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Background: Long chain polyunsaturated fatty acids (LCPUFA) especially docosahexaenoic acid (DHA) and
arachidonic acid (AA) are crucial for normal brain development in utero and in early infancy. Data on fatty acid
status and cognitive development in infants and children from low-income countries are scarce.

Methods: We examined the association between the DHA and AA status in infancy (n =320) and developmental
status and cognitive functioning five years later. At five years of age, we measured development by the Ages and
Stages Questionnaire 3rd. ed. (ASQ-3) and cognitive functioning by subtests from the neuropsychological test
battery NEPSY II. In addition, infant fatty acid composition in red blood cells (RBC) was analyzed. In multiple linear
and logistic regression models, we estimated the associations between DHA and AA status in infancy and scores on

Results: There were no notable associations between infant AA and DHA status, and the scores on the ASQ-3 and
the NEPSY Il subtests five years later. It should be noted that we found better than expected concentrations of
erythrocyte DHA and AA among the infants, and the ASQ scores were left-skewed, which limited the ability to

Conclusion: DHA and AA status in infancy is seemingly not related to neurodevelopment measured 5 years later in

Keywords: Polyunsaturated fatty acids, Plasma phospholipids, DHA, AA, Developmental status, Cognitive

Background

Adequate nutrition, especially during pregnancy and in-
fancy, is necessary for normal brain development [1, 2].
Long chain polyunsaturated fatty acids (LCPUFA) such as
docosahexaenoic acid (DHA) and arachidonic acid (AA)
are crucial in this process [2-5]. DHA and AA represent
over 30% of all fatty acids in the gray matter of the human
brain and the highest concentrations are found in the
synapses of the neurons, where they have an important
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role in signal transduction [6]. DHA regulates numerous
neuronal and glial cell processes including neurogenesis,
neuroplasticity, neurite outgrowth, synaptogenesis and
membrane fluidity, which in turn supports membrane
protein functions affecting the speed of signal transduc-
tion and neurotransmission [7-10]. DHA and AA influ-
ence neurotransmission as precursors in the eicosanoid
metabolism, and are important for normal function of the
brain [11]. AA and DHA can either be supplied by dietary
intake or synthesized from their essential precursors lino-
leic acid (LA) or a-linolenic acid (ALA), respectively. The
conversion of ALA to eicosapentaenoic acid (precursor of
DHA) is assumed to be low, and this may explain why

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12937-018-0375-5&domain=pdf
http://orcid.org/0000-0002-0671-2688
mailto:sigrun.henjum@hioa.no
mailto:shenjum@oslomet.no
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Henjum et al. Nutrition Journal (2018) 17:70

formula-fed infants not consuming DHA have lower levels
of DHA in brain compared to breast-fed infants [12].
Postpartum levels of DHA in the mother have been shown
to be determined by DHA levels in pregnancy [13]. Thus,
both insufficient maternal fatty acid status in pregnancy
and the infants dietary sources of DHA after birth can put
the infant at risk for deficiency in a critical period for the
development of the central nervous system (CNS) [2, 12].

In the scientific literature, the role of LCPUFA on cogni-
tive development is not conclusive. There is some evidence
that LCPUFA supplementation has an effect on cognition
among preterm [1, 3, 14—16] and low birth weight (LBW)
infants [3, 4], in those who are LCPUFA deficient, [17, 18]
or at risk for deficiency [6]. In full-term infants, however,
beneficial effects of LCPUFA on cognition have been found
in some [16, 18—20], but not in all studies [3, 6, 14, 21, 22].
The lack of an association of LCPUFA on cognition may
have several explanations including differences in DHA
and AA concentration of supplements/formula, duration
of intervention, the type of development assessments, age
at assessment, and the possibility of effect modification by
unmeasured genetic polymorphisms (FADS) [23]. Emer-
ging data demonstrate that the presence of FADS polymor-
phisms among study populations introduces substantial
variation not recognized in initial studies in this field [23].
Few studies conducted in low-income countries have ex-
amined associations between fatty-acid status in infants
and their longer-term development [1, 3, 24, 25].

In Bhaktapur, Nepal, despite low dietary intake of LA,
ALA and LCPUFA, many infants and women had better
DHA and AA status than expected [26, 27]. We observed
a wide range of DHA and AA status, potentially making
this a useful population to study associations with out-
comes, such as child development and cognitive function-
ing. The aim of the present study is therefore to examine
the association between the AA and DHA status in in-
fancy and developmental status and cognitive functioning
5 years later in a representative sample of children from
Nepal. In a recently published paper from the same study,
we demonstrated that vitamin B12 status was significantly
associated with these cognitive outcomes [28].

Methods

Design, recruitment, and participants

We used a two-stage cluster sampling procedure whereby
66 neighborhoods (“toles”) were randomly selected as the
primary sampling unit from 160. We listed all women liv-
ing in these toles, and randomly selected women and infant
pairs. The inclusion criteria for the study were that both
mothers and children had no on-going clinically assessed
infections that the infants were between 2 and 11 months,
resided in the selected clusters, were willing to provide
their household information, and consented to participate.
Details of the selection criteria and a flow chart of the
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recruitment of the study subjects have been published else-
where [29]. The study obtained ethical clearance from the
institutional review board at the Institute of Medicine in
Kathmandu, Nepal and the Regional Committee for Med-
ical and Health Research Ethics in Norway. In 2012 and
2013, approximately five years after the first inclusions, we
approached 330 of the children from the initial cohort of
500 women-child pairs for inclusion to developmental and
neuropsychological assessment (Study 2) (Fig. 1). Of these
330, 10 children did not perform the Ages and Stages
Questionnaire 3rd edition (ASQ-3) and 11 did not per-
formed the NEPSY II. One child was excluded from the
analysis due to the suspicion of a medical condition that
undermined the validity of the assessment of that specific
child, and the final number of valid assessments was 320
for ASQ-3 and 319 for the NEPSY II. In 36 children, we
were not able to obtain sufficient blood at baseline, and
thus the number of children in the regression analysis is
282 and 283. There were no major differences between the
current subsample and the original sample in the
demographic features such as child characteristics,
child nutritional status and family situation at base-
line, results are presented elsewhere [28]. Woritten
consent was obtained from mothers at baseline and
for the follow-up visits.

Laboratory procedures

A trained phlebotomist drew approximately 3 mL of
whole blood from the cubital vein at enrolment when the
infant were between 2 and 11 months, into olypropylene
tubes with lithium heparin (Sarstedt, Germany). The sam-
ples were then centrifuged (760xg, for 10 min, room
temperature) and plasma was allocated into polypropylene
vials (Eppendorf, Hinz, Germany). Samples were stored at
- 20 °C at the field site laboratory until they were trans-
ported with an ice pack to the central laboratory in
Kathmandu at the end of each day. There, samples were
stored at — 80 °C until transport on dry ice to Norway.
The fatty acid composition of total RBC was determined
by ultrafast gas chromatography (UFGC) (Thermo Elec-
tron Corporation, Massachusetts, USA), using a method
developed by Araujo P, Nguyen TT, Froyland L, Wang ]
and Kang JX [30]. Briefly, 50 pl homogenized samples
were mixed with boron trifluoride (BF3) and internal
standard (19:0 methyl ester), followed by extraction with
hexane. The fatty acid composition was calculated using a
labdataprogram (Chromeleon 6.80, Dionex Corporation,
California, USA), connected to the UFGC and identifica-
tion ascertained by standard mixtures of methyl esters
(Nu-Chek, Minnesota, USA). Limit of quantification was
10 pg fatty acid/g samples (wet weight. w/w). The certified
reference materials (CRM) CRM 162 (soy oil) and CRM
163 (pig fat) controlled the analytical quality of the
method and systematic errors. The fatty acid composition
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Fig. 1 Flowchart of the study participants

of cooking oils was analyzed by gas liquid chromatography
(GLC, Trace GC 2000, Termo) according to previously
described method [31]. Total lipid content was extracted,
filtered, evaporated, saponified and fatty acids were
esterified. The methyl esters were separated using
Auto-GC (Instrument-Teknikk AS, Norway), equipped
with a 50 m CP sil 88 (Chrompack) fused silica capil-
lary column (id:0.32 mm), using “cold on column” in-
jection, temperature program (60 °C (25 °C/min) to
160 (25 °C/min) to 190 (25 °C/min) to 220) and flame
ionization detector. The fatty acid composition was calcu-
lated using a labdataprogram (Turbochrom Navigator,
Version 6.1), connected to the GLC and identification as
ascertained by standard mixtures of methyl esters
(Nu-Chek, Elyian, USA). Nonadecanoic acid (19:0) methyl
ester was used as internal standard. Limit of quantification
(LOQ) was 10 pg fatty acid/g sample (wet weight, w/w).

Cognitive assessments

We used the Ages and Stages Questionnaire 3rd. edition
and subtests from the NEPSY I, to assess neurodevelop-
ment and cognitive functioning in the present study. A
local pediatrician and a psychologist, both experienced
in child development assessment, were trained to per-
form the assessments by two Norwegian clinical psy-
chologists. The local psychologist performed most of the
assessments under close supervision. Assessments were
conducted at the study clinic in a well-lit room free
from distractions. The children were followed to the
clinic by their caregivers, and the caregivers had the
opportunity to sit in the back of the room during the
assessments. The sessions lasted for approximately
one hour. A detailed description of the translation,
training and assessment procedures are presented
elsewhere [28].
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The ASQ-3 is a comprehensive developmental screen-
ing, standardized for children 1-66 months with
age-appropriate questionnaires [32]. The questionnaires
contain 30 items that sums up to five subscales: commu-
nication, gross motor, fine motor, problem solving and
personal-social (possible scores range from 0 to 60), and a
total score (possible score range from 0 to 300). The
ASQ-3 is designed to be answered by caregivers, but can
also be used for direct assessment of the child by a trained
professional [33] as we did in the current study. The
examiner (the trained psychologist) aimed to answer the
items in the questionnaire during the sessions and used a
collection of standardized material (e.g. large and small
balls, pen, paper and scissors) in the assessments. If the
examiner could not answer the items through direct ob-
servation during the sessions, the response relied on an-
swers from the caregiver. The 60 months questionnaire
(age range 57—66 months) was used for the present study.
In total, 160 of the 320 participants were above 66 months
at the time of the assessment; however, we decided to per-
form the ASQ-3 for all children in the sample. The mean
(SD) age in months at testing was 66.7 (3.4). The ques-
tionnaire was translated and back translated and culturally
adapted particularly for this Nepalese setting according to
standard procedures. A detailed description of the transla-
tion, training and assessment procedures are presented
elsewhere [28].

The NEPSY-II is a comprehensive neuropsychological
test battery that consists of 32 subtests in six functional
domains for children aged 3 to 16 years [34]. The battery
is flexible and allows for individual administration. The
following six age—appropriate subtests were administrated
in the present study: Inhibition, Statue, Visuo-motor
Precision, Affect Recognition, Geometric Puzzles and
Block construction. Since norms are not available for the
Nepalese population, we calculated the scaled scores
based on the American norms [34]. The NEPSY II scaled
scores have a total possible range from 1 to 19, with 10 (3)
as the mean (SD).

Anthropometric measurements

Children were weighed on a UNICEF electronic
pediatric scale (SECA, Germany) and length was mea-
sured using a locally made wooden board with an accur-
acy of £0.1 cm. The Z-scores for height-for-age (HAZ)
and weight-for-age (WAZ) were calculated using WHO
growth reference standard from 2006 [35]. Children
were classified as stunted or underweight if their HAZ
or WAZ was <- 2 SD, respectively.

Data management and statistics

Data were analysed using STATA version 14 (StataCorp.,
College Station,TX, USA). Data were expressed both as
means (+SD) and median (IQR). We used multiple linear
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and logistic regression models to estimate the association
between fatty acid status in infancy and the scores on
ASQ-3 and the NEPSY II subtests approximately 5 years
later. DHA and AA concentrations were used as the ex-
posure variables in the different regression models both as
linear variables and categorized in tertiles. The ASQ-3
subscales were highly skewed, and we dichotomized the
scores at the 25th percentile and used logistic regression
when analysing the subscales. An OR more than one indi-
cates an increased risk of being in the lowest 25th percent-
ile for each increment of a biomarker unit. We also
undertook the multiple regression analyses adjusting for
variables listed in Table 1, only variables that changed the
exposure-outcome relationships by more than 15% were
included in the final models. The variables included in the
multiple regression models are sex, age at baseline,
weight-for-age-z-score and age at testing. We present only
the analyses of the linear exposure variables, and present
both crude and adjusted estimates. The effect estimates
are expressed as linear regression coefficient and odds

Table 1 Variables assessed in the multiple regression models to
measure the association between fatty acids (AA and DHA) and
the ASQ-3 and NEPSY Il scores

Continuous  Categorical
Sex male or female
Age at enrollment months
Exclusive breastfeeding - yes or no
at enrollment
Iron status at enrollment umol/L -
Height-for-age z-scores z scores
at enroliment
Weight-for-height z-scores z scores
at enrollment
Weight-for-age z-scores z scores
at enrollment
Parity 1-2 or 2 and more
Energy intake mother Kcal /day
at enrollment
Folate supplementation yes or no
in pregnancy
Living in joint family yes or no
Family owns land yes or no
Number of rooms in the home  number -
Mothers age years -

Level of education, mother less than 10th grade

or 10th grade and more

Level of education, father less than 10th grade

or 10th grade and more

Occupation, mother no work/agricultural

or other work

Occupation, father no work/agricultural

or other work
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ratios (OR), and a p-value-threshold of 0.05 was used to
denote statistical significance. Post hoc, we stratified the
analyses on children with birthweight less than 2500 g and
children 2500 g and above.

Results

Child, household and maternal characteristics and family
situation at baseline are presented in Table 2. The mean
(SD) age of the children at baseline was 7.0 (2.9) months
and birthweight was 2872 (476) grams. Fourteen percent
of the children had a birthweight below 2500 g. In total,
5% of the children were classified as underweight and
9% as stunted. Around half of the mothers and 70% of
the fathers had more than 10th grade.

Median (IQR) and mean (range) for the total ASQ-3
score and the five subscales are presented in Table 3.
The median (IQR) for the total score was 270 (255-
285). Mean (SD) for the total raw and corresponding
scaled NEPSY II scores in the 319 children are shown in
Table 4. The mean scaled scores range from 5.9 (2.8) to
12.5 (1.7), with the lowest scores in the Visuo-motor
precision total completion time subtest, and the highest
in the Statue total score subtest.

Fatty acid composition of red blood cells in infants is
presented in Table 5. The mean concentrations of DHA
and AA for all infants were 116 and 311 ug/g,

Table 2 Child, parent, and household characteristics at baseline
(n=320)

Characteristics % (n)
Boys 559 (179)
Age infant, months® 70 (2.9)
Birth weight® 2872 (476)
Birth weight < 2500 g 14 (45)
Exclusively breast at enrolment 13.6 (43)
Underweight (<—2 z score weight for age) 5(16)
Stunted (<-2 z score length for age) 9 (27)
Mother:

Age mother® 26.1 (4.2)

Less than grade 10 of schooling 482 (147)

10th grade and more 8 (158)

Working outside home 26.2 (80)
Father:

Less than grade 10 30.3 (94)

10th grade and more 69.7 (216)

Working outside home 93.1 (2871)
Household:

Joint family 53.8 (170)

Own land 576 (182)
“Mean (SD)

Characteristics of the total sample is presented elsewhere (24)
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Table 3 ASQ-3 total and subscale scores in 320 Nepali children
Median (IQR)

Characteristics Mean (Range)

Total ASQ-3 270 (255-285) 265.8 (45-300)
Subscales:
Communication 50 (40-55) 479 (0-60)
Gross motor 60 (60-60) 57.6 (20-60)
Fine motor 50 (45-55) 1 (0-60)
Problem solving 60 (55-60) 55.9 (0-60)
Personal Social 60 (50-60) 1 (15-60)

Total possible range is 0-300 for total score and 0-60 for the subscale score

respectively. DHA was the main n-3 fatty acid, as AA
was the major n-6 fatty acid.

Associations between DHA and AA and the total and
subscale scores of the ASQ-3 in the Nepalese pre-
schoolers are presented in Table 6. In both the multiple
adjusted linear and logistic regression analysis we found
no associations between ASQ-3 total and subscale scores
with either AA or DHA. None of our analytical ap-
proaches (i.e. exposures categorized on tertiles) revealed
any significant associations between developmental
scores and fatty acid status. Low birth weight did not
modify any of the associations (data not shown).

Associations between DHA and AA and the NEPSY II
subtests in the Nepalese preschoolers are presented in
Table 7. We found no notable associations between the

Table 4 NEPSY-Il raw and scaled scores in 319 Nepali Children

Raw Mean scaled Range scaled

scores (SD)  scores (SD)*  scores
Attention and Executive Functioning
1 Inhibition-Naming 95.0(239) 102 (29 1-19
Completion Time Total
Inhibition-Inhibition 1388 (386) 9.8 (2.8 1-19
Completion Time Total
Inhibition Total Errors 208 (163) 87 (4.3) 1-19
2 Statue Total Score 279 (2.8) 12501.7) 5-14
Sensorimotor
3 Visuo-motor Precision 1843 (56.3) 59 (2.8) 1-19
Total Completion Time
Visuo-motor Precision 103 (2.2) 4-19
Combined Scaled Score
Social Perception
4 Affect Recognition 14.5 (3.3) 76 (33) 1-15
Total Score
Visuospatial Processing
5 Block Construction 74 (1.7) 79 (25) 1-15
Total Score
6 Geometric Puzzles 13.3 (3.0)

Total Score®

“The NEPSY Il scaled scores are calculated based on US norm. The scaled
scores have a total possible range from 1 to 19, with 10(3) as mean (SD)
PScaled scores are not available for this age range
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Table 5 Fatty acid composition of red blood in infants (n = 303)°
Infants (n =303)

(ug/ml) %
Total SAFA 948 (99) 41
Total MUFA 449 (76) 19
Total PUFA 906 (158) 38
Total n-6 PUFA 685 (128) 29
Total n-3 PUFA 222 (44) 94
182 n-6 (LA) 269 (76) 1.3
183 n-3 (ALA) 54 (5) 02
20:4 n-6 (AA) 311 (59 132
20:5 n-3 (EPA) 83 (4 03
22:6 n-3 (DHA) 116 (22) 49
22:5 n-3 (DPA) 37.(11) 1.6
n-6/n-3 PUFA Ratio 3.2 (0.6)
Sum fatty acids 2345 (293)
Omega 3 index %P 52

Mean + SD
?Has been presented elsewhere (21)
PSum %EPA + %DHA (% of sum of total fatty acids)

NEPSY II subtests with either AA or DHA in the linear
regression models.

Discussion
Overall, we did not find any associations between early
DHA and AA status and developmental status by
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ASQ-3 and cognitive functioning by NEPSY II five years
later in a sample of 303 children from Nepal.

The lack of associations between early DHA and AA
status and neurodevelopmental scores in our study is in
accordance with literature that report no beneficial effect
of n-3 LCPUFA supplementation on cognitive function in
full-term infants [14, 21, 22, 36—-39]. However, four recent
reviews reported that n-3 LCPUFA supplementation in
term infants might have a potential effect on later child
development [2, 16, 18, 23]. Few studies have in general
investigated the long-term associations between early fatty
acid status and cognitive function. A longitudinal examin-
ation of the relationship over time may be needed given
that the subtle effects of fatty acids on the brain may not
show up until later in childhood [3]. Two studies have re-
ported beneficial effects on some specific aspects of cogni-
tion (attention, speed of processing, and problem solving),
suggesting that the effects of LCPUFA supplementation in
early life may be better detectable at a later age for specific
cognitive functions [40, 41]. Some other studies assessed
cognitive development of children between 6 or 9 years of
age and found no overall positive effect of fatty acids on
general cognitive functioning [42—44].

According to Carlson, the effect of DHA and AA sta-
tus and supplementation in infancy has been largely
evaluated through global developmental assessments fo-
cused on attainment of normative milestones, although
more granular measures of specific cognitive function
may be more sensitive markers of the effects of

Table 6 Associations between DHA and AA and the total and subscale scores of the ASQ-3 in Nepali preschoolers

VARIABLES N AA DHA
Linear regression Coeff. c P Coeff. cl P
Total ASQ-3 crude 283 361 (—0.28, 7.50) 0.07 848 (=230, 19.27) 0.12
adjusted? 282 -0.56 (—4.40, 3.29) 0.77 -1.60 (=11.39, 8209 0.75
Logistic regression OR
Total ASQ-3 crude 283 0.56 (0.36, 0.87) 0.01 0.26 (0.08, 0.81) 0.02
adjusted? 282 0.85 (0.52, 1.40) 052 0.65 (0.20, 2.13) 048
Subscales OR
Communication crude 283 044 (0.23,0.82) 0.01 0.10 (0.02, 0.51) 0.01
adjusted? 282 0.72 (0.35, 1.46) 0.36 0.28 (0.04, 1.90) 0.19
Gross motor crude 283 0.83 (0.46, 1.50) 0.54 0.39 (0.09, 1.73) 0.22
adjusted® 282 1.1 (058, 2.12) 0.75 073 (0.13,4.19) 0.72
Fine motor crude 283 1.01 (0.68, 1.79) 0.70 1.33 (040, 445) 0.64
adjusted® 282 140 (0.87, 2.26) 0.16 238 (0.71, 801) 0.16
Problem Solving crude 283 0.71 (042,1.21) 021 049 (0.10, 2.32) 037
adjusted? 282 1.01 (0.60, 1.72) 0.96 1.03 (0.24,4.37) 0.97
Personal Social crude 283 1.07 0.52,2.23) 0.85 1.62 (0.28, 9.40) 0.59
adjusted? 282 1.34 (0.64, 2.78) 044 2.78 (045,17.14) 0.27

Linear and logistic regression models adjusted for clustering

?Adjusted for sex, age at baseline and weight-for-age z-scores at baseline and age at testing
OR > 1 indicates an increased risk of being in the lowest 25th percentile for each increment of one biomarker units
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Table 7 Crude and adjusted® associations between AA and DHA and the NEPSY-II subtests in Nepali preschoolers?

VARIABLES AA DHA
N Coefficient  Cl P Coefficient  Cl P

Attention and Executive Functioning

Inhibition-Naming Completion Time Total - raw crude 282 —-334 (=7.91,1.23) 015 =290 (—=14.18, 8.38) 061
adjusted 281  -3.26 (—7.44,093) 012 =195 (—12.85,89) 072

Inhibition-Inhibition Completion Time Total- raw crude 282  —-6.00 (=12.01, 0.02) 0.03 0.60 (—27.63, 6.44) 022
adjusted 281 -6.84 (<1359, -009) 005 —-11.99 (=30.27, 6.29) 0.19

Inhibition Total Errors - raw crude 282 —041 (—=3.33,252) 078 196 (—4.55, 848) 0.55
adjusted 281 0.19 (—2.49, 2.86) 089 343 (—2.88,9.74) 028

Statue Total Score - raw crude 282  -0.11 (=0.56, 0.34) 064 0.00 (=1.31,1.31) 1.00
adjusted 281  -0.13 (-061,035) 060 —003 (—1.40, 1.33) 0.96

Sensorimotor

Visuo-motor Precision Total Completion Time - raw  crude 282 469 (-6.23, 15.62) 039 469 (-22.81,32.18) 073
adjusted 281  3.69 (=6.73, 14.11) 048 338 (=22.71,2947) 080

Social Perception

Affect Recognition Total Score - raw crude 282 033 (=046, 1.14) 040 093 (=1.22,3.07) 0.39
adjusted 281 020 (—0.56, 0.95) 061 069 (=1.34,272) 0.50

Visuospatial Processing

Geometric Puzzles - raw crude 282 063 (0.06, 1.21) 003 180 (0.22, 3.40) 0.03
adjusted 281 060 (0.03, 1.16) 004 1.70 (0.07,3.32) 0.04

Block Construction - raw crude 282 024 (-=0.05, 0.53) 010 031 (-0.50, 1.13) 044
adjusted 281 021 (—0.06, 0.49) 012 022 (=060, 1.03) 0.60

2All models are adjusted for clustering

PAdjusted for sex, age at baseline and weight-for-age z score at baseline and age at testing

LCPUFA supplementation [19]. Researchers now have
access to techniques to measure brain electrical inter-
connectivity and brain structure and function; these
techniques were not used in the early studies of DHA
and AA supplementation and could explain the lack
of an effect [23].

Trials have found a positive effect of n-3 LCPUFA sup-
plementation on cognitive function in low birth weight
(LBW) infants at risk of deficiency in certain fatty acids,
including DHA [3, 4]. Regional estimates of LBW in-
clude 28% in South Asia [45]. In our study sample, 14%
of the infants had LBW, however, we did not find any
difference in either essential fatty acid concentration or
the ASQ-3 and NEPSY II scores when the analyses was
stratified on children less than 2500 g and children
2500 g and above.

From the literature, there are some evidence for a
favorable effect of n-3 LCPUFA in children deficient
in fatty acids [17, 18]. In many low to middle-income
countries, including Nepal, diets are lacking EFA and
low fatty acids status would be expected. Despite sub-
stantial variability in fatty status, we found better than
expected concentrations of erythrocyte DHA and AA
among breastfeeding women and their infants in
Nepal [26], and this may explain the lack of

associations between early DHA and AA status and
developmental scores five years later in the current
study. The main dietary source of fat among the Nep-
ali women was sunflower, soybean, sesame, and mus-
tard oils. The relatively high concentration of LA in
the cooking oils ensured a substantial intake of this
essential fatty acid in their diet. For ALA, the con-
centration in cooking oil was considerably lower, giv-
ing a much lower total intake of ALA. Cooking oils
and ghee had very low concentrations of AA; no item
provided more than 1 mg/g, and DHA was not de-
tected in any of the analyzed food items. Some of the
vegetable oils commonly used in food preparation
contained EPA and may be a significant dietary
source [27]. Analysis of differences in genetic poly-
morphisms (FADS) should be taken into consideration
in future studies [23]. Further, child development may
be influenced by several other nutritional inadequa-
cies, such as undernutrition, iron- zinc and B-vitamin
deficiency, in addition to inadequate childcare and
home environment [1]. Our multivariable models
were adjusted for potential confounders including age,
nutritional status, exclusive breastfeeding, maternal
education and family situation (Table 1), however,
given the observational nature of our dataset we
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cannot rule out the possibility for unmeasured negative
confounding that may have led to bias in our study.

Even though we did not find any association between
DHA and AA status and the neurodevelopmental scores
five years later in this follow-up study, it is well
established that fatty acids are crucial for optimal
brain development [1]. DHA and AA are major com-
ponents of the brain, and play an important role in
the structure and function of all cell membranes [6]
through neuron proliferation, synapse formation,
pruning, and myelination [1]. Why then is the crucial
role of fatty acids in brain development not reflected
in the numerous RCT and epidemiological studies
aiming to link fatty acids and cognitive performance,
and why do systematic reviews and meta-analyses
often show conflicting results? Firstly, comparison of
results from different studies is often compromised by
differences in age of supplementation, different dos-
ages and different lengths of supplementation, lack of
consideration of FADS polymorphisms, the inclusion
of populations only of a specific age, or exclusion of
healthy individuals only. Secondly, the large hetero-
geneity in cognitive tests may complicate the com-
parison of the potential effect of fatty acid status on
brain development [3, 16, 19, 23].

To the best of our knowledge, this is one of the
first studies on fatty acid status and child develop-
ment in South Asia and the first from Nepal. In
addition to a representative sample of children, one
of the strengths of our study is that fatty acid status
of the infants was measured in the infants’ red blood
cells, as recommended [18], not maternal fat intake
or maternal fatty acid status during pregnancy and
lactation. A trained local psychologist performed the
neurodevelopmental assessment by the ASQ-3 and
NEPSY II; however, it should be noted, that these
tools have not been validated for a Nepalese setting.
The assessment has been used previously in similar
settings and the psychometric properties are compar-
able to those of other studies [33]. The fact that 160
of the children were above the recommended age
range for the ASQ-3 assessment may have compro-
mised our results and could explain the null findings
in the models with the ASQ-3 scores. In spite of the
limitation that approximately half of the children
where above the recommended age range for the
ASQ-3, the data has previously yielded findings in a
study on vitamin B-12 status and child development,
which give support to the validity of the developmen-
tal variables [28].

In conclusion, no notable associations between early
DHA and AA status and overall developmental status
and cognitive functioning five years later, were found in
this study among children from a peri-urban area of
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Nepal. It should be noted that better than expected con-
centrations of erythrocyte DHA and AA were found,
and the ASQ scores were left-skewed, which limited the
ability to identify associations.
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