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Background: There are only a very limited number of reports of intervention studies on the effects of fish oil on
behavior in normal school children. Objective: To observe the effects of fish oil on behavior and school atten-
dance rates in school children. Design: Fourth to sixth graders (mostly 9-12 years of age) of an elementary
school in Lampung Province, Indonesia, were randomly divided into either a docosahexaenoic acid (DHA)
group (n=116) or a control group (n=117) in a double-blind manner. The subjects in the DHA group took 6 fish
oil capsules per day (0.65g DHA and 0.10g eicosapentaenoic acid (EPA)/day) for 3 months. Controls took soy-
bean oil capsules. Two questionnaires were administered and blood was taken at the start and end of the study.
Two questionnaires were administered at the start and end of the study: Hostility-Aggression Questionnaire for
Children (HAQ-C) and Barratt Impulsiveness Scale, version 11 (BIS-11), for measurement of aggression and
impulsivity, respectively. Attendance was recorded during the study period. Outcomes: The concentrations of
DHA and EPA in the phospholipid fraction in red blood cells were significantly increased in the DHA group.
Behavior checked with HAQ-C or BIS-11 did not show any differences between groups. However, the odds ratio
of inability to attend school regularly during the study period was 0.40 (95%CI: 0.23-0.71) in the DHA group
compared with controls (p=0.002). Conclusions: DHA-rich fish oil may improve the school attendance rate of
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children in Lampung, Indonesia
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INTRODUCTION
During the last two decades relationships between n—3
fatty acids and behavior or psychiatric disorders has been
intensively investigated. The relationship between those
fatty acids and mood disorders is well documented.'” The
effect on aggression or hostility has also been investi-
gated.> The mechanism of action of n—3 fatty acids with
regard to psychiatric disorders and behavior is not clear,
but the most promising target of research is the serotoner-
gic neuron system; activation of the serotonergic neuron
system with n—3 fatty acids prevents depression, suicide
ideation and aggression; and the reduction of the
noradrenergic system with n—3 fatty acids may be impor-
tant, too.*

On the other hand, there is a possibility that n—6 fatty
acids may enhance aggression. Hibbeln et al’ calculated

linoleic acid available for human consumption for 12 ma-
jor seed oils in the food supply for the years 1961 to 2000
in 5 Western countries, and also calculated homicide mor-
tality rates. A positive correlation was found between
apparent consumption of linoleic acid and homicide mor-
tality across countries and time; within each country there
was correlation between greater linoleic acid and homi-
cide mortality over time.’
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In a previous study; we conducted a placebo-controlled,

double-blind trial in Japan with 166 healthy school chil-
dren of 9-12 years of age to investigate effects of docosa-
hexaenoic acid (DHA)-fortified foods on aggression.’ It
was found that physical aggression in girls assessed by
Hostility-Aggression Questionnaire for Children (HAQ-C)
increased significantly in the control group and did not
change in the DHA-fortified group with a significant in-
ter-group difference. In the control group n—6 fatty acids
were increased in the phospholipid fraction in red blood
cells (RBCs) after placebo administration, which might
explain why physical aggression was increased (see
above). Actually there was a highly significant inverse
correlation between A scores of physical aggression and
A eicosapentaenoic acid/arachidonic acid (EPA/AA) ra-
tios in the phospholipid fraction in RBCs in girls. Impul-
sivity was also affected favorably in girls in the DHA-
fortified group®. In another intervention study in Thailand
with school children as subjects, it was found that school
attendance rates were better in the fish oil group.” In the
present study, we investigated the effects of fish oil on
behavior including school attendance rates in a different
setting.
Menhaden fish oil without vitamin E protected mice from
malaria.® Pure DHA and eicosapentaenoic acid (EPA) with
vitamin E also partially protected mice from malaria.” We,
therefore, tried to determine whether fish oil administra-
tion decreased clinically apparent sick days from malaria
as an independent endpoint.

SUBJECTS AND METHODS

Study protocol

Fourth to sixth graders of an elementary school located in
South Lampung District, Lampung Province (Sumatra Is-
land), Indonesia, were invited to participate, and 233 sub-
jects agreed to do so. They were 8-14 years of age (mostly
9-12) at the start of the study. They were stratified accord-
ing to school grade, and randomly divided into either a
DHA group (n=116, 62 boys and 54 girls, 10.6+1.1 years
old) or a control group (n=117, 54 boys and 63 girls,
10.6£1.0 years old) in a double-blind manner. All subjects
were asked to maintain their physical activity level and
consume their habitual diets during the study period of 3
months. Questionnaires were implemented and blood sam-
pling collected at the start and end of the study.

School attendance rates were checked by homeroom
teachers. The local health center of South Lampung Dis-
trict and the ethics committees of Hasanuddin University
and Toyama Medical and Pharmaceutical University (now,
University of Toyama) approved the present study. Written
informed consent was obtained from each subject’s par-
ent/guardian after full verbal and written explanations.

Capsule administration

The Japanese side (mainly KH) generated the randomiza-
tion table with blocks of four (2 controls and 2 DHASs),
packed capsules in bottles with consecutive numbered la-
bels on them, and sent them to Indonesia. At the school
where the study was conducted, three study nurses allo-
cated capsule bottles to children according to their ID
numbers under the supervision of the Indonesian research-
ers (mainly DS), and safely kept the capsule bottles with

subject ID numbers on bottle labels during the study. They
handed to all study subjects 6 capsules (210mg oil/capsule)
of either DHA-rich fish oil or placebo oil soon after lunch
on each school day during the study period. The study par-
ticipants took the capsules at school. Every Friday the
nurses handed an extra 12 capsules to study subjects for
the coming Saturday and Sunday and those capsules were
consumed at home. The DHA-rich fish oil contained 52%
DHA and 8% EPA. Consequently, the daily doses of DHA
and EPA in the DHA group were 0.65g and 0.10g, respec-
tively. Soybean oil was used as the control oil, because the
cooking oil used on mostly Sumatra Island is soybean oil.
The fatty acid composition of the oils is shown in Table 1.
Both test oils contained 0.2% a-tocopherol.

Table 1. Ingredients of the two kinds of capsules

Groups

Control DHA

Fatty acids (mg / 6 capsules)
(%) (%)

16:0 132 (10.5) 172 (13.6)
18:0 46 (3.7) 43 (3.4)
18:1n-9 313 (24.8) 119 (9.5)
18:2n-6 656 (52.0) 14 (1.1)
18:3n-3 87 (6.9) ND (ND)
20 : 4 n-6 ND (ND) 39 (3.1)
20:5n-3 ND (ND) 101 (8.0)
22:6n-3 ND (ND) 652 (51.7)

Six capsules containing 1.26g oil were administered per day for 3
months; Both test oils contained 0.2% vitamin E . ND, not de-
tected

Questionnaires

HAQ-C of the Buss-Perry Aggression Questionnaire '* was
translated into Indonesian and used. This questionnaire
contains 27 multiple-choice questions [five choices were
provided: extremely uncharacteristic of me (point=1),
somewhat uncharacteristic of me (=2), neither uncharacter-
istic nor characteristic of me (=3) somewhat characteristic
of me (=4) and extremely characteristic of me (=5)], and
each question belongs to one of the following four catego-
ries: physical aggression, verbal aggression, anger and
hostility. Here are example questions for each category:
physical aggression (If somebody hits me, I hit back.),
verbal aggression (I can’t help getting into arguments
when people disagree with me.), anger (Some of my
friends think I'm a hothead.) and hostility (At times I feel |
have gotten a raw deal out of life.). Impulsivity was meas-
ured with Barratt Impulsiveness Scale, version 11 (BIS-11).
This questionnaire asks 30 questions about thinking, plan-
ning, concentration etc. with multiple choices. These two
questionnaires were validated in Asian people '"'%, but not
in Indonesians yet.

Fatty acid composition of RBCs were washed two times
with saline and sent to Japan with dry ice. The samples
were kept at —80 °C until fatty acid analysis. The total lip-
ids of RBC (100 pL) were extracted according to Bligh
and Dyer". The total phospholipid fraction separated by
thin-layer chromatography was transmethylated and ana-
lyzed with a Shimadzu gas-liquid chromatograph GC-14A,
equipped with a DB225 capillary column (J&W Scientific
Folsom, CA) .
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Detection of malaria: Thick and thin blood smears were
prepared using aseptic finger prick at the start and end of
the study. The smears were stained with Giemsa and ex-
amined under a light microscope. In addition, the blood
smear was collected whenever study nurses suspected that
subjects were infected with malaria.

Statistics

After the Indonesian side completed compiling spread
sheets of all results, both sides exchanged the randomiza-
tion table and the spread sheets of results at the same time.
The primary endpoint of the present study was the effects
of fish oil on behavior; to be more specific, the effects on
physical aggression scores in HAQ-C. Power calculation
showed that, with 200 school children, the possibility to
obtain a significant result was >0.8 in the case that the ef-
fect size was small (d=0.25). The secondary endpoint was
the effects on clinically apparent malaria infection.

Data were analyzed on a basis of intention-to-treat. Un-
fortunately some data were not collected from subjects
either at the start or end of the study (or both) because of
the absence of some subjects at those test times (or dates).
Also some questionnaires were not well completed, and
meaningful results could not be extracted from those ques-
tionnaires. With regard to the fatty acids and questionnaire
results, only those datasets that were able to be compared
between before and after the study were included in the
present analysis.

Data are expressed as mean+SD. The fatty acid compo-
sition of RBCs and behavior were compared between
groups by analysis of covariance. Intragroup differences

were compared by the paired t-test. Comparison of malaria
detection between groups was performed with 2 method.
The odds ratios of inability to attend school were calcu-
lated by multiple logistic regression analysis. StatView
(Japanese version 5; SAS Institute, CA) was used for sta-
tistical analyses. p<0.05 was considered as significant.

RESULTS

Blood samples could not be taken in 8 and 4 subjects at
either the start or end of the study in the control and DHA
groups, respectively. The DHA and EPA concentrations
in the total phospholipid fraction in RBCs were signifi-
cantly increased in the DHA group, whereas there were
no significant changes in any fatty acids concentrations in
the control group (Table 2).

With regard to the HAQ-C questionnaire, data could
not be compared between before and after the interven-
tion in 21 and 23 subjects in the control and DHA groups,
respectively, mostly because of incompleteness of sub-
jects’ answers. There were no significant changes either
over time or between groups in any four categories of
HAQ-C (Table 3). In the case of BIS-11 questionnaire, 34
control data and 31 DHA data were unable to be com-
pared, mostly because of incomplete answers again.
There was no significant difference in BIS-11 scores be-
tween groups either (Table 3). The same was true when
calculated in each sex in both questionnaires.

In the control group, 49 subjects were absent from
school at least once in the study period, whereas 27 sub-
jects were so in the DHA group. The odds ratios of inabil-
ity to attend school perfectly during the study period in

Table 2. Changes in the fatty acid composition (%) of RBC phospholipids

Control (n=109) DHA (n=112)

Fatty acid Start End Start End

16:0 27.0 £ 1.8 26.5 £ 1.2 272 + 1.8 26.5 £ 1.2
18:0 13.7 £ 1.1 132 £ 0.8 136 £ 1.2 133 £ 0.7
18:1(n-9) 134 £ 0.8 13.6 £ 0.8 134 £ 0.8 133 £ 0.7
18:2(n-6) 122+ 1.6 127 £ 1.6 124 £ 14 11.8 £ 1.3*
20:4(n-6) 10.7 £ 1.3 113 £ 1.0 10.6 + 1.1 10.2 + 0.9*
20:5(n-3) 03 +0.2 03 +0.1 03 + 0.1 0.7 £ 0.2*
22:6(n-3) 44 +£09 49 £ 1.2 44 + 1.1 7.8 £ 1.1*
EPA/ AA 0.030 £+ 0.018 0.029 + 0.013 0.029 + 0.014 0.069 + 0.023*
n-6/n-3 52+ 1.1 49 £ 1.1 53+19 2.8 £ 0.6

Values are means + SD; Inter-group changes with baseline as covariate: * p<0.0001

Table 3. Psychological measures (Hostility-Aggression Questionnaire for Children and Barratt Impulsiveness Scale,

version 11)

Control (n=96) DHA (n=93)
Start End Start End

HAQ-C

Verbal Aggression 14.0 £ 2.9 14.7 £ 3.6 147 £ 3.4 14.6 £ 3.5

Physical Aggression 244 £ 6.0 25.1 £ 6.7 242 + 6.8 251 £ 7.0

Anger 19.7 + 4.0 21.2 £ 5.1 192 + 4.8 20.0 + 5.1

Hostility 23.0 £ 4.8 234 +£ 5.0 225+ 49 23.1 £59
BIS-11 (n=83) (n=85)

Impulsivity 49.7 £ 9.7 504 +£10.0 46.3 + 9.9 46.1 + 10.0

Values are means =+ SD.
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the DHA group were significantly reduced to 0.30 in boys
(n=116, p=0.003) and was non-significantly to 0.56 in
girls (n=117, p=0.2) compared with the control group.
When both sexes were combined, the odd ratio in the
DHA group was reduced to 0.42 compared with controls
(n=233, p=0.003). The odds ratio and p-value altered af-
ter adjustment for sex [0.40 (95%CI: 0.23-0.71) and
0.002, respectively]. If both the control and DHA groups
were combined, the changes over time in impulsivity
were significantly decreased in those without absence
during the study period (-0.9£10.1, n=116) compared
with those with absence (2.849.8, n=52) (p=0.03). (The
total number of available BIS-11 datasets was 168; see
Table 3.) No other parameters of behavior significantly
changed between those with and without absence.

Thirty-eight subjects (18 and 20 in the DHA and con-
trol groups, respectively) were infected with malaria at
the start of the study (smear-positive). Of the smear-
negative subjects at the start, eight and four subjects be-
came smear-positive at the end of the study in the control
and DHA groups, respectively (p=0.2). There were no
clinically apparent malaria cases during the study period.
Consequently, it was not possible to compare sick days
from malaria between groups.

DISCUSSION

As shown in the Introduction, in our previous double-
blind study with Japanese school children of similar ages,
we found favorable effects of DHA-rich food (3600mg
DHA and 840mg EPA per week) on physical aggression.®
We could not detect any differences in physical aggres-
sion in the present study although the administered
amount of DHA and EPA in the present study was similar
to the previous one. In the present study, the average
scores of physical aggression (about 24, Table 3) were
markedly higher than in the case of our previous study in
Japan® (estimated to be about 18 after adjustment for the
differences in scaling methods). Of course, there might be
some differences in sensitivity to detect physical aggres-
sion between Japanese and Indonesian versions of HAQ-
C, but physical aggression might be too high in subjects
in the present study to be controlled with nutrition. A
highly significant inverse correlation was found in our
previous study between A scores of physical aggression
and A EPA/AA ratios. The average baseline EPA/AA
ratios in the present study were 0.029 to 0.030 (Table 2).
These average ratios increased only to 0.07 even after
DHA capsule administration, which made a strong con-
trast with our previous study (baseline average=0.074 to
0.086).° The tissue ratios in Indonesian subjects might be
too low even after the intervention to affect physical ag-
gression. These differences might explain why we could
not find any significant difference in behavior between
groups. Impulsivity was measured by different methods
in the two studies. Consequently, it might be difficult to
directly compare the results of impulsivity in the two
studies.

The most interesting finding was that the inability to
perfectly attend school in the DHA group was signifi-
cantly lower than in the control group, although this pa-
rameter was neither primary nor secondary endpoint.
Because the present study was a randomized trial per-

formed in a double blind fashion, there was theoretically
very little possibility that the results might be distorted
with any confounding factors. Moreover, detection of
absent children was the easiest parameter in the present
study that was determined without question. It is also
unlikely that the difference in the attendance rates was
found purely by chance, taking the followings into con-
sideration: first, the p-value (0.002 after adjustment for
sex) was rather small. We performed about 15 statistical
analyses. Bonferroni adjustment of the p-value (p =
0.002x15 = 0.03) still demonstrated a significant effect of
DHA on the attendance rates. Second, although published
only in the form of an abstract,” we found a similar effect
of DHA-rich food in a placebo-controlled double-blind
trial in Thai children of 8-12 years of age. The number of
days absent from school was less than one third in a
group of 33 school children who took DHA-rich food for
6 months compared with a control group of 31 children
(p<0.04).” Besides, published only in the form of an ab-
stract again, providing fish flour-enriched spread signifi-
cantly lessened the number of days absent from school in
a randomized placebo-controlled trial with 355 children
for 6 months in South Africa."”

In the present study we could not elucidate why the ab-
sence rates decreased in the DHA group. Those subjects
without absence indicated decreased impulsivity com-
pared with those with absence. However, impulsivity did
not significantly change by intervention, which suggested
that the effects of DHA on school attendance were not
explained by their change in impulsivity.

Malaria symptoms might be less severe for subjects
who took enough fish oil because of the anti-
inflammatory effects of fish oil.'® Judging from our pre-
vious animal study,’ it was possible that the duration of
malaria symptoms might be shortened. We, therefore,
thought that the number of sick days from malaria was
smaller in the DHA group than in the control group. Un-
fortunately, we could not find any clinical cases of ma-
laria in the present study, although about 50 cases of ma-
laria infection were actually found at the start and end of
the study by blood smear. The subjects of the present
study had all survived about 10 years of life in the ma-
laria-endemic areas. It is likely that they were more or
less protected from malaria by preexisting immunity. This
was probably the reason why they did not show any ap-
parent malaria symptoms. It was rather difficult to power-
calculate a necessary number of subjects to detect a sig-
nificant result with clinical malaria because no precedent
studies of prevention of clinical malaria with fish oil have,
to our knowledge, been conducted. In the present study,
the extension of the study period to 6 months and blood-
smear tests at a two-month interval might have been nec-
essary to obtain a positive result.

In conclusion, fish oil may improve the school atten-
dance rates of children In Lampung, Indonesia. Further
investigation is warranted.
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