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Abstract

Aim—Several studies have suggested a beneficial effect of infant breast-feeding on childhood
cognitive function. Our main objective was to examine whether duration of breast-feeding and age
at introduction of complementary foods are related to cognitive performance in 9-10 year old
school going children in South-India.

Methods—We examined 514 children from the Mysore Parthenon birth cohort for whom breast-
feeding duration (6 categories from <3 to =18 months) and age at introduction of complementary
foods (4 categories from <4 to =6 months) were collected at the 15, 2" and 3'd year annual
follow-up visits. Their cognitive function was assessed at a mean age of 9.7 years using 3 core
tests from the Kaufman Assessment Battery for children and additional tests measuring long-term
retrieval/storage, attention and concentration, visuo-spatial and verbal abilities.

Results—All the children were initially breast-fed. The mode for duration of breast-feeding was
12-17 months (45.7%) and for age at introduction of complementary foods 4 months (37.1%).
There were no associations between longer duration of breast-feeding, or age of introduction of
complementary foods, and cognitive function at 9-10 years, either unadjusted or after adjustment
for age, sex, gestation, birth size, maternal age, parity, socio-economic status, parents’ attained
schooling, and rural/urban residence.

Conclusions—Within this cohort, in which prolonged breast-feeding was the norm (90% breast-
fed =6 months and 65% breast-fed for =12 months), there was no evidence suggesting a beneficial
effect of longer duration of breast-feeding on later cognitive ability.
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Introduction

Methods

Several studies, summarised in three systematic reviews and a meta-analysis have concluded
that children who were breast-fed rather than formula-fed in infancy have a small but
significant advantage in cognitive ability, ranging from 2-8 developmental quotient points.
[1-4] Some studies also reported a ‘dose-response’ effect of duration of breast-feeding on
cognitive ability.[5-8] These effects have been attributed to breast milk constituents (long-
chain polyunsaturated fatty acids required for brain development), and/or environmental
factors (better mother-baby bonding and sensory stimulation in breast-fed infants.[1,9-10]

Evidence for a beneficial effect of breast-feeding on cognitive development, comes mainly
from observational studies in children,[1-9,10-12] including those born small-for-
gestational-age (SGA) and/or very-low-birthweight),[ 5,10] adults,[13] and elderly
individuals.[14] Recently, a randomised trial of a population-based breast-feeding promotion
programme reported a significant benefit of the intervention on childhood cognitive ability.
[15] However, some observational studies, and another randomized controlled trial among
preterm infants, found no associations between breast-feeding and later cognitive ability.
[16-23]

Parents’ socio-economic status (SES) and intelligence/education are strongly related to
childhood cognitive performance. In high-income countries these factors are also related to
initiation and duration of breast-feeding.[24] and may confound the association of breast-
feeding with cognitive function through post-natal nutrition, stimulation, growth and
development. Therefore, adjustment for these potential confounders is important to assess
the role of breast-feeding on cognitive performance. Data from developing countries are
very few,[6,8] but may be helpful in addressing the confounding effects, since, in these
populations, breast-feeding may be unrelated to, or inversely related to, maternal SES and
education. In India, a recent survey reported that early termination of breast-feeding was
associated with higher maternal SES and education.[25] Apart from breast-feeding, data
examining associations between the age at introduction of complementary foods in infancy
and later cognitive ability are scarce.

We have used data from the Mysore Parthenon Study[26,27] to examine whether duration of
breast-feeding and age at introduction of complementary foods are associated with cognitive
ability, independent of socio-demographic factors, among 9-10 year old South Indian
children.

The Mysore Parthenon study, a prospective birth cohort study, was initiated in 1997-1998
mainly to examine the incidence and determinants of gestational diabetes in India and its
short and long-term effects in the offspring.[26,27] Eight hundred and thirty women
attending the antenatal clinic at the Holdsworth Memorial Hospital (HMH), Mysore, South-
India participated in the study. Of them, 674 (81%) delivered their babies at HMH.
Excluding 7 still born babies, and 4 with major congenital anomalies, newborn
anthropometry was performed on 663 babies as reported previously.[26,27] Excluding 25
deaths and 8 with major medical problems 630 children were followed-up, with repeat
anthropometry, annually till the age of 5 and every 6 months thereafter.

At one, two and three years of follow-up, information on infant feeding was obtained by
asking mothers the same set of questions: How was the baby fed from birth (breast, bottle,
breast+bottle or other)?; If breast-fed, was the baby still being breast-fed?; If no longer
breast-fed, what was the age (months) at which breast-feeding stopped? In addition, at one
year follow-up, mothers were asked the age (months) at which their baby started taking solid
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foods regularly. We did not collect data on duration of exclusive breast-feeding, nor on
complementary foods other than solid foods. Breast-feeding and age at starting
complementary foods data were available for 568 and 482 children respectively.

At 9-10 years of age (September 2007-May 2008) children were invited for assessment of
their cognitive function. Of the 630 children, excluding 88 children (61-unwilling, 17-
moved away from Mysore and 10-untraceable; of the 88 only 54 had breast-feeding data)
542 (86%) underwent cognitive testing. The current analysis is restricted to 514 children
(249-boys and 265-girls) with complete breast-feeding data and cognitive outcomes (Figure
1).

Cognitive tests

The cognitive measures consisted of a series of neuropsychological tests applicable for use
in school-aged children related to specific cognitive domains (memory, attention, fluid
reasoning) consistent with the Carroll model.[28] They included 3 core tests from the
Kaufman Assessment Battery for children-second edition, 2004 (KABC-11)[29] and
additional tests[30-32] that underwent an extensive adaptation process to ensure their
applicability in the local cultural context.[33] These tests are described in Table 1 and
covered the domains of short-term memory, long-term memory and retrieval ability, visuo-
spatial ability and language production. These tests were administered at HMH research unit
in separate rooms free from distraction by 2 trained masters’ level child psychologists
(unaware of the children’s breast-feeding status) in the local Kannada language, to each
child in a single session of 60-90 minutes. Intra class correlation coefficients for agreement
between the 2 psychologists were 0.89 (intra-rater agreement) and 0.90 (inter-rater
agreement).

Covariates and confounders

We considered the following as potential covariates and confounders: ‘maternal factors’
(maternal age, parity, BMI and height in pregnancy); ‘infant factors’(gender, gestational age
at birth and birthweight); “child factors’(current age, BMI and height) and ‘parental factors’
(parents’ school attainment, rural/urban residence and current SES, assessed using the
Standard of Living Index (SLI) designed by National Family Health Survey-2 which derives
a score based on type and size of the house, household sanitary facilities, source of water
and power supply, cooking fuel used, ownership of house/property, land, livestock and
household assets. In Indian terms, SLI scores of 0-14 indicate a ‘low’ standard of living;
scores of 15-24 indicate a ‘medium’ standard; and scores of 25-67 indicate a ‘high’
standard. [34]. Most of the families in our study would be described in India as ‘middle
class’ or ‘lower middle class’. 95% of our families had a private water supply direct to the
house and 5% obtain water from a public tap/pump/well; 99% of families used electricity as
the main source of household lighting; 59% owned a bicycle; 12% owned a car; 83% owned
a colour television and 12% a black and white television; and 40% owned a refrigerator.
None of the mothers had ever smoked or consumed alcohol.

The HMH Research Ethics Committee approved the study and informed verbal consent was
obtained from parents and children.

Statistical Methods

Skewed distributions were examined based on histograms and skewness statistics. For
maternal BMI and the child’s Kohs block design score, log transformation was the most
appropriate, while for the child’s pattern reasoning score square root transformation
provided a better approximation of a normal distribution. All cognitive tests scores were
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then converted to z-scores which represent the difference from the mean score for each
individual and are expressed in units of standard deviations. All the children were initially
breast-fed and the main breast-feeding exposure was total duration of breast-feeding in
months. Categories for duration of breast-feeding were chosen based on their
meaningfulness from a public health perspective, (eg, having a bin for <3 months) and also
from a statistical perspective (i.e. having enough subjects in each bin), and to reduce the
effect of outliers and maintain ordering, breast-feeding duration was split into 6 categories
(<3, 3-5, 6-8, 9-11, 12-17 and 18+ months) and considered as a quantitative variable.. Age at
starting complementary foods was split into 4 categories (<4, 4, 5, 26 months). Initially
associations of breast-feeding duration (6 categories) and age at starting complementary
foods (4 categories) with potential confounders and outcomes were analysed using
univariable linear regression model. Tests of a departure from linearity were performed
using likelihood ratio (LR) tests, and where a departure from linearity was found (indicated
by a LR test [p<0.05]) we reported F tests of general association. The associations between
breast-feeding duration or age at starting complimentary foods with cognitive outcomes
were then analysed using a series of multivariable regression models, to examine whether
any association between exposures and cognitive outcomes could be acting through socio-
economic and parental factors, infant factors and/or the child’s current size. Stata v10 was
used for all analyses.

All the children were initially breast-fed, and very few stopped breast-feeding before the age
of 3 months. The mode for duration of breast-feeding was 12-17 months and for age at
starting complementary foods 4 months, similar in boys and girls (Table 2). Duration of
breast-feeding was similar among children who underwent cognitive testing and children
who did not take part in cognitive testing (data not shown). Girls scored better than boys in
tests of word order (p=0.03), pattern reasoning (p=0.003), verbal fluency-names (p<0.001)
and coding (p<0.001). One percent of mothers were illiterate, approximately 35% had
received primary school education; 51% secondary school education, and 13% were
graduates or postgraduates/ professionals. Corresponding figures for fathers were 3%, 35%,
40% and 22% respectively. Approximately 74% of the families were from urban areas and
26% from rural areas.

Associations of breast-feeding duration with covariates and cognitive outcomes

There were significant non-linear associations between duration of breast-feeding and
maternal age at pregnancy, birthweight, the child’s current BMI and urban/rural dwelling
(Table 3). Both short and long duration of breast-feeding were associated with higher
maternal age, birthweight and the child’s current BMI. Rural mothers tended to breast-feed
for longer duration than urban mothers. There were no significant associations between
duration of breast-feeding and parental attained schooling or SLI score (Table 3). However,
we noted that SLI score rose across the first 4 categories of duration of breast-feeding, and
this was statistically significant (p=0.044).

There were no significant linear or non-linear associations, for any of the cognitive
outcomes, with duration of breast-feeding (Table 3). This remained true after adjusting, in a
series of models, for all the covariates (Table 4). We also re-checked our results using
breast-feeding duration as a continuous rather than categorised variable; the findings were
unchanged. We noted that, as for SLI score, cognitive test scores tended to rise across the
first four categories of duration of breast-feeding (Table 3); however none of these trends
was statistically significant. Since some studies reported stronger associations of breast-
feeding duration with later cognitive performance among SGA children (gestation and sex
specific birthweight<10th percentile)[5] or low-birthweight children (full-term
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birthweight<2500 g),[6] we repeated the above analyses limiting the sample to SGA
children (gestation and sex specific birthweight<10th percentile)[27], and (separately) to
low-birthweight children (full-term (>37weeks) birthweight<2500 g). Once again, there
were no significant associations between duration of breast-feeding and cognitive measures
in this group.

Associations of age at introduction of complementary foods with covariates and cognitive

outcomes

Breast-feeding duration weakly correlated with age at starting complementary foods
(Spearman r=0.11; p=0.02). Earlier introduction of complementary foods was associated
with higher children’s current BMI, family’s SES and maternal education. Primiparous and
urban mothers introduced complementary foods to their infants earlier compared to
multiparous and rural mothers (Table 5).

There were no significant associations between the age at starting complementary foods and
any of the cognitive measures either unadjusted (Table 5) or adjusted, in a series of models,
for all covariates (Table 4).

Discussion

The results of this study from India support the null hypothesis, that there was no association
between either duration of breast-feeding, or age at introduction of complementary foods,
and cognitive abilities in 9-10 year old South Indian children.

Strengths of the study were that in a large sample of children, we had a battery of cognitive
function tests specifically adapted for, and validated in, a South Indian population and
collected data on a variety of potential confounders including birthweight, gestational age,
maternal age, parity, height and BMI at pregnancy, SES, parents’ education and rural/urban
residence. Breast-feeding duration was obtained by maternal recall at one year for 94% of
children (of whom more than 60% of the children were still breast-fed making our data
reasonably accurate) and for the remaining at two and three years of follow-up. Limitations
are that the dataset was relatively homogeneous in terms of breast-feeding (majority of the
children were breast-fed for a year or more) and we were unable to differentiate between
exclusive and partial breast-feeding, and we did not have information on frequency of
breast-feeding, the nutritional quality of breast-milk, or the type and nutritional quality of
complementary foods.

To our knowledge, only two studies from developing countries have examined cognitive
performance in relation to breast-feeding. One study in the Philippines reported that longer
duration (12 months+) of breast-feeding was associated with higher cognitive performance
among low-birthweight children aged 8 and 11 years.[6] Another study (in Chile) found a
non-linear association, with higher cognitive abilities in 5% year old children exclusively
breast-fed for 2-8 months compared to those breast-fed for <2 months or >8 months.[9]
Many observational studies in high-income countries have shown higher cognitive
performance among children[4,7,10-12,16-22] and adults[13] who were breast-fed
compared to those not breast-fed, and/or breast-fed for a longer duration. Adjusting for SES,
parental education, intelligence and other confounders these associations lost their
significance in some studies,[16-22] while in some other studies tended to diminish although
they remained significant.[7,10-12] It is therefore unclear whether there is a genuine
biological effect of breast-feeding upon cognitive development, or whether the association
results entirely from confounding, and remains in the latter studies only because of an
inability to measure and adjust for all the relevant confounding factors. One possible
explanation for the negative findings in our study is that SES was only weakly related to
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breast-feeding duration in Mysore and confounding was not an issue, thus revealing a
genuine lack of effect of breast-feeding on cognitive ability. An alternative explanation is
that we failed to detect an effect because of a lack of heterogeneity in breast-feeding
duration in our population. A striking difference between the studies in high-income
countries and ours was that most infants in the former stopped breast-feeding <6 months,
[7,11,12] and ‘longer duration’ could mean anything from 2+ to 8+ months; few of our
children were breast-fed for as short a duration as this and 65% were breast-fed for 12
months or more. If the first 6 months of life is a critical period in which breast-feeding can
influence cognition, we may have had inadequate power to detect this because almost all our
children were breast-fed during that time. It is possible that the nutritional quality of breast-
milk is important in this context. We have no data on the docosahexanoic (DHA) and
arachidonic acid (AA) (fatty acids important for infant brain development [1])
concentrations in our study. Studies in India reporting fatty acid composition in breast-milk
are scarce and only one recent study reported that milk DHA levels in Indian women
(consuming predominantly vegetarian diet) were similar to milk DHA levels reported from
Western and European women. Levels of plasma DHA and AA in Indian women were lower
compared to the levels in American and European women. Maternal plasma omega-3 and
omega-6 fatty acids levels were positively associated with their respective levels in milk
though there was no direct association between maternal plasma and milk DHA or AA
levels.[35] The study suggest that levels of LCPUFA vary between different populations and
may be dependent on their dietary intakes. Low levels of these or other nutrients in breast-
milk could be another explanation for our negative findings.

Randomized intervention studies are a way of overcoming confounding, but it is impractical
to randomise healthy babies to be breast-fed or formula-fed. In a large randomised trial of a
breast-feeding promotion programme in Belarus, which led to significant differences in
breast-feeding initiation and continuation between intervention and control groups, children
in the experimental group had higher test scores of intelligence and teachers’ academic
ratings compared to the control group at 6.5 years.[15] However, this study was
criticised[36] because the paediatricians who administered the cognitive tests were not blind
to the intervention status of the children, although the teacher ratings and results based on
audit data were blinded. In another trial among preterm infants, 8 year old children who
were breast-fed during infancy had higher test scores for 1Q than formula-fed children.[37]
However, this trial involved non-randomized comparisons between breast milk fed and
formula-fed infants, which might be biased by the socio-biological differences between
these groups. The same authors, in a subsequent randomized multicentre study of preterm
infants, reported no differences in psychomotor and developmental indices at 18 months
between those receiving donor’s breast milk and those fed on nutrient enriched preterm
formula.[23] They concluded that considering the lower nutrient value of donor’s breast
milk their data add significant support to the opinion that breast milk promotes
neurodevelopment.

We found no association between the age at introduction of complementary foods and
cognitive performance. Two studies have investigated associations between cognitive
function and diet quality in infancy based on dietary history collected from/or after 4
months.[38,39] One study reported that meat consumption from 4-12 and 4-16 months was
positively associated with children’s psychomotor but not mental developmental indices up
to 24 months of age.[38] The other study reported that 4 year old children who consumed
more fruits, vegetables and home-prepared foods at infancy (6 and 12 months) had higher
full-scale and verbal intelligence scores, independent of confounding variables.[39] Infancy
is a period of rapid brain growth, and it seems likely that nutritive quality of complementary
foods, including their timely introduction, is important for cognitive development. More
research is required in this area.
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To conclude, within this cohort, most of whom were breast-fed for >12 months, we found no
evidence that longer duration of breast-feeding promotes cognitive development. We
highlight the fact that prolonged breast-feeding was the norm among these children, and
since brain development is most rapid in the first 6 post-natal months, it may be that breast-
feeding at this time is beneficial but that we were unable to detect an effect since almost all
children were breast-fed throughout that period. In support of this, cognitive scores tended to
rise across the first 3 categories of duration of breast-feeding (although none of the trends
was significant) suggesting that longer breast-feeding up to the age of 8 months may benefit
cognitive development. There was no evidence of an association between the age at
introduction of complementary foods and cognitive performance. Our study adds to a very
small literature on this topic from developing countries. Despite the negative findings in
relation to cognitive function, we strongly support WHO guidelines on infant feeding
practices (exclusive breast-feeding for 6 months, introduction of nutritious complementary
foods from 6 months, and continued breast-feeding up to 2 years), which have been clearly
shown to reduce infant infections and mortality, and prevent stunting, in developing country
populations.[40]
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830 Pregnant women eligible
(Singleton, <32 weeks of gestation, not diabetic before pregnancy)

Did not deliver at HMH
No details (n=156) 1'

‘ 674 Births at HMH ‘

t+————» 11 Excluded
(7 Still births + 4 major anomalies)
A

’ 663 Live births without major anomalies ‘

— 33 Excluded
(25 deaths + 8 medically unfit)

A

‘ 630 Children eligible for cognitive testing

Did not Participate (n=88)
Refused — 61 ]
Moved away — 17
Untraceable — 10

A4

‘ 542 (86%) Children participated ‘

28 Missing breast-feeding

— .
duration data

‘ 514 children included for final analysis ‘

Figure 1.
Flow chart of the study participants.
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Description of the cognitive tests used in the study

Table 1

Testsfrom KABC-I1 [29]

Name of the test

Description

Cognitive abilities

1. Atlantis

2. Word order

3. Pattern Reasoning

The child is taught nonsense names
for fish, plants and shells and is
asked to point to the named object
among an array of pictures

The child points to a series of
silhouettes of common objects in
the same order as mentioned by the
examiner; an interference task
(colour naming) is added between
the stimulus and the response for
the more difficult items

The child completes a pattern by
selecting the correct image from a
set of 4 to 6 options shown; most
stimuli are abstract, geometric
shapes and the difficulty of the task
increases as the test progresses.

Learning
ability/long-term
storage and retrieval,
associative memory

Memory span, short
term memory,
working memory

Reasoning abilities
such as induction
and deduction and
fluid reasoning

Additional tests

4. Verbal fluency[30]
a) Animals
b) First names

5. Kohs block
design[31]

6. Coding-WISC-11[32]

The child is asked to name as many
animals as possible in 1 minute and
then asked to name as many first
names as possible in 1 minute.

A psychometric test in which the
child arranges groups of 4, 9, or 16
multi-coloured blocks to copy
picture designs presented on test
cards.

The child has to substitute specific
symbols for numbers presented in
boxes, and complete as many items
as possible in 2 minutes.

Broad retrieval
ability; speed and
flexibility of verbal
thought process;
neuropsychological
test of language
production

Visuo-spatial
problem solving,
visual perception and
organization

Visual-motor
processing speed and
coordination, short
term memory, visual
perception, visual
scanning, cognitive
flexibility, attention
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Table 2

Characteristics of the study cohort

Boys (n=249) Girls (n=265)

Breast-feeding Categories: No (%)

< 3months 6 (2.4) 6 (2.3)
3-5 months 23(9.2) 17 (6.4)
6-8 months 27 (10.8) 22 (8.3)
9-11 months 32 (12.9) 45 (17.0)
12-17 months 107 (43.0) 128 (48.3)
18+ months 54 (21.7) 47 (17.7)
Ageat starting regular solids: No (%)
< 4 months 44 (18.7) 51 (20.7)
4 months 82 (34.9) 97 (39.3)
5 months 73 (31.1) 57 (23.1)
> 6 months 36 (15.3) 42 (17.0)
Tests of cognitive function: Mean(SD)
Atlantis (score) 67.5(17.8) 67.5(16.8)
Word order (score) 16.1(2.6) 16.6 (2.6)
Pattern reasoning (score) ™ 9(4,13) 11 (6, 14)
Verbal fluency (score) — testl — animals 11.9 (3.2) 12.1(3.4)
— test2 — first names 14.7 (4.0) 17.5(5.3)

Kohs Block Design (score) *

77.4(63.7, 88.2)

76.6 (63.1, 88.5)

Coding-WISC-111 (score) 30.1 (7.6) 34.9 (7.8)

Maternal characteristicsat recruitment in pregnancy: Mean(SD)

Age (years) 239 (4.2) 23.7(4.2)

Parity (No (%)) — primipara 121 (48.6) 141 (53.2)
— multipara 128 (51.4) 124 (46.8)

Height (cm) 154.0 (5.5) 154.6 (5.2)

BMI (kg/m?) *

Birth measurements: M ean(SD)

22.9(21.0, 25.7)

23.3(20.9, 26.5)

Birthweight (kg) 2.910 (0.471) 2.837 (0.412)
Gestational age (weeks) 39.1(1.7) 39.4 (1.5)
Preterm (No (%)) 21(8.4) 16 (6.0)
M easurements at the time of cognitive testing: M ean(SD)
Age (years) 9.7 (0.3) 9.7 (0.3)
Height (cm) 131.2 (5.5) 130.3 (5.8)
BMI (kg/m?) 14.6 (1.7) 14.7 (1.9)
Parent’s current socio-economic status
Standard of living index (score): Mean (SD) 36.3 (7.8) 36.4 (8.6)
Maternal education (No (%))
a) <10 years of education 102 (41.1) 83 (31.3)
b) 10 years of education 72 (29) 87 (32.8)
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Boys (n=249) Girls (n=265)

¢) >10 years of education 74 (29.8) 95 (35.9)
Paternal education (No (%))

a) <10 years of education 101 (40.7) 93 (35.1)

b) 10 years of education 88 (35.5) 116 (43.8)

c) >10 years of education 59 (23.8) 56 (21.1)
Residence (No (%)) a) Rural 72 (28.9) 64 (24.1)

b) Urban 177 (71.1) 201 (75.9)

*
transformed variable; values are median and inter quartile range
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