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Study Objectives: This study investigated the effects of
fatty fish on sleep, daily functioning and biomarkers such
as heart rate variability (HRV), vitamin D status (serum
25-hydroxyvitamin D (25OHD), and eicosapentaenoic acid
(EPA, 20:5n-3) + docosahexaenoic acid (DHA, 22:6n-3) in
red blood cells. Moreover the relationship among sleep, daily
functioning, HRV, vitamin D status, and levels of EPA+DHA
was investigated.
Methods: Ninety-five male forensic patients from a secure
forensic inpatient facility in the USA were randomly assigned
into a Fish or a Control group. The Fish group received Atlantic
salmon three times per week from September to February,
and the Control group was provided an alternative meal
(e.g., chicken, pork, beef), but with the same nutritional value
as their habitual diet, three times per week during the same
period. Sleep (sleep latency, sleep efficiency, actual sleep time,
and actual wake time), self-perceived sleep quality and daily
functioning, as well as vitamin D status, EPA+DHA, and HRV,
were assessed pre- and post-intervention period.
Results: There was a significant increase in sleep latency from

pre- to post-test in the Control group. The Fish group reported
better daily functioning than the Control group during post-test.
Fish consumption throughout the wintertime had also an effect
on resting HRV and EPA+DHA, but not on vitamin D status.
However, at post-test, the vitamin D status in the Fish group
was still closer to the level regarded as optimal compared to
the Control group. Vitamin D status correlated negatively with
actual wake time and positively with sleep efficiency during
pre-test, as well as positively with daily functioning and sleep
quality during post-test. Finally, HRV correlated negatively with
sleep latency and positively with daily functioning.
Conclusions: Fish consumption seemed to have a positive
impact on sleep in general and also on daily functioning, which
may be related to vitamin D status and HRV.
Keywords: fatty fish consumption, EPA, DHA, vitamin D,
sleep, daily functioning, HRV
Citation: Hansen AL, Dahl L, Olson G, Thornton D, Graff IE,
Frøyland L, Thayer JF, Pallesen S. Fish consumption, sleep,
daily functioning, and heart rate variability. J Clin Sleep Med
2014;10(5):567-575.

T

o date, very few studies have investigated the relationship
between dietary habits, nutrient intake, and sleep quality in
humans. Some studies have investigated how sleep may influence nutrition. For example, sleep deprivation has been found
to alter levels of appetite regulating hormones, and short sleep
duration has been associated with greater snack dominance
over meals.1,2 Conversely, studies have also shown that nutrition may have an impact on sleep. For example weight restoration in anorexic patients seems to improve subjective sleep
quality, and meals consumed very close to bedtime are associated with sleep disturbance.3,4 In terms of macronutrients and
micronutrients, some studies have investigated the effects of
protein, carbohydrate, vitamins, and minerals on different sleep
parameters.5-10 However, knowledge about the effects of fatty
fish on sleep is scarce, and it may have important preventive
and clinical implications for different groups of people, e.g.,
institutionalized persons with restricted access to daylight, such
as the elderly, inmates, and forensic patients.
Fatty fish (> 5% fat) is a major dietary source of vitamin
D and the marine omega-3 fatty acids (eicosapentaenoic acid,

BRIEF SUMMARY

Current Knowledge/Study Rationale: Little is known about the relationship between fatty fish consumption and sleep. Fatty fish is the major
dietary source of vitamin D and the marine omega-3 fatty acids. Fatty
fish consumption has been shown to improve biological mechanisms involved in self-regulation, such as heart rate variability (HRV). Thus, fatty
fish consumption may also influence sleep quality and daily functioning. The relationship between fatty fish consumption, sleep, and HRV
remains to be investigated.
Study Impact: Fatty fish seemed to have an impact on sleep and daily
functioning. Sufficient vitamin D status and high HRV seemed to be positively related to the beneficial effects.

EPA, 20:5n-3 and docosahexaenoic acid, DHA, 22:6n-3).11
These nutrients are suggested to play important roles for prevention of physical and mental health problems.12-14 For instance,
Lansdowne and Provost demonstrated that 5 days of vitamin
D supplementation during late winter resulted in an increase
in positive affect and a decrease in negative affectivity, such as
depression and anxiety.15 Moreover, the Tromsø study showed
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that low vitamin D status was significantly associated with
depression.16 Using experimental performance tasks measuring
both executive and non-executive functions, it was recently
demonstrated in a group of Norwegian inmates that vitamin
D status (serum 25-hydroxyvitamin D [25OHD] ≥ 50 nmol/L)
may play an important role in executive functioning, an underlying mechanism important for emotional and self-regulation.17
It is well established that vitamin D status varies throughout
the year in response to the seasonal changes in sunlight exposure, with its nadir in April on the Northern hemisphere.18,19
This is due to the impact of latitude, where the magnitude of
UVB light necessary for skin vitamin D production decreases
poleward,20 especially during fall and winter time.21 Even very
close to equator, a decline in vitamin D status has been shown
by increasing distance from the equator.22 In the absence of
sufficient sun exposure for dermal synthesis, dietary vitamin
D becomes increasingly important. There is an ongoing debate
about the lower limit of adequacy of vitamin D status, although
a growing body of evidence suggests that vitamin D status
below 50 nmol/L may be associated with greater risk of a wide
range of nonskeletal chronic diseases.23,24
Recently a pilot study demonstrated that fatty fish consumption for a period of six months (three times per week from the
end of April until mid November) improved vitamin D status in
a sample of Norwegian prison inmates with restricted access to
daylight exposure.25 Moreover, the fish consumption improved
heart rate variability (HRV), which is a measure of the interplay between the sympathetic and the parasympathetic branch
of the autonomic nervous system, and regarded as an index
of executive functioning, behavior, and self-regulation. Thus,
the higher HRV, the more adaptive and flexible the organism
is.26 Interestingly, a fish intervention study among American
forensic patients found that fish consumption was also associated with better executive functioning.27 Studies focusing on
self-reported fish consumption have also shown a relationship
between fish consumption and better cognitive functioning as
well as physical well-being.28,29
Recent studies have also investigated a possible relationship
between vitamin D and sleep quality, sleep disturbances, and
sleepiness during the day.30,31 There is evidence that vitamin
D supplementation in a group of patients with different sleep
disorders caused normal sleep after maintaining an optimal
level of 25OHD (60-80 ng/mL) for several months.30 Seasonal
variation in sleep patterns has also been reported. A recent
study comparing students in Tromsø (69° northern latitude)
and Accra (5° northern latitude) during winter and summer
found overall poorer sleep and more dysphoric mood among
the Tromsø students in winter compared to summer; seasonal
effects on these parameters were absent among the students in
Accra.32
If fatty fish consumption influences underlying mechanisms
involved in self-regulation (e.g., HRV and executive functioning)25,27,28 and physical well-being,29 it remains to investigate
if fatty fish consumption also influences sleep. Fatty fish is a
source of vitamin D and marine omega-3 fatty acids (EPA and
DHA), and both nutrients seem to be important for the regulation
of serotonin,33,34 which is involved in the regulation of physiological functions, such as energy balance and sleep.35 Thus, since
there seem to be seasonal variations in both vitamin D status and
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sleep, it is of importance to investigate if fatty fish consumption
throughout the winter season has any effect on sleep.
The first aim of the present study was to investigate the
effects of fatty fish consumption on objective sleep parameters
such as sleep latency, sleep efficiency, actual wake time, and
total sleep time in a group of forensic patients in a secure treatment facility. Second, based on earlier investigation, it was
also expected that fatty fish consumption would cause better
sleep quality33-35 and daily functioning.27-30 The third aim was to
investigate if fatty fish consumption had any effects on biological markers like HRV, vitamin D status, and marine omega-3
fatty acids (EPA+DHA), and whether intake of fatty fish during
winter time could maintain the vitamin D status obtained during
summer time. Finally, the different sleep parameters were
investigated in relation to HRV, vitamin D status, and levels of
EPA+DHA in red blood cells.

METHODS
Participants

A total of 95 male sexual offenders (mean age 42 years,
range 21-60) residing at a secure forensic inpatient facility in
the US were randomly assigned into a Fish group or a Control
group. The present study was part of a larger research project
concerning the effects of fatty fish consumption. A total of 102
responded to an invitation to participate, and the flow diagram
demonstrates in details the study progress (see Figure 1). All
were American citizens: 78 were Caucasians, 18 were African
Americans, 5 were Native Americans, and one was of Hispanic
origin. Participants were matched on age, IQ (> 75 was used as
an inclusion criterion) and Psychopathy Checklist List-Revised
score and then randomly assigned into an intervention group
(Fish group) or a Control group.

Apparatus
Actiwatch Activity Monitoring Systems
In order to collect data concerning sleep latency, sleep efficiency, actual sleep time, and actual wake time actigraphs
from the Actiwatch Activity Monitoring Systems were used
to measure changes in activity (Cambridge Neurotechnology,
Cambridgeshire, UK). Actigraph is a compact, lightweight
worn electronic device containing an accelerometer, a clock
and a data storage unit that measures and records physical
movement. Based on an algorithm, data are converted to sleep
parameters.36
Subjective sleep parameters were assessed by sleep diaries.
These were kept for 2 weeks (pre and post) and comprise daily
morning assessment of sleep variables such as sleep quality
(1 = poor to 5 = good) and daytime functioning (1 = very sleepy
to 5 = very good).37
Actiheart System
Physiological activity was measured by recording heart rate
(HR) and HRV using the Actiheart System (Cambridge Neurotechnology Ltd),38 a compact lightweight device that records
HR and variability of R-R inter-beat intervals (IBI). The
Actiheart clips onto a single ECG electrode (M-00-S/50 Blue
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Figure 1—Flow diagram of the study progress.
Assessed for eligibility (n = 102)

Excluded (n = 7)
• Discharged (n = 2)
• Released (n = 2)
• Missing blood sample (n = 3)

Randomized (n = 95)

Excluded (n = 6)
• Moved to other institution
(n = 3)
• Withdraw (n = 2)
• Missing meals (n = 1)

Fish group (n = 48)

Control group (n = 47)

Blood sample
• Pre-test (n = 48)
• Post-test (n = 41)
Actiwatch data
• Pre-test (n = 46)
• Post-test (n = 37)
Self-reported sleep data
• Pre-test (n = 42)
• Post-test (n = 33)
Self-reported daily functioning
• Pre-test (n = 38)
• Post-test (n = 31)
Actiheart data
• Pre-test (n = 41)
• Post-test (n = 34)

Blood sample
• Pre-test (n = 47)
• Post-test (n = 42)
Actiwatch data
• Pre-test (n = 40)
• Post-test (n = 35)
Self-reported sleep data
• Pre-test (n = 39)
• Post-test (n = 32)
Self-reported daily functioning
• Pre-test (n = 40)
• Post-test (n = 32)
Actiheart data
• Pre-test (n = 31)
• Post-test (n = 18)

Excluded (n = 5)
• Moved to other institution
(n = 4)
• Withdraw (n = 1)

Variations in number of participants related to the different measures and from pre-to post-test were due to reasons beyond our control (e.g., technical
problems related to the Actiheart system or the Actiwatch Activity Monitoring Systems).

Sensor) with a short ECG lead to another electrode that detects
the ECG signal. The Actiheart was placed on the upper chest.
HR was defined as the average heart rate in beats per minute
for the analysis epoch (1 minute). HRV was measured as high
frequency power ([HF]; 0.15-0.4 Hz) derived by the fast Fourier
transform (FFT) spectrum. The HF component is known to
reflect primarily parasympathetic influences. The HF data were
log transformed prior to analysis.39

weeks with the highest salmon intake, the intake of dioxin and
dioxin-like PCBs per week represents 31% of the tolerable
weekly intake (TWI) in a person weighing 100 kg.40 Persons
with higher body weight will have a correspondingly lower
percentage of TWI.

Procedure

The study protocol and all experimental procedures were
approved by the Ethics Committee at the facility in Wisconsin,
USA, and were in compliance with the Helsinki declaration
for research ethics. Participants were recruited by both written
and oral information about the study. Thus, the patients were
invited to participate in a research project concerning nutrition and mental health. The participants were informed that
the purpose of the study was to investigate if fatty oily fish/
nutrition would have any effects on mental health. They were
also informed that they would be randomly assigned into two
groups; one group that would have to eat fish (portion size
150-300 g) three times a week and one group that would have
to eat meat (e.g., chicken, pork, beef) meals three times a week
for a period for six months (September-February). Moreover,
the instruction with regard to the sleep diary was exactly: “In
order to investigate whether nutrition will have any effects on
psychological processes we want to collect some information
about your sleeping pattern before and after exposure to the
food intervention.” The participants had to sign an informed
consent form and they were informed about their rights to withdraw from the study at any time for any reason without penalty.

Farmed Atlantic Salmon

The production of the Atlantic salmon (Salmo salar L.) was
at Skretting Fish Trials Station (Stavanger, Norway). The fish
were harvested at about 4.5 kg and processed into skin and
boneless portions (150 g), vacuum packed, and frozen (Rex
Star Seafood, Tysnes, Norway).
The total fat and protein content of the salmon was 13.5 ± 3.3
and 20.3 ± 0.5 g/100-g fillet, respectively. The level of vitamin
D was 5 ± 3 µg/100-g fillet. The intake of EPA+DHA and
vitamin D in a portion (300 g) of Atlantic salmon were 4.8 g
and 15 μg, respectively. The standard portion was 300 g three
times a week; however during the final four- weeks of the
study, they were served portion sizes of 150 grams of salmon.
The content of several undesirable substances was also determined in the Atlantic salmon. The level of mercury was 22
µg/kg, and the level of dioxins and dioxin-like PCBs was 0.48
ng TEQ/kg; both are far below the EUs upper limits of 500
µg/kg and 6,5 ng TEQ/kg in fish, respectively. Taking into
account the amount of salmon consumed per week during the
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Design and Statistics

Before and at the end of the intervention period the participants went through a test procedure (pre-test in July and posttest in February while they still were eating the meals). Since
the present study is part of a larger project concerning fatty
fish consumption these pre- and post-test procedures involved
collections of different kinds of data such as fasting blood
sample, executive functioning, psychophysiology, and sleep
data. For both the pre- and post-test, the psychophysiological
activity was registered for 5 minutes of baseline, during exposure to the experimental tasks, and for 5 minutes of recovery. In
order to investigate sleep in relation to resting HRV, both the
baseline HF measure and the recovery HF measure were used
in the present study. This was done since resting HRV before
and after exposure to mild cognitive stress may differ from each
other because of performance anxiety before the experimental
procedure.41 All participants were tested individually.
With regard to collection of sleep data, the participants had
to wear the actigraph one week before the food intervention
period and one week by the end of the food intervention period.
Two sum scores (one for the week before and one for the week
by the end of the intervention period) were made for each variable: sleep latency, sleep efficiency, actual wake time, and total
sleep time in order to do the data analyses.
Human blood samples for fatty acid composition in erythrocytes were collected in K2 EDTA vials, centrifuged (10
min, 2000 g, 20°C) immediately and stored at −80°C until
analysis. Fatty acid composition of total lipids in erythrocytes was determined by a modification of a simplified gas
liquid chromatographic (GLC) method using 19:0 methyl
ester as internal standard as previously described.42 Some
modifications were made: The methyl esters were separated
using an Ultrafast Trace GC Ultra (5 min; Thermo Electron
Corporation, MA, USA) equipped with a 5-m wax column
(id: 0.1 mm, 0.2 µm film thickness; Thermo Electron Corporation), using split injection, with a temperature program of
100°C; 50°C/min up to 220°C; 80°C/min up to 250°C and flame
ionization detector. The fatty acid composition was calculated
using an integrator (Chromeleon 6.80, Dionex Corporation, CA
USA), connected to the GLC and identification ascertained
by standard mixtures of methyl esters (Nu-Chek, MN, USA).
Limit of quantification (LOQ) was 10 µg fatty acid/g samples
(wet weight).
Blood samples for vitamin D status measured as
25-hydroxyvitamin D (25OHD) in serum were collected in
silica gel tubes, centrifuged (10 min, 2000 g, 20°C) within 2 h.
Samples for 25OHD determination were kept in the refrigerator (4°C) until analysis within 48 hours. Direct competitive
chemiluminescence immunoassay was performed at a routine
clinical laboratory nearby the study site (Dynacare laboratories,
Milwaukee, WI, USA).
The patients could go outdoor for recreation three times per
day, with each session lasting 2 h (it was their choice to spend
anywhere from 30 min to the full 2 h of that time). They also
had “courtyards” attached to their units and could basically go
outside any time during the day. We have not collected data on
how much time the participants spent outside. Daylight hours
at pre-test (in July) were between 14 h 36 min and 15 h 24 min,
while daylight hours at post-test (in February) were between 9 h
55 min and 11 h 10 min.
Journal of Clinical Sleep Medicine, Vol. 10, No. 5, 2014

Differences between the two groups on sleep latency, sleep
efficiency, actual wake time, total sleep time, as well as HRV,
vitamin D status and EPA+DHA, were analyzed by 2-way
repeated measures ANOVAs ((Fish vs. Control group) × 2
(pre- vs. post-test conditions)). The analyses were followed up
by Bonferroni correction. Pre-planned comparisons were used
to test our hypotheses regardless of whether the omnibus tests
were significant.43-45 Due to our specific expectations concerning
sleep quality33-35 and daily functioning,27-30 one-tailed tests were
used.43-45 In order to examine the magnitude of the significant
differences between the independent means, we calculated the
effect sizes as Cohen’s d.46 Pearson product-moment correlation
coefficients were calculated in order to investigate the different
sleep parameters (sleep latency, sleep efficiency, actual wake
time, total sleep time, sleep quality, and daily functioning) in
relation to HRV, vitamin D status, and EPA+DHA.

RESULTS
Descriptive Data

Means and standard deviations for sleep latency, sleep efficiency, actual wake time, total sleep time, sleep quality, daily
functioning, vitamin D status, EPA+DHA, and HRV for both
groups are shown in Table 1.

Effects of Fatty Fish on Sleep
Actiwatch Data
For the sleep latency data, the 2-way ANOVA showed no
main effect of groups (F1,70 = 0.1980, p = 0.66). However,
there was a significant effect of pre- and post-test conditions (F1,70 = 4.14, p = 0.05), showing a longer sleep latency
during post- compared to pre-test, (p = 0.05). There was also
a significant interaction effect between groups and conditions
(F1,70 = 4.11, p = 0.05). Follow-up with Bonferroni demonstrated that there was a significant increase in sleep latency
from pre- to post-test in the Control group (p = 0.04; d = 0.60;
see Figure 2), which was not found in the Fish group.
For the sleep efficiency there was no effect of groups.
However, there was a main effect of pre- and post-test conditions (F1,70 = 32.84, p < 0.001). Follow-up test showed that there
was a significant decrease in sleep efficiency from pre- to posttest (p < 0.001; d = 0.56). The interaction between groups and
conditions was not significant (F1,70 = 1.63, p = 0.21). However,
follow-up with Bonferroni correction the results revealed that
there was a significant decrease in both groups (Control group
p < 0.001; d = 0.91 and Fish group, p = 0.01; d = 0.36).
Looking at the actual wake time, again there was a significant
effect of pre- and post-test conditions (F1,70 = 19.83, p < 0.001),
with a significant increase in actual wake time from pre- to posttest, (p < 0.001; d = 0.43). Again the interaction between conditions and groups was not significant (F1,70 = 1.02, p = 0.32).
Follow-up with Bonferroni correction the results revealed that
only the Control group had a significant increase in actual wake
time from pre- to post-test (p = 0.002; d = 0.84).
For the actual sleep time there was a significant main effect
of pre- and post-test conditions as well (F1,70 = 7.44, p = 0.008),
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Table 1—Sleep latency, sleep efficiency, actual sleep time, actual wake time, sleep quality, daily functioning, EPA+DHA
(eicosapentaenoic acid+docosahexaenoic acid) in red blood cells, vitamin D status (serum 25OHD), and heart rate variability (high
frequency; HF) baseline and HF-recovery presented as mean (standard deviations) during pre- and post-test for both groups.
Control Group
Pre
Actiwatch
Sleep latency (min)
N

Fish Group
Post

Pre

Post

19.37 (19.45)
35

30.89 (18.93) *
35

23.29 (25.36)
37

23.30 (20.38) ª
37

Sleep efficiency (min)
N

75.84 (6.47)
35

69.64 (7.1) *
35

74.31 (11.48)
37

70.37 (10.23) *
37

Actual wake time (min)
N

83.63 (25.71)
35

107.49 (31.1) *
35

95 (53.59)
37

110.04 (59.09)
37

Actual sleep time (min)
N

342.95 (53.36)
35

325.53 (67.09)
35

346.94 (64.13)
37

328.78 (52.84)
37

3.41 (0.72)
31

3.41 (0.8)
31

3.45 (0.64)
33

3.52 (0.6)
33

2.91 (0.62)
32

2.85 (0.62)
32

3.18 (0.81)
31

3.35 (0.86) **
31

Blood Samples
EPA+DHA (µg/g)
N

89 (39)
40

104 (60)
40

83 (32)
41

185 (60) ª,*,**
41

25(OH)D, nmol/L
N

75 (34)
42

55 (23)
42

85 (36)
40

Psychophysiology
HF-baseline
N

2.33 (0.57)
23

2.45 (0.58)
23

2.15 (0.58)
34

2.21 (0.60) ª,*
34

2.55 (0.46)
18

2.34 (0.49)
18

2.59 (0.78)
31

2.61 (0.62)
31

Sleep Diary
Sleep quality (score)
N
Daily functioning (score)
N

HF-recovery
N

71 (27)
40

Psychophysiological data are log transformed. * p < 0.05 (within group difference from pre- to post-test); ** p < 0.05 (between group difference at post-test);
ª p < 0.05 (interaction between groups and conditions).

Figure 2—Sleep latency (minutes) for both groups from preto post-test.

showing a significant decrease in actual sleep time from pre- to
post-test (p < 0.001; d = 0.30). The interaction between groups
and conditions was not significant (F1,70 = 0.003, p > 0.95). No
other significant results were found.

Fish group

Control group

35

Self-reported Daily Functioning and Sleep Quality

There was a significant main effect of groups looking at
the self-reported daily functioning (F1,61 = 54.63, p = 0.03),
and the Fish group reported higher scores on daily functioning than the Control group. There was no effect of the
pre- and post-test conditions (F1,61 = 0.49, p = 0.49). However,
on follow-up of the nonsignificant interaction (F1,61 = 1.87,
p = 0.17), the results revealed that the Fish group reported
better daily functioning than the Control group only at posttest (p = 0.03; d = 0.65).
For sleep quality data, there was no effect of groups
(F1,62 = 0.20, p = 0.66). Moreover, there was no effect of pre- and
post-test conditions (F1,62 = 0.26, p = 0.61), nor was any significant interaction effect found (F1,62 = 0.26, p = 0.61). Follow-up
of this nonsignificant interaction, the results revealed no significant effect of fish consumption on self-perceived sleep quality
(p = 0.50).

Sleep Latency

30
25
20
15
10
5
0

Pre-test

Post-test

Effects of Fatty Fish on Biological Markers
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Psychophysiology
For the HF-baseline, the 2-way ANOVA showed no main
effect of groups (F1,55 = 0.044, p = 0.85). There was no significant effect of the conditions (F1,55 = 1.26, p = 0.29). However,
there was a significant interaction effect between groups and
conditions (F1,55 = 6.31, p = 0.01). Following up with Bonferroni correction, the result showed that the Fish group had a
significant increase in HF power from pre- to post-test (p = 0.04;
d = 0.54). With regard to the HF recovery data, there were no
significant results.

the results revealed that there was a significant and positive
relationship between daily functioning and vitamin D status
(r = 0.33, p = 0.005), and there was a significant and positive relationship between sleep quality and vitamin D status
(r = 0.24, p = 0.05).
Sleep and EPA+DHA
There was no significant relationship between any of the
sleep parameters and the marine fatty acids at pre-test. However,
at post-test there was a negative relationship between selfperceived sleep quality and EPA+DHA (r = -0.22, p = 0.05).

Vitamin D Status
For vitamin D status, the 2-way ANOVA showed a significant
main effect of groups, (F1,80 = 4.31, p = 0.04); the Fish group
had significantly better vitamin D status than the Control group
(p = 0.04; d = 0.43). Furthermore, there was a main effect of
time (F1,80 = 48.65, p < 0.001), showing that there was a significant decrease in vitamin D status from pre-test in July to posttest in February (p < 0.001; d = 0.55). The interaction between
pre- and post-test conditions and groups was not significant
(F1,80 = 1.26, p = 0.26). Follow-up by Bonferroni correction the
results revealed that there was a significant decrease in Vitamin
D status from pre- to post-test in both groups (Control group,
p < 0.001; d = 0.70 and Fish group, p < 0.001; d = 0.44). At
post-test, the Fish group had a higher level of vitamin D than
the Control group. However, the Bonferroni correction did not
reveal a significant difference between the groups (p = 0.13),
but the effect size was medium (d = 0.63).

Correlations between Sleep Variables
Before intervention, sleep latency correlated negatively
with actual sleep time (r = -0.22, p = 0.03) and sleep efficiency
(r = -0.63, p < 0.001). Sleep efficiency correlated positively
with actual sleep time (r = 0.52, p < 0.001) and negatively with
actual wake time (r = -0.76, p < 0.001). At the end of the intervention period sleep latency correlated negatively with actual
sleep time, (r = -0.32, p = 0.004), and sleep efficiency (r = -0.50,
p < 0.001). Furthermore, there was a negative relationship
between sleep efficiency and actual wake time (r = -0.57,
p < 0.001), and a positive association between sleep efficiency
and actual sleep time (r = 0.64, p < 0.001).

DISCUSSION
Overall, the present results revealed that there was a significant increase in sleep latency from pre- to post-test in the
Control group. Moreover, there seemed to be a worsening of
sleep for the whole sample from pre- to post-test. However, the
Fish group reported better daily functioning than the Control
group at post-test, and fatty fish consumption seemed to have
an effect on biological markers such as HRV and omega-3.
Both groups had a significantly decreased vitamin D status
from July to February, but at the end of the intervention period
the vitamin D status in the Fish group was still closer to the
level regarded as optimal compared to the Control group. Interestingly, the results revealed that vitamin D status correlated
negatively with actual wake time and positively with sleep efficiency during pre-test, as well as positively with daily functioning and sleep quality during post-test. Finally, HRV seemed
to be negatively related to sleep latency and positively related
to daily functioning after the intervention period.
Interestingly, the increase in sleep latency found in the
Control group was not found in the Fish group. Several studies
have shown that there is a relationship between sleep latency
and heart rate, and high level of arousal is associated with
elevated sleep latency. According to Bonnet and Arand, sleep
latency should be regarded as a measure of more than just sleep
latency, but also other factors such as underlying physiological
activation.47 Thus, this argument is supported by the present
results showing that sleep latency correlated negatively with the
HF power, which is known to reflect primarily parasympathetic
activity.39 Importantly the current results also demonstrated that
fatty fish consumption caused an increase in resting HF, and
HF power is a more powerful way to measure the relationship
between psychological and physiological processes than HR.48
Thus, the increased sleep latency found in the Control group

EPA+DHA
For EPA+DHA, there was a main effect of groups
(F1,79 = 17.87, p < 0.001), with higher levels of EPA+DHA in
the Fish group than the Control group (p < 0.001; d = 0.76).
Furthermore, there was a main effect of time (F1,79 = 68.09,
p < 0.001), showing higher levels of EPA+DHA at post-test
compared to pre-test (p < 0.001; d = 1.01). Finally the interaction between the groups and the pre- and post-test conditions
was significant (F1,79 = 36.45, p < 0.001). Bonferroni correction revealed that the Fish group had a significant increase in
EPA+DHA from pre- to post-test (p < 0.001; d = 2.05). This
was not found in the Control group. Additionally, the Fish
group revealed a higher level of EPA+DHA than the Control
group at post-test (p < 0.001; d = 1.30).

Correlations
Sleep and Psychophysiology
No significant relationships were found for the pre-test.
However, at the end of the intervention period, sleep latency
correlated negatively with HF recovery (r = -0.25, p = 0.05),
while daily functioning correlated positively with HF recovery
(r = 0.28, p = 0.03).
Sleep and Vitamin D Status
Before the intervention period, there was a significant and
negative correlation between actual wake time and vitamin D
status (r = -0.24, p = 0.03). Moreover, there was a positive
relationship between sleep efficiency and vitamin D status
(r = 0.23, p = 0.03). At the end of the intervention period,
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might be related to levels of general arousal and lower parasympathetic activity.
Further, there is reason to believe that the results concerning
sleep latency could be caused by the vitamin D status in both
groups. Both groups showed a significant decrease in vitamin
D status. However, the Control group showed a drop in vitamin
D status below the optimal level (for US population: > 75
nmol/L) at post-test (55 nmol/L), while the vitamin D status
in the Fish group was still close to the optimal level at posttest (71 nmol/L). The stable sleep latency from pre- to post-test
observed in the Fish group might then be related to the optimal
25OHD level.30 This hypothesis is strengthened by the suggestion that vitamin D status is important for seasonal changes in
serotonin regulation.33 This explanation is further corroborated
by the fact that fish is a source of tryptophan, the precursor for
serotonin.49 Thus, the present results are consistent with work
by Hartmann, who found that tryptophan increased sleepiness.50
Based on the sleep latency results from the present study and
the executive performance results from Hansen et al.,27 a plausible explanation could be that the fish consumption induced
feelings of sleepiness during the evening, which in turn resulted
in better sleep and executive functioning during the day. In the
present study, sleep latency correlated negatively with both
sleep efficiency and actual sleep time.
Overall for the whole sample, there also seemed to be
significant changes towards worse sleep from pre- to posttest. This was true for sleep efficiency, actual wake time, and
total sleep time, looking at the effect of time for both groups
pooled together. Follow-up for the nonsignificant interactions
both groups showed a significant decrease in sleep efficiency.
However, only the Control group showed a significant increase
in actual wake time from pre- to post-test. The change in sleep
efficiency found in both groups may indicate poorer sleep
quality during winter than summer. This can be interpreted in
line with the results found by Friborg et al. who found that
students in Tromsø (69° northern latitude) had overall poorer
sleep and more dysphoric mood in winter than in summer.32
Interestingly this seasonal effect was not found in students in
Accra (5° northern latitude).32 Due to the reduction in vitamin
D status during winter in both groups, but especially in the
Control group which showed a vitamin D status below the
optimal level, insufficient vitamin D status might be the underlying cause of the poorer sleep quality during this season. This
emphasizes the impact of diet on the nutritional status, and
that it even may have an impact on sleep. However, it is worth
noting that the vitamin D contribution from salmon was not
sufficient to maintain the vitamin D status in the Fish group at
the same level as during summer time. It is also important to
note that even if there was not a significant difference between
the groups in vitamin D status at pre-test, the Fish group had
a higher level of vitamin D before the intervention. However,
independent of the levels of vitamin D status in the groups, the
correlation analyses suggested that vitamin D status might be
related to sleep quality.
Moreover, it was expected that fish consumption would
improve the subjective parameter, sleep quality, and daily
functioning. Contrary to our expectations, we did not find
any improvement in self-reported sleep quality in the Fish
group. However, we found support for the specific expectation

concerning daily functioning. The Fish group reported better
perceived daily functioning at post-test compared to the Control
group. In addition the current results demonstrated a positive
relationship between subjective reports of daily functioning
and parasympathetic activity, an index of good self-regulation
and adaptation. Thus, the self-perceived feeling of daily functioning is in line with the executive experimental performance
results found in Hansen et al.27 The results are also consistent
with those of Markus et al.51 concerning morning alertness
and better performance on a vigilance task after α-lactalbumin
(A-LAC) consumption, which is a rich source of tryptophan.49
Finally, the relationship between sleep variables as well
as daily functioning and specific nutrients such as vitamin D
and EPA+DHA were investigated. Thus, even if the current
study demonstrated a significant decrease in vitamin D status
from pre-test to post-test in both groups, we found, in line
with previous results,30 that vitamin D status seemed to play a
key role in relation to sleep. First, during pre-test there was a
negative correlation between vitamin D status and actual wake
time. Additionally, there was a positive correlation between
vitamin D status and sleep efficiency during pre-test. By the
end of the intervention, vitamin D status correlated positively
with both sleep quality and daily functioning. Thus, the question is whether the beneficial effects associated with fatty fish
consumption (e.g., improved executive functioning)27 are actually caused by better sleep quality. This issue needs further
investigation. Moreover, the Fish group showed a significant increase in EPA+DHA from pre- to post-test. At pre-test,
EPA+DHA did not correlate with any of the dependent variables. However, there was a negative relationship between
EPA+DHA and self-perceived sleep quality at post-test. To our
knowledge, this is the first time EPA+DHA has been investigated in relation to sleep, and one should draw conclusions
with caution. There are contradictory findings in the literature
concerning the positive effects of EPA+DHA in relation to
psychological functioning.34,52 Thus, the effect of omega-3 is
not clearly understood.
The present study has some limitations that should be noted.
It is a challenge to find a control group or placebo for the fish
group. Therefore, to minimize the effect of participation in an
intervention study as such, the diet was also changed for the
control group compared to their habitual diet, and the instructions to the participants focused on nutritional effects, not only
for the fatty fish group. The subjects eating fish and the subjects
eating meat will of course know this as blinding is hardly
possible in interventions with food. Nevertheless, this kind of
study is valuable to identify whether there is an effect of diet,
although animal studies are required to elucidate the mechanisms. However, even if the participants could have specific
expectations regarding fish consumption due to general knowledge about the health benefit from fish consumption, it is not
easy to manipulate objective assessment methods such as the
actigraphic sleep variables and the Actiheart data. It should
also be acknowledged that the results from this relatively small
sample of male forensic patients are not necessarily able to
be generalized to other groups. However, since the reduced
vitamin D status during winter time is not limited to the study
population, it is our expectation that the same effect of fish
consumption would be found on similar outcome variables in
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different kinds of groups such as children and adolescents. It
might also be found in groups with and without different kinds
of impaired self-regulation and behavioral problems. Furthermore, the correlations between sleep parameters and psychophysiology as well as sleep parameters and vitamin D are
not strong. Results of the present study should be interpreted
cautiously, and further studies are of importance in order to
validate the results.
Overall, the present results indicated that fish consumption
seemed to have a positive impact on both sleep and daily functioning. Interestingly, the participants with the highest vitamin
D status in the present study had shorter actual wake time,
better sleep efficiency, better daily functioning, and better sleep
quality. Thus, due to the fact that there were some relationships between vitamin D and different sleep parameters, one
could speculate that the beneficial effect of fatty fish consumption was due to vitamin D. However, fatty fish also contains
other important nutrients (e.g., selenium, iodine, proteins), and
further investigation is therefore needed in order to gain more
knowledge about the specific underlying mechanisms responsible for the beneficial effects of fatty fish consumption.
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