sleep”[Mesh] OR “circadian
rhythm”[All Fields]) OR (“circadian rhythm”[MeSH
Terms] OR (“circadian”[All Fields] AND “rhythm”[All
Fields]) OR “circadian rhythm”[All Fields])) OR
“Circadian rhythm”[Mesh]). The search strategy was
adapted according to the indexing systems of other data-
bases. No language or study design filters were used in
the initial search to enhance the comprehensibility of the
literature search. Reference lists of included studies and
existing systematic reviews were screened for additional
relevant studies. One key author was contacted for sleep
outcome data that were not reported in their published
paper but was relevant to this review.

Two rounds of screening were conducted. First, 2
reviewers independently screened the titles and abstracts
of acquired articles for eligibility. Relevant articles that
were in line with the inclusion criteria were included for
full-text screening. Articles that were evaluated as rele-
vant after 2 rounds of screening were included for data
extraction and quality appraisal. Disagreements between
the 2 authors were resolved by discussion.

Inclusion criteria
Randomized controlled trials (RCTSs), or clinical trials

that included a control group, and longitudinal studies
that investigated the impact of omega-3 LC-PUFA or
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diet rich in omega-3 LC-PUFA on sleep-related out-
comes in humans were included. The main components
of omega-3 LC-PUFA—eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA)—either singly or
mixed, were included. Multiple papers generated from
the same data source were reviewed and only relevant
data were included.

Exclusion criteria

Reviews, conference proceedings, and studies with out-
come measurements focusing on sleep apnea were ex-
cluded. Non-English-language papers were also
excluded because of lack of time and funding to use
professional translations.

Data extraction

A standardized data extraction form was developed that
included the following information: year of publication,
country, study design, age and sex of participants, num-
ber of participants included for analysis, content of in-
tervention and control, duration of intervention, time
of follow-up, and sleep outcome measurements. The
primary outcomes were TSD, SL, SEff, and SQ; other
sleep-related outcomes were considered secondary
outcomes.

The statistical data on primary and secondary out-
comes in each study were extracted and transcribed
into an Excel spreadsheet (Microsoft, Redmond, WA)
by 1 author (Y.D.) and double checked by another au-
thor (J.L.). Two outcome measurements (ie, TSD and
SL) in the included studies were presented in hours or
minutes, and those presented in hours were converted
into minutes. The following data were also extracted to
the spreadsheet when reported: the number of partici-
pants at baseline and included for analysis in each
group, baseline and end point outcome measures and
their variability (ie, reported as standard deviation [SD],
standard error of the mean, or 95% CI), and both
within and between groups.

Study quality

Randomized controlled studies were assessed by the
Cochrane risk-of-bias tool, which appraises the quality
of RCTs from 6 domains of potential biases.”” The qual-
ity of cohort studies was evaluated by the Newcastle-
Ottawa Scale, which evaluates the quality of cohort
studies from 3 dimensions: selection, comparability,
and exposure.*
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Data analysis

Because of the heterogenous nature of sleep-health out-
comes among different age groups, only the results of
participants in the same age group were combined. The
weighted mean difference (WMD) was pooled as the ef-
fect size of omega-3 LC-PUFAs on each continuous
sleep outcome. When the included studies did not di-
rectly report the means and their corresponding stan-
dard deviations but reported medians and quantiles or
means with confidence intervals, the means and stan-
dard deviations were calculated following the recom-
mendations of the Cochrane Handbook for Systematic
Reviews of Interventions.” Heterogeneity and variation
in the pooled estimations were computed by
Cochrane’s Q test and P, respectively, with P < 0.1 con-
sidered statistically significant. Following the recom-
mendations of the Cochrane handbook, when
considerable heterogeneity was found (ie, I* > 75% and
P <0.1), the pooled estimate is not presented.”

The statistical synthesis was conducted with Stata,
version 14 (Stata Corp, College Station, TX). The
“metan” syntax was used to pool the effect sizes. Two
studies were conducted by the same research team in
the same geographic area reporting the same outcome
measurements.*** It was assumed the samples in the 2
studies were from the same population, and thus the ef-
fect sizes were pulled by the fixed-effect model.”> The
effect sizes of other studies were pooled by the random-
effects model. Originally, subgroup analysis was
planned on the basis of participants’ age range and type
of disease when considerable heterogeneity was present
(P < 0.1). However, because of limited included studies
(n <2) in each subgroup, it was not appropriate to con-
duct subgroup analysis. Similarly, because there were
few included studies (n < 3) in each sleep outcome, sen-
sitivity analysis and publication bias analysis were not
suitable. Narrative synthesis was conducted when statis-
tical synthesis was not appropriate.

_5 Articles identified through Additional articles identified
IS database searching through other sources
€ (n = 865) (n=13)
3
e,
Duplicates removed
=] (n=21)
2
Anlc(fis&%l?ned —>> 759 articles excluded
2
E .
g Fu”:se;etsas;tédes Articles excluded based on
for eligibility ™ duplication, or no control group
5 :989} (n = 69)
=
@
o
= Studies included
= for synthesis
(n=20)

Figure 1 Flow diagram of the literature search process.
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RESULTS
Study characteristics

A total of 869 papers were retrieved from the literature
search. After removing duplicates and initial screening
of titles and abstracts, 89 papers were included for full-
text screening. From this group, 69 papers were ex-
cluded because of their irrelevance to the topic of this
study, lack of control group, or lack of sleep-related out-
comes. Thus, 20 studies (n=12 RCTs; n=28 cohort
studies) were included for quality appraisal and data
synthesis (Figure 1). Two articles**** reported the
results of 1 study; only results relevant to the current
systematic review were included. The included studies
were conducted in the United States*"**>**™* (n=10),
Europe'®*°* (n=6), and Asia'®*>’ (n=4). Five
studies focused on infants and toddlers (0-3 years old),
among which 2 studies*"** focused on the impact of
maternal omega-3 LC-PUFA intake on neonates’ sleep
outcome. Five studies focused on children (3-18years
old),'#°03456:57 and the other 10 studies focused on
adults (> 18years old).'****7~#»>1:>358-60 The primary
research aims of only 4 RCTs'®*****" and 5 cohort
studies*>**7>°*>% were to investigate the relationship
between omega-3 LC-PUFA and sleep outcomes. The
characteristics of included RCTs and cohort studies are
listed in Table2 841:4446-49,nq Table 3, *25275456:58-

Orespectively.

Intervention or exposure

The intervention or exposure for infants and toddlers
involved omega-3 LC-PUFA-intake by pregnant
women)*"*>** and interventions directly targeting
infants themselves (ie, daily intake of DHA and arachi-
donic acid [AA] supplementation).46 Children and
adults received capsules that contained various compo-
sitions of LC-PUFA supplementation (DHA,* or DHA
plus AA,>' or DHA plus EPA™®) or meals rich in
omega-3 LC-PUFA.*»>%%

The interventions or exposures varied in terms of
dose and duration. The daily intake dose of omega-3
LC-PUFA for infants and children in the included
RCTs ranged from 300 mg*® to 1800 mg,>* and the du-
ration lasted from 70 days®” to 180 days.*® Adults’ daily
intake dose of omega-3 LC-PUFA supplementation
ranged from 220 mg®' to 2500 mg,*” and the duration
ranged from 21 days™ to 180 days.*® The proportion of
omega-3 LC-PUFA and other nutrients contained in
daily diet was measured by a self-reported food fre-
quency questionnaire.”>>*%
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Sleep outcome measurement

Objective measurements (via actigraph and wearable
devices) and subjective measurements, including self-
reported questionnaires and sleep diaries, were used to
evaluate participants’ sleep outcomes. Three studies
used actigraphs'®*"** and 1 study used a wearable de-
vice®® to detect participants’ physical activities and body
temperature, respectively, and transferred these data
into sleep outcomes with a specific algorithm. Only 1
study used both actigraphy and parent-report question-
naires to measure children’s sleep outcomes.'® The
Brief Infant Sleep Questionnaire®® and the Child Sleep
Habits Questionnaire (CSHQ)'®*® were used to mea-
sure infants’ and children’s sleep disturbance, SL, sleep
onset time, among other parameters. The Pittsburgh
Sleep Quality Index (PSQI),**®* the Epworth
Sleepiness Scale,”” and the Insomnia Severity Index
(ISD)*** were used to measure adults’ SQ, daily sleepi-
ness, and severity of insomnia, respectively. Two studies
used a 5-point Likert scale to rate participant SQ.">*’

Quality of included studies

The included RCTs were generally of high quality, with
most having low risk of selection bias, performance
bias, and detection bias (Table 4). Two cohort studies
were evaluated as high quality,”>*° and the other 6 stud-
ies were evaluated as moderate quality (Table 3).

Neonate sleep indicators measured with the motility
monitoring system

141 142

Judge et al®* and Cheruku et al** used the same nonin-
trusive motility monitoring system to obtain neonates’
sleep data during the first and second day after birth.
The pooled results showed that on the first day after
birth, neonates in the intervention or higher exposure
group (hereafter, the intervention group) had less active
sleep (measured as a percentage) compared with the
control or low-exposure group (hereafter, the control
group; WMD, -4.86%; 95%CI, -9.30 to -0.42;
P=0.032; I’=23.6%), but no significant differences
were found in terms of the percentages of quiet sleep
(WMD, 2.74%; 95%CI, -2.04 to 7.53; P=0.133;
PP =64.9%), sleep-wake transition (WMD, -0.30%;
95%CI, -1.06 to 0.47; P=0.445; I*’=0), and wakeful-
ness (WMD, 1.80; 95%CI, -3.34 to 6.93; P=0.492;
=0 Figure 2A).4142

On the second day after birth, neonates in the in-
tervention group had less active sleep (WMD, -8.40%;
95%CI, -14.50 to -2.29; P=0.007; I*=89.2%), less
sleep-wake transition (WMD, -1.15%; 95%CI, -2.09 to
-0.20; P=0.017; F=52.1%), and more wakefulness
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Table 4 Risk of bias of included randomized controlled trials

No. Reference (year) Risk level
Random sequence Allocation Performance Attrition Detection Reporting
generation concealment bias bias bias bias
1 Judge et al (2012)"' Low Low Low Low Low Low
2 Boone et al (2019)* Low Low Low Low Low Low
3 Hysing et al (2018)*° Unclear Unclear Unclear Low Unclear Low
4 Montgomery et al (2014)'®  Low Low Low Low Low Low
5 Yehuda et al (2011)*’ High High Low Low Unclear Low
6 Yehuda et al (2005)"° High High Low Low Unclear Low
7 Dretsch et al (2014)* Low Low Low Low Low Low
8 Hansen et al (2014)* Low Unclear Unclear Low Low Low
9 Watanabe et al (2018)>° Low Low Low Low Low Low
10 Doornbos et al (2009)°" Low Low Unclear Low Low Low
11 Judge et al (2014)*° Low Low Low Low Low Low
12 Cohen et al (2014)* and Low Low Low Low Low Low
Reed et al (2014)%
A
%
study M1 Meani s M2 Mean2 sD2 WMD (95% CI) Weaght
Quiet sheep
Judge et al , 2012 [41] 27 1588 51 19 15.14 428 —— 0.74 (-1.97, 3.45) 779
Cherulou et al, 2002 [42] 10 182 5508 7 1248 507 + 572 (061, 10.83) 2n
Sublatal (-squared = 64.9%, p = 0.052) -=<> 1.84 (-0.56, 4.23) 100.00
Active sleap
Judge et al., 2012 [41] 74938 1032 19 5181 1043 g 242 (851, 36T) 53.00
Cheruu et al, 2002 [42] 10 4474 THM T 5236 624 —— T61(1408,1.04) 4700

Subtotal (I-squared = 23.6% p = 0.253) —{:__:‘b— 486(930,042)  100.00

Sleep-wake transition
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Figure 2 Effects of omega-3 long-chain polyunsaturated fatty acid exposure on neonates’ quiet sleep, active sleep, sleep-wake tran-
sition, and wakefulness on (A) first day after birth and (B) second day after birth, measured by motility monitoring systems. Fixed-
effect models were used to calculate the pooled estimate of the differences in means and 95%Cl. Mean, mean sleep duration; WMD,
weighted mean difference. N 1 and N 2 refer to the number of participants in the intervention/exposure group and control group respec-
tively. Mean 1 and Mean 2 refer to the mean sleep duration of the intervention/exposure group and control group respectively. SD1 and SD2
refer to the standard deviation of sleep duration of the intervention/exposure group and control group respectively.

(WMD, 9.06%; 95%CI, 1.53-16.59; P=0.018; terms of the percentage of neonates’ quiet sleep (WMD,
I =81.3%) compared with the control group. There 0.27%; 95%CI, -2.16 to 2.69; P=0.286; I°=12.2%;
were no statistical differences between the groups in Figure 2B).*"*?
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Figure 2 Continued

Children’s total sleep disturbance score

One RCT'® and 1 cohort study’® used the CSHQ to
measure children’s sleep disturbances and found an in-
consistent relationship between omega-3 LC-PUFA in-
take and children’s total sleep disturbance score.
Montgomery et al'® found no statistically significant
difference in the change of total sleep disturbance scores
between the omega-3 LC-PUFA group and control
groups in the school-aged children in general
(P=0.495), whereas omega-3 LC-PUFA supplementa-
tion was effective in a subgroup of children with
clinical-level sleep problems (total CSHQ scores > 41;
P=0.049)."® The children recruited in the cohort study
reported total CSHQ scores > 41 in all groups, and the
researchers found that a greater amount of fish con-
sumption (>2-3 times/mo) was associated with fewer
sleep disturbances.”® Only children with CSHQ scores
> 41 were included to pool the effect size. The result
showed that children with clinical-level sleep problems
who received omega-3 LC-PUFA intervention or expo-
sure had a lower sleep disturbance score (WMD, -1.81;
95%CI, -3.38 to -0.23; P=0.025 I"=36.7%;
Figure 3).'%°
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Total sleep duration

Five RCTs'®***%%5! reported a total of 679 partici-
pants’ TSD, among which 1 study®® found that infants
(aged 10-16 mo) in the control group had longer TSD
than those in the intervention group (738 =108 and
726 = 108 min, respectively; P=0.32). The other 4 stud-
ies generally found the intervention group had longer
TSD than the control group, although the differences
were not statistically significant. The pooled effect size
by the random-effects model showed no statistical dif-
ference between the omega-3 LC-PUFA intervention
group and control group in children (WMD, 11.07;
95%CI, -0.57 to 22.71; P=0.062; I*=0; Figure 4A)
and'®,” adults (WMD, 10.79; 95%CI, -11.62 to 33.20;
P=0.345; I* = 0; Figure 4B).*,”!

Two longitudinal studies reported the relationship
between omega-3 LC-PUFA intake and sleep dura-
tion.”* Kocevska et al”® (2016) analyzed the subtypes
of macronutrients eaten by toddlers and found that
replacing saturated fats with unsaturated fats was asso-
ciated with 5minutes (95%CI, 2-8) longer nighttime
sleep duration in toddlerhood. Christian et al*’ col-
lected sleep duration data via a self-reported

859



Omega-3 group Contrad group

shudy nl Mean1 s 2 Mean? sDz

WMD {95% C1) Weight

Moregomery at al (2014} [18] 94 4304 GGG 04 440R 500

Livetal (2017) [55] 452 4239 627 89 4408 79

0.98 (279, 0.83) 4477

Owverall (l-squared = 36.7%, p = 0.209)

NOTE: Weights are from random effects analysis

250 (433, -0.85) 5123

1.80(-3.38, -023) 100.00

Figure 3 Effects of omega-3 long-chain polyunsaturated fatty acid on children’s sleep disturbance evaluated with the Children’s
Sleep Habits Questionnaire (CSHQ). A random-effects model was used to calculate the pooled estimate of the differences in means and
95%Cl. Weights are from random-effects analysis. In the Liu et al study,*® 3 groups were reported (ie, children who never or seldom ate fish,
children who sometimes ate fish, and children who often ate fish). The latter 2 groups were combined as 1 group of children with higher lev-
els of omega-3 exposure. Mean, mean CSHQ score; WMD, weighted mean difference.

questionnaire and found that higher DHA levels were
associated with longer sleep duration in pregnant
women (P=10.019).

Sleep latency

Two RCTs reported the SL (in minutes) in children.'®>°
The pooled effect size showed no difference between
omega-3 LC-PUFA effect in the intervention group and
control group (WMD, -3.93; 95%CI, -8.66 to 0.79;
P=0.103; = 0; Figure5). Only'®, 1 RCT reported the
SL in adults and found no main effect between the inter-
vention and control groups (F=0.1980; P= 0.66).%8
However, a post hoc test showed that there was a signifi-
cant SL increase between pre- and postintervention tests in
the control group but not in omega-3 LC-PUFA group
(P=0.04; Cohen d = 0.60)."® Only 1 included cohort study
reported SL; the researchers found that a higher DHA-to-
AA ratio was associated with shorter SL in pregnant
women (P=0.033) when potential covariates were ad-
justed, including maternal age, race, education level, house-
hold income, and body mass index before pregnancy.”
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Sleep efficiency

Four RCTs including a total of 377 participants
reported SEff as an outcome.'®*®°>*! Only 1 study'®
found slightly higher SEff in the omega-3 LC-PUFA
and control groups after intervention (increase of 9%
and 1%, respectively; t=2.000; P=0.052), whereas the
3 other studies all reported negative change in SEff in
both groups after intervention.***>*' The pooled results
showed no difference in SEff improvement between
children (WMD, 0.022; 95%CI, -0.021 to 0.065;
P=0.313; I’=65.6%; Figure 6A) and'®,”° the adult
population (WMD, -0.45; 95%CI, -2.81 to 1.91;
P=0.708; I* = 0; Figure 6B).*,”!

Meanwhile, only 1 cohort study explored the rela-
tionship between DHA exposure and pregnant women’s
SEff.>” The researchers found that after adjusting cova-
riates including age, race/ethnicity, education, annual
household income, gravidity, parity, and prepregnancy
body mass index, a higher DHA-to-AA ratio was associ-
ated with better SEff (P = 0.026).>°
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Figure 4 (A) Effect of omega-3 long-chain polyunsaturated fatty acid exposure on (A) children’s and (B) adults’ total sleep duration
(minutes). A random-effects model was used to calculate the pooled estimate of the differences in means and 95%Cl. Weights are from ran-
dom-effects analysis. Mean, mean of sleep duration; WMD, weighted mean difference.
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Figure 5 Effects of omega-3 long-chain polyunsaturated fatty acid intervention on children’s sleep latency (minutes). A random-
effects model was used to calculate the pooled estimate of the differences in means and 95%Cl. Weights are from random-effects analysis.

Mean, mean of sleep latency; WMD, weighted mean difference.

Sleep quality

Only 1 RCT explored the SQ of children with attention
deficit hyperactivity disorder, measured with a 5-point
Likert scale.”” The researchers found significant im-
provement in the omega-3 LC-PUFA group
(mean * SD: omega-3 LC-PUFA group [n =40 partici-
pants], 3.8 = 0.7; vs control group [n = 38 participants],
1.4 * 0.8; no P value was reported in the article).””
Adult participants’ SQ was measured with either
the PSQI or on a 5-point Likert scale. Two RCT's used
the PSQI to evaluate adults’ SQ and both reported a de-
crease in the PSQI total score after intervention, indi-
cating participants in both the intervention and control
groups had improved SQ, although not statistically sig-
nificantly (P=0.663 and 0.093, respectively).***” The
pooled PSQI total score using the random-effects model
showed no difference between the 2 groups (WMD,
-0.25; 95%CI, -0.89 to 0.39; P = 0.439; I* = 0; Figure 7).
In*** 2 other RCTs, researchers measured adults’ SQ
on a 5-point Likert scale.'™** Hansen et al** found no
difference in SQ between the omega-3 LC-PUFA group
(mean =SD: 352*0.6) and control group
(mean = SD: 3.41 = 0.8) after intervention (P = 0.50)."®
Yehuda et al'® reported improved SQ in children with
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attention deficit hyperactivity disorder who received
omega-3 supplementation (mean * SD: 3.6 = 1.0) com-
pared with children received placebo (mean = SD:
1.8 = 1.1). Because of the high heterogeneity (I* > 75%)
in the 2 studies, the effect size is not presented.

Insomnia severity index

Two RCTs assessed adult participants’ insomnia sever-
ity with the ISL**** Watanabe et al’® collected partici-
pants’ outcome at multiple times, whereas Cohen et al**
only collected outcomes at week 12 after the interven-
tion. To make the outcomes in these 2 studies compara-
ble, only the follow-up data at week 13 in the Watanabe
et al study” were included for comparison. The pooled
result showed that the change of the insomnia severity
had no significant difference between the intervention
and control groups (WMD, 0.35; 95%CI, -0.62 to 1.33;
P=0.475; I* = 58.5%; Figure 8). No*!,*® included longi-
tudinal studies measured participants’ ISIL.

DISCUSSION

In this meta-analysis, we investigated the role of omega-
3 LC-PUFA in human sleep outcomes. Overall, omega-

Nutrition Reviews® Vol. 79(8):847-868
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Figure 6 (A) Effects of omega-3 long-chain polyunsaturated fatty acid exposure on (A) children’s and (B) adults’ sleep efficiency (%).
A random-effects model was used to calculate the pooled estimate of the differences in means and 95%Cl. Weights are from random-effects
analysis. Mean, mean sleep efficiency; WMD, weighted mean difference.
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Figure 7 Effects of omega-3 long-chain polyunsaturated fatty acid exposure on adults’ sleep quality, measured with the Pittsburgh
Sleep Quality Index. A random-effects model was used to calculate the pooled estimate of the differences in means and 95%Cl. Weights are
from random-effects analysis. Mean, mean Pittsburgh Sleep Quality Index score; WMD, weighted mean difference.
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Figure 8 Effects of omega-3 long-chain polyunsaturated fatty acid exposure on adults’ Insomnia Severity Index score. A random-
effects model was used to calculate the pooled estimate of the differences in means and 95%Cl. Weights are from random-effects analysis.

Mean, mean Insomnia Severity Index score; WMD, weighted mean difference.
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3 LC-PUFA may benefit certain aspects of sleep health
throughout childhood. Maternal intake or exposure to
omega-3 LC-PUFA during pregnancy improve infants’
sleep maturity and organization. Specifically, it reduced
infants’ active sleep and sleep-wake transition and en-
hanced wakefulness on their second day of age but had
no effect on quiet sleep. Furthermore, omega-3 reduced
total sleep disturbance score for children with clinical-
levels of sleep problems but had no effect on healthy
children’s TSD, SL, or SEff. For the adult population,
no effectiveness was found in TSD, SL, SEff, SQ, or in-
somnia severity.

Neonate sleep indicators measured with the motility
monitoring system

Neonates’ sleep architecture has its unique characteris-
tics in that it includes a total of 10 behavioral states and
acts in complex and dynamic ways to influence the neo-
nates’ response to external stimuli.®! In infancy, active
sleep and quiet sleep can be observed as rapid eye
movement sleep and nonrapid eye movement sleep, re-
spectively,’” and sleep-wake transition indicates the du-
ration a neonate needs to shift from the sleep state to
the awake state.°' The pooled results based on 2 studies
showed that on the second day of age, neonates in the
omega-3 LC-PUFA intervention group had significantly
less active sleep, less sleep-wake transition, and more
wakefulness than control groups.

It is noteworthy that the intervention or exposure
to omega-3 in these 2 studies targeted mothers.*"**
Fetuses and neonates rely on maternal transfer of fatty
acids through the placenta and human milk. However,
studies have shown that genetic control, namely the
fatty acid desaturase genotype, contributes to maternal
transfer of DHA regardless of dietary intake.®>** A re-
cent systematic review found that the fatty acid desatur-
ase genotype can affect infants’ PUFA status and their
neurodevelopmental outcome.®® Given the short follow-
up duration (ie, only after the immediate birth of the
neonates) and the uncertain interacting direction be-
tween epigenetic programming and diet, the pooled
results of omega-3 LC-PUFA effect on neonatal sleep
outcomes should be considered with caution.

Children’s sleep disturbances

Omega-3 LC-PUFA intervention or exposure can re-
duce the sleep disturbance score in children with
clinical-level sleep problems. This is in line with the
findings of another observational study in which child-
ren’s erythrocyte omega-3 PUFA was inversely associ-
ated with Chinese children’s and adolescents’ sleep
disturbance prevalence.66 However, the inconsistent
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effectiveness of omega-3 LC-PUFA intervention on
children with or without clinical-level sleep problems
found in the included RCT'® suggests omega-3 LC-
PUFAs may be effective mainly for reducing sleep dis-
turbance in children with more severe sleep problems.
The moderating effect of the fatty acid desaturase geno-
type on children’s neurocognitive outcomes® may be
another possible reason that omega-3 LC-PUFA only
benefited certain groups of children.

TSD and SL

The impact omega-3 LC-PUFA has on humans’ TSD
and SL is inconsistent between observational studies
and RCTs. The longitudinal studies included in this
meta-analysis suggest both a positive association be-
tween omega-3 LC-PUFA or fish consumption and
sleep duration and SL, which is in line with findings
from other cross-sectional studies.!**”°® However, the
pooled results of the included RCTs showed no causal
relationship between omega-3 LC-PUFA and TSD or
SL in both child and adult populations. One potential
reason is that other factors, such as the genetic poly-
morphisms within the fatty acid gene cluster and elon-
gation of very-long-chain fatty acids family, can
influence LC-PUFA accumulation in human body.*
Another possible reason is that the included studies did
not take in account other nutrient statuses that could
influence sleep outcomes. Studies have shown that dif-
ferent micronutrient statuses and the proportion of
macronutrient intake can influence sleep duration.”*”!
Thus, additional investigation with more consideration
of wider potential confounding factors is needed.

Sleep efficiency

The effect of omega-3 LC-PUFA intake on SEff is in-
consistent within the included RCTs in this study. One
possible reason is that most included studies only used
self- or parent-reported questionnaires to collect data
on participants’ sleep duration and total time spent in
bed, which can yield inaccurate information due to re-
call bias regarding time to fall asleep, because one can-
not know the exact time one loses consciousness and
falls asleep. The only RCT that used both the actigraph
and parent-reported questionnaire to collect children’s
sleep data found inconsistencies between subjective and
objective data, which proved somewhat the inaccuracy
of self-reported data in sleep.'® Another possible reason
is the relatively short duration of the intervention in
healthy participants with normal omega-3 LC-PUFA
blood levels at baseline, which could limit the effect of
the intervention.>
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Sleep quality

Adults’ SQ reveals controversial results, as well.
Although several cross-sectional studies reported that
improved SQ (assessed by PSQI) is associated with
omega-3 LC-PUFA consumption,'>”* the pooled results
in the current study revealed no effectiveness of omega-
3 LC-PUFA on adults’ SQ. Meanwhile, the high hetero-
geneity in the 2 studies'*** using a single 5-point Likert
scale to assess adult SQ prevented us from pooling the
estimated effect size. The conclusion between these 2
studies remained inconsistent. One study*® reported no
difference between the omega-3 LC-PUFA intervention
and control groups, whereas another study reported
higher SQ in the omega-3 LC-PUFA group.'” The in-
consistency may result from different SQ evaluation
tools, limited intervention duration, and sample charac-
teristics and size.*”

Insomnia severity

One RCT that reported adults insomnia severity
recruited female nurses** and another recruited women
in peri- or postmenopause’’; the pooled results showed
no effects of omega-3 LC-PUFA intake on improving
the participants’ insomnia severity. It is noteworthy that
the included nurses had a low rate of subthreshold and
clinical insomnia at baseline (ISI score >8 or 15, re-
spectively) and the results showed omega-3 LC-PUFA
intake only was effective in improving the included
nurses’ ISI at 13 weeks postintervention but not at other
times.”> The participants in another study, namely
women in peri- or postmenopause, had more severe ISI
baseline scores (all > 8) and the results showed no ben-
eficial effect of omega-3 LC-PUFA intake on these
women.** Night-shift work can alter human circadian
rhythms”® and different psychological distress during
the menopausal period can mediate insomnia severity.*’
However, the small number of included studies pre-
vented us from adjusting for these potential confound-
ers in the analysis.

Strengths and limitations

This study has several limitations. First, because of the
limited number of included studies, subgroup analysis
based on participant sex and health status was not feasi-
ble to further explore whether omega-3 LC-PUFA in-
take has influences different health statuses. Similarly,
sensitivity analysis was not appropriate to explore het-
erogeneity and publication bias of all outcomes.
Another limitation is that only studies published in
English were included, so there may be language bias.
Despite these limitations, a strengths of this study
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included incorporation of both longitudinal studies and
RCTs, comprehensive literature searches were con-
ducted, and studies of moderate to high quality were
included.

CONCLUSION

In this systematic and meta-analytic review of clinical
trials and longitudinal observational studies in partici-
pants across various age groups, we conclude that
omega-3 LC-PUFA exposure may improve several
aspects of infants’ sleep architecture and reduce the to-
tal sleep disturbance score for children with clinical lev-
els of sleep problems. However, this review did not find
that omega-3 LC PUFA has effect on sleep outcome for
healthy children and adult population. Due to small
number of available studies, the impact of omega-3 LC-
PUFA on humans’ sleep architecture and sleep quality
warrants additional investigation. Future studies should
take into consideration participant health status, nutri-
ent intake, genetic polymorphisms, and psychological
factors, among other potential confounders.
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