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Abstract
Aim—To investigate whether the low do-
cosahexaenoic acid (DHA) status of mal-
nourished, mostly breast fed, Pakistani
children can be improved by fish oil (FO)
supplementation.
Methods—Ten malnourished children
(aged 8–30 months) received 500 mg FO
daily for nine weeks. The supplement con-
tained 62.8 mol% (314 mg) long chain
polyunsaturated fatty acids of the ù3
series (LCPUFAù3) and 22.5 mol% (112
mg) DHA. Seven FO unsupplemented
children served as controls. Red blood cell
(RBC) fatty acids were analysed at base-
line and at the study end.
Results—FO supplementation augmented
mean (SD) RBC DHA from 2.27 (0.81) to
3.35 (0.76) mol%, without significantly
aVecting the concentrations of
LCPUFAù6. Unsupplemented children
showed no RBC fatty acid changes. One
FO supplemented child with very low ini-
tial RBC arachidonic acid showed a
remarkable increase from 4.04 to 13.84
mol%, whereas another with high RBC
arachidonic acid showed a decrease from
15.64 to 10.46 mol%.
Conclusion—FO supplementation im-
proves the DHA status of malnourished
children. The supplement is apparently
well absorbed and not exclusively used as
a source of energy.
(Arch Dis Child 2000;82:366–369)
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Essential fatty acids (EFAs) constitute a group
of fatty acids that cannot be synthesised de
novo. Long chain polyunsaturated fatty acids
(LCPUFAs; containing at least 20 carbon
atoms and at least three double bonds in the
methylene interrupted configuration) derive
either from the diet or from desaturation–chain
elongation of the two parent EFAs linoleic
(18:2ù6; LA) and á-linolenic (18:3ù3; ALA)
acids. LCPUFAs are structural components of
cell membrane phospholipids and precursors
of eicosanoids. They play important roles in the
development of the central nervous system,
including the retina.1 2 Postnatal docosahexae-
noic acid (22:6ù3; DHA) status is, for
example, related to visual acuity3–6 and
neurodevelopment,7 8 whereas arachidonic acid
(20:4ù6; AA) has been associated with pre-
and postnatal growth.9 10

In a previous study we found very low eryth-
rocyte (RBC) DHA concentrations in mal-
nourished, mostly breast fed 4–56 month old
Pakistani children.11 A low breast milk
LCPUFAù3 content was identified as the
major cause of their poor DHA status.11a Apart
from low intake, poor PUFA status of malnour-
ished children may also derive from
malabsorption,12 13 impaired desaturation and
elongation,11 14–17 peroxidation of PUFA,16 and
the use of PUFA as an energy source via â
oxidation.18 19 Many studies have shown that
fish oil (FO) supplementation increases DHA
content of many blood compartments, includ-
ing RBC and plasma lipid fractions.5 20–25 It is,
however, unknown whether this also applies to
malnourished children, as they may have poor
fat absorption, or use the supplement as an
energy source. In the present study we supple-
mented 10 malnourished Pakistani children
with 500 mg FO daily for nine weeks and
investigated whether it improved their DHA
status, as derived from their RBC fatty acid
composition. Seven unsupplemented counter-
parts served as controls.

Subjects and methods
SUBJECTS, SUPPLEMENT, AND STUDY DESIGN

Seventeen infants were recruited from the
Nutrition Rehabilitation Center of the Pediat-
ric Department, Federal Government Services
Hospital, Islamabad (Pakistan). Anthropomet-
ric, demographic, socioeconomic, and clinical
data were documented. They were classified
according to local growth charts, provided by
the WHO. Grades 2 and 3 malnutrition were
defined as weight for age below the mean
minus two standard deviations (SDs) and three
SDs, respectively, using the data from the
United States National Center for Health Sta-
tistics (NCHS) as a reference. The study con-
formed to local ethical standards and the Hel-
sinki declaration of 1975 as revised in 1989.

The children were randomly assigned to
receive one 500 mg capsule of FO (Pikasol,
Hadsund, Norway) daily for approximately
nine weeks (n = 10), or no oil (controls; n = 7).
As the capsules proved too big to swallow, they
were pierced and the oil was given by spoon. As
stated by the manufacturer, each capsule con-
tained 1.5 IU vitamin E. Table 1 provides
details of the fatty acid composition, as
established by us. The daily intakes corre-
sponded with 190 mg eicosapentaenoic acid
(EPA), 112 mg DHA, and 10 mg AA. EDTA
anticoagulated blood (2.5 ml at most) was
taken in an undefined metabolic state at base-
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line and at the study end. All infants received a
multivitamin syrup and occasionally medical
treatment, including antibiotics (mostly eryth-
romycin). The multivitamin syrup contained
vitamin B complex, vitamin C, and lysine
(Actoplex-C, Atco Lab Private Ltd, Karachi,
Pakistan). All mothers received nutritional
education at the Nutrition Rehabilitation
Center. The education included cooking les-
sons, information about what to feed the child,
and how to prepare it. Informed consent was
obtained from all mothers.

SAMPLE PROCESSING AND ANALYSIS

The blood samples were immediately cooled in
melting ice. Haematological indices were
measured within 24 hours by means of a
Sysmex counter. The remaining volume was
centrifuged at 800 g for 10 minutes in a cooled
centrifuge. The plasma and buVy coat were
removed and the RBCs were washed three
times with isotonic saline. The RBCs were
finally resuspended to a haematocrit of about
50% and counted again. For the analysis of
RBC fatty acids, 200 µl of this suspension was

transferred to a 15 ml Teflon stoppered tube,
containing 1 mg butylated hydroxytoluene
(antioxidant) and 50 µg margaric acid (17:0;
internal quantification standard). The pre-
served RBC samples were stored at −20°C and
transported to the Netherlands in dry ice. Fatty
acid measurements were performed using our
previously reported methods—capillary gas
chromatography with flame ionisation
detection.26 27

STATISTICS

DiVerences between RBC fatty acid content of
FO supplemented infants and controls were
analysed by the Mann–Whitney U test. DiVer-
ences in RBC fatty acid content at baseline and
at study end were analysed by the Wilcoxon
signed rank test. A probability value of
p < 0.05 was considered statistically signifi-
cant. All statistics were evaluated with SPSS
(SPSS 6.0 for Windows, SPSS Inc., Chicago,
Illinois, USA).

Results
Table 2 presents the characteristics of the study
groups. The mean FO supplementation period
was 9.1 weeks (range 7–12). For the control
group the mean time interval between enrol-
ment and collection of the second blood
sample was 9.7 weeks (range 8–16). Eight
infants in the FO supplementation group and
all controls had gained weight at the study end.
When expressed as percentage of the reference
average weight for age (NCHS) their median
weights improved from 53.5% (range 47–68%)
to 60% (46–69%) in the FO group and from
63% (57–68%) to 68% (60–70%) in the
control group.

Table 3 shows selected RBC fatty acids of
the children. FO supplemented children and
controls did not have significantly diVerent
RBC fatty acid compositions at enrolment.
The controls did not exhibit RBC fatty acid
diVerences between enrolment and study end.
Compared with controls, FO supplemented
children had at study end higher RBC 20:5ù3
(p = 0.010), 22:6ù3 (p = 0.007), sum of ù3
fatty acids (p = 0.007), ù3/ù6 (p = 0.010),
LCPUFAù3/LCPUFAù6 (p = 0.002), and
24:1ù9 (p = 0.043). FO supplemented chil-
dren showed increases of RBC 20:5ù3
(p = 0.005), 22:5ù3 (p = 0.007), 22:6ù3
(p = 0.009), sum of ù3 fatty acids (p = 0.005),
LCPUFAù3 (p = 0.005), ù3/ù6 (p = 0.005),
LCPUFAù3/LCPUFAù6 (p = 0.005), and
26:0 (p = 0.022, not shown) from baseline to
study end. There were no changes in RBC ù6
fatty acids.

Discussion
We investigated whether the DHA status of
malnourished Pakistani infants can be im-
proved by FO supplementation. It was found
that daily administration of 500 mg FO,
containing 62.8 mol% LCPUFAù3, for nine
weeks resulted in about 50% increases of RBC
DHA and LCPUFAù3, without aVecting the
RBC LCPUFAù6 content. The unsupple-
mented control group did not exhibit RBC
fatty acid changes. The results of this study

Table 1 Fatty acid
composition of the fish oil
capsules

ù3 series

18:3ù3 1.0
18:4ù3 6.1
20:4ù3 2.0
20:5ù3 37.9
22:5ù3 3.8
22:6ù3 22.5
ù6 series
18:2ù6 1.4
18:3ù6 0.4
20:2ù6 0.3
20:3ù6 0.3
20:4ù6 1.9
22:4ù6 0.2
22:5ù6 0.5
ù9 series
18:1ù9 6.7
20:1ù9 1.6
22:1ù9 1.0
24:1ù9 0.1
SAFA 5.9
MCSAFA 3.2
MUFA 15.8
PUFA 78.3
Sum ù3ss 73.1
Sum ù6 5.1
Sum ù7 6.5
Sum ù9 9.3
LCPUFAù3 66.1
LCPUFAù6 3.2

Data represent a selection of
fatty acids, expressed in mol%
(mol/100 mol).
SAFA, saturated fatty acids;
MCSAFA, medium chain
SAFA (C6–C14); MUFA,
monounsaturated fatty acid;
PUFA, polyunsaturated fatty
acid; LCPUFA, long chain
PUFA (C>20, double bonds
>3).

Table 2 Characteristics of the malnourished children

Controls (n = 7) Fish oil (n = 10)

Age (mth) 24 (4–56) 17 (8–30)
Weight (kg) 8.0 (4.0–10.3) 5.9 (4.3–8.3)
Grade 2/grade 3 4/3 3/7
Hb (g/l) 104 (73–122) 83 (60–109)
RBC (1012/l) 4.37 (3.91–5.05) 4.20 (3.02–5.01)
Infections* 5/7 8/10
Breast fed 4/7 4/9

Data expressed as median (range), or fraction.
*Upper respiratory and/or gastrointestinal infections.

Table 3 Erythrocyte fatty acids of fish oil supplemented children and controls

Fatty acids

Controls (n = 7) Fish oil (n = 10)

Baseline 9 weeks Baseline 9 weeks

ù3 series
18:3ù3 0.16 (0.05) 0.15 (0.05) 0.18 (0.12) 0.22 (0.14)
20:5ù3 0.26 (0.08) 0.29 (0.17) 0.31 (0.33) 0.72 (0.42)*§
22:5ù3 1.62 (0.35) 1.52 (0.47) 1.51 (0.75) 2.08 (0.92)†
22:6ù3 2.11 (0.49) 2.07 (0.71) 2.27 (0.81) 3.35 (0.76)†§
ù6 series
18:2ù6 9.94 (1.99) 9.80 (2.24) 7.43 (1.52) 7.83 (1.99)
20:2ù6 0.23 (0.07) 0.21 (0.10) 0.18 (0.06) 0.21 (0.07)
20:3ù6 1.53 (0.17) 1.48 (0.17) 1.32 (0.39) 1.39 (0.29)
20:4ù6 14.03 (1.11) 13.62 (1.73) 13.01 (3.40) 13.04 (1.49)
22:4ù6 3.27 (0.36) 2.91 (0.46) 2.64 (0.71) 2.43 (0.48)
22:5ù6 0.95 (0.17) 0.89 (0.18) 0.92 (0.27) 0.82 (0.17)
ù9 series
18:1ù9 10.95 (1.07) 11.10 (1.39) 12.90 (1.44) 12.33 (1.62)
20:1ù9 0.22 (0.04) 0.23 (0.04) 0.25 (0.05) 0.22 (0.06)
20:3ù9 0.35 (0.09) 0.43 (0.28) 0.60 (0.44) 0.60 (0.32)
22:3ù9 0.18 (0.12) 0.16 (0.13) 0.29 (0.22) 0.23 (0.14)
24:1ù9 3.66 (0.37) 3.38 (0.42) 4.08 (0.49) 3.94 (0.49)¶
SAFA 48.59 (0.66) 50.04 (3.93) 50.24 (5.13) 48.88 (1.38)
MUFA 16.78 (1.44) 16.44 (1.57) 19.14 (1.53) 18.20 (1.53)
PUFA 34.64 (1.95) 33.53 (3.75) 30.64 (5.93) 32.91 (2.17)
Sumù3 4.16 (0.79) 4.03 (1.24) 4.26 (1.71) 6.37 (1.66)*§
Sumù6 29.95 (1.73) 28.91 (3.34) 25.51 (5.00) 25.70 (3.13)
Sumù7 1.91 (0.43) 1.70 (0.51) 1.83 (0.50) 1.67 (0.32)
Sumù9 15.40 (1.41) 15.33 (1.76) 18.15 (1.96) 17.37 (2.11)
LCPUFAù3 3.99 (0.79) 3.88 (1.22) 4.08 (1.60) 6.15 (1.54)*‡
LCPUFAù6 19.78 (1.43) 18.90 (2.06) 17.90 (4.53) 17.68 (2.01)
ù3/ù6 0.14 (0.03) 0.14 (0.05) 0.17 (0.08) 0.26 (0.10*§
LCù3/LCù6 0.20 (0.03) 0.20 (0.06) 0.23 (0.09) 0.35 (0.11)*‡

Data represent mean (SD) and are expressed as mol% (mol/100 mol). For abbreviations see table
1. Controls received nutritional rehabilitation for 9.7 weeks (range 8–16); the fish oil group was
additionally supplemented with 500 mg fish oil (see table 1) daily for 9.1 weeks (range 7–12).
*Significant diVerence between baseline and 9 weeks at p < 0.005.
†Significant diVerence between baseline and 9 weeks at p < 0.01.
‡Significant diVerence between fish oil and control group at p < 0.005.
§Significant diVerence between fish oil and control group at p < 0.01.
¶Significant diVerence between fish oil and control group at p < 0.05.
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show that the FO supplement is apparently
well absorbed in malnourished children and
that the LCPUFAù3 are not exclusively used
as a source of energy under these conditions.

This is to our knowledge the first report to
show the eVects of LCPUFA supplementation
on the RBC fatty acid composition of malnour-
ished children. Koletzko et al17 monitored the
plasma fatty acid composition of eight recover-
ing malnourished children during treatment
with a high energy and high protein diet
(including maize porridge, milk, eggs, beans,
fish, meat, and vegetable oils). They found a
slight improvement of the essential fatty acid
status after 14 days treatment without addi-
tional LCPUFA supplements.

The most remarkable changes in the RBC
fatty acid composition were recorded in a
severely malnourished 21 month old, almost
exclusively breast fed marasmic girl. Her
weight was only 5.5 kg (47% of the reference
average) at enrolment and a she had a “dry”
skin. After nine weeks FO supplementation she
had gained 1.8 kg (to reach 60% of the
reference average). There was no clinical
evidence that this weight gain was caused by
water retention. Concomitantly she displayed
an increase of both RBC ù3 and ù6 fatty acids,
mainly at the expense of the sum of the
saturated fatty acids (from 65.39 to 48.24
mol%). RBC DHA increased from 0.41 to
2.50 mol%. Surprisingly, a large increase was
on account of RBC AA (from 4.04 to 13.84
mol%). It seems unlikely that this increase can
be explained by the low AA intake from the
supplement (10 mg per day). The RBC
18:2ù6/20:4ù6 ratio (a parameter of combined
activities of Ä6-desaturase, chain elongation,
and Ä5-desaturase) decreased from 1.60 to
0.71 mol/mol, while the RBC 20:3ù6/20:4ù6
ratio (a parameter of Ä5-desaturase activity)
did not change. The data of this child suggest
low activity of Ä6-desaturase at enrolment,
which subsequently improved during the inter-
vention period. A positive eVect of ù3 fatty
acids on LCPUFAù6 fatty acids has previously
been reported by Bjerve et al.25 They observed
an increase of plasma and RBC LCPUFAù6 in
patients with ù3 fatty acid deficiency following
FO supplementation. It was suggested that ù6
fatty acids cannot accumulate normally in cell
membranes at the condition of low ù3 fatty
acid supply. In contrast to the above case, a
30% decrease of RBC AA was observed in a 16
month old girl with a relatively high RBC AA
level at baseline (from 15.64 to 10.46 mol%).
Reduction of plasma and RBC AA concentra-
tions after FO supplementation has previously
been noticed in preterm21 22 and term5 infants
and adults.20 The contradictory findings in the
two cases may indicate that the eVect of FO
supplementation on RBC AA concentrations is
dependent on baseline RBC AA contents,
causing increases at low initial RBC AA status,
and decreases at high initial RBC AA status.

We conclude that FO supplementation of
malnourished Pakistani children improves
their DHA status. Replacement of the pres-
ently employed purified FO by the much
cheaper cod liver oil (approximately 10%

DHA) may give similar results. Another factor
in favour of cod liver oil as a supplement would
be its high vitamin A and D contents.
Malnourished children often have low vitamin
A and D status.12 28 Further investigations are
needed to clarify whether AA supplementation
should be recommended in addition to DHA
supplementation to prevent any adverse aVects
on the LCPUFAù6 status that are caused by
augmentation of the LCPUFAù3 status.
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1 Innis SM. Essential fatty acids in growth and development.
Prog Lipid Res 1991;30:39–101.

2 Linscheer WG, Vergroesen J. Lipids. In: Shils ME, Olson
JA, Shike M, eds. Modern nutrition in health and disease, 8th
ed. Philadelphia: Lea and Febiger, 1994:47–88.

3 Birch EE, Birch DG, HoVman DR, Uauy R. Dietary essen-
tial fatty acid supply and visual acuity development. Invest
Ophthalmol Vis Sci 1992;33:3242–53.

4 Carlson SE, Werkman SH, Rhodes PG, Tolley EA. Visual
acuity development in healthy preterm infants: eVect of
marine-oil supplementation. Am J Clin Nutr 1993;58:35–
42.

5 Makrides M, Neumann M, Simmer K, Pater J, Gibson R.
Are long-chain polyunsaturated fatty acids essential
nutrients in infancy? Lancet 1995;345:1463–8.

6 Carlson SE, Ford AJ, Werkman SH, Peeples JM, Koo
WWK. Visual acuity and fatty acid status of term infants
fed human milk and formulas with and without docosahex-
aenoate and arachidonate from egg yolk lecithin. Pediatr Res
1996;39:882–8.

7 Agostoni C, Riva E, Trojan S, Bellù R, Giovanni M.
Docosahexaenoic acid status and development quotient of
healthy term infants. Lancet 1995;346:638.

8 Gibson RA, Neumann MA, Makrides M. EVect of increas-
ing breastmilk docosahexaenoic acid on plasma and eryth-
rocyte phospholipid fatty acids and neural indices of exclu-
sively breast fed infants. Eur J Clin Nutr 1997;51:578–84.

9 Koletzko B, Braun M. Arachidonic acid and early human
growth: is there a relation? Ann Nutr Metab 1991;35:128–
31.

10 Carlson SE, Werkman SH, Peeples JM, Cooke RJ, Tolley
EA. Arachidonic acid status correlates with first year
growth in preterm infants. Proc Natl Acad Sci U S A 1993;
90:1073–7.

11 Smit EN, Dijkstra JM, Schnater TA, Seerat E, Muskiet FAJ,
Boersma ER. EVects of malnutrition on the fatty acid com-
position and plasma vitamin E levels of Pakistani children.
Acta Paediatr 1997;86:690–5.

11a Smit EN, Oelen EA, Seerat E, Muskiet FAJ, Bosma ER.
Breast milk docosahexaenoic acid (DHA) correlates with
DHA status of malnourished infants. Arch Dis Child 2000;
in press.

12 Torun B, Chew F. Protein-energy malnutrition. In: Shils
ME, Olson JA, Shike M, eds. Modern nutrition in health and
disease, 8th ed. Philadelphia: Lea and Febiger.1994:950–
76.

13 Waterlow JC. EVects of PEM on structure and functions of
organs. In: Waterlow JC, ed. Protein-energy malnutrition.
London: Edward Arnold, 1992:55–82.

14 Marin MC, De Tomas ME, Mercuri O, Fernandez A, De
Serres CT. Interrelationship between protein-energy mal-
nutrition and essential fatty acid deficiency in nursing
infants. Am J Clin Nutr 1991;53:466–8.

15 Holman RT, Johnson SB, Mercuri O, Itarte HJ, Rodrigo
MA, De Tomas ME. Essential fatty acid deficiency in mal-
nourished children. Am J Clin Nutr 1981;34:1534–9.

16 Leichsenring M, Sütterlin N, Less S, Bäuman K, Anninos
A, Becker K. Polyunsaturated fatty acids in erythrocyte and
plasma lipids of children with severe protein-energy
malnutrition. Acta Paediatr 1995;84:516–20.

17 Koletzko B, Abiodun PO, Larya MD, Bremer HJ. Fatty acid
composition of plasma in Nigerian children with protein-
energy malnutrition. Eur J Pediatr 1986;145:109–15.

18 Chen SCH, Dickerman MD. Iron, thyroid hormone and
essential fatty acid status of Honduran preschoolers. Nutr
Res 1985;5:21–30.

19 Parsons HG, O’Loughlin EV, Forbes D, Cooper D, Gall
DG. Supplemental calories improve essential fatty acid
deficiency in cystic fibrosis patients. Pediatr Res 1988;24:
353–6.

20 Kinsella JE, Lokesh B, Stone RA. Dietary n-3 polyunsatu-
rated fatty acids and amelioration of cardiovascular
disease:possible mechanisms. Am J Clin Nutr 1990;52:1–
28.

21 Carlson SE, Cooke RJ, Rhodes PG, Peeples JM, Werkman
SH, Tolley EA. Long-term feeding of formulas high on
linolenic acid and marine oil to very low birth weight
infants: phospholipid fatty acids. Pediatr Res 1991;30:404–
12.

368 Smit, Oelen, Seerat, Boersma, Muskiet

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.82.5.366 on 1 M

ay 2000. D
ow

nloaded from
 

http://adc.bmj.com/


22 HoVman DR, Uauy R. Essentiality of dietary ù3 fatty acids
for premature infants: plasma and red blood cell fatty acid
composition. Lipids 1992;27:886–95.

23 Connor WE, Lowensohn R, Hatcher L. Increased docosa-
hexaenoic acid levels in human newborn infants by admin-
istration of sardines and fishoil during pregnancy. Lipids
1996;31:S183–7.

24 Henderson RA, Jensen RG, Lammi-Keefe CJ, Ferris AM,
Dardick KR. EVect of fish oil on the fatty acid composition
of human milk and maternal and infant erythrocytes. Lipids
1992;27:901–7.

25 Bjerve KS, Fischer S, Wammer F, Egeland T. á-Linolenic
acid and long-chain ù-3 fatty acid supplementation in three
patients with ù-3 fatty acid deficiency: eVect on lym-

phocyte function, plasma and red cell lipids, and
prostanoid formation. Am J Clin Nutr 1989;49:290–300.

26 Muskiet FAJ, Doormaal JJ van, Martini IA, Wolthers BG,
Slik W van der. Capillary gas chromatographic profiling of
total long-chain fatty acids and cholesterol in biological
materials. J Chromatogr Biomed Appl 1983;278:231–44.

27 Steege G van der, Muskiet FAJ, Martini IA, Hutter NH,
Boersma ER. Simultaneous quantification of total
medium- and long-chain fatty acids in human milk by cap-
illary gas chromatography with split injection. J Chromatogr
Biomed Appl 1987;415:1–11.

28 Waterlow JC. Protein-energy malnutrition: general intro-
duction. In: Waterlow JC, ed. Protein-energy malnutrition.
London: Edward Arnold, 1992:1–13.

Fish oil supplementation during malnutrition 369

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.82.5.366 on 1 M

ay 2000. D
ow

nloaded from
 

http://adc.bmj.com/

