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Abstract 1 

Purpose: Studies indicate that long-chain n-3 PUFA (n-3LCPUFA) affect sleep and physical 2 

activity (PA) in childhood. However, few studies used objective tools and none studies examined 3 

the effect of fish per se. We aimed to explore if fish consumption affected sleep and PA assessed by 4 

accelerometry in children, and if effects were modified by sex. 5 

Methods: In a randomized 12-week trial, 199 healthy 8-9-year-old children received ~300 g/week 6 

of oily fish or poultry. Sleep and PA were pre-specified explorative outcomes examined by 7 

accelerometers that the children wore on their hip for 7 days at baseline and endpoint, while parents 8 

registered sleep. Compliance was verified by erythrocyte n-3LCPUFA. 9 

Results: The children slept 9.4±0.5 hours/night, but the sleep duration variability across the week 10 

was 6.0 (95%CI: 0.8, 11.1) min lower in the fish vs poultry group. Furthermore, children in the fish 11 

group exhibited increased spare time sedentary activity (9.4 (95%CI: 1.8, 16.9) min/day) at the 12 

expense of light PA (-8.2 (95%CI: -14.4, -2.0) min/day). These effects were supported by dose-13 

dependency with n-3LCPUFA. Additionally, latency to sleep onset was reduced by 3.6 (95%CI: 14 

1.0, 6.3) min on weekends and moderate-vigorous PA during school hours was 3.5 (95%CI: 0.1, 15 

6.8) min longer in fish vs poultry. P-values for sex interactions were all >0.05, but the effects 16 

tended to be most pronounced on sleep in girls and PA in boys.  17 

Conclusions: Oily fish intake altered sleep and PA patterns among healthy schoolchildren, with 18 

some slight indications of sex differences. These findings warrant further investigation.  19 

 20 

Keywords: n-3 long chain fatty acids, docosahexaenoic acid, eicosapentaenoic acid, children, 21 

pediatrics, sleep, physical activity.  22 
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Introduction 45 

Sleep duration and physical activity (PA) among children and youth have declined through the last 46 

decades in most western populations [1, 2]. These lifestyle changes may affect metabolic health in 47 

children [3, 4]. Additionally, poor sleep and low PA are associated with behavioral problems and 48 

diminished cognitive functioning [5, 6] and sleep disturbances and hyperactivity are core symptoms 49 

in attention-deficit/hyperactivity disorder (ADHD), which is a common behavioral disorder among 50 

school-age children [7].  51 

Intake of marine long-chain polyunsaturated n-3 fatty acids (n-3 LCPUFA) has received increasing 52 

focus in recent years due to the potential association with sleep and PA. Animal studies find that n-3 53 

LCPUFA-deficiency induce hyperactivity [8–10] and reduce concentrations of the sleep-inducing 54 

hormone melatonin [10], but few studies have investigated if intake of n-3 LCPUFA affects sleep 55 

and PA in humans. An observational study showed that high fish intake was associated with 56 

improved sleep quality in adults [11]. Likewise, an intervention with three weekly salmon meals 57 

reduced sleep latency and awake time during night in forensic inpatients, but this was only evident 58 

for accelerometer-derived sleep measures, not for self-reported sleep [12]. In line with this, no 59 

effects were detected on parent-rated sleep measures among children after three weekly lunch meals 60 

with oily fish [13] or daily docosahexaenoic acid (22:6n-3, DHA) supplementation [14]. In contrast, 61 

the latter improved sleep quality based on accelerometer measurements in a subgroup of children 62 

[14].  63 

Accelerometers are traditionally used to evaluate PA and some studies have indicated that n-3 64 

LCPUFA affect accelerometer-derived activity measures in children. Supplementation with fish oil 65 

for 8.5 months in South African children increased sedentary activity and decreased light- and 66 

moderate-intensity PA during school hours [15]. Likewise, we previously showed that PA was 67 
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negatively associated with whole blood DHA in schoolchildren [16] and found that maternal fish oil 68 

supplementation during lactation was associated with lower PA at 7 years of age, but only in the 69 

sons [17]. No other studies have examined sex specific effects on PA or sleep, but the effects of n-3 70 

LCPUFA on metabolic markers [18, 19] and cognitive function [20] have been reported to be 71 

modified by sex.  72 

The aim of the present study was to explore if intake of ~300 g/week of oily fish compared to 73 

poultry affected sleep and PA among healthy 8-9-year-old children. Sleep and PA were evaluated 74 

by accelerometers and sleep time and duration were compared to parent-registered sleep times. 75 

Additionally, we evaluated if effects on sleep and PA differed between weekdays and weekends and 76 

between school hours and spare time and if the effects were modified by sex.  77 

 78 

Methods 79 

Study design 80 

FiSK [Fisk, børn, Sundhed og Kognition] (Fish, children, health, and cognition) Junior was a 81 

randomized trial conducted during August 2016 - June 2017 at Department of Nutrition, Exercise 82 

and Sports, University of Copenhagen, Frederiksberg, Denmark. In total, 199 healthy Danish 8-9-83 

year-old children were randomly assigned to receive ~300 g/week of either oily fish or poultry 84 

(control) for 12 weeks. Study design, randomization procedure and methods has been described in 85 

detail previously [21]. The co-primary outcomes of the study were diastolic blood pressure and 86 

plasma triacylglycerol, while secondary outcomes covered other cardio-metabolic risk markers, 87 

cognitive function and well-being. In this paper, we evaluate effects on sleep and PA, which were 88 

pre-specified as explorative study outcomes. The trial was registered at clinicaltrials.gov 89 

(NCT02809508) before initiation of recruitment and was conducted in accordance with the 90 
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Declaration of Helsinki and approved by the Committees on Biomedical Research Ethics for the 91 

Capital Region of Denmark (H-16018225).  92 

Participants 93 

Children aged 8 or 9 years, living in the Capital Region of Denmark, were identified through the 94 

Danish Civil Registration System and invited by postal letters. Interested children and their parents 95 

received oral information before they gave written consent to participate. The eligibility criteria for 96 

the study was that the child had to speak Danish and like oily fish and chicken, but not eat oily fish 97 

more than once per week and not take n-3 LCPUFA supplements during the last three months prior 98 

to intervention start. Moreover, the parents had to read and speak Danish, the household should not 99 

contain more than five people and only one child from each household could participate in the 100 

study. Exclusion criteria were serious chronic diseases or intake of medication that could interfere 101 

with the study outcomes, diagnosed ADHD or other psychiatric illnesses and simultaneous 102 

participation in other studies involving dietary supplements or blood sampling. 103 

Randomization and blinding 104 

To assure approximately equal allocation to the diet groups throughout the different seasons, the 105 

children were randomized in blocks of 12. A staff member not involved in data collection produced 106 

a computer-generated randomization list (using “blockrand”, R Core Team, 2016) with 204 107 

consecutive numbers each linked to one of the two diet groups and produced 204 sealed, 108 

sequentially numbered envelopes containing the corresponding group allocation. The order in which 109 

the children finished their baseline examination determined the number of the envelope they 110 

received and thus the allocation. As the randomization was performed at the end of the baseline 111 

examination, all baseline measurements were performed double-blinded, whereas the nature of the 112 

intervention made blinding during the intervention impossible. All collected samples and data were 113 

only marked by ID and the research staff were blinded to the allocation, when they performed lab 114 
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analysis and data cleaning, including the inspection of the ActiGraph recordings. However, the 115 

person who did the statistical analysis was not blinded. 116 

Intervention diets 117 

We aimed for a weekly intake of about 300 g of oily fish, which is within the national dietary 118 

guidelines and was expected to provide approximately 0.8-1.0 g/day n-3 LCPUFA. The fish group 119 

received fresh or frozen fillets of “Aquaculture Stewardship Council”-certified farmed salmon 120 

fillets and a selection of lunch products such as canned mackerel in tomato sauce, marinated 121 

herring, smoked trout, smoked mackerel, salmon fish cakes and salmon sausages. The control group 122 

received different cuts (whole, breast, thigh and minced) of frozen, organic chicken and a variety of 123 

cold poultry lunch products such as chicken liver pate, poultry sausages and chicken meatballs. All 124 

families were provided with study foods free of charge to serve for dinner twice a week for the 125 

whole family and several times per week for lunch for the child. The parents received a recipe 126 

booklet for inspiration and were asked to substitute the provided study foods with some of the 127 

animal protein sources usually consumed by the child and apart from this to maintain the child’s 128 

usual dietary and exercise habits during the intervention.  129 

Throughout the intervention, the parents recorded the child’s daily intake of study foods in pre-130 

coded recording sheets with pictures of standard portions of the provided study foods. At baseline 131 

and endpoint, the parents answered a food frequency questionnaire about the child’s intake of fish, 132 

poultry and meat within the last month. As previously described, we used these frequencies to 133 

estimate the intake of fish, poultry, n-3 LCPUFA and vitamin D, which we have validated [22].  134 

Data collection 135 

The children were examined at baseline and endpoint, and procedures for collection of data used to 136 

describe baseline characteristics have been described previously [23, 24]. At both visits, 137 
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erythrocytes were isolated from fasting lithium heparinized blood and stored at -80°C in a saline 138 

solution with 2,6-di-tert-butyl-4-methylphenol (butylated hydroxytoluene, Sigma-Aldrich). Within 139 

9 months from collection, the fatty acid composition was analyzed by gas chromatography as 140 

previously described [25]. All identified fatty acids had an inter- and intra-assay coefficient of 141 

variation (CV) <5%. The sum of erythrocyte eicosapentaenoic acid (20:5n-3, EPA) and DHA 142 

expressed in weight/weight % of total fatty acids (FA%) was used as a compliance marker of oily 143 

fish intake. As previously described [22], serum stored at -80°C was used for analysis of 25-144 

hydroxyvitamin-D (25(OH)D) by LC-MS/MS quantification of 25(OH)D2 and 25(OH)D3 145 

concentrations, and the sum of these was used as a measure of vitamin D status. The inter- and 146 

intra-assay CV were <4%. 147 

Maximum three weeks prior to the baseline and endpoint examination, the children wore an 148 

ActiGraphTM tri-axis accelerometer monitor (GT3X+ or GT3X, Pensacola, FL, USA) in an elastic 149 

belt on their right hip for seven consecutive days. The measurement period started and ended with a 150 

night, thus recording a total of eight nights, but the eighth night was incomplete and therefore not 151 

used in the analyses. The children were asked only to remove the monitor during showering, 152 

swimming and other water activities. At the end of each period the data were integrated in 60-153 

second epochs and analyzed using ActiLife6 (Version 6.11.9).  154 

Assessment of PA 155 

For the analyses of PA, non-wear time was removed by the “Troiano (2007)” algorithm provided by 156 

ActiLife6 [26], which has been validated for waist-worn accelerometers. Non-awake time was also 157 

removed from the analyses by exclusion of sleep periods registered in parent-reported sleep diaries. 158 

Data were considered valid for days with a minimum of 9 hours total wear time and all children had 159 

valid data from at least three weekdays (Monday to Friday) and one weekend day (Saturday and 160 

Sunday) (Supplementary Figure 1). Movements measured in axis 1, 2 and 3 reflect vertical, 161 
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horizontal and lateral movements, respectively, and total PA is expressed as the vector magnitude of 162 

all three axes. To categorize the intensity of PA, we used previously validated cut-off points among 163 

children [27]; minutes with ≤100 vertical counts per minute (cpm) were defined as sedentary 164 

activity, 101-2295 vertical cpm as light PA and ≥2296 vertical cpm as moderate-to-vigorous PA 165 

(MVPA).  166 

Means for all PA measures were calculated for weekdays and weekends separately, and the 167 

calculation of weekly measures was based on the weekday and weekend means in the proportion 5 168 

to 2. Furthermore, PA during weekdays was divided into school hours and spare time defined as 169 

08:00 AM to 02:00 PM and 02:01 PM to 07:00 PM, respectively. School hours were specified in 170 

accordance with guidelines from the Danish Ministry of Children and Education, which state that 171 

children from 1st to 3rd grade should have minimum 30 school hours/week and that most schooldays 172 

should be from 08:00 AM to 02:00 PM [28]. The set spare time interval ended before the parent-173 

reported time into bed for >98 % of the children. 174 

Assessment of sleep 175 

Nights where the monitor was reported to have been removed were excluded from the analyses of 176 

sleep (n=11 nights) as were nights with no recorded activity (n=13 nights) and nights with a sleep 177 

duration ≥15 hours, which were considered as unusual behavior (e.g. sickness) (n=2 nights). Sleep 178 

scoring was based on the “Sadeh 1994” algorithm provided by ActiLife6 [29], which has been 179 

validated for wrist-worn accelerometers. Scoring of waist-worn accelerometer data have been 180 

shown to provide a good proxy measure for sleep duration in Danish children [30] and when 181 

evaluating changes in sleep duration over time no difference was found between wrist- and waist-182 

worn accelerometers [31].  183 
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We applied two different approaches to specify the night interval that was used for sleep scoring 184 

from the actograms. First, we set sleep times by visual inspection of the actograms using the 185 

following criteria: the time when the child went to bed was defined as the minute with <10 cpm 186 

after four consecutive minutes of  ≥10 cpm in the evening and the time, when the child was out of 187 

bed was defined as the minute before four consecutive minutes of ≥10 cpm in the morning. 188 

Secondly, we used the sleep times registered by the parents in a pre-coded sleep diary from the 189 

week where the child wore the accelerometer. The parents were instructed to record the time, when 190 

the child lay quietly in the bed with the lights turned off and the time, when the child left the bed in 191 

the morning. We received complete sleep diaries for 173 (89%) children at baseline and 159 (82%) 192 

children at endpoint, and partially completed diaries for 17 (9%) and 31 (16%) children, 193 

respectively. When diary information was lacking, sleep times were replaced by data from the 194 

visual inspection of the actograms. 195 

The reported measures of total time in bed is based on data from sleep diaries and latency to sleep 196 

onset was estimated from the actograms by the algorithm within the interval when parents reported 197 

that the child was in the bed. Sleep duration (minutes of sleep without wakeups), sleep duration 198 

variability (the standard deviation (SD) of the mean sleep duration), and nightly movements were 199 

estimated by the algorithm based on both the visual inspected sleep times and the parent-reported in 200 

bed times and were subsequently validated against each other. For these three sleep measures, we 201 

only report estimates from analyses of those derived from the visually inspected sleep times. 202 

All children had valid sleep data for at least three weekdays (nights after Sunday-Thursday) and one 203 

weekend day (nights after Friday and Saturday) (Supplementary Figure 1). Means for the different 204 

sleep measures were calculated for weekdays and weekends separately, and weekly values were 205 

calculated in a proportion of 5 weekdays to 2 weekend days, with the exception of the variability of 206 
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the sleep duration, which was calculated as the SD of the sleep duration on all days with available 207 

data. 208 

Sample size calculation 209 

The sample size of the study was not determined for the measures of sleep and physical activity, but 210 

for the co-primary outcomes of the trial, diastolic blood pressure and plasma triacylglycerol based 211 

on expected effect sizes and SD from a sample of 823 Danish 8-11-year-old children [32]. The 212 

calculation used 5% as the level of significance and a power of 80% and allowed for 25% dropout 213 

and missing data. Based on the calculation, we need a complete set of data from 150 children to 214 

detect standardized group difference of 0.5 SD, not only on the co-primary outcomes, but also on 215 

the exploratory outcomes in the present sub-study.  216 

Statistical analyses 217 

Analyses were performed as completer’s case, which included the 194 children (97%) who had 218 

valid accelerometer data from both baseline and endpoint. Data were analyzed using R version 3.5.1 219 

(The R Foundation for Statistical Computing Platform) and significance was established at P<0.05. 220 

Normal distribution of data was evaluated by histograms and qq-plots. Sleep duration variability 221 

and movements during night were skewed and therefore ln-transformed before analysis. Latency to 222 

sleep onset was also skewed, but could not be ln-transformed due to a large number of zero-values, 223 

so we analyzed both non-transformed data and ln-transformed data after addition of 1 to all values. 224 

These analyses showed similar results (data not shown), so only results from the non-transformed 225 

analyses are reported. 226 

We examined differences in the outcomes between the diet groups at endpoint by ANCOVA model 227 

adjusted only for the baseline value and with group as fixed factor. We additionally tested for a 228 

dose-response relationship using baseline-adjusted linear regression models with endpoint 229 
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erythrocyte EPA+DHA as independent variable. Likewise, all sleep measures were tested for dose-230 

response relationship with endpoint vitamin D status, but these data are not shown as none of the 231 

relationships were significant. To evaluate if sex modified the effect of the intervention on the 232 

outcomes, we made sex-stratified analyses of group differences and dose-response relationships and 233 

tested for diet*sex interactions in the baseline-adjusted ANCOVA models. Finally, we evaluated if 234 

the group differences were consistent after adjustment for the season of intervention start 235 

(categorized as August/September, October/November, December/January and February/March), 236 

since sleep and PA in children has been shown to differ between seasons [33, 34] and because we 237 

found that this covariate was significant in most of our analyses (data not shown). PA intensities 238 

were evaluated both as minutes of activity with the specific intensity and as percentage of total 239 

time, whereas total PA was evaluated both as the sum of counts and mean cpm. However, as the 240 

findings were similar (data not shown), we only report results from analyses based on minutes with 241 

the specific PA intensities and total PA cpm. 242 

We compared parent-reported sleep times with the visually inspected actograms by paired t-tests, 243 

and validated sleep measures assessed by the two methods using Pearson’s correlation. Correlation 244 

coefficients (r) <0.4 were considered as poor, 0.4-0.8 as moderate and >0.8 as good.  245 

Results 246 

Subject characteristics and dietary compliance 247 

Only two of the 199 randomized children withdrew and three children were excluded from the 248 

analyses due to monitor problems, which left 194 children for the analyses. More than 90% of the 249 

children had valid data for all 7 days and the remaining children had valid data for 5-6 days 250 

(Supplementary Figure 1). The baseline characteristics were similar in the two diet groups and most 251 

of the children were normal weight and from households with a high level of education (Table 1). 252 
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As intended, all children had a low habitual intake of fish, especially of oily fish. Provision of oily 253 

fish during the intervention increased the intake 11 times, but there was no change in the children in 254 

the poultry group [22]. The estimated intake of EPA+DHA was 913±278 mg/day and 141±100 255 

mg/day for the children in the fish and the poultry group, respectively, resulting in a relative content 256 

of EPA+DHA in the erythrocytes of 7.3±1.4 FA% vs. 5.1±1.2 FA% (P<0.001) [22]. 257 

Correlations between sleep assessment methods 258 

According to the parent-reported sleep diaries, the mean times when the children were in and out of 259 

bed were (HH:MM) 20:39±00:45 and 06:49±00:35 in weekdays and 21:54±01:05 and 07:56±01:00 260 

in the weekend. Overall, the parent-reported time into bed was 18±34 min earlier than the time 261 

derived from the visual inspection of actograms (P<0.001) and the reported time when the child was 262 

out of bed was 10±34 min later (P<0.001). Despite these differences, the algorithm-derived sleep 263 

onset time differed only slightly between the two methods (3±29 min, P<0.001) and the correlations 264 

between the measures of sleep duration and sleep duration variability based on the parent-reported 265 

diaries and visual inspection were good (r≥0.8, P<0.001). However, the registered movements 266 

during sleep correlated only moderately between the methods (0.6≤r≤0.7, P=0.001) 267 

(Supplementary Table 1) probably due to movements during the minutes that differed between the 268 

methods. All correlations were equally good at baseline and endpoint (Supplementary Table 1). 269 

Effects on sleep 270 

The variability in sleep duration (SD) across the week was lower among the children in the fish 271 

group compared to those in the poultry group and this was supported by a dose-response 272 

relationship with erythrocyte EPA+DHA (Table 2). Furthermore, the fish intervention shortened 273 

the latency from the parent-reported time when the child went to bed until sleep onset in weekends 274 

by ~40% of baseline latency and this also tended to be dose-dependent (Table 2). These effects 275 

persisted after adjustment for season. None of the other sleep measures differed between the diet 276 
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groups, but the week mean for nightly movements tended to be inversely related with erythrocyte 277 

EPA+DHA (P=0.05, Table 2).  278 

The sex-stratified analyses indicated that the effects of fish on sleep duration variability across the 279 

week and sleep latency during weekends were mainly driven by girls and with no apparent diet 280 

group difference among boys, but the sex-interaction term was far from significant (Pdiet*sex=0.50) 281 

(Supplementary Table S2). However, dose-dependency for sleep duration variability was only 282 

observed among the girls (-2.8 min/FA%, P=0.02). Furthermore, nightly movement on both 283 

weekdays and weekends decreased with increasing erythrocyte EPA+DHA among the girls only (-284 

1.8 and -2.2 cpm/FA%, respectively, and -1.9 cpm/FA% for the whole week, all P≤0.01) (Figure 285 

1), and this was supported by a group x sex interaction P-value <0.07 for both week and weekdays 286 

(Supplementary Table S2). On the other hand, total time in bed and sleep duration during weekdays 287 

showed a positive dose-dependent relationships only among the boys (3.6 min/FA% (P=0.02) and 288 

2.9 min/FA% (P<0.05), respectively), but this the P-value for sex interaction was >0.4 289 

(Supplementary Table S2).    290 

Effects on PA 291 

The children spent 48±6 % of their awake time with sedentary activities, 45±6 % on light intensity 292 

PA and 6±3 % on MVPA. We observed no diet effects on PA during the weekend, but children in 293 

the fish group spent about 0.25 SD less time with light PA on weekdays compared to those in the 294 

poultry group (Table 3). This decrease was due to a reduction in light PA during spare time, which 295 

was supported by a dose-response relationship with erythrocyte EPA+DHA. The reduction in light 296 

PA was accompanied by an almost similar and dose-dependent increase in sedentary activity during 297 

spare time. MVPA on the other hand, increased with ~12% during school hours in the fish group 298 

compared to the poultry group and this was accompanied by an increase of 558 steps during school 299 

hours, but none of these effects were not supported by a dose-response relationship with the 300 
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increase in biomarker of EPA+DHA intake (P>0.15). All the effects on PA became stronger when 301 

adjusted for season and the group difference in weekly steps became significant (0.8 (0.0, 1.7) 302 

steps/min) and the week and weekend measures for MVPA also tended to increase after fish 303 

consumption (4.7 (-0.4, 9.7) and 6.7 (-0.9, 14.2) min/day, respectively). 304 

The sex-stratified analyses revealed that the intervention effects on PA during school hours and 305 

spare time were most pronounced among the boys (Figure 2 and Supplementary Table S3). 306 

Although the sex-interaction terms were insignificant, the sex differences were supported by dose-307 

response relationships with erythrocyte EPA+DHA in the boys, which indicated a direct 308 

relationship for spare time sedentary activity (4.1 min/FA% (P=0.02), Figure 3) and an inverse 309 

relationship for light PA (-2.7 min/FA% (P=0.04)), whereas no relationships were seen among the 310 

girls.  311 

Discussion 312 

We found effects of a high intake of oily fish compared to poultry on sleep and PA patterns in 313 

healthy 8-9-year-old children. The fish intervention improved sleep quality by an overall reduction 314 

in sleep duration variability and shorter latency to sleep onset in weekends. These effects appeared 315 

to be most pronounced among girls, who also showed a dose-dependent reduction in nightly 316 

movements after fish intake. Furthermore, consumption of oily fish resulted in an increase in 317 

sedentary activity at the expense of light PA during spare time and more MVPA during school 318 

hours and these effects were most pronounced among the boys.  319 

The participating children had no diagnosed sleep disturbances and most of them slept more than 9 320 

hours/night in accordance with the national recommendations [35]. The observed decrease in 321 

latency to sleep onset in the fish group is in line with previously observed effects in adult forensic 322 

inpatients after a three months intervention with salmon (450-900 g/week) compared to meat and 323 
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poultry [36]. The effect on latency time in the children was only significant during weekends, but 324 

there were tendencies towards dose-dependency with the increase in n-3 LCPUFA status for both 325 

weekends and across the whole week. One could speculate that the time where the child goes to bed 326 

on weekdays is parent-regulated, whereas the time in weekends may be more child-driven and thus, 327 

more sensitive to changes in the child’s diet. This difference between weekdays and weekends may 328 

also be reflected in the observed group difference in sleep duration variability across the week, but 329 

not on weekends or weekdays separately, which may be due to a reduced difference in sleep 330 

duration between weekdays and weekends. The variation in sleep duration has been reported to 331 

increase from about 9 years of age [37] and high variation in sleep duration among children and 332 

adolescents has been associated with adiposity [38], impaired glycemic response [39], and 333 

behavioral and emotional problems [40].  334 

Our results are in accordance with a previously observed increase in accelerometer-evaluated sleep 335 

duration and a reduction in awake episodes in schoolchildren provided with DHA supplements (600 336 

mg/day) compared to controls [14]. In contrast, three weekly lunch meals of oily fish (50-80 337 

g/meal) for 16 weeks had no effect on parent-rated sleep measures in pre-schoolchildren [13], 338 

which could be due to the lower dose or the lack of objective measures. Findings from 339 

observational studies support that frequent fish intake is associated with better sleep in children [41] 340 

and adults [11]. Effects on sleep quality are also supported by plausible physiological mechanisms 341 

from animal models that show that n-3 LCPUFA, especially DHA, improve melatonin metabolism 342 

[42], which support an optimal circadian clock rhythm [43]. Apart from being the primary source of 343 

n-3 LCPUFA, oily fish is a main contributor to dietary vitamin D. Expression of vitamin D 344 

receptors is high in several sleep-involved nuclei in the hypothalamus and brainstem and vitamin D 345 

has been suggested to be inversely associated with sleep disorders [44]. However, we found that the 346 
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effects on sleep correlated with erythrocyte EPA+DHA, but not with serum 25-hydroxy vitamin D 347 

in this group of children, who generally had adequate vitamin D status (>40 nmol/L).  348 

After the intervention with fish, children spent less time on light intensity PA on weekdays, 349 

especially in their spare time compared to children who consumed poultry. This finding was 350 

supported by dose-dependency and is in accordance with cross-sectional observations in a pilot 351 

study in Danish schoolchildren, where DHA status was associated with less light-intensity PA [16]. 352 

We found that light-intensity PA in the children in the fish group was substituted with a dose-353 

dependent increase in spare time sedentary activity. Similarly, provision of fish oil for 8.5 month 354 

decreased light-intensity PA and increased sedentary activity during school hours in South African 355 

children [15]. Likewise, we previously found that children’s total PA at 7 years was lower when 356 

their mothers had been supplemented with fish oil during lactation [17].  357 

It is possible that n-3 LCPUFA may increase sedentary activity in the children due to an increase in 358 

calmness as indicated by a study with UK schoolchildren, where DHA supplementation for 8 weeks 359 

increased relaxation ratings on a visual analogue scale [45]. In line with this, fish oil has been 360 

shown to reduce hyperactivity among children with ADHD [46] and induce relaxation in animal 361 

models of ADHD [8]. However, the present study comprises children without an ADHD-diagnosis, 362 

who spent >40% of their spare time in the sedentary state to which the fish intervention added an 363 

additional ~45 min/week in girls and boys combined and the increase amounted to of ~71 min/week 364 

among the boys alone. This might be a concern, since an increase in sedentary behavior has been 365 

shown to associate with reduced metabolic health [47, 48] as well as lower behavioral and 366 

psychological well-being [47–49] among healthy children.  367 

MVPA on the other hand is strongly associated with a desirable metabolic profile [4], and one third 368 

of the children in the present study had more than 60 min/day of MVPA (data not shown) as 369 
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recommended by WHO [50]. This prevalence may even be underestimated as accelerometers are 370 

unable to capture cycling, which is common for transportation in Denmark. Our results showed an 371 

increase in MVPA during school hours after the fish intervention, which may counterbalance and 372 

cancel out the effect of the increase in sedentary activity as total PA was not affected, thus 373 

questioning if the effect on PA pattern will have an effect on children’s metabolic health. It is 374 

possible that the effects are interlinked in a way where the increase in sedentary activity is a result 375 

of fatigue induced by the increase in MVPA. However, the increase in MVPA may be a chance 376 

finding as no dose-dependency was observed, but we did find indications of increased MVPA 377 

during weekends and over the entire week after adjustment for season. We assume that the increase 378 

in MVPA in present study could reflect an increase in PA during breaks, where there is room for 379 

high-intensity activities, but we have no information about schedules of classes and breaks to 380 

support this interpretation. The increase in MVPA during school hours is in contrast to the South 381 

African school study, where overall PA was reduced during morning and afternoon classes without 382 

any effect on PA during breaks [15]. The lower intensity of PA in class was associated with less 383 

teacher-rated hyperactivity and oppositional behavior [15], indicating that an increase in MVPA 384 

during classes can be an unwanted behavior.  385 

Interestingly, the effect of fish consumption on PA tended to be most pronounced in boys, whereas 386 

girls appeared to have more pronounced effects on sleep. We do not expect any major biological 387 

sex-differences in this group of mainly pre-pubertal children, and think that the indicated sex-388 

specific patterns may reflect some behavioral sex-differences. We speculate that the results could 389 

reflect an increase in calmness that are expressed differently in boys and girls, i.e. boys became 390 

more sedentary and calm when they were awake, whereas girls had a more stable sleep pattern and 391 

were calmer during the night. We have previously shown, that fish oil supplementation to lactating 392 

mothers lowered PA levels at 7 years of age only in the sons [17], but we and others have found no  393 
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sex-specific effects of fish oil supplementation during childhood [15, 16]. To our knowledge, sex-394 

specific effects on sleep have not been investigated previously, so more research is needed to 395 

substantiate the indicated sex difference.  396 

The evaluated outcomes were defined as explorative in the trial and our findings should therefore be 397 

interpreted with caution, especially the potential sex differences although the focus on sex-398 

specificity was pre-specified in our protocol. In line with the exploratory approach, we did not 399 

correct for multiple testing. A strict Bonferroni adjustment would unfairly eliminate most of the 400 

observed group differences, as it would not consider the lack of independency between the outcome 401 

measures and the strategy of our supportive analyses. The number of significant differences are 402 

three times higher than expected by chance, mutually linked, and substantiated by dose-response-403 

relationships. Overall, the validity of our findings is strengthened by the randomized design, high 404 

completion rate, good compliance, and the use of erythrocyte EPA+DHA to verify intake as well as 405 

the use of accelerometry to objectively evaluate sleep and PA. We consider the findings of the study 406 

to be novel and important as they reflect real-life effects of fish per se when consumed in amounts 407 

within the national dietary recommendations [51] in a representative group of healthy Danish 408 

children [34, 52, 53].  409 

In conclusion, intake of more than 300 g/week oily fish appeared to modify sleep and PA in healthy 410 

8-9-year-old children. Oily fish intake associated with a more stable sleep pattern and an altered PA 411 

pattern. The results indicate that effects might be sex-specific, since the changes in sleep were most 412 

pronounced in girls, whereas PA was most affected in boys. The results are novel and warrants 413 

more research to examine the link between fish, sleep and PA. 414 
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Table 1 - Baseline characteristics of the study population (n=194)1.  

 Fish group Poultry group 

n 97 97 

Sex, boys:girls (%) 52.6 : 47.4 47.4 : 52.6 

Puberty2, yes:no (%) 25.8 : 74.2 22.7 : 77.3 

Age (y) 9.6 [9.2-9.7] 9.6 [9.2-9.7] 

Grade, 2nd:3rd:4th (%) 16.5 : 78.4 : 5.2 17.5 : 80.4 : 2.1 

Household education level3 (%) 

     Vocational, short academic or less 

     Bachelor’s degree 

     Master’s degree or higher 

 

20.6 

19.6 

59.8 

 

17.6 

25.8 

56.7 

Month of intervention start (%) 

     August/September 

     October/November 

     December/January 

     February/March 

 

17.5 

28.9 

22.6 

31.0 

 

16.5 

26.8 

25.8 

30.9 

Body weight (kg) 32.5 ± 5.0 31.6 ± 5.2 

Height (cm) 140 ± 6 139 ± 6 

BMI-for-age z-score -0.01 ± 1.02 -0.14 ± 1.09 

BMI category4 (%) 

     Underweight 

     Normal weight 

     Overweight or obese 

 

11.3 

82.5 

6.2 

 

14.4 

76.3 

9.3 

Total fish intake (g/week) 

     Oily fish intake (g/week) 

93 [63-146] 

40 [22-69] 

89 [63-119] 

33 [15-53] 

Erythrocyte LCPUFA, (FA%) 

     EPA (20:5n-3) 

     DHA (22:6n-3) 

     EPA+DHA 

 

0.52 [0.42-0.65] 

4.31 ± 0.84 

4.87 ± 0.99 

 

0.48 [0.39-0.66] 

4.26 ± 1.03 

4.80 ± 1.21 

1Presented as mean±SD, median [25th-75th percentile] or %. 

2Puberty was evaluated by a self-administered 5-point scale on breast development for girls and pubic hair 

for boys. The first answer on the scale was defined as “no” and all answers from 2 to 5 were categorized as 

“yes”. 
3Categorized according to the parent/guardian with highest education level. 
4Based on age- and gender specific cut-offs defined to be in accordance with BMI 18.5, 25 and 30 kg/m2 at 

age 18 years. 

DHA, docosahexanoic acid; EPA, eicosapentanoic acid; FA%, weight/weight % of total fatty acids; 

LCPUFA, long-chain polyunsaturated fatty acids. 
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Table 2 – The effect of the intervention with fish vs poultry on sleep measures1. 

 Fish group (n=97) Poultry group (n=97) Fish vs. poultry2 Dose-response3 

 Baseline Endpoint Baseline Endpoint Difference Slope 

Total time in bed (min)       

      All days 613 ± 27 607 ± 33 611 ± 35 602 ± 34 3.1 (-4.1,10.4) 1.8 (-0.4,4.0) 

      Weekdays 613 ± 28 610 ± 35 614 ± 36 606 ± 34 4.3 (-3.4,12.1) 1.7 (-0.7,4.1) 

      Weekend 611 ± 48 599 ± 56 603 ± 60 594 ± 58 1.7 (-12.7,16.09) 2.7 (-1.7,7.1) 

Latency to sleep onset (min)4       

      All days 11.4 ± 6.8 9.0 ± 6.2 10.2 ± 6.1 9.6 ± 6.9 -1.0 (-2.7,0.8) -0.5 (-1.0,0.0)+ 

      Weekdays 12.4 ± 8.7 9.8 ± 7.4 10.5 ± 6.9 9.2 ± 7.3 0.1 (-1.9,2.1) -0.5 (-1.1,0.1) 

      Weekend 8.9 ± 7.0 6.9 ± 7.0 9.5 ± 8.6 10.6 ± 11.0 -3.6 (-6.3,-1.0)** -0.7 (-1.6,0.1)+ 

Sleep duration (min)       

      All days 561 ± 26 553 ± 34 558 ± 27 551 ± 31 0.0 (-7.0,7.0) 0.7 (-1.5,2.8) 

      Weekdays 561 ± 28 555 ± 34 563 ± 29 555 ± 30 2.0 (-5.2,9.2) 1.2 (-1.1,3.4) 

      Weekend 560 ± 46 546 ± 52 544 ± 48 540 ± 56 -0.9 (-15.1,13.2) 1.4 (-2.9,5.8) 

Sleep duration variability (min)5       

      All days 36.5 [30.2-49.5] 39.6 [28.8-50.2] 40.4 [29.9-52.2] 46.3 [35.7-55.9] -6.0 (-11.1,-0.8)* -2.0 (-3.5,-0.4)* 

      Weekdays 28.5 [20.3-37.9] 32.9 [21.5-41.4] 28.8 [20.2-43.0] 35.9 [25.3-44.4] -3.3 (-7.8,1.1) -0.7 (-2.1,0.6) 

Movements during night (cpm)       

      All days 40.8 [31.8-51.4] 36.4 [29.5-44.5] 39.4 [30.7-49.4] 37.6 [30.8-45.9] -1.0 (-3.9,1.9) -0.8 (-1.7,0.0)+ 

      Weekdays 39.6 [32.5-50.4] 36.1 [30.2-42.7] 38.0 [29.6-47.6] 37.0 [29.5-44.4] -1.0 (-4.0,2.0) -0.7 (-1.5,0.2) 

      Weekend 38.7 [27.7-60.7] 36.1 [28.2-47.8] 40.6 [26.4-54.7] 36.5 [27.4-47.7] 0.6 (-4.6,5.9) -0.9 (-2.5,0.7) 

1Presented at baseline and endpoint in the two groups as unadjusted mean ± SD or as median [25th-75th percentile] and differences between groups and 

dose-response slopes are presented as estimated means (95% CI). 

2Endpoint differences between groups are tested by baseline-adjusted ANCOVA models: *P<0.05, **P<0.01. 
3Dose-response relationships with endpoint erythrocyte EPA+DHA are tested by linear regression models adjusted for baseline: +P<0.10, *P<0.05. 
4The presented estimates are based on analyses with non-transformed data, although data was skewed. Analyses with ln-transformed data with addition 

of 1 confirmed the findings. 
5This measure defined the standard deviation in sleep duration. 

cpm, counts per minute. 
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Table 3 – The effect of the intervention with fish vs poultry on physical activity measures1.  

 Fish group (n=97) Poultry group (n=97) Fish vs. poultry2 Dose-response3 

 Baseline Endpoint Baseline Endpoint Difference Slope 

Sedentary state (min/day)       

      All days 394 ± 56 410 ± 70 396 ± 51 408 ± 49 3.2 (-10.2,16.6) 0.9 (-3.2,5.0) 

      Weekend 413 ± 73 425 ± 89 400 ± 75 411 ± 67 8.5 (-12.0,29.0) 4.0 (-2.2,10.3) 

      Weekdays 386 ± 57 404 ± 74 394 ± 53 407 ± 54 2.4 (-12.5,17.2) 0.1 (-4.4,4.7) 

      School hours  161 ± 31 166 ± 36 171 ± 33 174 ± 27 -2.7 (-10.4,5.0) -0.3 (-2.6,2.0) 

      Spare time 128 ± 27 139 ± 35 128 ± 23 130 ± 24 9.4 (1.8,16.9)* 2.8 (0.5,5.1)* 

Light PA (min/day)       

      All days 373 ± 51 356 ± 61 374 ± 45 365 ± 47 -8.0 (-20.2,4.1) -2.2 (-6.0,1.5) 

      Weekend 327 ± 68 331 ± 76 349 ± 64 340 ± 67 1.2 (-17.5,19.9) -3.1 (-8.8,2.6) 

      Weekdays 391 ± 52 366 ± 64 383 ± 48 374 ± 46 -13.6 (-26.5,-0.8)* -2.6 (-6.6,1.3) 

      School hours  169 ± 27 161 ± 33 159 ± 28 158 ± 24 -2.8 (-9.6,4.0) 0.1 (-1.9,2.2) 

      Spare time 144 ± 23 132 ± 29 142 ± 20 140 ± 20 -8.2 (-14.4,-2.0)** -2.1 (-4.0,-0.2)* 

Moderate-vigorous PA (min/day)       

      All days 50.8 ± 25.1 53.0 ± 26.4 53.4 ± 24.6 50.5 ± 22.9 4.2 (-1.2,9.7) -0.1 (-1.8,1.6) 

      Weekend 33.3 ± 28.0 43.1 ± 31.5 39.5 ± 29.9 39.4 ± 28.9 5.9 (-2.2,14.1) 0.1 (-2.4,2.5) 

      Weekdays 57.8 ± 28.3 57.0 ± 29.9 59.0 ± 26.5 54.9 ± 24.2 2.8 (-3.3,8.9) -0.4 (-2.3,1.5) 

      School hours  28.3 ± 14.3 28.0 ± 16.0 27.7 ± 14.1 24.2 ± 11.5 3.5 (0.1,6.8)* 0.6 (-0.4,1.6) 

      Spare time 23.6 ± 14.6 23.0 ± 16.0 24.7 ± 14.4 25.0 ± 15.0 -1.3 (-5.0,2.4) -0.9 (-2.0,0.3) 

Total PA (cpm)       

      All days 1096 ± 242 1097 ± 319 1123 ± 227 1095 ± 256 22 (-44,87) -3 (-23,18) 

      Weekend 910 ± 335 997 ± 430 1002 ± 311 997 ± 355 37 (-70,144) -6 (-38,27) 

      Weekdays 1171 ± 250 1137 ± 330 1171 ± 242 1135 ± 268 3 (-67,72) -6 (-28,15) 

      School hours  1270 ± 320 1220 ± 358 1213 ± 325 1149 ± 303 39 (-40,119) 5 (-19,29) 

      Spare time 1272 ± 357 1246 ± 511 1312 ± 387 1331 ± 432 -61 (-180,58) -29 (-66,8) 

Steps (min-1)       

      All days 12.2 ± 4.1 13.2 ± 3.7 13.1 ± 3.3 12.8 ± 3.0 0.8 (-0.1,1.7)+ 0.1 (-0.2,0.4) 

      Weekend 9.0 ± 4.0 11.0 ± 4.2 10.7 ± 4.7 10.7 ± 4.1 0.7 (-0.4,1.9) 0.2 (-0.2,0.5) 

      Weekdays 13.4 ± 4.6 14.1 ± 4.2 14.1 ± 3.3 13.6 ± 3.2 0.7 (-0.3,1.7) 0.1 (-0.2,0.4) 

      School hours  14.6 ± 5.2 15.6 ± 5.2 14.9 ± 4.1 14.1 ± 3.6 1.6 (0.3,2.8)* 0.3 (-0.1,0.6) 

      Spare time 15.0 ± 6.3 15.2 ± 6.3 15.9 ± 5.1 15.9 ± 5.7 -0.3 (-1.9,1.3) -0.3 (-0.7,0.2) 
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1Presented at baseline and endpoint in the two groups as unadjusted mean ± SD and differences between groups and dose-response slopes are presented 

as estimated means (95% CI). 

2Endpoint differences between groups are tested by baseline-adjusted ANCOVA models: +P>0.10, *P<0.05, **P<0.01. 
3Dose-response relationships with endpoint erythrocyte EPA+DHA are tested by linear regression models adjusted for baseline: *P<0.05. 

cpm, counts per minute; PA, physical activity. 
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Figure 1 – Dose-response association at endpoint between monitor movements during night and 

erythrocyte EPA+DHA when adjusted for baseline. The solid lines are the best fitted lines for the 

logarithmic relationship for girls (grey, n=90, β=-1.94 (95% CI: -3.04,-0.85)) and boys (black, 

n=94, β=0.37 (95% CI: -0.93,1.67])), respectively, and the dashed lines give 95% prediction 

intervals. 

 

Figure 2 – Sex-stratified intervention effects on physical activity (PA) in school hours and spare 

time, respectively. Evaluated as endpoint differences after adjustment for baseline (n=97 boys, n=97 

girls). Point estimates are mean group differences for time spent in the sedentary state (light grey), 

with light PA (grey) and with moderate-to-vigorous PA (black) and the error bars give 95% 

confidence intervals.  

 

Figure 3 – Dose-response association at endpoint between minutes of sedentary activities in spare 

time and erythrocyte EPA+DHA when adjusted for baseline. The solid lines are the best fitted lines 

for the linear relationship for girls (grey, n=90, β=1.5 (95% CI: -1.6,4.6)) and boys (black, n=94, 

β=4.1 (95% CI: 0.6,7.6)), respectively, and the dashed lines give 95% prediction intervals. 
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Abstract 1 

Purpose: Studies indicate that long-chain n-3 PUFA (n-3LCPUFA) affect sleep and physical 2 

activity (PA) in childhood. However, few studies used objective tools and none studies examined 3 

the effect of fish per se. We aimed to explore if fish consumption affected sleep and PA assessed by 4 

accelerometry in children, and if effects were modified by sex. 5 

Methods: In a randomized 12-week trial, 199 healthy 8-9-year-old children received ~300 g/week 6 

of oily fish or poultry. Sleep and PA were pre-specified explorative outcomes examined by 7 

accelerometers that the children wore on their hip for 7 days at baseline and endpoint, while parents 8 

registered sleep. Compliance was verified by erythrocyte n-3LCPUFA. 9 

Results: The children slept 9.4±0.5 hours/night, but the sleep duration variability across the week 10 

was 6.0 (95%CI: 0.8, 11.1) min lower in the fish vs poultry group. Furthermore, children in the fish 11 

group exhibited increased spare time sedentary activity (9.4 (95%CI: 1.8, 16.9) min/day) at the 12 

expense of light PA (-8.2 (95%CI: -14.4, -2.0) min/day). These effects were supported by dose-13 

dependency with n-3LCPUFA. Additionally, latency to sleep onset was reduced by 3.6 (95%CI: 14 

1.0, 6.3) min on weekends and moderate-vigorous PA during school hours was 3.5 (95%CI: 0.1, 15 

6.8) min longer in fish vs poultry. P-values for sex interactions were all >0.05, but the effects 16 

tended to be most pronounced on sleep in girls and PA in boys.  17 

Conclusions: Oily fish intake altered sleep and PA patterns among healthy schoolchildren, with 18 

some slight indications of sex differences. These findings warrant further investigation.  19 

 20 

Keywords: n-3 long chain fatty acids, docosahexaenoic acid, eicosapentaenoic acid, children, 21 

pediatrics, sleep, physical activity.  22 
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Introduction 45 

Sleep duration and physical activity (PA) among children and youth have declined through the last 46 

decades in most western populations [1, 2]. These lifestyle changes may affect metabolic health in 47 

children [3, 4]. Additionally, poor sleep and low PA are associated with behavioral problems and 48 

diminished cognitive functioning [5, 6] and sleep disturbances and hyperactivity are core symptoms 49 

in attention-deficit/hyperactivity disorder (ADHD), which is a common behavioral disorder among 50 

school-age children [7].  51 

Intake of marine long-chain polyunsaturated n-3 fatty acids (n-3 LCPUFA) has received increasing 52 

focus in recent years due to the potential association with sleep and PA. Animal studies find that n-3 53 

LCPUFA-deficiency induce hyperactivity [8–10] and reduce concentrations of the sleep-inducing 54 

hormone melatonin [10], but few studies have investigated if intake of n-3 LCPUFA affects sleep 55 

and PA in humans. An observational study showed that high fish intake was associated with 56 

improved sleep quality in adults [11]. Likewise, an intervention with three weekly salmon meals 57 

reduced sleep latency and awake time during night in forensic inpatients, but this was only evident 58 

for accelerometer-derived sleep measures, not for self-reported sleep [12]. In line with this, no 59 

effects were detected on parent-rated sleep measures among children after three weekly lunch meals 60 

with oily fish [13] or daily docosahexaenoic acid (22:6n-3, DHA) supplementation [14]. In contrast, 61 

the latter improved sleep quality based on accelerometer measurements in a subgroup of children 62 

[14].  63 

Accelerometers are traditionally used to evaluate PA and some studies have indicated that n-3 64 

LCPUFA affect accelerometer-derived activity measures in children. Supplementation with fish oil 65 

for 8.5 months in South African children increased sedentary activity and decreased light- and 66 

moderate-intensity PA during school hours [15]. Likewise, we previously showed that PA was 67 
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negatively associated with whole blood DHA in schoolchildren [16] and found that maternal fish oil 68 

supplementation during lactation was associated with lower PA at 7 years of age, but only in the 69 

sons [17]. No other studies have examined sex specific effects on PA or sleep, but the effects of n-3 70 

LCPUFA on metabolic markers [18, 19] and cognitive function [20] have been reported to be 71 

modified by sex.  72 

The aim of the present study was to explore if intake of ~300 g/week of oily fish compared to 73 

poultry affected sleep and PA among healthy 8-9-year-old children. Sleep and PA were evaluated 74 

by accelerometers and sleep time and duration were compared to parent-registered sleep times. 75 

Additionally, we evaluated if effects on sleep and PA differed between weekdays and weekends and 76 

between school hours and spare time and if the effects were modified by sex.  77 

 78 

Methods 79 

Study design 80 

FiSK [Fisk, børn, Sundhed og Kognition] (Fish, children, health, and cognition) Junior was a 81 

randomized trial conducted during August 2016 - June 2017 at Department of Nutrition, Exercise 82 

and Sports, University of Copenhagen, Frederiksberg, Denmark. In total, 199 healthy Danish 8-9-83 

year-old children were randomly assigned to receive ~300 g/week of either oily fish or poultry 84 

(control) for 12 weeks. Study design, randomization procedure and methods has been described in 85 

detail previously [21]. The co-primary outcomes of the study were diastolic blood pressure and 86 

plasma triacylglycerol, while secondary outcomes covered other cardio-metabolic risk markers, 87 

cognitive function and well-being. In this paper, we evaluate effects on sleep and PA, which were 88 

pre-specified as explorative study outcomes. The trial was registered at clinicaltrials.gov 89 

(NCT02809508) before initiation of recruitment and was conducted in accordance with the 90 
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Declaration of Helsinki and approved by the Committees on Biomedical Research Ethics for the 91 

Capital Region of Denmark (H-16018225).  92 

Participants 93 

Children aged 8 or 9 years, living in the Capital Region of Denmark, were identified through the 94 

Danish Civil Registration System and invited by postal letters. Interested children and their parents 95 

received oral information before they gave written consent to participate. The eligibility criteria for 96 

the study was that the child had to speak Danish and like oily fish and chicken, but not eat oily fish 97 

more than once per week and not take n-3 LCPUFA supplements during the last three months prior 98 

to intervention start. Moreover, the parents had to read and speak Danish, the household should not 99 

contain more than five people and only one child from each household could participate in the 100 

study. Exclusion criteria were serious chronic diseases or intake of medication that could interfere 101 

with the study outcomes, diagnosed ADHD or other psychiatric illnesses and simultaneous 102 

participation in other studies involving dietary supplements or blood sampling. 103 

Randomization and blinding 104 

To assure approximately equal allocation to the diet groups throughout the different seasons, the 105 

children were randomized in blocks of 12. A staff member not involved in data collection produced 106 

a computer-generated randomization list (using “blockrand”, R Core Team, 2016) with 204 107 

consecutive numbers each linked to one of the two diet groups and produced 204 sealed, 108 

sequentially numbered envelopes containing the corresponding group allocation. The order in which 109 

the children finished their baseline examination determined the number of the envelope they 110 

received and thus the allocation. As the randomization was performed at the end of the baseline 111 

examination, all baseline measurements were performed double-blinded, whereas the nature of the 112 

intervention made blinding during the intervention impossible. All collected samples and data were 113 

only marked by ID and the research staff were blinded to the allocation, when they performed lab 114 
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analysis and data cleaning, including the inspection of the ActiGraph recordings. However, the 115 

person who did the statistical analysis was not blinded. 116 

Intervention diets 117 

We aimed for a weekly intake of about 300 g of oily fish, which is within the national dietary 118 

guidelines and was expected to provide approximately 0.8-1.0 g/day n-3 LCPUFA. The fish group 119 

received fresh or frozen fillets of “Aquaculture Stewardship Council”-certified farmed salmon 120 

fillets and a selection of lunch products such as canned mackerel in tomato sauce, marinated 121 

herring, smoked trout, smoked mackerel, salmon fish cakes and salmon sausages. The control group 122 

received different cuts (whole, breast, thigh and minced) of frozen, organic chicken and a variety of 123 

cold poultry lunch products such as chicken liver pate, poultry sausages and chicken meatballs. All 124 

families were provided with study foods free of charge to serve for dinner twice a week for the 125 

whole family and several times per week for lunch for the child. The parents received a recipe 126 

booklet for inspiration and were asked to substitute the provided study foods with some of the 127 

animal protein sources usually consumed by the child and apart from this to maintain the child’s 128 

usual dietary and exercise habits during the intervention.  129 

Throughout the intervention, the parents recorded the child’s daily intake of study foods in pre-130 

coded recording sheets with pictures of standard portions of the provided study foods. At baseline 131 

and endpoint, the parents answered a food frequency questionnaire about the child’s intake of fish, 132 

poultry and meat within the last month. As previously described, we used these frequencies to 133 

estimate the intake of fish, poultry, n-3 LCPUFA and vitamin D, which we have validated [22].  134 

Data collection 135 

The children were examined at baseline and endpoint, and procedures for collection of data used to 136 

describe baseline characteristics have been described previously [23, 24]. At both visits, 137 
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erythrocytes were isolated from fasting lithium heparinized blood and stored at -80°C in a saline 138 

solution with 2,6-di-tert-butyl-4-methylphenol (butylated hydroxytoluene, Sigma-Aldrich). Within 139 

9 months from collection, the fatty acid composition was analyzed by gas chromatography as 140 

previously described [25]. All identified fatty acids had an inter- and intra-assay coefficient of 141 

variation (CV) <5%. The sum of erythrocyte eicosapentaenoic acid (20:5n-3, EPA) and DHA 142 

expressed in weight/weight % of total fatty acids (FA%) was used as a compliance marker of oily 143 

fish intake. As previously described [22], serum stored at -80°C was used for analysis of 25-144 

hydroxyvitamin-D (25(OH)D) by LC-MS/MS quantification of 25(OH)D2 and 25(OH)D3 145 

concentrations, and the sum of these was used as a measure of vitamin D status. The inter- and 146 

intra-assay CV were <4%. 147 

Maximum three weeks prior to the baseline and endpoint examination, the children wore an 148 

ActiGraphTM tri-axis accelerometer monitor (GT3X+ or GT3X, Pensacola, FL, USA) in an elastic 149 

belt on their right hip for seven consecutive days. The measurement period started and ended with a 150 

night, thus recording a total of eight nights, but the eighth night was incomplete and therefore not 151 

used in the analyses. The children were asked only to remove the monitor during showering, 152 

swimming and other water activities. At the end of each period the data were integrated in 60-153 

second epochs and analyzed using ActiLife6 (Version 6.11.9).  154 

Assessment of PA 155 

For the analyses of PA, non-wear time was removed by the “Troiano (2007)” algorithm provided by 156 

ActiLife6 [26], which has been validated for waist-worn accelerometers. Non-awake time was also 157 

removed from the analyses by exclusion of sleep periods registered in parent-reported sleep diaries. 158 

Data were considered valid for days with a minimum of 9 hours total wear time and all children had 159 

valid data from at least three weekdays (Monday to Friday) and one weekend day (Saturday and 160 

Sunday) (Supplementary Figure 1). Movements measured in axis 1, 2 and 3 reflect vertical, 161 
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horizontal and lateral movements, respectively, and total PA is expressed as the vector magnitude of 162 

all three axes. To categorize the intensity of PA, we used previously validated cut-off points among 163 

children [27]; minutes with ≤100 vertical counts per minute (cpm) were defined as sedentary 164 

activity, 101-2295 vertical cpm as light PA and ≥2296 vertical cpm as moderate-to-vigorous PA 165 

(MVPA).  166 

Means for all PA measures were calculated for weekdays and weekends separately, and the 167 

calculation of weekly measures was based on the weekday and weekend means in the proportion 5 168 

to 2. Furthermore, PA during weekdays was divided into school hours and spare time defined as 169 

08:00 AM to 02:00 PM and 02:01 PM to 07:00 PM, respectively. School hours were specified in 170 

accordance with guidelines from the Danish Ministry of Children and Education, which state that 171 

children from 1st to 3rd grade should have minimum 30 school hours/week and that most schooldays 172 

should be from 08:00 AM to 02:00 PM [28]. The set spare time interval ended before the parent-173 

reported time into bed for >98 % of the children. 174 

Assessment of sleep 175 

Nights where the monitor was reported to have been removed were excluded from the analyses of 176 

sleep (n=11 nights) as were nights with no recorded activity (n=13 nights) and nights with a sleep 177 

duration ≥15 hours, which were considered as unusual behavior (e.g. sickness) (n=2 nights). Sleep 178 

scoring was based on the “Sadeh 1994” algorithm provided by ActiLife6 [29], which has been 179 

validated for wrist-worn accelerometers. Scoring of waist-worn accelerometer data have been 180 

shown to provide a good proxy measure for sleep duration in Danish children [30] and when 181 

evaluating changes in sleep duration over time no difference was found between wrist- and waist-182 

worn accelerometers [31].  183 
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We applied two different approaches to specify the night interval that was used for sleep scoring 184 

from the actograms. First, we set sleep times by visual inspection of the actograms using the 185 

following criteria: the time when the child went to bed was defined as the minute with <10 cpm 186 

after four consecutive minutes of  ≥10 cpm in the evening and the time, when the child was out of 187 

bed was defined as the minute before four consecutive minutes of ≥10 cpm in the morning. 188 

Secondly, we used the sleep times registered by the parents in a pre-coded sleep diary from the 189 

week where the child wore the accelerometer. The parents were instructed to record the time, when 190 

the child lay quietly in the bed with the lights turned off and the time, when the child left the bed in 191 

the morning. We received complete sleep diaries for 173 (89%) children at baseline and 159 (82%) 192 

children at endpoint, and partially completed diaries for 17 (9%) and 31 (16%) children, 193 

respectively. When diary information was lacking, sleep times were replaced by data from the 194 

visual inspection of the actograms. 195 

The reported measures of total time in bed is based on data from sleep diaries and latency to sleep 196 

onset was estimated from the actograms by the algorithm within the interval when parents reported 197 

that the child was in the bed. Sleep duration (minutes of sleep without wakeups), sleep duration 198 

variability (the standard deviation (SD) of the mean sleep duration), and nightly movements were 199 

estimated by the algorithm based on both the visual inspected sleep times and the parent-reported in 200 

bed times and were subsequently validated against each other. For these three sleep measures, we 201 

only report estimates from analyses of those derived from the visually inspected sleep times. 202 

All children had valid sleep data for at least three weekdays (nights after Sunday-Thursday) and one 203 

weekend day (nights after Friday and Saturday) (Supplementary Figure 1). Means for the different 204 

sleep measures were calculated for weekdays and weekends separately, and weekly values were 205 

calculated in a proportion of 5 weekdays to 2 weekend days, with the exception of the variability of 206 
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the sleep duration, which was calculated as the SD of the sleep duration on all days with available 207 

data. 208 

Sample size calculation 209 

The sample size of the study was not determined for the measures of sleep and physical activity, but 210 

for the co-primary outcomes of the trial, diastolic blood pressure and plasma triacylglycerol based 211 

on expected effect sizes and SD from a sample of 823 Danish 8-11-year-old children [32]. The 212 

calculation used 5% as the level of significance and a power of 80% and allowed for 25% dropout 213 

and missing data. Based on the calculation, we need a complete set of data from 150 children to 214 

detect standardized group difference of 0.5 SD, not only on the co-primary outcomes, but also on 215 

the exploratory outcomes in the present sub-study.  216 

Statistical analyses 217 

Analyses were performed as completer’s case, which included the 194 children (97%) who had 218 

valid accelerometer data from both baseline and endpoint. Data were analyzed using R version 3.5.1 219 

(The R Foundation for Statistical Computing Platform) and significance was established at P<0.05. 220 

Normal distribution of data was evaluated by histograms and qq-plots. Sleep duration variability 221 

and movements during night were skewed and therefore ln-transformed before analysis. Latency to 222 

sleep onset was also skewed, but could not be ln-transformed due to a large number of zero-values, 223 

so we analyzed both non-transformed data and ln-transformed data after addition of 1 to all values. 224 

These analyses showed similar results (data not shown), so only results from the non-transformed 225 

analyses are reported. 226 

We examined differences in the outcomes between the diet groups at endpoint by ANCOVA model 227 

adjusted only for the baseline value and with group as fixed factor. We additionally tested for a 228 

dose-response relationship using baseline-adjusted linear regression models with endpoint 229 
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erythrocyte EPA+DHA as independent variable. Likewise, all sleep measures were tested for dose-230 

response relationship with endpoint vitamin D status, but these data are not shown as none of the 231 

relationships were significant. To evaluate if sex modified the effect of the intervention on the 232 

outcomes, we made sex-stratified analyses of group differences and dose-response relationships and 233 

tested for diet*sex interactions in the baseline-adjusted ANCOVA models. Finally, we evaluated if 234 

the group differences were consistent after adjustment for the season of intervention start 235 

(categorized as August/September, October/November, December/January and February/March), 236 

since sleep and PA in children has been shown to differ between seasons [33, 34] and because we 237 

found that this covariate was significant in most of our analyses (data not shown). PA intensities 238 

were evaluated both as minutes of activity with the specific intensity and as percentage of total 239 

time, whereas total PA was evaluated both as the sum of counts and mean cpm. However, as the 240 

findings were similar (data not shown), we only report results from analyses based on minutes with 241 

the specific PA intensities and total PA cpm. 242 

We compared parent-reported sleep times with the visually inspected actograms by paired t-tests, 243 

and validated sleep measures assessed by the two methods using Pearson’s correlation. Correlation 244 

coefficients (r) <0.4 were considered as poor, 0.4-0.8 as moderate and >0.8 as good.  245 

Results 246 

Subject characteristics and dietary compliance 247 

Only two of the 199 randomized children withdrew and three children were excluded from the 248 

analyses due to monitor problems, which left 194 children for the analyses. More than 90% of the 249 

children had valid data for all 7 days and the remaining children had valid data for 5-6 days 250 

(Supplementary Figure 1). The baseline characteristics were similar in the two diet groups and most 251 

of the children were normal weight and from households with a high level of education (Table 1). 252 



13 

 

 

 

As intended, all children had a low habitual intake of fish, especially of oily fish. Provision of oily 253 

fish during the intervention increased the intake 11 times, but there was no change in the children in 254 

the poultry group [22]. The estimated intake of EPA+DHA was 913±278 mg/day and 141±100 255 

mg/day for the children in the fish and the poultry group, respectively, resulting in a relative content 256 

of EPA+DHA in the erythrocytes of 7.3±1.4 FA% vs. 5.1±1.2 FA% (P<0.001) [22]. 257 

Correlations between sleep assessment methods 258 

According to the parent-reported sleep diaries, the mean times when the children were in and out of 259 

bed were (HH:MM) 20:39±00:45 and 06:49±00:35 in weekdays and 21:54±01:05 and 07:56±01:00 260 

in the weekend. Overall, the parent-reported time into bed was 18±34 min earlier than the time 261 

derived from the visual inspection of actograms (P<0.001) and the reported time when the child was 262 

out of bed was 10±34 min later (P<0.001). Despite these differences, the algorithm-derived sleep 263 

onset time differed only slightly between the two methods (3±29 min, P<0.001) and the correlations 264 

between the measures of sleep duration and sleep duration variability based on the parent-reported 265 

diaries and visual inspection were good (r≥0.8, P<0.001). However, the registered movements 266 

during sleep correlated only moderately between the methods (0.6≤r≤0.7, P=0.001) 267 

(Supplementary Table 1) probably due to movements during the minutes that differed between the 268 

methods. All correlations were equally good at baseline and endpoint (Supplementary Table 1). 269 

Effects on sleep 270 

The variability in sleep duration (SD) across the week was lower among the children in the fish 271 

group compared to those in the poultry group and this was supported by a dose-response 272 

relationship with erythrocyte EPA+DHA (Table 2). Furthermore, the fish intervention shortened 273 

the latency from the parent-reported time when the child went to bed until sleep onset in weekends 274 

by ~40% of baseline latency and this also tended to be dose-dependent (Table 2). These effects 275 

persisted after adjustment for season. None of the other sleep measures differed between the diet 276 
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groups, but the week mean for nightly movements tended to be inversely related with erythrocyte 277 

EPA+DHA (P=0.05, Table 2).  278 

The sex-stratified analyses indicated that the effects of fish on sleep duration variability across the 279 

week and sleep latency during weekends were mainly driven by girls and with no apparent diet 280 

group difference among boys, but the sex-interaction term was far from significant (Pdiet*sex=0.50) 281 

(Supplementary Table S2). However, dose-dependency for sleep duration variability was only 282 

observed among the girls (-2.8 min/FA%, P=0.02). Furthermore, nightly movement on both 283 

weekdays and weekends decreased with increasing erythrocyte EPA+DHA among the girls only (-284 

1.8 and -2.2 cpm/FA%, respectively, and -1.9 cpm/FA% for the whole week, all P≤0.01) (Figure 285 

1), and this was supported by a group x sex interaction P-value <0.07 for both week and weekdays 286 

(Supplementary Table S2). On the other hand, total time in bed and sleep duration during weekdays 287 

showed a positive dose-dependent relationships only among the boys (3.6 min/FA% (P=0.02) and 288 

2.9 min/FA% (P<0.05), respectively), but this the P-value for sex interaction was >0.4 289 

(Supplementary Table S2).    290 

Effects on PA 291 

The children spent 48±6 % of their awake time with sedentary activities, 45±6 % on light intensity 292 

PA and 6±3 % on MVPA. We observed no diet effects on PA during the weekend, but children in 293 

the fish group spent about 0.25 SD less time with light PA on weekdays compared to those in the 294 

poultry group (Table 3). This decrease was due to a reduction in light PA during spare time, which 295 

was supported by a dose-response relationship with erythrocyte EPA+DHA. The reduction in light 296 

PA was accompanied by an almost similar and dose-dependent increase in sedentary activity during 297 

spare time. MVPA on the other hand, increased with ~12% during school hours in the fish group 298 

compared to the poultry group and this was accompanied by an increase of 558 steps during school 299 

hours, but none of these effects were not supported by a dose-response relationship with the 300 
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increase in biomarker of EPA+DHA intake (P>0.15). All the effects on PA became stronger when 301 

adjusted for season and the group difference in weekly steps became significant (0.8 (0.0, 1.7) 302 

steps/min) and the week and weekend measures for MVPA also tended to increase after fish 303 

consumption (4.7 (-0.4, 9.7) and 6.7 (-0.9, 14.2) min/day, respectively). 304 

The sex-stratified analyses revealed that the intervention effects on PA during school hours and 305 

spare time were most pronounced among the boys (Figure 2 and Supplementary Table S3). 306 

Although the sex-interaction terms were insignificant, the sex differences were supported by dose-307 

response relationships with erythrocyte EPA+DHA in the boys, which indicated a direct 308 

relationship for spare time sedentary activity (4.1 min/FA% (P=0.02), Figure 3) and an inverse 309 

relationship for light PA (-2.7 min/FA% (P=0.04)), whereas no relationships were seen among the 310 

girls.  311 

Discussion 312 

We found effects of a high intake of oily fish compared to poultry on sleep and PA patterns in 313 

healthy 8-9-year-old children. The fish intervention improved sleep quality by an overall reduction 314 

in sleep duration variability and shorter latency to sleep onset in weekends. These effects appeared 315 

to be most pronounced among girls, who also showed a dose-dependent reduction in nightly 316 

movements after fish intake. Furthermore, consumption of oily fish resulted in an increase in 317 

sedentary activity at the expense of light PA during spare time and more MVPA during school 318 

hours and these effects were most pronounced among the boys.  319 

The participating children had no diagnosed sleep disturbances and most of them slept more than 9 320 

hours/night in accordance with the national recommendations [35]. The observed decrease in 321 

latency to sleep onset in the fish group is in line with previously observed effects in adult forensic 322 

inpatients after a three months intervention with salmon (450-900 g/week) compared to meat and 323 
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poultry [36]. The effect on latency time in the children was only significant during weekends, but 324 

there were tendencies towards dose-dependency with the increase in n-3 LCPUFA status for both 325 

weekends and across the whole week. One could speculate that the time where the child goes to bed 326 

on weekdays is parent-regulated, whereas the time in weekends may be more child-driven and thus, 327 

more sensitive to changes in the child’s diet. This difference between weekdays and weekends may 328 

also be reflected in the observed group difference in sleep duration variability across the week, but 329 

not on weekends or weekdays separately, which may be due to a reduced difference in sleep 330 

duration between weekdays and weekends. The variation in sleep duration has been reported to 331 

increase from about 9 years of age [37] and high variation in sleep duration among children and 332 

adolescents has been associated with adiposity [38], impaired glycemic response [39], and 333 

behavioral and emotional problems [40].  334 

Our results are in accordance with a previously observed increase in accelerometer-evaluated sleep 335 

duration and a reduction in awake episodes in schoolchildren provided with DHA supplements (600 336 

mg/day) compared to controls [14]. In contrast, three weekly lunch meals of oily fish (50-80 337 

g/meal) for 16 weeks had no effect on parent-rated sleep measures in pre-schoolchildren [13], 338 

which could be due to the lower dose or the lack of objective measures. Findings from 339 

observational studies support that frequent fish intake is associated with better sleep in children [41] 340 

and adults [11]. Effects on sleep quality are also supported by plausible physiological mechanisms 341 

from animal models that show that n-3 LCPUFA, especially DHA, improve melatonin metabolism 342 

[42], which support an optimal circadian clock rhythm [43]. Apart from being the primary source of 343 

n-3 LCPUFA, oily fish is a main contributor to dietary vitamin D. Expression of vitamin D 344 

receptors is high in several sleep-involved nuclei in the hypothalamus and brainstem and vitamin D 345 

has been suggested to be inversely associated with sleep disorders [44]. However, we found that the 346 
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effects on sleep correlated with erythrocyte EPA+DHA, but not with serum 25-hydroxy vitamin D 347 

in this group of children, who generally had adequate vitamin D status (>40 nmol/L).  348 

After the intervention with fish, children spent less time on light intensity PA on weekdays, 349 

especially in their spare time compared to children who consumed poultry. This finding was 350 

supported by dose-dependency and is in accordance with cross-sectional observations in a pilot 351 

study in Danish schoolchildren, where DHA status was associated with less light-intensity PA [16]. 352 

We found that light-intensity PA in the children in the fish group was substituted with a dose-353 

dependent increase in spare time sedentary activity. Similarly, provision of fish oil for 8.5 month 354 

decreased light-intensity PA and increased sedentary activity during school hours in South African 355 

children [15]. Likewise, we previously found that children’s total PA at 7 years was lower when 356 

their mothers had been supplemented with fish oil during lactation [17].  357 

It is possible that n-3 LCPUFA may increase sedentary activity in the children due to an increase in 358 

calmness as indicated by a study with UK schoolchildren, where DHA supplementation for 8 weeks 359 

increased relaxation ratings on a visual analogue scale [45]. In line with this, fish oil has been 360 

shown to reduce hyperactivity among children with ADHD [46] and induce relaxation in animal 361 

models of ADHD [8]. However, the present study comprises children without an ADHD-diagnosis, 362 

who spent >40% of their spare time in the sedentary state to which the fish intervention added an 363 

additional ~45 min/week in girls and boys combined and the increase amounted to of ~71 min/week 364 

among the boys alone. This might be a concern, since an increase in sedentary behavior has been 365 

shown to associate with reduced metabolic health [47, 48] as well as lower behavioral and 366 

psychological well-being [47–49] among healthy children.  367 

MVPA on the other hand is strongly associated with a desirable metabolic profile [4], and one third 368 

of the children in the present study had more than 60 min/day of MVPA (data not shown) as 369 
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recommended by WHO [50]. This prevalence may even be underestimated as accelerometers are 370 

unable to capture cycling, which is common for transportation in Denmark. Our results showed an 371 

increase in MVPA during school hours after the fish intervention, which may counterbalance and 372 

cancel out the effect of the increase in sedentary activity as total PA was not affected, thus 373 

questioning if the effect on PA pattern will have an effect on children’s metabolic health. It is 374 

possible that the effects are interlinked in a way where the increase in sedentary activity is a result 375 

of fatigue induced by the increase in MVPA. However, the increase in MVPA may be a chance 376 

finding as no dose-dependency was observed, but we did find indications of increased MVPA 377 

during weekends and over the entire week after adjustment for season. We assume that the increase 378 

in MVPA in present study could reflect an increase in PA during breaks, where there is room for 379 

high-intensity activities, but we have no information about schedules of classes and breaks to 380 

support this interpretation. The increase in MVPA during school hours is in contrast to the South 381 

African school study, where overall PA was reduced during morning and afternoon classes without 382 

any effect on PA during breaks [15]. The lower intensity of PA in class was associated with less 383 

teacher-rated hyperactivity and oppositional behavior [15], indicating that an increase in MVPA 384 

during classes can be an unwanted behavior.  385 

Interestingly, the effect of fish consumption on PA tended to be most pronounced in boys, whereas 386 

girls appeared to have more pronounced effects on sleep. We do not expect any major biological 387 

sex-differences in this group of mainly pre-pubertal children, and think that the indicated sex-388 

specific patterns may reflect some behavioral sex-differences. We speculate that the results could 389 

reflect an increase in calmness that are expressed differently in boys and girls, i.e. boys became 390 

more sedentary and calm when they were awake, whereas girls had a more stable sleep pattern and 391 

were calmer during the night. We have previously shown, that fish oil supplementation to lactating 392 

mothers lowered PA levels at 7 years of age only in the sons [17], but we and others have found no  393 
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sex-specific effects of fish oil supplementation during childhood [15, 16]. To our knowledge, sex-394 

specific effects on sleep have not been investigated previously, so more research is needed to 395 

substantiate the indicated sex difference.  396 

The evaluated outcomes were defined as explorative in the trial and our findings should therefore be 397 

interpreted with caution, especially the potential sex differences although the focus on sex-398 

specificity was pre-specified in our protocol. In line with the exploratory approach, we did not 399 

correct for multiple testing. A strict Bonferroni adjustment would unfairly eliminate most of the 400 

observed group differences, as it would not consider the lack of independency between the outcome 401 

measures and the strategy of our supportive analyses. The number of significant differences are 402 

three times higher than expected by chance, mutually linked, and substantiated by dose-response-403 

relationships. Overall, the validity of our findings is strengthened by the randomized design, high 404 

completion rate, good compliance, and the use of erythrocyte EPA+DHA to verify intake as well as 405 

the use of accelerometry to objectively evaluate sleep and PA. We consider the findings of the study 406 

to be novel and important as they reflect real-life effects of fish per se when consumed in amounts 407 

within the national dietary recommendations [51] in a representative group of healthy Danish 408 

children [34, 52, 53].  409 

In conclusion, intake of more than 300 g/week oily fish appeared to modify sleep and PA in healthy 410 

8-9-year-old children. Oily fish intake associated with a more stable sleep pattern and an altered PA 411 

pattern. The results indicate that effects might be sex-specific, since the changes in sleep were most 412 

pronounced in girls, whereas PA was most affected in boys. The results are novel and warrants 413 

more research to examine the link between fish, sleep and PA. 414 
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Table 1 - Baseline characteristics of the study population (n=194)1.  

 Fish group Poultry group 

n 97 97 

Sex, boys:girls (%) 52.6 : 47.4 47.4 : 52.6 

Puberty2, yes:no (%) 25.8 : 74.2 22.7 : 77.3 

Age (y) 9.6 [9.2-9.7] 9.6 [9.2-9.7] 

Grade, 2nd:3rd:4th (%) 16.5 : 78.4 : 5.2 17.5 : 80.4 : 2.1 

Household education level3 (%) 

     Vocational, short academic or less 

     Bachelor’s degree 

     Master’s degree or higher 

 

20.6 

19.6 

59.8 

 

17.6 

25.8 

56.7 

Month of intervention start (%) 

     August/September 

     October/November 

     December/January 

     February/March 

 

17.5 

28.9 

22.6 

31.0 

 

16.5 

26.8 

25.8 

30.9 

Body weight (kg) 32.5 ± 5.0 31.6 ± 5.2 

Height (cm) 140 ± 6 139 ± 6 

BMI-for-age z-score -0.01 ± 1.02 -0.14 ± 1.09 

BMI category4 (%) 

     Underweight 

     Normal weight 

     Overweight or obese 

 

11.3 

82.5 

6.2 

 

14.4 

76.3 

9.3 

Total fish intake (g/week) 

     Oily fish intake (g/week) 

93 [63-146] 

40 [22-69] 

89 [63-119] 

33 [15-53] 

Erythrocyte LCPUFA, (FA%) 

     EPA (20:5n-3) 

     DHA (22:6n-3) 

     EPA+DHA 

 

0.52 [0.42-0.65] 

4.31 ± 0.84 

4.87 ± 0.99 

 

0.48 [0.39-0.66] 

4.26 ± 1.03 

4.80 ± 1.21 

1Presented as mean±SD, median [25th-75th percentile] or %. 

2Puberty was evaluated by a self-administered 5-point scale on breast development for girls and pubic hair 

for boys. The first answer on the scale was defined as “no” and all answers from 2 to 5 were categorized as 

“yes”. 
3Categorized according to the parent/guardian with highest education level. 
4Based on age- and gender specific cut-offs defined to be in accordance with BMI 18.5, 25 and 30 kg/m2 at 

age 18 years. 

DHA, docosahexanoic acid; EPA, eicosapentanoic acid; FA%, weight/weight % of total fatty acids; 

LCPUFA, long-chain polyunsaturated fatty acids. 
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Table 2 – The effect of the intervention with fish vs poultry on sleep measures1. 

 Fish group (n=97) Poultry group (n=97) Fish vs. poultry2 Dose-response3 

 Baseline Endpoint Baseline Endpoint Difference Slope 

Total time in bed (min)       

      All days 613 ± 27 607 ± 33 611 ± 35 602 ± 34 3.1 (-4.1,10.4) 1.8 (-0.4,4.0) 

      Weekdays 613 ± 28 610 ± 35 614 ± 36 606 ± 34 4.3 (-3.4,12.1) 1.7 (-0.7,4.1) 

      Weekend 611 ± 48 599 ± 56 603 ± 60 594 ± 58 1.7 (-12.7,16.09) 2.7 (-1.7,7.1) 

Latency to sleep onset (min)4       

      All days 11.4 ± 6.8 9.0 ± 6.2 10.2 ± 6.1 9.6 ± 6.9 -1.0 (-2.7,0.8) -0.5 (-1.0,0.0)+ 

      Weekdays 12.4 ± 8.7 9.8 ± 7.4 10.5 ± 6.9 9.2 ± 7.3 0.1 (-1.9,2.1) -0.5 (-1.1,0.1) 

      Weekend 8.9 ± 7.0 6.9 ± 7.0 9.5 ± 8.6 10.6 ± 11.0 -3.6 (-6.3,-1.0)** -0.7 (-1.6,0.1)+ 

Sleep duration (min)       

      All days 561 ± 26 553 ± 34 558 ± 27 551 ± 31 0.0 (-7.0,7.0) 0.7 (-1.5,2.8) 

      Weekdays 561 ± 28 555 ± 34 563 ± 29 555 ± 30 2.0 (-5.2,9.2) 1.2 (-1.1,3.4) 

      Weekend 560 ± 46 546 ± 52 544 ± 48 540 ± 56 -0.9 (-15.1,13.2) 1.4 (-2.9,5.8) 

Sleep duration variability (min)5       

      All days 36.5 [30.2-49.5] 39.6 [28.8-50.2] 40.4 [29.9-52.2] 46.3 [35.7-55.9] -6.0 (-11.1,-0.8)* -2.0 (-3.5,-0.4)* 

      Weekdays 28.5 [20.3-37.9] 32.9 [21.5-41.4] 28.8 [20.2-43.0] 35.9 [25.3-44.4] -3.3 (-7.8,1.1) -0.7 (-2.1,0.6) 

Movements during night (cpm)       

      All days 40.8 [31.8-51.4] 36.4 [29.5-44.5] 39.4 [30.7-49.4] 37.6 [30.8-45.9] -1.0 (-3.9,1.9) -0.8 (-1.7,0.0)+ 

      Weekdays 39.6 [32.5-50.4] 36.1 [30.2-42.7] 38.0 [29.6-47.6] 37.0 [29.5-44.4] -1.0 (-4.0,2.0) -0.7 (-1.5,0.2) 

      Weekend 38.7 [27.7-60.7] 36.1 [28.2-47.8] 40.6 [26.4-54.7] 36.5 [27.4-47.7] 0.6 (-4.6,5.9) -0.9 (-2.5,0.7) 

1Presented at baseline and endpoint in the two groups as unadjusted mean ± SD or as median [25th-75th percentile] and differences between groups and 

dose-response slopes are presented as estimated means (95% CI). 

2Endpoint differences between groups are tested by baseline-adjusted ANCOVA models: *P<0.05, **P<0.01. 
3Dose-response relationships with endpoint erythrocyte EPA+DHA are tested by linear regression models adjusted for baseline: +P<0.10, *P<0.05. 
4The presented estimates are based on analyses with non-transformed data, although data was skewed. Analyses with ln-transformed data with addition 

of 1 confirmed the findings. 
5This measure defined the standard deviation in sleep duration. 

cpm, counts per minute. 
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Table 3 – The effect of the intervention with fish vs poultry on physical activity measures1.  

 Fish group (n=97) Poultry group (n=97) Fish vs. poultry2 Dose-response3 

 Baseline Endpoint Baseline Endpoint Difference Slope 

Sedentary state (min/day)       

      All days 394 ± 56 410 ± 70 396 ± 51 408 ± 49 3.2 (-10.2,16.6) 0.9 (-3.2,5.0) 

      Weekend 413 ± 73 425 ± 89 400 ± 75 411 ± 67 8.5 (-12.0,29.0) 4.0 (-2.2,10.3) 

      Weekdays 386 ± 57 404 ± 74 394 ± 53 407 ± 54 2.4 (-12.5,17.2) 0.1 (-4.4,4.7) 

      School hours  161 ± 31 166 ± 36 171 ± 33 174 ± 27 -2.7 (-10.4,5.0) -0.3 (-2.6,2.0) 

      Spare time 128 ± 27 139 ± 35 128 ± 23 130 ± 24 9.4 (1.8,16.9)* 2.8 (0.5,5.1)* 

Light PA (min/day)       

      All days 373 ± 51 356 ± 61 374 ± 45 365 ± 47 -8.0 (-20.2,4.1) -2.2 (-6.0,1.5) 

      Weekend 327 ± 68 331 ± 76 349 ± 64 340 ± 67 1.2 (-17.5,19.9) -3.1 (-8.8,2.6) 

      Weekdays 391 ± 52 366 ± 64 383 ± 48 374 ± 46 -13.6 (-26.5,-0.8)* -2.6 (-6.6,1.3) 

      School hours  169 ± 27 161 ± 33 159 ± 28 158 ± 24 -2.8 (-9.6,4.0) 0.1 (-1.9,2.2) 

      Spare time 144 ± 23 132 ± 29 142 ± 20 140 ± 20 -8.2 (-14.4,-2.0)** -2.1 (-4.0,-0.2)* 

Moderate-vigorous PA (min/day)       

      All days 50.8 ± 25.1 53.0 ± 26.4 53.4 ± 24.6 50.5 ± 22.9 4.2 (-1.2,9.7) -0.1 (-1.8,1.6) 

      Weekend 33.3 ± 28.0 43.1 ± 31.5 39.5 ± 29.9 39.4 ± 28.9 5.9 (-2.2,14.1) 0.1 (-2.4,2.5) 

      Weekdays 57.8 ± 28.3 57.0 ± 29.9 59.0 ± 26.5 54.9 ± 24.2 2.8 (-3.3,8.9) -0.4 (-2.3,1.5) 

      School hours  28.3 ± 14.3 28.0 ± 16.0 27.7 ± 14.1 24.2 ± 11.5 3.5 (0.1,6.8)* 0.6 (-0.4,1.6) 

      Spare time 23.6 ± 14.6 23.0 ± 16.0 24.7 ± 14.4 25.0 ± 15.0 -1.3 (-5.0,2.4) -0.9 (-2.0,0.3) 

Total PA (cpm)       

      All days 1096 ± 242 1097 ± 319 1123 ± 227 1095 ± 256 22 (-44,87) -3 (-23,18) 

      Weekend 910 ± 335 997 ± 430 1002 ± 311 997 ± 355 37 (-70,144) -6 (-38,27) 

      Weekdays 1171 ± 250 1137 ± 330 1171 ± 242 1135 ± 268 3 (-67,72) -6 (-28,15) 

      School hours  1270 ± 320 1220 ± 358 1213 ± 325 1149 ± 303 39 (-40,119) 5 (-19,29) 

      Spare time 1272 ± 357 1246 ± 511 1312 ± 387 1331 ± 432 -61 (-180,58) -29 (-66,8) 

Steps (min-1)       

      All days 12.2 ± 4.1 13.2 ± 3.7 13.1 ± 3.3 12.8 ± 3.0 0.8 (-0.1,1.7)+ 0.1 (-0.2,0.4) 

      Weekend 9.0 ± 4.0 11.0 ± 4.2 10.7 ± 4.7 10.7 ± 4.1 0.7 (-0.4,1.9) 0.2 (-0.2,0.5) 

      Weekdays 13.4 ± 4.6 14.1 ± 4.2 14.1 ± 3.3 13.6 ± 3.2 0.7 (-0.3,1.7) 0.1 (-0.2,0.4) 

      School hours  14.6 ± 5.2 15.6 ± 5.2 14.9 ± 4.1 14.1 ± 3.6 1.6 (0.3,2.8)* 0.3 (-0.1,0.6) 

      Spare time 15.0 ± 6.3 15.2 ± 6.3 15.9 ± 5.1 15.9 ± 5.7 -0.3 (-1.9,1.3) -0.3 (-0.7,0.2) 
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1Presented at baseline and endpoint in the two groups as unadjusted mean ± SD and differences between groups and dose-response slopes are presented 

as estimated means (95% CI). 

2Endpoint differences between groups are tested by baseline-adjusted ANCOVA models: +P>0.10, *P<0.05, **P<0.01. 
3Dose-response relationships with endpoint erythrocyte EPA+DHA are tested by linear regression models adjusted for baseline: *P<0.05. 

cpm, counts per minute; PA, physical activity. 
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Figure 1 – Dose-response association at endpoint between monitor movements during night and 

erythrocyte EPA+DHA when adjusted for baseline. The solid lines are the best fitted lines for the 

logarithmic relationship for girls (grey, n=90, β=-1.94 (95% CI: -3.04,-0.85)) and boys (black, 

n=94, β=0.37 (95% CI: -0.93,1.67])), respectively, and the dashed lines give 95% prediction 

intervals. 

 

Figure 2 – Sex-stratified intervention effects on physical activity (PA) in school hours and spare 

time, respectively. Evaluated as endpoint differences after adjustment for baseline (n=97 boys, n=97 

girls). Point estimates are mean group differences for time spent in the sedentary state (light grey), 

with light PA (grey) and with moderate-to-vigorous PA (black) and the error bars give 95% 

confidence intervals.  

 

Figure 3 – Dose-response association at endpoint between minutes of sedentary activities in spare 

time and erythrocyte EPA+DHA when adjusted for baseline. The solid lines are the best fitted lines 

for the linear relationship for girls (grey, n=90, β=1.5 (95% CI: -1.6,4.6)) and boys (black, n=94, 

β=4.1 (95% CI: 0.6,7.6)), respectively, and the dashed lines give 95% prediction intervals. 
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