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Background Child health has improved in many developing countries, bringing
new challenges, including realization of the children’s full physical
and intellectual potential. This study explored child development
within a birth cohort, its psychosocial determinants and interac-
tions with maternal schooling and economic position.

Methods All children born in Pelotas, Brazil, in 2004, were recruited to a
birth cohort study. These children were assessed at birth and at
3, 12 and 24 months of age. In this last assessment involving
3869 children, detailed information on socio-economic and health
characteristics was collected. Child development was assessed
using the screening version of Battelle’s Development Inventory.
Five markers of cognitive stimulation and social interaction were
recorded and summed to form a score ranging from 0–5. The
outcomes studied were mean development score and low perfor-
mance (less than 10th percentile of the sample).

Results Child development was strongly associated with socio-economic
position, maternal schooling and stimulation. Having been told a
story and owning a book were the least frequent markers among
children with score 1. These children were 8.3 times more likely to
present low performance than those who scored 5. The effect of
stimulation was much stronger among children from mothers
with a low level of schooling—one additional point added 1.7 on
the child’s development for children of low-schooling mothers,
whereas only 0.6 was added for children of high-schooling mothers.

Conclusions Our stimulation markers cannot be directly translated into inter-
vention strategies, but strongly suggest that suitably designed cog-
nitive stimulation can have an important effect on children,
especially those from mothers with low schooling.
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Introduction
Children’s health has clearly improved over the last
few decades. A decline in infant mortality has been
registered in most countries along with lower rates
of morbidity from infectious diseases and improved
access to health care. However, low-income
countries are facing both the unfinished agenda of
communicable diseases (like diarrhoea) and the grow-
ing burden of non-communicable diseases like obesity
and mental health problems.1

Following the concept of health as a positive
resource and incorporating development as a key
factor, children’s health has been defined as ‘the
extent to which children are able or enabled to
(i) develop and realize their potential, (ii) satisfy
their needs and (iii) develop the capacities that
allow them to interact successfully with their biologi-
cal, physical and social environments’.2 Development
influences the biological and behavioural processes
that determine health capacities. Developmental tra-
jectories are determined by interactions between bio-
logical and environmental factors during the lifetime,3

and their importance continues beyond childhood,
since early development has been linked to school
achievement in adulthood,4,5 and school achievement
is an important determinant of socio-economic posi-
tion (SEP) and income.6

Compelling evidence suggests that children’s devel-
opment is influenced both by their families and by
the social forces and cultural values that exist in the
society in which they live. Early maternal as well as
paternal influences are crucial in children’s develop-
ment, emphasizing how sensitive the early years are
and how central child development and behaviour are
for subsequent health.7,8

A review of proximal risk factors for child develop-
ment in the context of developing countries9 identi-
fied those that were consistent throughout the
literature. Inadequate cognitive stimulation was the
most important psychosocial determinant along with
maternal depression and exposure to violence. The
other risk factors for impaired child development
were biological: stunting, iodine and iron deficiencies,
malaria, intrauterine growth retardation and exposure
to metals (such as lead and arsenic).

The above review did not focus on poverty, which
has consistently been found to be a determinant of
delayed child development.10,11 Studies looking for
factors mediating its effect found that cognitive stim-
ulation was the most important mediator of poverty
on child cognitive development.12,13 An inverse trend
between poverty and level of cognitive stimulation
was also described.13 Along with poverty, low mater-
nal education has been identified as an important
distal determinant of delayed child development
both in a developed (Canada)14 and in a developing
country setting (Brazil).15

The aims of the study were to examine child devel-
opment at 2 years of age and its psychosocial

determinants, especially those related to child stimu-
lation and possible interactions with maternal school-
ing and SEP, in order to identify potential strategies
to promote children’s health.

Methods
A birth cohort study was started in 2004, in the city
of Pelotas, Southern Brazil, following two other
birth cohorts that had started in 1982 and 1993.
Pelotas is a city with approximately 340 000 inhab-
itants [according to estimates for 2004 based on the
2000 Demographic Census, Instituto Brasileiro de
Geografia e Estatı́stica (IBGE)], located in the
Southern state of Rio Grande do Sul. The climate is
subtropical and humid, with mean temperature rang-
ing from 23.38C in January to 12.28C in July. Major
economic activities are agriculture and commerce. The
Pelotas region has not been growing economically at
the same pace as the entire state of Rio Grande do
Sul. In 2002, the per capita gross domestic product
(GDP) in Pelotas was R$5739 (US$2732 at current
exchange rate), 58% of the average GDP for the
state, whereas in 1999 it was as high as 70%. Per
capita GDP in Pelotas is lower than Brazil’s average
GDP, which was R$7631 (US$3633) in 2002.

From 1 January to 31 December 2004, all five of the
city hospitals were visited on a daily basis by a team
of interviewers especially trained for the task. Eligible
mothers—those living in the urban area of Pelotas
and in the adjacent neighbourhood called Jardim
América (presently part of Capão do Leão town)—
were interviewed within 24 h after delivery. A total
of 4231 children were successfully recruited to the
study (only 32 mothers refused to participate). Non-
hospital deliveries (20 in total) were also included in
the cohort, since mothers would normally seek a
maternity ward following delivery, thus being
recruited to the study at this time. The interview
involved collection of detailed information about
socio-economic conditions of the family, lifestyle,
gestational history and birth conditions. The baby
was measured (weight, length, head, thorax and
abdominal circumference) and had its gestational
age assessed. The same children were re-visited at 3,
12 and 24 months of age. A detailed account of the
cohort methods is given elsewhere.16,17

The current analysis uses data from the 24-month
assessment of the 2004 Cohort. During 2006, all
participants were sought within �30 days of their
birthday. Carers of participants were asked to com-
plete a questionnaire containing six sections: child
care and feeding; child’s health; household character-
istics plus parents’ schooling and occupation; health;
out-of-pocket expenditure; and mother’s health and
reproductive history. The child and mother were
weighed and measured. Head and abdominal circum-
ference was also measured for the child. Development
was assessed through the screening version of
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Battelle’s Developmental Inventory (BDI). This is a
standardized tool largely used to evaluate child devel-
opment that includes several domains: personal,
social, adaptive, fine and gross motor, communication
and cognitive.18 Note that the screening version of the
test does not allow for separate domain assessment.
Given that this tool has not been adapted to
Portuguese (or any other development screening
test), the instrument was translated into Portuguese
from the Spanish version, and the resulting text was
pre-tested with interviewers for clarity and revised by
the investigators for fidelity to the original meaning.

The test was performed by seven interviewers with
at least 11 years of schooling who were trained by a
paediatrician specialized in child development (R.H.).
Training involved becoming familiar with the tests
and related procedures, understanding what were
the aspects under study in each test and performing
the assessment in groups with children in the same
age range, until all interviewers achieved the desired
skill and the group as a whole had a standard
approach to each test. Interviewers went through
retraining sessions at every 2 months aimed at main-
taining a high level of standardization. The assess-
ments were carried out at the child’s home, in the
presence of the mother or caregiver.

The psychosocial determinants studied at the time of
the interview were maternal schooling (years of com-
plete formal education), SEP (quintiles of the
National Economic Indicator with reference to the
Pelotas population19), whether the social father (bio-
logical or adoptive) was living with the child, whether
the mother had a paid job during the second year of
the child’s life, whether the social father had an alco-
hol problem (as reported by the mother) and whether
the child was cared for out of home.

In the 24-month questionnaire, given the inclusion
of a full instrument to measure the home environ-
ment and cognitive stimulation was not feasible,
five questions related to child stimulation were
selected. They were intended to be markers of cogni-
tive stimulation, parent–child interaction and more
general interpersonal interactions. The activities
chosen related to the week previous to the interview:
whether someone read or told a story to the child;
whether child went to a park or playground; whether
the child went to some other people’s houses; and
whether the child watched TV. It was also asked
whether the child had a story book. A simple score
was derived by summing the number of positive
answers obtained for these five questions, with
values ranging from 0 to 5. The choice of such indi-
cators is supported by the literature that shows the
importance of literacy practices,20,21 and the role
played by social interaction.22 Also, cumulative risk
factors better explain development outcomes than
the magnitude of each individual risk.23,24

In this analysis, we did not use standard cut-off
points for the original reference population to classify

child development level as recommended by guide-
lines of the Battelle screening test. The actual scores
were used to study means for subgroups defined by
the variables of interest. The scores were dichoto-
mized to define a low-performance group. This cate-
gorization was done using the cut-off point for the
10th percentile, separately for boys and girls. Thus,
low performance (belonging to the first decile) will
not show an association with sex, as observed with
mean score.

Despite the fact that our analyses were not con-
cerned with biological factors related to child devel-
opment, we checked how our results would change
when controlling for prematurity (gestational age
<37 weeks), low birthweight (<2500 g) and stunting
at 2 years of age (height-for-age Z-score <–2 based on
the WHO standard). Interviewer effect on BDI score
was also assessed.

For the analyses of the continuous score t-test,
ANOVA and linear regression were used, and residual
analysis performed for model checking. Independent
predictors of development score were identified by
a backward selection process, where variables with
a P-value 50.05 were eliminated from the model.
Analyses of low performance involved calculation
of chi-squares and Poisson regression to allow for
the direct estimation of prevalence ratios (PRs).25 As
before, variables independently associated with low
performance in the test were selected by backward
elimination. Adjusted values from Poisson models
were evaluated to check whether impossible values
for probabilities (41) were produced.

All visits to the 2004 Pelotas Cohort were approved
by the Federal University of Pelotas Medical School
Research Ethics Committee. Mothers were fully
informed about the study procedures, general objec-
tives, the voluntary condition of their participation,
their right not to participate, their right not to
answer specific questions and their right to confiden-
tiality of information given. If willing to participate,
they signed a consent form of which they kept a copy.

Results
A description of the children under study is given in
Table 1. A total of 3855 children were included in the
analysis, from 3869 assessed in the Pelotas 2004
Cohort 24-month visit. Twelve children with a devel-
opment score of <50 were excluded from the analysis
because they presented severe mental deficit due
to problems such as cerebral palsy and Down
syndrome. Another two did not perform the develop-
ment test.

There was a slight predominance of boys in the
study group (52 vs 48%). About 8% of the mothers
had <4 years of education, whereas over one-third
had completed intermediate school (11 years of edu-
cation). Nearly half of the mothers were employed
during the second year of life of the cohort children.
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Table 1 Frequency distribution of predictor variables for development and respective mean
development score and percentage of low performance (<10th percentile)—2004 Pelotas Birth
Cohort, Brazil, 2006

BDIa

n % Mean score SD
Percentage of low

performanceb

Sex P <0.001 P¼ 0.799

Male 1999 51.9 77.7 5.2 10.7

Female 1856 48.2 79.1 5.5 10.5

Economic reference quintilesc P <0.001 P <0.001

1 (poorest) 900 23.3 76.5 5.6 18.0

2 796 20.6 77.9 5.4 13.1

3 860 22.3 78.8 5.3 8.6

4 608 15.8 79.5 4.6 4.9

5 (richest) 692 18.0 79.8 4.9 5.5

Mother’s schooling (years) P <0.001 P <0.001

0–3 301 7.8 75.7 5.5 21.9

4–7 1264 32.8 77.2 5.6 15.4

8–10 933 24.2 78.9 5.1 7.8

411 1356 35.2 79.7 4.8 5.5

Mother with paid job P <0.001 P <0.001

No 1959 51.3 77.8 5.6 12.8

Yes 1858 48.7 79.0 5.1 8.0

Fatherd lives with child P¼ 0.040 P¼ 0.085

No 785 20.5 78.0 5.6 12.1

Yes 3049 79.5 78.5 5.3 10.0

Fatherd drinks too much P <0.001 P¼ 0.156

No 3282 85.9 78.5 5.3 10.1

Yes 139 3.6 76.8 5.3 14.4

Ignored or no answer 400 10.5 77.9 5.3 12.0

Out-of-home day care P <0.001 p¼ 0.086

No 3129 81.2 78.2 5.4 11.0

Yes 726 18.8 79.1 5.3 8.8

Child stimulation scoree P <0.001f P <0.001

0 27 0.7 71.3 6.8 40.7

1 220 5.7 75.0 5.4 24.1

2 777 20.2 76.9 5.8 18.1

3 1154 30.0 78.3 5.1 9.8

4 1125 29.3 79.4 4.9 6.5

5 543 14.1 80.4 4.6 2.9

aScreening version.
bChildren below sex-specific cut-off points for the 10th percentile of development score.
c‘Indicador Econômico Nacional’, an asset-based wealth indicator with cut-off points for quintiles derived
for the general population of Pelotas, RS.
dEither biological or social father.
eScore derived by summing activities reported by child in the past week: someone read or told stories,
went to park, visited other people, watched TV, has book at home.
fANOVA and Kruskall–Wallis rank tests yielded similar results despite difference in SDs across groups.
SD¼ standard deviation.

288 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY



About one-fifth of the children did not have their
fathers (either the biological or step-father) living
with them, and a similar number were cared part-
or full-time out of the home.

The stimulation score created indicates the number
of activities each child was involved in the week pre-
vious to the interview and whether she/he had a
book—<1% (27 children) had a 0 score. The scores
with the highest frequencies were 3 and 4, including
�60% of the children, whereas 14% had a score of 5
(Table 1). The most common activities for children
with score 1 were going to someone else’s house
(53%) and watching TV (36%), whereas the least
common was having a book. The least common
activity for children with score 4 was going to a
park or playground, which was more common than
having a book and being told a story for children with
a score 1 (Table 2).

The effects of individual stimulation items are pre-
sented in Table 3, along with the prevalence of each
item. The most common items were visiting someone
and watching TV. Adjustment was done for the other
items in the table. All stimulation items presented
an independent effect. Adjusted effects, as expected,
were smaller than crude ones. The strongest effects
observed were related to having a book and having
been told a story. Children positive to either of such
items had a 50% lower risk of showing low perfor-
mance in the test.

The development score presented a distribution that
was similar in shape for boys and girls, with a long
left tail (Figure 1). The overall mean was 78.4 with
SD 5.4. Mean score was higher for girls than for boys
(79.1 vs 77.7, P < 0.001). All social variables presented
an association with mean development score in the
crude analysis (Table 1). Being cared for out of
home was also positively associated with the develop-
ment score. Child stimulation presented a very strong
association with development; the less stimulated

children lagging 9 points behind the most stimulated,
on average.

On the one hand, the analysis of low performance
in the test (less than the 10th percentile) showed a
similar result for SEP, mother’s schooling and
employment. On the other hand, no association was
found with living with the father, the father drinking
and out-of-home care. Low performance was also
strongly associated with stimulation. Just <3% of
the more stimulated children presented low perfor-
mance compared with 41 and 24% in the bottom
groups of stimulation (Table 1). Figure 2 shows the
crude effect of child stimulation on both mean devel-
opment score and low performance.

There was an effect of interviewer on BDI score,
where the most extreme interviewer mean was 1.7
above the overall mean (31% of the SD). Therefore,
the possible confounding effect of interviewer was
assessed in the adjusted analyses.

A linear regression model with development score as
the outcome was adjusted to investigate independent
predictors, which were identified by backward selec-
tion. Table 4 presents the variables significantly asso-
ciated with development score: sex, SEP, mother’s
schooling, mother’s employment and child stimula-
tion. Despite some reduction in its effect, due to
adjustment for covariates, stimulation remained a
very strong predictor of development score. This
model was adjusted for interviewer effect, despite
changes in coefficients due to the adjustment were
small.

Compared with the most prevalent score 3, children
with score 0 had, on average, 6.1 points less, and
children with score 1, 2.5 points less. At the other
extreme, children with score 5 had 1.2 points more,
on average, than those with score 3. Maternal school-
ing also had a strong effect, with children from
mothers from the highest schooling group presenting
2.1 points more, on average, than those with mothers
from the lowest schooling group.

Further adjustment of the previous model for
three biological predictors of child development—
prematurity, low birthweight and stunting—led to
negligible changes in the psychosocial determinants’
coefficients. For child stimulation score, the greatest
change was observed for level 0, the coefficient of
which was reduced by 6.7% (below the usual 10%
confounding threshold).

Residuals from the model presented in Table 3 were
assessed in residual vs predicted plot for heterocedas-
ticity and non-linearity and in a half-normal plot for
non-normality. Neither graph suggested problems
with the model fit.

One of our hypotheses to be tested was whether the
effect of child stimulation was different for different
levels of mother’s schooling. Given the large number
of interaction terms (15) involved if both variables
were taken as categorical, we explored their linear
effect (as grouped variables, but fit as continuous).

Table 2 Percentage of children reporting activities or
having a book in each category of stimulation score—2004
Pelotas Birth Cohort, Brazil, 2006

Percentage of children
reporting each activitya

Stimulation score Visit TV Book Story Park

0 0.0 0.0 0.0 0.0 0.0

1 52.9 36.3 2.7 3.1 4.9

2 83.1 76.1 15.0 13.4 12.5

3 89.7 83.3 49.3 45.4 32.3

4 96.4 92.6 80.7 77.2 53.1

5 100.0 100.0 100.0 100.0 100.0

aVisit, child went to someone else’s place; TV, watched TV for
any amount of time; Book, child owns a story book; Story,
someone told or read a story to the child; Park, child was
taken to park or playground. All activities are relative to a ref-
erence period of 1 week prior to the interview.
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Reduction in the adjusted R2 was minimal and we
went on to test the interaction in a model including
sex, SEP, mother’s employment plus mother’s school-
ing and child stimulation score as continuous vari-
ables and an interaction term calculated as the
product of the last two. The interaction term pre-
sented a P-value of <0.001. Given the complex
nature of interaction results, we fitted a simpler
model including only mother’s schooling and child
stimulation score as continuous variables and the
interaction term in order to make it easier to under-
stand the relationship found. This result is shown in
Figure 3, where one can see that the effect of stimu-
lation is much stronger with mothers of low school-
ing. In this group, every step in stimulation adds 1.7
points to the development score. Among mothers with
high schooling, each step in stimulation adds 0.6

points to the development score. The regression
model fitted can be represented as:

Development score ¼ 69:3þ 2:12� Stimulation score

þ 2:05 Mother’s schooling� 0:38

� Interaction

where stimulation score varies from 0 to 5, mother’s
schooling from 1 to 4 and the interaction term is the
product of the two variables. All variables had
P-values <0.001 and the model adjusted R2 was
10.5%.

A similar model was developed with the dichotomized
score indicating low performance in the test (score
less than the 10th percentile) using Poisson regression.
The variables independently associated with low
performance are shown in Table 3. Here, only SEP,

Table 3 Effects of individual items used in the stimulation score

Activitya n % BDIb mean score Percentage of low performanceb

Visit

Yes 3434 89.1 78.6 10.0

No 422 10.9 76.6 15.4

Diff.¼ 2.0 P < 0.001 PR¼ 0.65 P < 0.001

Adj. diff.¼ 1.6 P < 0.001 Adj. PR¼ 0.76 P¼ 0.023

TV

Yes 3224 83.6 78.5 9.8

No 632 16.4 77.7 14.7

Diff.¼ 0.8 P < 0.001 PR¼ 0.66 P < 0.001

Adj. diff.¼ 0.6 P¼ 0.010 Adj. PR¼ 0.74 P¼ 0.004

Book

Yes 2147 55.7 79.5 6.3

No 1708 44.3 77.0 16.0

Diff.¼ 2.5 P < 0.001 PR¼ 0.39 P < 0.001

Adj. diff.¼ 2.0 P < 0.001 Adj. PR¼ 0.49 P < 0.001

Story

Yes 2046 53.2 79.4 6.2

No 1802 46.8 77.2 15.6

Diff.¼ 2.2 P < 0.001 PR¼ 0.39 P < 0.001

Adj. diff.¼ 1.6 P < 0.001 Adj. PR¼ 0.49 P < 0.001

Park

Yes 1624 42.1 78.9 8.0

No 2231 57.9 78.0 12.5

Diff.¼ 0.9 P < 0.001 PR¼ 0.64 P < 0.001

Adj. diff.¼ 0.5 P¼ 0.004 Adj. PR¼ 0.75 P¼ 0.005

Crude results and adjusted results for the other items (obtained through linear and Poisson regression) are presented—2004
Pelotas Birth Cohort, Brazil, 2006. Diff., crude difference; adj. diff., adjusted difference for the other items in the table; PR,
crude prevalence ratio; adj. PR, adjusted prevalence ratio for the other items in the table.
aVisit, child went to someone else’s place; TV, watched TV for any amount of time; book, child owns a story book; story, someone
told or read a story to the child; park, child was taken to park or playground. All activities are relative to a reference period
of 1 week prior to the interview.
bScreening version.
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mother’s schooling and child stimulation were signifi-
cant. The interaction between the last two was not pre-
sent. Children with stimulation score 0 and 1 were 3.3
and 2.0 times, respectively, more likely to present a low
performance than children with score 3. Those with a
score 5 had a reduction of 60% in the probability of
presenting low performance compared with the refer-
ence group.

The interaction between stimulation and economic
status was also explored and presented an effect
which was no longer important when the interaction
between stimulation and maternal schooling was
added to the model.

Discussion
The present work is a cross-sectional analysis of a
longitudinal study, carrying the limitations of the
cross-sectional design. Most importantly, reverse cau-
sality may play a role in the results since failure to
provide the children with the activities used as stim-
ulation markers could be partially due to the child’s
refusal or lack of interest resulting from mental
impairment. On the one hand, the exclusion of chil-
dren with severe mental deficit aimed at minimizing
this issue. On the other hand, the large sample size
and the restricted age range resulting from the origi-
nal design of the study are important positive points.

Early development is recognized as a policy priority
since ‘the early child period is considered to be the
most important developmental phase throughout an
individual’s lifespan’.26 Several studies have assessed
risk factors for child development, both in terms of
biological and psychosocial determinants.9 Our results
firmly agree with the available literature, showing

that male sex, poverty, low maternal schooling,
maternal unemployment and low stimulation are all
associated with worse development scores. The same
risk factors appear, with small variations, in studies
from Canada,14 India27 and Brazil.15

Studies on the causal pathways of poverty on devel-
opment have found cognitive stimulation to be one of
the most important mediating variables.12,13 In both
cases, the Home Observation for Measurement of the
Environment (HOME) instrument28 was used to
assess child stimulation. From a different perspective,
poor stimulation came first in a list of nine risk fac-
tors for impaired child development resulting from a
comprehensive literature review.9 Here, along with
magnitude of association, the large proportions of
children exposed to inadequate cognitive stimulation
(estimated to vary from 59 to 90%) and the proven
benefits of interventions, make this determinant a
priority for policy.

In our study, child stimulation was explored
through five markers of stimuli and attention given
to the children as we did not have a detailed evalua-
tion of the home environment and parent–child inter-
actions. Having a book and being told a story are the
closest markers of cognitive stimulation. These are
also the variables that make the most difference
between children with average scores (2–3) and
those scoring high (4–5). Going to a park or play-
ground showed the biggest difference between
scores 4 and 5, and may represent the large social
barrier existing in the study setting where very few
parks are available and playgrounds present a cost not
affordable for most of the population. Going to some-
one else’s place and watching TV were more homoge-
neous across levels of stimulation score.

Watching TV for long hours has been associated
with poverty, low stimulation and lower development
achievement.29 In our study, however, our variable
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indicated no TV time at all vs any TV exposure. Since
watching TV does provide some degree of cognitive
stimulation, it is not surprising that this variable
was positively associated with development either
individually (results not shown) or as part of the
stimulation score.

Despite its simplicity, our stimulation score pre-
sented a very strong association with development,
as seen in the other studies that used more sophisti-
cated measures.12,13 Its crude effect dropped from a
9-point difference between lowest and highest score
to a 7.5-point difference in the adjusted analysis; a
small reduction, which is expected from a proximal
determinant when adjusted for more distal ones. The
adjusted effect corresponds to 1.4 SD of the develop-
ment score—thus, a large effect.

The most interesting result, however, is the strong
interaction between stimulation and maternal school-
ing. Evidently, the way the model was built, using

continuous variables, contributes to the linearity and
symmetry shown in Figure 3. But the similarity of the
models using categorical and continuous versions of
the variables of interest in terms of adjusted R2 indi-
cates that this is a fair picture of the actual relation-
ship. The interpretation of such effect modification is
rather important in terms of policy. On the one hand,
general improvement of maternal education would
make stimulation interventions much less important
and reduce its potential effect. On the other hand, it
may be a useful tool for targeting cognitive stimula-
tion interventions, since maternal schooling is an
indicator very easy to measure.

Given the simplicity of the stimulation markers used
in this work, it is clear that interventions cannot be
built upon giving children books or making them
watch TV. For that there is a large body of
knowledge on cognitive stimulation and successful
interventions.30–32 Specifically in Brazil, a successful

Table 4 Results of adjusted analyses for development score (linear regression) and low performance (less than 10th
percentile; Poisson regression)—2004 Pelotas Birth Cohort, Brazil, 2006

Linear regression for mean BDI score Poisson regression for belonging to P10

Coefficient SE P-value PR SE P-value

Sex <0.001

Male 1.00 –

Female 1.42 0.16

Economic reference quintilesa <0.001 <0.001

1 (poorest) 1.00 – 1.00 –

2 0.82 0.24 0.91 0.10

3 1.22 0.25 0.67 0.10

4 1.69 0.28 0.45 0.09

5 (richest) 1.40 0.29 0.66 0.12

Mother’s schooling (years) <0.001 <0.001

0–3 1.00 – 1.00 –

4–7 1.07 0.32 0.79 0.10

8–10 2.08 0.34 0.54 0.09

411 2.05 0.35 0.54 0.09

Mother with paid job <0.001 0.017

No 1.00 – 1.00 –

Yes 0.48 0.17 0.80 0.08

Child stimulation scoreb <0.001 <0.001

0 –6.12 0.98 2.74 0.63

1 –2.51 0.37 1.85 0.28

2 –1.04 0.23 1.66 0.19

3 1.00 – 1.00 –

4 0.56 0.21 0.82 0.12

5 1.22 0.27 0.46 0.12

a‘Indicador Econômico Nacional’, an asset-based wealth indicator with cut-off points for quintiles derived for the general popula-
tion of Pelotas, RS.
bScore derived by summing activities reported by child in the past week: someone read or told stories, went to park, visited other
people, watched TV, has book at home.
SE¼ standard error.
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intervention was carried out in four towns in the state
of Pernambuco, Northeast region, in an area where
poverty is widespread.33 Using very simple strategies,
mothers of children belonging to a birth cohort aged
13 months were taught to play and stimulate their
children. After 5 months, intervention children had
a clear advantage in mental and psychomotor devel-
opment. Despite the remarkable progress in terms of
maternal education achieved in this country,17 the
size of the gap between better-off children (here the
ones born to more educated mothers and more

stimulated) and the worse-off is substantial.
Immediate action to reduce it is needed, and the mag-
nitude of change is potentially a big one. Focussing
on less-educated mothers may be a valuable and stra-
tegic starting point. We believe that this is the case in
several countries of low and middle income.
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Fundação de Amparo à Pesquisa do Estado do Rio
Grande do Sul, FAPERGS (Pronex 04/0882.7).
Funding to pay the Open Access publication charges
for this article was provided by the Post-graduate
Program in Epidemiology, Federal University of
Pelotas, Pelotas, Brazil.

Acknowledgements
This study involved the work of a large number of
persons, including interviewers, supervisors, data
entry clerks, whom we thank for the dedication and
hard work. We also thank the children and their
mothers who generously have dedicated time and
attention to this project at each follow-up wave.
Finally we thank Drs Cesar G Victora and Fernando
C Barros who gave important contributions to the
designing of this study and to the construction of
the instruments used in this 2-year follow-up visit.

Conflict of interest: None declared.

KEY MESSAGE

� A very simple cognitive stimulation indicator showed strong and independent association with child
development in a developing country setting. Furthermore, a clear interaction between stimulation
and maternal schooling was found, indicating not only that stimulation has a stronger effect in
children of the less-educated mothers, but also that by effectively stimulating these children they
can achieve a very similar result to those who are more stimulated and have high schooling mothers.
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Large numbers of disadvantaged children in low- and
middle-income countries do not attain their

developmental potential.1 In this issue of the journal,
Barros et al.2 report on the development of a birth
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