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Abstract

A community-based cross-sectional study was carried out among Aboriginal schoolchildren aged 7—-12 years living in remote areas in Pos
Betau, Pahang, Malaysia to investigate the potential determinants influencing the cognitive function and educational achievement of these
children. Cognitive function was measured by intelligence quotient (IQ), while examination scores of selected school subjects were used in
assessing educational achievement. Blood samples were collected to assess serum Fe status. All children were screened for soil-transmitted
helminthes. Demographic and socio-economic data were collected using pre-tested questionnaires. Almost two-thirds (67:6%) of the sub-
jects had poor IQ and most of them (72:6%) had insufficient educational achievement. Output of the stepwise multiple regression model
showed that poor IQ was significantly associated with low household income which contributed the most to the regression variance
(r* 0-059; P=0-020). Low maternal education was also identified as a significant predictor of low IQ scores (r 0-042; P=0-043). With
educational achievement, Fe-deficiency anaemia (IDA) was the only variable to show significant association (7% 0-025; P=0-015).
In conclusion, the cognitive function and educational achievement of Aboriginal schoolchildren are poor and influenced by household
income, maternal education and IDA. Thus, effective and integrated measures to improve the nutritional and socio-economic status of
rural children would have a pronounced positive effect on their education.
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Numerous factors are known to affect cognitive function
(the mental processes by which knowledge is acquired inclu-
ding perception, reasoning, creativity, problem-solving and
possible intuition measured by intelligence quotient (IQ))
and educational achievement of children (the progress of
individuals in school measured by the results of examin-
ations). Poor cognitive and educational performances among
children can be attributed to a complex web of causation
which involves insufficient infrastructure, health problems,
poor socio-economic status and environmental causes. Health
problems that may affect children’s cognitive function and
educational achievement include childhood infections™?,
malnutrition and micronutrient deficiencies including Fe-
deficiency anaemia (IDA)(3’/'), intestinal parasitic infecti-
ons, mainly soil-transmitted helminthes (STHD®,  visual

and hearing impairment(é), epilepsy” and many other

problems. Moreover, stimulation-poor environments lead to
poor development of the child’s brain, which hinder the
child’s cognitive development®™”. Needless to say, poor
socio-economic status is a strong inhibitor limiting educational
achievement. Such a situation does not motivate children to
study and an unsatisfactory home or class environment also
does not encourage learning.

Orang Asli (a Malay term transliterated as ‘original people”’)
are the indigenous minority inhabitants of Peninsular
Malaysia. They comprise only 0-6% of the total population
in Malaysia (26:6 million in 2006). Despite intensive efforts
by government and private sectors to improve the quality
of life of Aboriginal communities throughout 53 years of
independence (since 1957), little success has been achieved,
and these communities are still plagued with poverty and a
wide range of health problems. Very little is known about

Abbreviations: IDA, Fe-deficiency anaemia; 1Q, intelligence quotient; STH, soil-transmitted helminthes; TS, total scores of the three school subjects.
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the cognitive functions and educational achievement of rural
Aboriginal schoolchildren. Beside the expected shortage in
educational facilities, the main problems that impede the
educational process for Aboriginal people are poverty, poor
health and nutritional status, and a high drop-out rate'%'V.
A national strategy to minimise the educational gap between
rural and urban areas has been implemented and more
than two million rural schoolchildren, including Aboriginal
children, will benefit from this agenda. Hence, the present
study was carried out to investigate the potential determi-
nants that influence the cognitive function and educational
achievement of Aboriginal schoolchildren in Peninsular
Malaysia.

Materials and methods
Study area and population

The present study was carried out between August 2006 and
January 2007. Selection of the study area was discussed with
the Department of Aboriginal People Affairs and the following
criteria were used to select the school: enrolment of more than
250 pupils, easy access and willingness of the teachers to
cooperate. Sekolah Kebangsaan Betau (the Betau National
SchooD), a primary school for Aboriginal children in Pos
Betau, Kuala Lipis, Pahang, Malaysia, met these criteria.
The school had an enrolment of 405 pupils in the target
age range of 7—12 years. Of these, sixty-nine were absent at
the time of the visit, twenty-nine refused to participate and
fifteen were excluded for having infections with fever.

This area is considered to be a remote area. Consisting of
eighteen villages, it is located in a valley region about 50 km
from the town of Kuala Lipis and 200 km northeast of Kuala
Lumpur. There is a lack of sanitation with a high prevalence
of intestinal parasitic infections, malnutrition and other
health problems. There is a clinic in the area for health
services equipped with an ambulance to send critical cases
to the nearest hospital (50 km). Most of the residents work
as farmers, labourers, rubber tappers and some do odd jobs
such as selling forest products. Aboriginal individuals live in
houses made of wood or bamboo. However, most of the
houses have electricity during night-time only and a supply
of piped water as the main source for drinking water while
water for domestic needs (bathing, washing clothes and uten-
sils and feeding animals) is collected from the rivers located
adjacent to the villages.

Throughout many visits to the school and the villages, com-
munity meetings were held with the headmaster, heads of the
villages, parents and their school-age children before the com-
mencement of the present study in order to give a clear expla-
nation of the objectives and the involvement of the children in
the present study. Informed verbal consent was obtained from
the participants; verbal consent was witnessed and formally
recorded. The present study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all
procedures involving human subjects were approved by the
Medical Ethics Committee of the University of Malaya Medical
Centre, University of Malaya, Malaysia.

Study design and sample size

The main design of the present study was a randomised
placebo-controlled trial aimed at investigating the effects of
vitamin A supplementation on the cognitive function and
educational achievement of Aboriginal schoolchildren; the
cross-sectional study described in the present paper served
as a baseline assessment. A sample size of 214 children, 107
per intervention arm, was estimated to give the study at
least 80% power at 5% significance to detect a significant
difference in mean scores of IQ and total scores of the three
school subjects (TS) between the vitamin A-supplemented
group and the placebo group. Although this sample size
included an extra 20% to avoid the effects of drop-out,
we invited all children in the target age group to participate
(universal sampling).

Demographic and socio-economic data

The demographic and socio-economic data of the subjects
were collected using a pre-tested questionnaire constructed
in English and then translated into Malay, the local language.
Socio-economic status was assessed by a set of questions
about the parents’ educational and employment status, total
household income and type and condition of houses.
During the visits to the villages, the children and their parents
were interviewed in their home settings by trained assistants to
elicit information on the subjects’ medical history, socio-
economic status and personal hygiene practices.

Parasitology

Fresh faecal samples were collected into wide-mouth screw-
cap 100ml clean containers. The samples were examined by
the Kato—Katz technique™? for the presence of STH, Ascaris
lumbricoides, Trichuris trichiura and hookworm eggs. Egg
counts, as a measure of worm burden, were also carried out
using this technique and the results were recorded as eggs
per g of stool (epg). The intensity of infection was graded
as heavy, moderate or light according to criteria proposed
by the WHO"?. Infections of moderate to heavy intensity
are mainly responsible for the morbidity and health conse-
quences due to STH'™. Therefore, scores for the intensity
of infections were given to each STH species (light =1,
mild =2 and heavy=3) and infections
score = 5 were included in the analysis.

with  worm

Nutritional status assessment

All subjects underwent physical examination including anthro-
pometric measurements for weight and height. The children
were weighed without shoes using a calibrated scale (Seca
709; Seca, Hamburg, Germany); height was measured by
standing the child against a vertical wall, and marking off
on the wall with the aid of a clipboard. Weight-for-age,
height-for-age and weight-for-height Z-scores were used as
indicators for underweight, stunting (chronic malnutrition)
and wasting (acute malnutrition), respectively. The Z-scores
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were calculated using reference data from the National Center
for Health Statistics (NCHS) and the WHO in EPI-Info for
windows 2002 software (Centers for Disease Control and
Prevention, Atlanta, GA, USA). Children who had a Z-score
below —2 standard deviations of the NCHS reference popu-
lation median values were considered to be significantly
malnourished.

Haematological and biochemical analysis

About 2-3ml of venous blood were collected from each
subject into a plain tube for biochemical analysis. Hb concen-
trations were measured directly after blood withdrawal using
the HemoCue hemoglobinometer (HemoCue, AB, Angelhom,
Sweden). Serum ferritin levels were analysed by means of the
ADVIA Centaur Analyzer (Siemens Medical Solutions Diagnos-
tics, Deerfield, IL, USA), and children with concentrations
of less than 10ug/l were considered to have deficient Fe
stores. Meanwhile, serum Fe and total Fe-binding capacity
(TIBC) were determined colorimetrically and then the percen-
tage transferrin saturation was calculated from the ratio of
¢, For quality control, 20%
of the samples were randomly selected and examined in
duplicate. Children were identified to have IDA if they were
anaemic and had low serum ferritin and/or low serum Fe,
percentage transferrin saturation and high TIBC1O17,

serum Fe concentration:TIB

Cognitive function assessment

IQ, also called cognitive function, was assessed using a Test
of Nonverbal Intelligence, 3rd edition (TONI-3) which is a
language-free, cognitive ability measurement tool for measur-
ing abstract and figural problem solving, a major aspect
of intelligence, in subjects ranging in age from 6 years 0
months to 89 years 11 months. The TONI kit has been used
in assessing the cognitive function of rural children in Malay-
sia™. The kit was administered to schoolchildren individually
in a comfortable room which was well lit and free from noise.
Tables provided in the manual were used to convert the raw
scores into the corresponding IQ deviation quotients, which
were then categorised into one of seven categories ranging
from very poor to very superior, as follows: >130 (very
superior); 121-130 (superior); 111-120 (above average);
90-110 (average); 80—89 (below average); 70-79 (poor);
and < 70 (very poor).

Educational achievement assessment

The assessment of educational achievement was based on the
numerical marks of the end-of-semester examinations for
three selected subjects, mathematics, English language and
Malay language. The marks were collected from the records
provided by the headmaster’s office. These subjects represent
the essential academic components which the student must
pass in order to enter higher levels of education, and the
Malay language was the medium of instruction for all subjects.
Previous studies have used mathematics, English and national
languages to assess the educational achievement of urban

and rural schoolchildren in Malaysia and abroad*'"'®_ For
individual selected school subjects and overall results, the
highest possible scores were 100 and 300, respectively. The
test scores considered as sufficient achievement based on
each subject (mathematics, English language and Malay
language) and the total scores of the three subjects (TS)
were = 50 or = 150, respectively.

Statistics

Statistical analysis of data was done using SPSS (version 13,
September 2004; SPSS, Inc., Chicago, IL, USA). The distri-
bution of IQ and TS measurements was examined using the
Shapiro—Wilk test and found to be normal. For descriptive
analysis, proportion was used to present the prevalence of
categorical variables while mean or median was used to pre-
sent the quantitative data. The independent ¢ test was used
to compare the mean IQ and total educational achievement
scores between groups. A significance level of 0-05 was used
for all statistical tests. However, in order to retain all possible
significant associations'”, variables that showed association
with a P value =0-20 were used to develop a multiple linear
regression model ‘STEPWISE’ to identify the determinants of
cognitive function and educational achievement.

Results

A total of 292 schoolchildren agreed voluntarily to participate
in the present study and delivered stool samples for examin-
ation. Of these children, only 241 children came for an inter-
view to fill in the questionnaires and underwent a physical
examination including anthropometry and cognitive function
assessment. Therefore, the statistical analyses for the associ-
ations between the variables were based on this sample size.

General characteristics of subjects

The socio-economic and health characteristics of the subjects
are shown in Table 1. They comprised 292 children (145
males; 147 females) aged between 7 and 12 years with a
median age of 10 years (interquartile range 8-11 years).
In general, poverty prevails in this area and about one-third
of the fathers had formal education of at least 6 years while
only 22:4% of the mothers had similar formal education.
During the visits to the villages, we observed the poor
personal hygiene of the children; they swim in the rivers
very close to defecation sites, play bare-footed, consume
unwashed fruits picked from the ground, eat without washing
their hands and indulge in soil eating (geophagy).

Health and nutritional status

Almost all children (98-6%) were infected either by one or
more of the STH species. The overall prevalence of ascariasis,
trichuriasis and hookworm infections was 67-8, 955 and
13-4 %, respectively. Almost one-third (29-8%) of the children
had heavy trichuriasis while 22:3% had heavy ascariasis. All
hookworm infections in this population were light infections.
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Table 1. General characteristics of Aboriginal schoolchildren partici-
pants in the study (n 292)

Characteristics Frequency (%)
Age group
= 10 years 69-2
> 10 years 30-8
Sex
Female 50-3
Socio-economic status
Fathers’ education level (at least 6 years) 34.3
Mothers’ education level (at least 6 years) 224
Low household income (< RM450) 81.2
Working fathers 51-4
Working mothers 58-1
Large family size (eight or more members) 35-0
Piped water supply 87-4
Nutritional status
Significant underweight (weight-for-age Z < —2) 37-3
Significant stunting (height-for-age Z < —2) 43-6
Significant wasting (weight-for-height Z < —2) 5-6
Fe-deficiency anaemia* 34.0
Intestinal parasitic infections
Heavy ascariasis (mean epg > 50 000) 22.3
Heavy trichuriasis (mean epg > 10000) 29-8
Hookworm infections 13-4
Mixed STH infections 62-8

RM, Malaysian ringgit; epg, eggs per gram of stool; STH, soil-transmitted helminthes.

* Fe-deficiency anaemia: Hb concentration < 120g/l, low serum ferritin (<10g/l)
and/or low serum Fe (<10-6 mmol/l), high total Fe-binding capacity (>75 pmol/l)
and low transferrin saturation (<16 %).

The prevalence of mild and significant underweight was 52-3
and 37-:3 %, respectively, while the prevalence of mild stunting
and wasting was 43-6 and 43-1%, respectively, and of signifi-
cant stunting and wasting was 43-6 and 5-6%, respectively.
Overall, 117 (48:5%) children were anaemic (Hb < 120g/D
and the prevalence of IDA was 34%, which accounted for
70-1% of the anaemia cases among these subjects. Data on
the prevalence of intestinal parasitic infections and IDA
among these subjects have been published previously®*V.

Cognitive function and educational achievement

The mean IQ scores of these children was 76-4 (sp 5-4), which
is considered as poor. The majority (67-:6%) of the subjects
were in the category of poor while 24:1 and 81% of them
were in the category of below average and very poor, respec-
tively. However, none of the subjects was distributed in
the grades of above average, superior or very superior.

1103

The mean educational score of each subject was low and
most of the children (72:6%) had insufficient TS (Table 2).
Moreover, 56:8% of the children had sufficient achievement
for Malay language (mean score 50-9), whereas only 324
and 24-9% of them had sufficient scores for English language
and mathematics, respectively.

Determinants of low cognitive function and low
educational achievement

The differences in mean scores of IQ and TS in relation to
some socio-economic, health, nutritional and demographic
factors were examined and the results are shown in Table 3.
Regarding the IQ (indicator of low cognitive function),
children living in poverty (income < 450 Malaysian ringgit
(RM)) had significantly lower 1Q scores (¢t = 3:041; P=0-007)
than children from households with higher incomes. Similarly,
the children of mothers with low educational levels had
significantly lower 1Q scores (# = 3-256; P=0-001) than the
children of mothers with at least 6 years of formal education.
Children suffering IDA also had significantly lower IQ scores
than non-anaemic children (r = 2:140; P=0:033).

With TS (indicator of low educational achievement),
children infected with STH of moderate to heavy intensities
(worm scores = 5) had significantly lower TS scores (z = 1-990;
P=0-030) than non-infected children or those with light
infections. Similarly, children of families with a low household
income (f = 2:251; P=0-025) and also those who were suffer-
ing from IDA (z = 2:460; P=0-007) had significantly lower TS
scores than children of families with a monthly household
income > RM450 and those without IDA.

Stepwise multiple linear regression analyses were per-
formed to identify the significant determinants of children’s
IQ and TS with control for the effects of possible confounders.
The output of the models showed that IQ score was found to
be significantly influenced by low household income which
contributed the most to the regression variance r? 0-059;
P=0020), followed by low mothers’ educational level
(r* 0:042; P=0-043), while the non-significant variables
(P>0:05) were removed in a stepwise manner. In another
model, the determinants of TS were identified after adding
IQ score to the independent variables and controlling the
effect of age; IDA was retained as the significant determinant
of educational achievement (r* 0-025; P=0-015).

Table 2. Educational achievement test scores of school subjects among Aboriginal school-

children (n 241)

(Mean values, standard deviations and ranges)

Score
Percentage with test score
Subject Mean sD Range =50, or = 150 for TS
ML 50-9 8.7 30-75 56-8
EL 45.9 75 24-61 324
MT 43.9 72 22-63 249
TS* 140-6 14-9 107-184 27-4

ML, Malay language; EL, English language; MT, mathematics; TS, total score.

*TS = ML 4 EL + MT.
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Table 3. Univariate and multivariate analyses for scores of intelligence quotient (IQ) and total scores
of educational achievement (TS) by socio-economic, health and nutritional factors among Aboriginal

schoolchildren (n 241)%
(Mean values and standard deviations)

1Q TS

Factors Mean SD t Mean SD t

Sex 0-603 -1.139
Male 76-2 54 141.7 14-3
Female 76-6 5.5 1396 15-6

Age group 0-361 1.248
= 10 years 76-3 5.4 142.5 155
> 10 years 76-6 5.5 138-6 13.0

Household income 3:041*t 2.251*
= RM450 785 5.3 145.0 151
< RM450 729 5-0 1396 14-2

Fathers’ education 1-260 0-339
= 6 years formal education 775 5.7 140-9 15.5
No formal education 76-5 54 140-2 14-8

Mothers’ education 3-256*t 0-277
= 6 years formal education 787 5.9 142.2 14.2
No formal education 721 4.8 140-5 138

Mothers’ employment status 1-691 1.125
Working 75-9 5.2 139.7 145
Not working 771 5-6 141.9 15-6

Family size 1.047 1.670
Eight or more members (large) 75-8 5.2 138-1 11-0
Less than eight members 767 5.5 141.7 12.9

STH infections (worm score =5) —0-340 1.990*
Moderate to heavy 75-3 4.9 1377 12.2
Negative to light 76-5 6-5 142.8 138

Fe status 2-140* 2-460*t
IDA 71-8 4.2 135-4 10-5
Non-anaemic 76-9 5-6 142.3 13-3

Weight status 0-820 0-193
Underweight 76-8 5.2 140-9 131
Non-underweight 76-2 5-5 140.5 12.3

Height status 0-144 0-771
Stunted 76-4 5.4 139-8 135
Non-stunted 76-5 5.4 141.3 12:6

RM, Malaysian ringgit; STH, soil-transmitted helminthes; IDA, Fe-deficiency anaemia.

* Significant association (P<0-05; independent ¢ test).

1 Confirmed as a significant determinant by multiple linear regression (P<0-05).
} Variables included in the multiple linear regression model were IDA, STH infections (worm score = 5), household

income, family size and 1Q score.

Discussion

The present study showed that the IQ grade of the subjects
was poor and more than two-thirds of them had insufficient
educational achievement. These findings are very similar to
the results obtained by a previous study among Aboriginal
schoolchildren in Perak, Malaysia(”). On the other hand, the
subjects of the present study showed lower cognitive function,
represented by poor IQ, compared with children in other rural
areas in Sarawak, Fast Malaysia®®?. Similarly, we found that
the educational achievement of these children was much
lower than rural children in Sarawak and those in urban
areas'#*?, Studies from other countries have reported poor
IQ and educational levels among rural schoolchildren®?%
These findings were not surprising as the rural areas usually
lack well-equipped schools, expert teachers and sufficient
infrastructure, including electricity. However, we observed
that the school is well equipped with different facilities includ-
ing a computer laboratory with Internet access, a library, and

visual and science laboratories. It is generally accepted that
poor socio-economic profile, parasitic infections, malnutrition,
non-delivery of educational assistance, contrast in the peda-
gogy and the culture in Aboriginal communities could propa-
gate the weaknesses in cognitive function and educational
achievement.

Regarding the potential determinants of cognitive function
and educational achievement, our findings were in accord-
ance with previous studies from other countries that poverty,
low educational level of parents™, malnutrition including
2429 and intestinal parasitic infec-

micronutrient deficiencies
52329 are major risk factors of insufficient cognitive and

tions
educational performance. We found higher IQ scores among
children whose mothers had higher educational levels and
whose families had higher monthly incomes. These findings
are consistent with a previous study on urban primary school-
children in Selangor, Malaysia®®. It is well known that edu-
cated parents play a crucial role in the educational process
of their children. Poverty also limits educational achievement
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in different ways, with children of poor families being forced
to work, which discourages their school attendance and
performance.

Beside these factors, we found that children suffering from
IDA were more prone to have lower cognitive function
and educational achievement than non-anaemic children.
Throughout previous reports, IDA has been conclusively
seen to delay psychomotor development and impair the
cognitive function of preschool and school-age children in

2 e .
@7 and Zaire®®”. Moreover, a previous

Thailand®”, Indonesia
study found that schoolchildren from a non-institutionalised
US population with Fe deficiency with or without anaemia
had twice the risk of scoring insufficient mathematics scores
than children with normal Fe status®”. Furthermore, Fe sup-
plements given to anaemic children and adults have been
shown to produce significant improvements in their cognitive
function and educational achievement®?*=3” Double-blind
clinical trials aimed at assessing the effects of Fe deficiency
on attention and learning processes in preschool and
school-aged children found that IDA produces alterations in
cognitive processes related to visual attention and concept
acquisition and that these alterations are reversed with Fe
273D In contrast, previous studies reported that
the poor scores in school subjects and cognitive functions
tests of schoolchildren with IDA were not reversed by Fe
supplementation®#3?,

Concern has been expressed about the potential impact of
IDA on the cognitive function and psychomotor development
of children throughout the neonatal, postnatal, infancy and
childhood periods. A long-term study aimed at investigating
the association of maternal Fe status by measuring umbilical
cord serum ferritin concentrations and applying test scores
of psychomotor development and functioning at 5 years of
age showed that the children who had the lowest ferritin
concentrations had significantly lower language ability and
tractability than children who had higher ferritin concen-
B3P In the same vein, a previous study found that
children who had moderate anaemia as infants achieved
lower IQ scores upon entry to school than did children who
were non-anaemic during infancy®®. These studies revealed
that the effects of maternal Fe deficiency are not restricted
to prematurity and impaired fetal growth, but also extend to
abnormal psychomotor development and impaired cognitive
function of these children in later life. Several mechanisms
may explain the potential causal association between Fe
deficiency and impaired cognitive and educational perform-
ance. Fe deficiency results in decreased body Fe stores,
including decreased Fe in the central nervous system, even
before erythrocyte production is affected®®. In experimental
animals, Fe has been shown to play a key role in brain func-
tion. Several areas of the brain contain Fe, sometimes in large
quantities®”, and Fe-deficient animals show alterations both
in neurotransmitters and behaviour that do not usually
respond to Fe replenishment®®.

Meanwhile, the present study showed a lower educational
achievement among children who were infected with STH
of moderate to heavy intensities compared with those who
were not infected or who harboured light STH infections.

treatment

trations

The evidence that worms may affect cognitive function is
largely circumstantial. More specifically, the clinical conse-
quences of moderate and heavy infections with 7. trichiura
include stunting and IDA“®* | both of which are associated
with impaired cognitive function and learning ability(zs'w)‘
However, no significant association was reported between
IDA and these infections among the subjects of the present
study®?. A previous double-blind placebo-controlled trial
among Jamaican schoolchildren reported that moderate to
high loads of T. trichiura infection have an adverse effect
on certain cognitive functions but that this is reversible by
therapy®. The mechanism by which parasitic infections
impaired cognitive function and educational achievement
could be directly through mediators in the systemic circulation
including cellular and humoral immune responses to infec-
tions®” or could be due to the fact that children infected
with helminthes are lethargic and weak, and have frequent
attacks of diarrhoea or dysentery and abdominal pain which
may disturb the child’s attention in the classroom.

Although the present study is the first, to our knowledge,
to investigate the potential determinants influencing the
cognitive function and educational achievement of Aboriginal
schoolchildren in Peninsular Malaysia,
related to study design (cross-sectional) should be considered
when interpreting the study findings. Therefore, the present
study demonstrated the association of cognitive and edu-
cational performance with socio-economic status and IDA
but did not explain causality. Other potentially important
determinants such as school-level factors (a viable curriculum,
teachers’ motivation, and a conducive learning environment)
and family-level factors (home environment and parents’
motivation) were not addressed in the present study.

In conclusion, the present study provides a community-
based figure for the cognitive and educational performance
of Aboriginal schoolchildren, which was found to be poor
and influenced by household income, maternal education
and IDA. It is recommended that the School Health Service
in Malaysia should also monitor the health and growth of
primary schoolchildren. Effective and integrated measures to
improve the socio-economic, nutritional and health status of
Aboriginal and rural children would have a pronounced
positive effect on their education.

some limitations
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