
Prostaglandins, Leukotrienes and Essential Fatty Acids 163 (2020) 102208

Available online 12 November 2020
0952-3278/© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Effect of one year krill oil supplementation on depressive symptoms and 
self-esteem of Dutch adolescents: A randomized controlled trial 

I.S.M. van der Wurff a,*, C. von Schacky b,c, T. Bergeland d, R. Leontjevas e, M.P. Zeegers f,g, P. 
A. Kirschner a,h,i, R.H.M. de Groot a,f 

a Faculty of Educational Sciences, Open University of the Netherlands, the Netherlands, Heerlen 6419 AT, the Netherlands 
b Omegametrix, Martinsried 82 152, Germany 
c Preventive Cardiology, Medical Clinic and Poli-Clinic I, Ludwig Maximilians-University Munich, 80336 Munich, Germany 
d Aker BioMarine Antarctic AS, Lysaker NO-1327, Norway (former) 
e Faculty of Psychology, Open University of the Netherlands, 6419 AT Heerlen, The Netherlands 
f Nutrition and Translational Research in Metabolism (School NUTRIM), Maastricht University, 6200 MD Maastricht, The Netherlands 
g Care and Public Health Research Institute (School CAPHRI), Maastricht University, 6200 MD Maastricht, The Netherlands 
h Expertise Centre for Effective Learning, Thomas More University of Applied Sciences, Mechelen, Belgium 
i University of Oulu, Oulu, Finland   

A R T I C L E  I N F O   

Keywords: 
Adolescents 
Depression 
Long-chain polyunsaturated fatty acid 
Self-esteem 
Omega-3 Index 

A B S T R A C T   

Introduction: Observational studies have shown a relationship between omega-3 long-chain polyunsaturated fatty 
acids (n-3 LCPUFA) and depression in adolescents. However, n-3 LCPUFA supplementation studies investigating 
the potential improvement in depressive feelings in adolescents from the general population are missing. 
Methods: A one-year double-blind, randomized, placebo controlled krill oil supplementation trial was conducted 
in two cohorts. Cohort I started with 400 mg eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) or 
placebo, after three months this increased to 800 mg EPA and DHA per day, whilst cohort II started with this 
higher dose. Omega-3 Index (O3I) was monitored via finger-prick blood measurements. At baseline, six and 12 
months participants completed the Centre for Epidemiologic Studies Depression Scale (CES-D) and the Rosenberg 
Self Esteem questionnaire (RSE). Adjusted mixed models were run with treatment allocation/O3I as predictor of 
CES-D and RSE scores. 
Results: Both intention-to-treat and assessing the change in O3I analyses did not show significant effects on CES-D 
or RSE scores. 
Conclusion: There is no evidence for less depressive feelings, or higher self-esteem after one year of krill oil 
supplementation. However, due to a lack of adherence and drop-out issues, these results should be interpreted 
with caution.    

Abbreviations 
AA arachidonic acid, 20:4n-6; 
CES-D Centre for Epidemiologic Studies Depression Scale 
DHA Docosahexaenoic acid, C22:6n-3 
DPA Docosapentaenoic acid, 22:5n-3 
EPA Eicosapentaenoic acid, C20:5n-3 
LCPUFA long-chain polyunsaturated fatty acid 
LGSE Lower general secondary education 
O3I Omega 3-Index 
ObA Osbond acid, n-6 docosapentaenoic acid, 22:5n-6 

RSE Rosenberg Self Esteem questionnaire 

1. Introduction 

According to the World Health Organisation approximately 322 
million people (4.4% of the world population) are affected by depression 
[1]. Whilst relatively uncommon in childhood (prevalence in the 6–12 
months prior to assessment of 0.4–2.5%) [2], depression prevalence 
increases sharply during adolescence [3], approximately 14–25% of 
adolescents experiences at least one episode of depression before the age 
of 18 years [4]. Adolescent depression has serious social, mental and 
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physical consequences, there is an increased risk of reoccurrence of 
depression, increased risk of anxiety, and increased risk of suicide 
compared to adolescents without a depression [5]. However, adolescent 
depression has also been associated with lower educational attainment, 
lower wages, poorer social relationships, and poorer self-rated health [6, 
7]. Moreover, sub-threshold depression (i.e., depressive symptoms pre-
sent, but not enough to reach a diagnosis of major depression) has also 
been associated with negative outcomes, such as the development of 
major depression and reduced quality of life [8, 9]. Sub-threshold 
depression is common in adolescence with point prevalence between 
0.24 and 14%, and life-time prevalence (i.e., life-time being up to age of 
measurement during adolescences) between 1 and 22.9% [8, 9]. The 
prevalence numbers vary in different populations (ages, gender, coun-
try), but also due to the manner in which depression is assessed and 
according to criteria for (subthreshold) depression used. 

Depression is a complex and incompletely understood multi-factorial 
disorder, and probably has heterogeneous aetiologies [10]. Depression 
has been characterized by biological changes such as increased levels of 
pro-inflammatory cytokines [11, 12], alterations in immune function 
[13], elevation of plasma homocysteine levels [14], changes in brain 
structure [15, 16], blood flow abnormalities [17], decreased glucose 
metabolism [18], and a low Omega-3 Index (O3I) [19, 20]. 

Omega-3 long chain polyunsaturated fatty acids (n-3 LCPUFA) such 
as docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) have 
long attracted attention for their possible positive effect on depression. 
The biological plausibility of n-3 LCPUFA intake for the prevention or 
treatment of depression can be explained by the numerous important 
functions of n-3 LCPUFA in the body. For example, n-3 LCPUFA can 
modulate neuroendocrine factors, have anti-inflammatory properties, 
play a role in neurogenesis and in neuroplasticity [21, 22], all factors 
which could reduce or counteract biological changes associated with 
depression. Observational studies, mostly show that blood and brain 
concentrations of n-3 LCPUFAs are lower in people with depression 
compared to people without depression [20, 23, 24]. N-3 LCPUFA 
supplementation intervention trials in adults with a diagnosed depres-
sion mostly show positive results (for meta-analyse see amongst others 
[25-27]). 

Depression mostly has its onset during adolescence and adolescents’ 
depression can have profound long lasting effects [5] and it is therefore 
an important area of research. There are a number of observational 
studies investigating the relationship between n-3 LCPUFA and 
depression in adolescents [20, 28-31]. Most, but not all, of these 
observational studies show a relationship between n-3 LCPUFA and 
depression (i.e. higher intake or higher concentrations in blood, less 
depression [20, 28, 29, 31]). Additionally, a number of small scale (i.e., 
all <70 participants) n-3 LCPUFA supplementation studies in children 
and/or adolescents with a diagnosed depressive disorder have shown 
positive effects of supplementation on depression scores [32-35], but not 
all have shown positive effects [36]. Considering the potential positive 
effect of n-3 LCPUFA supplementation on depression, the high preva-
lence of adolescent (sub-threshold) depression and the fact that ado-
lescents depression is notoriously underdiagnosed [37, 38], it is 
important to investigate whether n-3 LCPUFA supplementation can be 
effective for depressive feelings in adolescents from the general 
population. 

The main aim of this study was to assess the effect of one year of krill 
oil supplementation, a source of the n-3 LCPUFAs DHA and EPA, on 
depressive feelings in adolescents of lower general secondary education. 
We hypothesised that one year krill oil supplementation would result in 
lower depressive feelings. 

Furthermore, we explored the effect of the krill oil supplementation 
on self-esteem. Self-esteem is a core construct in mental health and re-
fers to the subjective evaluation of ones worth as a person [39]. Low 
self-esteem has been suggested to be a risk factor for the development of 
many mental illnesses including depression [39]. However to our 
knowledge, studies exploring the effect of n-3 LCPUFA supplementation 

on self-esteem are missing. 

2. Methods 

This study was approved by the Medical Ethical Committee of 
Atrium-Orbis-Zuyd Hospital Heerlen, the Netherlands 
(NL45803.096.13). The study is registered at the Netherlands Trial 
Register (NTR4082) and at Clinicaltrials.gov (NCT02240264). Full de-
tails about the designs and methods of the study have been reported 
previously [40]. Below a shortened version of the design and methods is 
presented. Note that in the current manuscript only the data with regard 
to depressive feelings and self-esteem are presented. 

2.1. Design 

The current study was a double-blind, randomized, placebo 
controlled intervention trial with repeated measurements (baseline 
(T0), 3 months (T1), 6 months (T2), and 12 months (T3)) to study the 
effect of one year of krill oil supplementation on amongst others 
depressive feelings and self-esteem of second year high school students 
attending lower general secondary education (LGSE) in the Netherlands. 
Participants were recruited in two cohorts: Cohort I from November 
2013 to February 2014 and Cohort II from November 2014 to February 
2015. Data were collected from February 2014 to April 2015 and from 
February 2015 to April 2016, respectively. After informed consent was 
received, a finger prick blood sample was collected to determine the 
Omega-3 Index (O3I). The only inclusion criterion for the study was that 
students had an O3I < 5%. Exclusion criteria were having an O3I > 5%, 
having an allergy to fish or shellfish or haemophilia. Aim of the study 
was to increase the Omega-3 Index (O3I) of participants in the krill oil 
group to 8–11%. This target O3I was based on the O3I associated with 
the lowest mortality risk in coronary heart disease [41]. The study 
participants participated in four test sessions (T0, T1, T2, T3) where they 
completed various tests and questionnaires and provided a finger-prick 
blood sample for the analysis of the O3I, as described below. 

2.2. Intervention 

The intervention started after baseline test moment (T0). In Cohort I 
participants were asked to take four placebo or krill oil capsules, con-
taining in total 260 mg EPA and 140 mg DHA per day with their dinner, 
as this is the fattest meal of the day and the presence of fat helps with the 
absorption of EPA and DHA [42]. After three months of supplementation 
a personalized dose adjustment was planned to account for interpersonal 
differences in metabolism. However, at T1 only 3 participants achieved 
the target O3I of 8–11%, therefore all participants (both krill and pla-
cebo) were asked to increase the daily dosage to eight capsules per day, 
containing 520 mg EPA and 280 mg DHA per day. Furthermore, it was 
decided that Cohort II would start with eight capsules containing 520 mg 
EPA and 280 mg DHA per day. The placebo contained a mix of olive oil, 
corn oil, palm oil, and medium chain triglycerides the following ratio 
4:4:9:3. The fatty acid composition of the placebo reflected the fatty acid 
composition of the average European diet. 

2.3. Blood analyses 

Whole blood was obtained from a finger prick at T0, T1, T2, and T3. 
Whole blood fatty acid compositions were analysed according to the HS- 
Omega-3 Index methodology [41, 43]. Results are given as EPA plus 
DHA expressed as a percentage of total identified fatty acids after 
response factor correction. Since the O3I is defined as EPA + DHA in 
erythrocytes, the O3I in the current study was calculated using a sliding 
correction factor [43]. 
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2.4. Questionnaires 

2.4.1. Centre for Epidemiologic studies depression scale 
Depressive feelings were assessed with the Dutch version of the 

Centre for Epidemiologic Studies Depression Scale (CES-D) [44]. 
Although developed for adults, the CES-D has been shown to have a high 
reliability in both clinical and non-clinical samples of children and ad-
olescents (α = 0.88) and also reasonable sensitivity (α = 0.76) [45]. The 
questionnaire consists of 20 questions which assess six symptom areas of 
depression. The score on the questionnaire can vary between 0 and 60, 
with higher scores indicating more depressive feelings. Originally a 
cut-off score of ≥16 was suggested as indication for depression, although 
some have suggested a higher cut-off score of ≥22 for adolescents [46]. 
Moreover, it has also been suggested that the CES-D score should be 
considered as a continuum of increasing severity [9]. For the current 
study both the standard cut-off score of ≥16 and the adolescents cut-off 
score of ≥22 were used for descriptive purposes, whilst the CES-D 
continuous score was used for the main analyses. 

2.4.2. Rosenberg self-esteem questionnaire 
Self-esteem was assessed with the Dutch version of the Rosenberg 

self-esteem questionnaire (RSE) [47]. The reliability of the RSE has been 
shown to be high (α = 0.72–0.88) [48]. The RSE consists of 10 questions 
about the participants’ evaluation of themselves. The total score of the 
RSE can range from 0 to 30 with higher scores indicating higher 
self-esteem. For the current study the RSE score was used as a contin-
uous score. 

2.4.3. Additional measures 
At T0, T2, and T3 a number of variables were measured as they are 

known to be associated with depression: BMI (weight/length2, self- 
reported at baseline) [49, 50], sex [51, 52], age in years [53], alcohol 
consumption (number of days that alcohol was consumed times number 
of standardized units of alcohol that were consumed per moment) [54], 
and number of cigarettes smoked per week (if student indicated to 
smoke 0.5 cigarette or more per week this was coded a smoking yes, 
otherwise smoking no) [55]. Moreover, parental level of education 
(subdivided in 8 levels ranging from primary school to university level) 
as a proxy for socioeconomic status [56], pubertal status as assessed by 
the Pubertal Development Scale (subdivided in 5 levels from prepubertal 
to postpubertal) [57], and diagnosis which might influence learning 
(yes/no, e.g. autism or ADHD) [58] were assessed. At T3 only, partici-
pants were asked to guess their group allocation (placebo or krill oil 
group). 

2.5. Statistical analyses 

2.5.1. Sample size calculation 
Sample size calculation for multilevel analyses were executed in 

RMass, and showed that a sample of 183–285 participants would be 
sufficient [59]. This sample size is based on an effect size of 0.25 on the 
letter digit substitution task at 6 months and an effect size equal or 10% 
larger at 12 months, a drop-out rate of 25% per measurement moment 
(thus 43% in total), an error variation between 0.4 and 0.5 and an 
intercept variation of 0.3 to 0.5 with fixed effects. 

2.5.2. Imputing and recoding covariates 
Data on drinking and smoking were only collected at T0 and T3, and 

the average score between 0 and 12 months was imputed for drinking at 
T2. A cut-off score of 0.5 cigarette per week was used to code yes/no for 
smoking at T2 (i.e., if the participant indicate to smoke 0.5 cigarette or 
more per week, smoking was coded as ‘yes’). Level of parental education 
was recoded to low (vocational education and training and below) and 
high (university of applied sciences and higher). 

Some participants had a maximum of two missing items on the CES-D 
(11, 15, and 7 participants at T0, T2, and T3 respectively) or the RSE 

(12, 6, and 6 participants at T0, T2, and T3 respectively). The missing 
items were imputed by the person average score on the other items on 
that time point as suggested by Bono et al.[60].. 

2.5.3. Group comparison, treatment guess and adherence 
Group comparisons and treatment guess analyses were conducted in 

SPSS statistics version 24 (IBM). 
The following baseline comparisons were conducted: krill oil group 

versus the placebo group, participants who completed the study versus 
participants who dropped-out, participants who completed the study 
actively (i.e., taking capsules) versus those who quit taking capsules (i. 
e., both those who dropped out completely and those who still partici-
pated in testing). 

Baseline comparisons were conducted using ANOVA for continuous 
variables and chi-squared test for categorical variables. Fatty acid con-
centrations, CES-D score, RSE score, and participants’ characteristics 
(BMI, age, sex, alcohol consumption, smoking, level of parental educa-
tion, pubertal status, school and cohort) were compared between the 
groups to determine if the groups differed at baseline. Blood fatty acid 
concentrations were measured on all time points and compared between 
the krill oil and placebo groups. 

Treatment guess was compared between participants in the krill oil 
group and participants in placebo group with a chi-squared test. 

Adherence was assessed by counting the returned remaining cap-
sules. As an additional measure for adherence the average increase in 
O3I between T0 and T2, and between T0 and T3 were noted. Lastly, we 
documented how many participants had a decrease in their O3I, had an 
increase up to 2.5%, and had an increase of more than 2.5%. 

2.5.4. Effect on depressive feelings and self-esteem 
Intention-to-treat analyses were conducted using linear mixed 

models that accounted for repeated measurements in subjects. These 
analyses were executed in R statistical environment (R studio version 
3.3.2) with the package nlme (version 3.1–131) using the standard 
settings [61]. 

Models allowed a comparison between groups (krill oil versus pla-
cebo condition) and within groups (T0 data compared to intervention at 
T2 and T3). Besides time trends (baseline as a reference) and treatment X 
test moment interactions, all estimates were adjusted for drinking 
behaviour, smoking behaviour, level of parental education, age at 
baseline, pubertal status at baseline, sex, BMI at baseline, diagnosis 
related to learning, and cohort number. Furthermore, moderation ana-
lyses for sex were executed and if necessary sub group analyses (boys 
and girls separate) were conducted. Secondary analyses were conducted 
with O3I instead of group allocation. Moreover, sensitivity analyses with 
only participants who were present at all-time points and for partici-
pants from the two cohorts separately was conducted. A p <0.05 was 
considered to be statistically significant. 

3. Results 

A total of 288 students provided informed consent, of whom 267 
were randomized into the study. 19 participants did not meet inclusion 
criteria, one retracted consent, one had other reasons. After randomi-
zation, one participant withdrew consent before starting supplementa-
tion and one participant quit during the first test moment, both were 
excluded from the analyses. Additionally, due to logistic issues, 9 par-
ticipants with an O3I > 5% were not excluded before the start of the 
study, they were excluded from the analyses. So, for 256 participants 
data for at least one time moment was available. Do note that due to 
missing data CES-D score was available for 251 participants, and RSE 
score for 254 participants. 

During the study 53 (20.6%) students withdrew completely from the 
study and 82 (31.9%) stopped active participation (i.e., they were 
tested, but did not take capsules). Main reported reasons for dis-
continuing the study were lack of motivation, difficulty swallowing 
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capsules, and difficulties remembering to take capsules (see Fig. 1) . 
Baseline characteristics for the placebo and the krill oil group can be 

found in Table 1, Table 2 and Table 3. There were more girls in the krill 
oil group than boys (54 girls, 72 boys) compared to the placebo group 
(79 girls, 51 boys; χ2 = 8.224, p = .004). There were no other significant 
differences between the placebo and krill oil group in participant’s 
characteristics (all p > .185), blood values (all p > .055) or baseline 
depressive feelings or self-esteem scores (p = .259 and p = .237, 
respectively) 

At baseline 74 students (29.5%) had a score ≥16 on the CES-D (i.e., 
indicative for depression), at T2 48 (21.3%), and at T3 54 (26.5%). 
Using a stricter cut-of criteria of ≥22, 17.1%, 12% and 18.6% reached 
the cut off point for depression at T0, T2, and T3, respectively. 

3.1. Blood fatty acids 

Concentrations of blood fatty acids at T0, T1, T2, and T3, are shown 
in Table 2. Compared to the placebo group, the krill oil group had 
significantly higher EPA, DPA, DHA concentrations, a higher O3I (all p 
<0.001), and significantly lower concentrations of AA and ObA (all p <
.038) at T1, T2, and T3. Given that participants in cohort I started with a 

Table. 1 
Participants’ characteristics at baseline.   

Placebo N Krill N P3 

Age (years) 14.07 ±
0.48 

130 14.15 ±
0.51 

126 0.185 

Male/female N (%) 51/79 (39/ 
61) 

130 72/54 (57/ 
43) 

126 0.004 

Smoking1 (no/yes) N (%) 117/12 
(91/9) 

129 113/12 
(90/10) 

126 0.935 

BMI 20.13 ±
3.05 

123 19.84 ±
2.96 

116 0.455 

Alcohol units per week2 0.34 ±
1.16 

129 0.61 ±
2.29 

126 0.234 

Level of parental education 
(low/high) N (%) 

54/69 (44/ 
56) 

123 49/66 (43/ 
57) 

115 0.840  

1 Smoking was defined as anybody who indicated to smoke more than 0 cig-
arettes per week; 

2 Alcohol units per week was operationalized as number of days per week that 
alcohol is consumed times units per consumption moment 

3 ANOVA was used for age, BMI, and alcohol units per week, Chi Square for 
smoking, level of parental education, and sex. Significant differences (p < .05) 
are noted in bold. 

Fig.. 1. Flow chart. Flow chart adapted from 
Consort Guidelines [32] 1 Two additional par-
ticipants provided consent, but then withdrew 
their consent again before blood sampling, 
these two participants are not included in this 
flowchart 2 Participants whom quite taking 
capsules and quite participation in testing.3 

Participants whom quite taking capsules but did 
participate in testing. 4 Three participants with 
an O3I >5% were included in the placebo group 
of these one was lost to follow up (reason 
forgetting), one discontinued the intervention 
(reason dose adjustment) and one finished the 
intervention, they were all excluded from the 
analyses. 5 Six participants with an O3I >5% 
were included in the intervention group of 
these one was lost to follow up (reason moti-
vation), two discontinued the intervention 
(reason motivation/ personal) and three 
finished the intervention, they were all 
excluded from the analyses.6 This person is 
noted under lost to follow-up (reason other).   
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different dose than cohort 2, the detailed fatty acid concentrations for 
both cohorts can be found in the supplementary files (supplementary 
Table S1). 

3.2. Depressive feelings 

The random intercept model with time point (T0 as reference), 
condition (krill or placebo), the interaction term (test moment x con-
dition) and covariates showed that group allocation did not predict score 
on the CES-D (see Table 4). Interaction analysis for sex X condition did 
not shown a significant interaction effect (p = .162). Separate analyses 
for the cohorts, and with only participants who participated in all test 
moments showed similar results to the analysis with all participants 
(Supplementary Table 2, 3 and 4). 

The random intercept model with time point (T0 as reference), O3I, 
and covariates showed that O3I did not predict depression score. 
Separate cohort analyses, and with only participants who participated in 
all test moments showed similar results to the analysis with all partici-
pants (Supplementary Table 2, 3 and 4). 

Interaction analysis for sex and O3I did show a significant interaction 
effect (p = .03). Subgroup analyses showed that for girls there was a 
possible significant relationship between higher O3I and higher 
depression score (b = 1.08, SE= 0.56, p = .053, 95% CI [0.01; 2.15]), 
indicating that girls with a higher O3I might have more depressive 
feelings. For boys no relationship between O3I and depression score was 
shown (b = − 0.37, SE= 0.36, p = .310, 95% CI [− 1.06; 0.33]). Closer 
inspection of the data showed that there were 5 participants whom had a 
Z-score on the CES-D of >3.29, which is considered to be an extreme 
outliers and not a reliable value (Field, 2013). These 5 participants were 
all girls, when these girls were excluded from the analyses, the inter-
action term was non-significant (p = .139). 

3.3. Self-esteem 

The random intercept model with time point (T0 as reference), 
condition (krill or placebo), the interaction term (time moment x con-
dition) and covariates showed that group allocation did not predict score 
on the RSE. The interaction analysis for sex X condition did not show an 
interaction effect (p = .651). Separate cohort analyses, and with only 
participants who participated in all test moments showed similar results 
to the analysis with all participants (see Supplementary Table 5, 6 and 
7). 

The random intercept model with time point (T0 as reference), O3I, 
and covariate showed that O3I did not predict self-esteem score. The 
interaction analysis for sex X O3I did not show an interaction effect 
either (p = .652) Analyses separate for cohort 1 and 2, and with only 
participants who participated in all test moments showed similar results 
to the analysis with all participants (see Supplementary Table 5, 6 and 
7). 

3.4. Treatment guess 

After the one year supplementation period 63 participants (65.6%) 
in the placebo group and 45 participants (50.6%) in the krill oil group 
correctly guessed their original treatment allocation. The percentage 
that correctly guessed treatment allocation did differ significantly with 
more participants in the placebo group correctly guessing their group 
allocation (χ2 = 4.313; p = .038). 

3.5. Drop-out and compliance 

There were no baseline differences between those who finished the 
study completely with supplementation and those who quit taking 
capsules for age, BMI, drinking behaviour, sex, smoking behaviour, level 

Table 2 
Fatty acids in blood at different time points in intention to treat analysis.   

Baseline   3 months   6 months1   12 months2   

Fatty acid (%wt/ 
wt of total FA) 

placebo (n 
130) 

krill (n 
126) 

p placebo (n 
124) 

krill13(n 
118) 

p placebo (n 
116) 

krill (n 
108) 

P placebo (n 
104) 

krill (n 
95) 

p 

AA 20:4n-6 11.19 ±
1.36 

11.12 ±
1.18 

0.657 10.97 ±
1.18 

10.26 ±
1.13 

<0.001 11.02 ±
1.49 

10.28 ±
1.41 

<0.001 11.15 ±
1.30 

10.72 ±
1.49 

0.029 

EPA 20:5n-3 0.38 ± 0.14 0.38 ±
0.15 

0.860 0.43 ± 0.15 0.93 ±
0.58 

<0.001 0.41 ± 0.14 0.95 ±
0.69 

<0.001 0.40 ± 0.12 0.75 ±
0.58 

<0.001 

ObA 22:5n-6 0.43 ± 0.11 0.45 ±
0.10 

0.154 0.41 ± 0.17 0.32 ±
0.12 

<0.001 0.42 ± 0.09 0.32 ±
0.11 

<0.001 0.38 ± 0.12 0.34 ±
0.13 

0.038 

DPA 22:5n-3 1.22 ± 0.20 1.22 ±
0.17 

0.858 1.29 ± 0.23 1.58 ±
0.34 

<0.001 1.30 ± 0.20 1.54 ±
0.35 

<0.001 1.30 ± 0.19 1.47 ±
0.31 

<0.001 

DHA 22:6n-3 2.60 ± 0.44 2.49 ±
0.46 

0.055 2.61 ± 0.52 3.25 ±
0.73 

<0.001 2.69 ± 0.53 3.40 ±
0.90 

<0.001 2.72 ± 0.54 3.20 ±
0.84 

<0.001 

O3I 3.83 ± 0.54 3.72 ±
0.55 

0.106 3.88 ± 0.64 5.10 ±
1.29 

<0.001 3.95 ± 0.64 5.29 ±
1.61 

<0.001 3.98 ± 0.63 4.86 ±
1.43 

<0.001 

AA = arachidonic acid, DHA = docosahexaenoic acid, DPA= docosapentaenoic acid, EPA = eicosapentaenoic acid, O3I = Omega-3 Index, ObA = Osbond acid. 
1 2 participants did participate in testing but did not have a blood sample available 2 5 participants did participate in testing but did not have a blood sample 

available. 3 This includes both the participants from Cohort 1 who took 400 mg EPA + DHA per day and participants from Cohort 2, who took 800 mg EPA + DHA per 
day. Supplemental Table 1 show the fatty acids for the separate cohort. 

Table 3 
Comparison of krill oil and placebo groups on scores of the Centre for Epidemiologic Studies Depression Scale and the Rosenberg’s Self-Esteem Scale.   

CES-D P RSE P  

Krill  
M ± SD 
(min-max) 

Placebo 
M ± SD 
(min-max)  

Krill 
M ± SD 
(min-max) 

Placebo 
M ± SD 
(min-max)  

Baseline 11.52 ± 9.00 
(0–43) 

12.91 ± 10.51 
(1–53) 

0.259 21.89 ± 5.61 
(4–30) 

21.01 ± 6.22 
(1–30) 

0.237 

6 months 9.98 ± 8.72 
(0–41) 

11.21 ± 9.71 
(0–48) 

0.319 22.69 ± 5.34 
(8–30) 

21.93 ± 5.48 
(0–30) 

0.298 

12 months 10.86 ± 8.92 
(0–49) 

13.60 ± 11.95 
(0–49) 

0.066 23.00 ± 4.96 
(2–30) 

21.74 ± 6.36 
(2–30) 

0.120  
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of parental education, pubertal status, fatty acids, depression score or 
self-esteem score. There was a difference in drop-out between cohorts, 
more students stopped taking capsules in cohort 2 compared to cohort 1 
(χ2 = 11.329, p = .001). Moreover, in some schools more students 
dropped out than in other schools (χ2 = 28.299, p = .029). 

Comparing those that actively participated (with taking capsules), 
with those who only participated in testing (without taking capsules), 
and those that quit completely, similar patterns were seen. No difference 
for age, BMI, drinking behaviour, sex, smoking behaviour, school or, 
level of parental education, pubertal status, fatty acids, depression score, 
or self-esteem score. But there was a difference between cohorts (χ2 =

13.139, p = .001). 
Looking at those students that were active participants at T2, the 

increase in O3I, compared to T0 was on average 2.02% (SD 1.58%). At 
T2, compared to T0, 5 (6.8%) of the active participants had a decrease in 
their O3I, 44 (60.3%) had an increase between 0 and 2.5% and 24 
(32.9%) had an increase of >2.5%. At T3, compared to T2, there was an 
average decrease in the O3I of 0.70% in active krill oil participants. 
When comparing T3 to T2, 35 (70%) of active participants in the krill oil 
group had a decrease in their O3I and were thus most likely not adherent 
with the protocol, the other 15 (30%) had an increase varying from 0.14 
to 1.96%. 

Participants were asked to return leftover capsules at the last test 
moment (T3). Of the active participants at T3 (i.e., those taking cap-
sules), 56 handed in leftover capsules and 37 counted the leftover cap-
sules at home. On average participants had 629 ± 395 leftover capsules. 
This means that participants did not take the capsules on 79 days of the 
approximately 180 days between T2 and T3. 

4. Discussion 

The current krill oil supplementation trial in adolescents attending 
LGSE who had a low baseline O3I did not show improvements in 
depressive feelings in the krill oil supplementation condition compared 
to placebo, nor did supplementation lead to a higher self-esteem score. 
Sensitivity analyses did also not show an association of higher O3I with a 
lower depression score or better self-esteem score. Note that our ana-
lyses of neurocognitive test scores also did not shown an effect of sup-
plementation on cognitive measures [62]. However, the aim of the study 
was that participants in the krill oil group would achieve a pre-
determined O3I of 8–11% and that two distinct groups with regard to 
O3I would be achieved (thus no or minimal overlap in O3I between krill 
and placebo group); neither of which was achieved. The average O3I in 
the krill oil group was 5.29% at T2 and 4.86% at T3, which indicates an 

Table 4 
Multilevel analyses of score on the Centre for Epidemiologic Studies Depression 
Scale by condition (intention to treat) and according to Omega-3 Index.  

Condition   Omega-3 
Index    

b (SE) 95%CI  b (SE) 95%CI 

T2 − 1.50 
(0.82) 

[− 3.09; 
0.08] 

T2 − 1.64 
(0.66) 

[¡2.93; 
¡0.36] 

T3 0.95 
(0.86) 

[− 0.71; 
2.61] 

T3 0.18 
(0.67) 

[− 1.12; 
1.49] 

Krill − 0.65 
(1.32) 

[− 3.20; 
1.91] 

Omega-3 
Index 

0.38 
(0.34) 

[− 0.28; 
1.03] 

T2 x krill 0.37 
(1.18) 

[− 1.92; 
2.66]    

T3 x krill − 1.04 
(1.22) 

[− 3.41; 
1.32]    

Alcohol − 0.07 
(0.19) 

[− 0.44; 
0.30] 

Alcohol − 0.06 
(0.19) 

[− 0.44; 
0.31] 

Smoking1 2.66 
(1.22) 

[0.29; 
5.03] 

Smoking1 2.72 
(1.24) 

[0.31; 
5.13] 

Age 0.47 
(1.28) 

[− 2.02; 
2.96] 

Age 0.31 
(1.28) 

[− 2.18; 
2.80] 

Pubertal 
status2   

Pubertal 
status2   

Beginning − 5.42 
(4.46) 

[− 14.07; 
3.23] 

Beginning − 6.04 
(4.44) 

[− 14.67; 
2.60] 

Mid − 1.78 
(4.32) 

[− 10.17; 
6.61] 

Mid − 2.26 
(4.31) 

[− 10.63; 
6.12] 

Advanced − 0.82 
(4.43) 

[− 9.41; 
7.78] 

Advanced − 1.34 
(4.42) 

[− 9.93; 
7.26] 

Post 8.83 
(6.23) 

[− 3.25; 
20.92] 

Post 8.03 
(6.21) 

[− 4.04; 
20.10] 

BMI 0.49 
(0.20) 

[0.11; 
0.87] 

BMI 0.51 
(0.20) 

[0.12; 
0.89] 

LPE 3 0.46 
(1.17) 

[− 1.81; 
2.73] 

LPE 3 0.39 
(1.17) 

[− 1.88; 
2.67] 

Sex 4 4.83 
(1.60) 

[1.72; 
7.94] 

Sex 4 4.97 
(1.60) 

[1.86; 
8.07] 

Cohort 5 1.47 
(1.17) 

[− 0.80; 
3.75] 

Cohort 5 1.45 
(1.16) 

[− 0.80; 
3.70] 

Diagnosis 6 2.43 
(1.17) 

[0.16; 
4.69] 

Diagnosis 6 2.63 
(1.16) 

[0.37; 
4.89]  

1 No smoking as reference. 
2 Pre-pubertal as reference. 
3 Low level of parental education as reference. 
4 Boy as reference. 
5 Cohort 1 as reference. 
6 No diagnosis as reference. T2 = test-point 6 months, T3 = time-point 12 

months. 

Table. 5 
Multilevel analyses of score on the Rosenberg’s Self-Esteem Scale by condition 
(intention to treat) and according to Omega-3 Index.   

Condition   Omega-3 
Index   

b (SE) 95%CI  b (SE) 95%CI 

T2 0.64 
(0.42) 

[− 0.19; 
1.46] 

T2 0.55 
(0.35) 

[− 0.12; 
1.22] 

T3 0.47 
(0.45) 

[− 0.40; 
1.34] 

T3 0.62 
(0.35) 

[− 0.06; 
1.30] 

Krill 0.25 
(0.77) 

[− 1.25; 
1.75] 

Omega-3 
Index 

− 0.03 
(0.18) 

[− 0.38; 
0.32] 

T2 x krill − 0.18 
(0.62) 

[− 1.38; 
1.01]    

T3 x krill 0.23 
(0.64) 

[− 1.00; 
1.47]    

Alcohol 0.11 
(0.10) 

[− 0.09; 
0.31] 

Alcohol 0.12 
(0.10) 

[− 0.08; 
0.32] 

Smoking1 − 1.58 
(0.67) 

[¡2.87; 
¡0.29] 

Smoking1 − 1.75 
(0.67) 

[¡3.05; 
¡0.45] 

Age − 0.91 
(0.78) 

[− 2.42; 
0.61] 

Age − 0.90 
(0.78) 

[− 2.41; 
0.62] 

Pubertal 
status2   

Pubertal 
status2   

Beginning 4.71 
(2.71) 

[− 0.54; 
9.97] 

Beginning 4.89 
(2.70) 

[− 0.35; 
10.14] 

Mid 3.34 
(2.63) 

[− 1.76; 
8.44] 

Mid 3.42 
(2.62) 

[− 1.67; 
8.51] 

Advanced 3.13 
(2.69) 

[− 2.09; 
8.34] 

Advanced 3.25 
(2.68) 

[− 1.97; 
8.47] 

Post 2.13 
(3.79) 

[− 5.23; 
9.49] 

Post 2.38 
(3.78) 

[− 4.98; 
9.74] 

BMI − 0.23 
(0.12) 

[− 0.46; 
0.005] 

BMI − 0.24 
(0.12) 

[¡0.47; 
¡0.005] 

LPE 3 0.17 
(0.71) 

[− 1.21; 
1.54] 

LPE 3 0.13 
(0.71) 

[− 1.25; 
1.51] 

Sex 4 − 3.23 
(0.97) 

[¡5.22; 
¡1.44] 

Sex 4 − 3.41 
(0.97) 

[¡5.30; 
¡1.52] 

Cohort 5 0.31 
(0.71) 

[− 1.07; 
1.69] 

Cohort 5 0.33 
(0.70) 

[− 1.04; 
1.70] 

Diagnosis 6 − 0.88 
(0.68) 

[− 2.20; 
0.44] 

Diagnosis 6 − 0.91 
(0.68) 

[− 2.22; 
0.40]  

1 No smoking as reference. 
2 Pre-pubertal as reference. 
3 Low level of parental education as reference. 
4 Boy as reference. 
5 Cohort 1 as reference. 
6 No diagnosis as reference. T2 = test moment 6 months, T3 = test moment 12 

months. 
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average increase in O3I of 1.57% and 1.14% compared to T0, respec-
tively. However, between T2 and T3 there was actually an average 
decrease in O3I in participant in the krill oil group who said to take the 
capsules. Moreover, only three (2.5% of those in krill oil group of whom 
blood values were available), 10 (9.3%), and two (2.1%) participants 
achieved the target O3I of >8% at T1, T2, and T3, respectively. Thus, the 
average O3I in the krill oil group was at all time-points well below the 
intended range of 8–11% and the participants were non adherent with 
the protocol. It has been argued that positive effects of O3I only exist at 
higher levels of O3I. For example, in the study of Markhus and col-
leagues, there was only a linear relation between O3I and pregnancy 
depressive feelings when the O3I was above 5.1% [63]. Moreover, in 
cardiovascular health an O3I>8% has been associated with the greatest 
risk reduction [64]. 

Depressive feelings were very common in this sample of adolescents 
attending LGSE. When using the cut-off score of ≥16 on the CES-D, 
29.5%, 21.3% and 26.5% had scores indicative of depression at T0, 
T2, and T3, respectively. When using the higher cut-off score of ≥22, 
still 17.1%, 12% and 18.6% of participants had a score indicative of 
depression at T0, T2, and T3, respectively. Surprisingly, there were only 
6 students who indicated to have a diagnosed depression. These 
numbers of students with a possible depression might seem high, but 
other studies in adolescents have shown similar rates. For example, 
Oddy et al. showed that 21.2% of the sample had scores on the Beck 
Depression Inventory for Youth indiciative of mild to severe depressive 
symptoms [30]. In the study of Grant and colleagues 21.7% of boys and 
34.4% of girls had scores indicative of mild to extremely severe 
depression [65]. Mamalakis et al. showed in their sample an average 
CES-D score of 14.9 [28], which is very comparable to the average scores 
in the current study. 

To our knowledge there are no previously published n-3 LCPUFA 
supplementation trials that assessed the effect of N-3 LCPUFA on 
depressive feelings in adolescents who were recruited from the general 
population. LCPUFA supplementation studies in adults, children and 
adolescents with a diagnosed depressive disorder mostly showed posi-
tive effects of supplementation (for meta-analyses in adults see amongst 
others [25, 66, 67]). Furthermore, it has been suggested that the positive 
effects of n-3 LCPUFA supplementation are only apparent in adults with 
diagnosed depression and when supplementation contains >50% EPA 
[68]. It is however uncertain if and how the results from the studies on 
depression in adults can be compared to studies in adolescents. For 
example, it has been suggested that juvenile-onset and adult-onset 
depression are distinct with different causes and different outcomes 
[69, 70]. Moreover, in adolescence the brain is still in development and 
this is accompanied by profound physical, social, emotional and 
cognitive development [71]. All these factors could influence depres-
sion, but depression in itself also disrupts these developmental processes 
which can have severe long term negative effects, and which are 
possibly more profound than the long-term effects of depression in 
adulthood. Moreover, the use of the LCPUFA in the body might also be 
different in adolescents compared to adults. For example, up to 18 years 
old the amount of DHA in the brain rises and then it plateaus until the 
age of 88 year [72]. The few studies that have been conducted in chil-
dren or adolescents with a depressive disorder mostly showed a positive 
effect of n-3 LCPUFA supplementation on depression score [32-35], 
although not all showed positive effects [36]. However, the majority of 
these studies were rather small and of limited duration (i.e., all 16 weeks 
or less); and therefore larger, adequately powered and longer duration 
studies are warranted. 

As mentioned previously the increase in O3I in the krill oil group was 
lower than anticipated and lower than the target of 8–11%. Only three 
(2.5% of those in krill oil group of whom blood values were available), 
10 (9.3%) and two (2.1%) participants achieved that at T1, T2, and T3, 
respectively. The reason for this low number of participants that ach-
ieved the target O3I can be largely explained by the large number of 
participants that quit supplementation and the non-adherence of the 

active participants. Despite utilizing a multitude of techniques to 
improve adherence including: sending participants a daily text message 
reminder; motivational telephone talks; as well as provision of a tip 
sheet with tips on how to remember to take the capsules (i.e. example of 
tips were: put the capsules on the kitchen table, put a reminder alarm in 
your phone, or but a sticky note with a reminder somewhere). The study 
did last for one year, which might simply be too long, this is echoed in 
the fact that most participants quit because of lack of motivation/ 
inability to remember to take the capsules. Moreover, the students had 
to take eight capsules per day, which many students indicated to be too 
much and was another reason why many students dropped-out (inability 
to take capsules). Long study duration and high number of capsules have 
been suggested to influence drop-out and adherence [73]. It is however 
important to realize that if n-3 LCPUFA supplementation is found to be 
beneficial for depressive feelings, a high dose of capsules might need to 
be taken for a prolonged period of time (i.e., months or years). Adher-
ence with medication, and thus most likely supplements as well, has 
already been found to be problematic in those with depression [74], but 
might even be more challenging in adolescents. 

The limitation of the current study is the fact that self-rated ques-
tionnaires to assess depression were used instead of clinician interviews. 
Self-rated questionnaires to assess depression could lead to false posi-
tives, or false negatives. However, the CES-D has been validated and in 
the main analyses we did not use cut-off scores but used the continuous 
score on the CES-D. Another limitation of the current study is the fact, as 
discussed, that there was a rather high dropout rate and there were 
difficulties with achieving adherence to the protocol. However, blood 
samples and test scores were available of the majority of participants 
that quit taking capsules, so they could be included in analyses. More-
over, participants that dropped-out did not differ significantly from 
those that continued the study actively on relevant baseline 
characteristics. 

To summarize, the current study did not show an effect of one year of 
krill oil supplementation on depression score and on self-esteem score in 
adolescents with a low baseline O3I that attended LGSE. However, due 
to the lack of compliance and high drop-out rate, we feel we cannot 
preclude that a relationship between krill oil supplementation and 
depression score or self-esteem score in adolescents does not exist. 
Therefore, more adequately powered studies in this specific age group 
with high rates of depressive symptoms are warranted. Moreover spe-
cific attention should be paid to achieve adherence, decrease drop-out 
rates and achieve a set target O3I. 
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