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Abstract
Background: Early life experiences have important consequences on health and human capital throughout 

life. The development is the result of interaction between the child's biological characteristics and cultural and social 
factors on which it is inserted. Biological factors that cause developmental delay associated with environmental 
factors increase the chance of the infant having an inappropriate development. This shows the importance of studies 
assessing factors related to child development. 

Objective: The aim was to characterize the neurological development of children 6-8 months ago through the 
Bayley scale in a population-based sample, then estimate the prevalence of delay and identifying psychosocial and 
environmental risk factors. 

Method: A longitudinal epidemiological study of birth cohort study in a group of 368 infants and their mothers. 
Two moments of assessment were considered: a) at the beginning of the third trimester of gestation and b) when the 
infants were 6-8 months of age. The study aims to examine the neurological development of the children considered 
for the study through the Bayley scale, to estimate the prevalence of delay in a population-based sample and, finally, 
to identifying maternal psychosocial and environmental risk factors.

Results: Indicated that maternal stress factors (i.e. anxiety and substance disorder during pregnancy, lower 
maternal schooling and economic class) were associated with lower cognitive development in infants.

Conclusion: This study shows the importance of screening to identify possible developmental delays, for 
subsequent intervention programs to prevent or minimize future hazards and allow the child to develop to their full 
potential.

Keywords:  Development; Risk factors; Infants; Bayley; Development 
delay

Introduction
It has been shown that early life experiences have important 

consequences on health and human capital throughout life [1,2]. 
Developmental impairment, for instance, affects 40% of children 
living in poverty, with long-term consequences that perpetuate the 
cycle of poverty [3]. Many children arrive at school age not ready to 
start studying [4]. Emerging societies have recently accomplished 
significant macro-economic improvements. However, huge persistent 
gaps in cognitive abilities among and within societies challenge farther 
progress [5].

Some predictors of developmental delay are well established: 
socioeconomic and environmental conditions, birth outcomes such as 
nutrition, gestational age and hypoxia, parenting skills and maternal 
mental health [6-9].

Nevertheless it will clear need of more studies. Analysis on maternal 
mental health has been concentrated mainly on depression, especially 
post-partum depression [10,11]. Fewer frequent studies that include 
other pre-partum mental disorders [12-15], as well as important 
environmental stressors, as violence. Yet these conditions are highly 
prevalent in developing countries and in deprived areas of wealthier 
nations [16-24]. In addition to this, most evidence comes from studies 
that were carried in clinical settings, lacking data on population-
based samples [12]; developmental assessment in epidemiological 

studies are seldom done through more sophisticated tests that requires 
trained professionals [3,8]; finally the identification of effect-modifiers 
(interaction) in these association has been acknowledge as necessary 
[25].

Most studies on delayed psychomotor child development are 
focused on biological high-risk groups: premature and low-weight. 
Lacking studies, that use measures were more complex development, as 
well as the results of the Bayley Scale development tool as gold standard. 
The identification of psychosocial and environmental factors, not just 
biological, facilitates early identification of the vulnerable groups 
that can benefit from interventions before installing problem. The 
present study aims to characterize the cognitive, language and motor 
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development in a cohort of 6-month-old infants living in an area of high 
social vulnerability; to estimate the associated maternal psychosocial 
and environmental predictors of lower development scores; to identify 
a possible variable that modifies these associations.

Methodology
Subjective

The present work is a longitudinal epidemiological study, a birth 
cohort, with two moments of assessments: the first in the beginning of 
the third trimester of gestation and the second when the infant was 6-8 
months of age. The population from which the sample was extracted 
was women who attend primary health facilities in the west region of 
the city of Sao Paulo, Brazil. This is a deprived area, in the outskirts of 
a big metropolis. Thanks to the Family Health Strategy – upon which 
Brazilian national health system is structured coverage rates are good 
in this area, with monthly home visiting by lay health workers who 
identify pregnant women and link them to the pre-natal care visits [24]. 
Field researchers were communicated when a new pregnant woman 
was eligible to be enrolled. The present study is made of a sub-sample 
that derives from birth cohort of 900 pregnant women that aims to 
study developmental psychiatry. Statistical procedures were used to 
minimize potential selection bias. A convenience sample of 368 new-
borns was then followed up during the first semester of their lives. Since 
this sampling procedure could have introduced an important selection 
bias, a detail comparison was conducted between the followed up and 
the non-followed up samples. Analysis took into account any difference 
that was found, pondering for them. The statistical power of this sample 
size, assuming a probability of occurring type I error of 5%; a incidence 
rate of developmental delay among non-depressed mothers of 10% and 
among depressed mothers of 30%; a frequency of depression of 20%, 
the statistical power of this sample size would be 80%.

Inclusion criteria were to live in the adscript territory and to be 
between the 26th and the 34th week of gestation. Children who were 
born with any congenital syndrome associated with developmental 
impairment as well as twins were not included in the analysis.

Instruments

Outcome assessment tool was the Bayley Scale of Infant 
Development III, it is validated version for the Brazilian context [25]. 
The Bayley III is among the best existing ranges in the assessment area 
of child development, as 'gold standard' by several authors. It comprises 
326 items divided in five subscales: cognitive scale, motor scale (fine 
and gross motor skills) and language scale (expressive and receptive).
It is a complete and detailed assessment of neurodevelopmental, 
both for assessing the general population and to evaluate risk groups 
(premature babies, for example), as well as for the evaluation of specific 
developmental disorders such as, for example, autism.

The following domains were tested: motor, language and cognitive 
development. It took from ½ h to 1 h to complete this assessment that 
was conducted mainly in the primary health facility. The adequacy of 
the environment was essential in the decision of where to do it, also 
thanks to the nature of the other assessments that were done (domestic 
violence and mental disorders).

•	 Independent variables were: socio economic status, measured 
through paternal occupation, maternal schooling and economic 
class; maternal age (adolescent mother); maternal migration 
(not being born in Sao Paulo); unwanted pregnancy; being a 
primipara mother; smoking during gestation; birth conditions 

extracted from medical records, including birth weight, length, 
gestational age; domestic violence against women and maternal 
mental health.

•	 Trained psychologists collected all information. Domestic violence 
against women was measured according to the WHO Domestic 
Violence Questionnaire [26]. Mental health disorders were 
measured according to the Mini International Neuropsychiatric 
Interview (MINI), a short structured diagnostic interview, which 
priories current disorders [27]. Both exposure measurements 
had been previously adapted to the Brazilian population [19,28]. 
Physical, psychological and sexual violence were pooled in one 
variable. It was considered positive a reported episode of violence 
in the last 12 months. Metal disorders were pooled in the 
following groups: “mood disorder” (current hypomanic episode, 
current manic episode, current dysthymic disorder, current 
major depression), “anxiety” (current panic disorder without 
agoraphobia, current panic disorder with agoraphobia, social 
phobia, post-traumatic stress disorder, general anxiety disorder), 
“substance dependence” (alcohol and illicit drugs), “anti-social 
personality disorder”, “psychotic disorder” and “risk of suicide” 
(moderate and high risks pooled together).

Statistical analysis

Analysis was performed by using the STATA® 12 software. Initially 
a descriptive analysis was conducted, reporting the frequencies of 
the collected categorical variables with their 95% confidence interval 
and median and interquartile interval of the continuous variables. 
Afterwards the association between every independent variable and 
the outcome was tested through bivariate and multivariate Poisson 
regression models. It has been suggested that Poisson regression is a 
good way of estimating relative risks in cohort studies. For this purpose 
cognitive, motor and language developments were transformed in 
binary variables (“low development”) defined by being under the 
1st quartile of the distribution. To deal with missing data we chose 
instead to perform in all models inverse probability weighting. The 
null hypothesis was rejected at a probability level lower than 5%. The 
association between exposure and outcome can be modulated by a third 
variable. This variable may act by modifying the association, which is 
called interaction.The presence of interaction was studied by assessing 
uniformity of the stratum-specific effect estimates through chi-square 
test for heterogeneity. Given its low statistical power, the null hypothesis 
in this test was rejected at a probability level of lower than 10%.

Ethical considerations

All candidate mothers were invited to take part in the study by a free 
informed consent,  presented by a professional ready to identify cases 
with reading /or comprehension problems. Data from hospital charts 
were used only after mothers’ consent. Regarding the survey about 
violence, the guidelines of the document from WHO “Putting Women 
First: ethical and safety recommendations for research on domestic 
violence against women” were used [20]. The autonomy of the subject 
was respected when mental disorders or violence were identified. Field 
researchers tried to empower them suggesting what to do in these cases. 
If any greater hazard (to the mother or to the child) was acknowledged 
the family health team was also contacted the local ethics in research 
committee approved the research protocol.

Results
We analyzed the cognitive, language and motor development of 

368 infants between 6 and 8 months of age. Extremely low/borderline 
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development was identified 1.6/9.2% the motor domain, 1.4/1.6% the 
cognition domain and 1.1/7.1% the language domain. In total, infants 
having developmental delays were 15.4%. Table 1 shows the differences 
between the followed up mothers and the non-followed up mothers. 
It was found that domestic violence, substance dependence, disorders, 
psychotic, anxiety, social -personality disorders and suicide risk during 
pregnancy were similar present equally the recruited sample and the 
studied one. Mood disorders, however, were more frequent in the 
beginning. Socio-demographic profile and gestational variables did 
not differ between the survey and the birth cohort sample risk factors 
studied compared with the group and the group followed with loss of 
follow-up, it was found that there was no significant difference between 
samples (Table 2). Even if 9.24% of the infants had delayed motor 
development at 6 months, children who had less scored both stress 
factors during pregnancy. The unwanted pregnancy showed a tendency 
to association with delayed motor development at 6 months.

Babies born small for gestational age tend to more likely to have 
delayed motor development when adjusted to multivariate factors. 
We also observed that the increasingly month old babies increased 
significantly the chance to have delayed motor development, in bi-
variate analysis the risk is 57% and when adjusted for confounding 
factors the probability was 45%. Evince that small for gestational 
ages are associated with language delay, even after adjustment for the 
multivariate model. And the older the child is also linked to language 
development delay, even after adjusting for confounding factors (Table 
3). Small babies for gestational age have a tendency to associate with 
delayed cognitive development, but after adjustment that the association 
of cognitive delay is statistically significant. And breastfeeding until 
6 months has a tendency to protective factors, if children breastfed 
until 6 months showed a trend associated with increasing the scores of 
cognitive development (Table 3).

Demonstrate that, the mood disorder and mental violence during 
both during pregnancy has a tendency to be predictors delay in language 
development. And after the multivariate analysis the mood disorder 
during pregnancy continued with the trend for the association in the 
delay in language development. Anxiety disorder, antisocial personality 
disorder and sexual violence were associated with delayed cognitive 
development, even after adjusting for multivariate models. Dependence 
on substances during pregnancy is also associated with delayed 
cognitive development, but was not associated after adjustments for 
confounders.

We’ve found on Table 3, that the economy class is statistically 
associated with decreased scores in language development at 6 months, 
even after adjustment for confounding factors. And the mother of 
children who smoked in pregnancy had a trend likely to score lower 
language development score in the bi-variate analysis, but after 
multivariate analysis, smoking during pregnancy becomes statistically 

significant for the child has developmental delay language to 6 months. 
Economy class and maternal education are associated with delayed 
cognitive development in infants at 6 months, but multivariate model 
shows the contribution specifies that variable when put together, does not 
appear unique. And smoking during pregnancy had a tendency to decrease 
in scores on cognitive development in Bayley Scale applied to six months.

Figure 1 illustrates the change of association among exposures 
(anxiety, economic class and maternal education) and lower cognitive 
development when a third variable is present. The negative affect of 
anxiety on cognitive development in infants is visible in the infants 
of mothers who had higher gestational weight gain. Being from a 
family of low socioeconomic class greatly increases the risk of lower 
cognitive development, but this risk is virtually nullified if the mother is 
breastfeeding in the sixth month of gestation. Similarly, the deleterious 
effect of economy class is much more evident on premature babies born 
at term. And finally, low maternal education is associated with lower 

Cohort Sub Sample
p

% (IC 95%) % (IC 95%)
Domestic Violence 28.82 (24.90/32.73) 22.88 (18.48/27.28) 0.051

Mood Disorders 32.44 (28.42/36.46) 25.61 (21.12/30.10) 0.028
Anxious Disorders 17.55 (14.28/20.82) 14.67 (11.04/18.3) 0.252

Drugs Abuses 4.96 (3.09/ 6.82) 2.98 (01.24/4.73) 0.146
Psychotic Disorders 4.19 (2.47/5.92) 2.71 (01.04/4.38) 0.242
Personality Disordes 2.09 (0.86 /3.33) 2.17 (0.67-03.67) 0.939

Risc Suicide 6.67 (4.53 /8.82) 5.16 (2.89/07.43) 0.350

Table 1: Distribution of maternal stress factors during pregnancy in the initial cohort 
in the sub-sample analyzed at 6 months in infants. São Paulo 2014.

Sub-Sample 
(n=365)

% (IC 95%)

Inicial Sample 
(n=524)

%
p

Entrepreneur 
Father

Non manual. 
qualified 

Manual 
qualified

Manual. non-
qualified

16.91 (12.92 
-20.90)

18.37 (14.25-
22.49)

64.72 (59.64-
69.81)

17.51 (14.15-20.86)

17.91 (14.52-21.29)

64.59 (60.37-68.81)

0.995

Live with Father Y 72.40(67.80-
77.00) 74.13(70.34-77.91)

0.929

Economic Status

A+B

C  

D+E

17.11(13.25-
20.98)

66.84 (62.01-
71.68)

65.64 (61.56-69.72)

16.79 (13.58-20.00)

Maternal 
Education

< 8 anos

8-10 anos

11 ou + anos

17.93 (13.99-
21.87) 19.69 (16.27-23.11) 0.801

Adolescent Y 24.72 (20.29-
29.15) 20.61 (17.13-24.08) 0.146

Not born in SP Y 41.64 (36.56-
46.72) 45.10 (40.81-49.39) 0.307

Primiparous Y 49.86 (44.72-
55.00) 46.18 (41.90-50.46) 0.279

Not desired 
gestation Y 18.80 (14.78-

22.81) 21.07 (17.56-24.58) 0.406

Smoke Y 13.85 (10.31-
17.40) 18.58 (15.23-21.93) 0.062

Genre Infant Male 

Female

47.39(42.25-
52.54)

52.60 (47.45-
57.74)

48.43 (43.60-53.26)

51.56 (46.74-56.39) 0.772

Economy class: A-B reference; C first extract; D-E second layer (risk of change 
stratum)
Maternal education: Some Fundamental first layer; Full average second layer; 
Completed high or more. third layer (risk of change stratum)
95% CI = 95% confidence interval
* Risk of being in the lowest quartile of motor development score in relation to the 
sample
** Model adjusted for the variables with p <0.20

Table 2: Socio-demographic characterization and gestational risk factors of the 
sample and comparison between the group and the group followed with loss 
following a birth cohort in the city of SP, 2014.
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Predictors Motor Language Cognition
Factors Relative Risk IC 95% Relative Risk IC 95% Relative Risk IC 95%

Mood Disorders 0.89 0.58-1.36 1.39* 0.96-2.02 1.16 0.75-1.78
Anxious Disorders 1.03 0.63-1.69 1.13 0.70-1.81 1.61* 1.03-2.53

Drug Abuses 0.79 0.22-2.89 1.45 0.59-3.57 2.15* 1.04-4.44
Risk of Suicide 0.52 0.18-1.54 1.30 0.64-2.66 1.39 0.68-2.83

Personality Disorders 0.74 0.20-2.70 1.15 0.42-3.16 2.82* 1.65-4.80
Psychotic Disorders 0.86 0.25-2.98 0.37 0.06-2.47 0.42 0.06-2.81
Physical Violence 0.75 0.38-1.49 1.25 0.74-2.13 1.34 0.76-2.34
Psychic Violence 0.92 0.59-1.44 1.39* 0.95-2.05 1.31 0.85-2.04
Sexual Violence 0.91 0.27-3.09 0.54 0.09-3.23 2.35* 1.24-4.44
Economic Status 1.14 0.85-1.53 1.42* 1.07-1.90 1.41 1.03-1.91

Maternal Education 0.84 0.67-1.06 0.91 0.72-1.15 0.74 0.57-0.96
Adolescent 0.80 0.51-1.24 0.91 0.60-1.39 0.79 0.46-1.33
Migration 1.01 0.71-1.43 0.83 0.58-1.19 0.85 0.58-1.27
Primipara 0.96 0.68-1.37 1.23 0.86-1.76 0.88 0.60-1.30

Unwanted Pregnancy 0.65* 0.38-1.11 1.07 0.68-1.68 1.24 0.79-1.93
Smoking 0.97 0.59-1.61 1.49* 0.97-2.28 1.45 0.90-2.35

Alcohol intake 0.89 0.47-1.67 0.85 0.43-1.65 1.15 0.62-2.12
Prematurity 1.37 0.79-2.39 1.09* 0.57-2.08 0.91 0.41-2.02

IUGR (quartis) 1.15* 0.98-1.36 1.22 1.04-1.42 1.18 0.99-1.40
Non-breastfeeding at 6m 1.22 0.84-1.76 1.06 0.73-1.55 1.41 0.94-2.11

Gender (female) 0.83 0.59-1.19 0.87 0.61-1.25 0.96 0.65-1.41
Age (months) 1.57 1.18-2.08 1.48 1.11-1.97 1.12 0.79-1.57

*p<0.10; **p<0.05
95% IC= 95% confidence interval
** Risk of being in the lowest quartile of motor development score in relation to the sample
*** Model adjusted for the variables with p <0.20 is present.
****The lower risk than 1 implies a reduction of disease exposure
IGR = increasing quartiles of intrauterine growth retardation

Table 3: Association of gestational factors and infant birth to the child development at 6 months, bivariate analysis.

 

RR= relative risk with 95% confidence interval; GWG= tertiles of gestational 
weight gain; AGA/LGA= adequate and large for gestational age; SGA= small 
for gestational age
Figure 1: Interaction in the association between exposures and cognitive 
development.

cognitive development, but excessively in infants that born small for 
gestational age.

Discussion
We found low frequencies of developmental delay at 6 months 

of age in this deprived neighbourhood birth cohort. Maternal 
psychosocial stressors, as mental disorders and violence, however, 

were highly prevalent. Better economic class and maternal education 
predicted higher language and cognitive scores. Maternal mood 
disorder, substance dependence and risk of suicide during pregnancy 
were associated with lower language and cognitive scores. Independent 
associations of maternal mood disorder and substance dependence 
were found with infant’s language and cognition. One of the strongest 
points of this work is assessing in the field infant development through 
a well-established and complex toll, at a population level. This point 
becomes even stronger when we consider the high social vulnerability 
under which the studied sample lived. The research team had to surpass 
physical and environmental challenges, as criminality, to have access 
to these women and their children. In this sense, local health workers 
were essential guides and advisers. Mental disorders are strongly linked 
to financial difficulties and with experience of violence. It is known 
that these individuals I tend to lack self-care and therefore to have 
less appetite, less access to prenatal care and greater alcohol, tobacco 
and illicit drug abuse [21]. Preterm birth and low birth weight are, 
consequently, more frequent among these women [22]. Lower infant 
scores can explain these mechanisms; nevertheless the association 
remained after adjustments for SES factors, maternal characteristics 
and birth conditions.

Anxiety disorder in pregnancy was associated with deficits in 
cognitive development, even after adjusting for confounding factors. 
Going through the possible modulating effects on this relationship we 
found that gestational weight gain modified this association. Anxiety 
tends to an increase or loss of abrupt weight due to the symptoms of 
the disorder and also due to the increase in cortisol hormones index 
and adrenaline that can cause fat gain. The Institute of Medicine (US) 
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and the National Council Research (US) in 2009 analysed women in 
pre-pregnancy with a body mass index (BMI) and during pregnancy 
with weight gain, the analysis showed that among women with a high 
pre-pregnancy BMI and weight gain were associated with increased 
odds of ADHD in children and between lean women with weight loss 
during pregnancy also had higher chances of having a child who could 
develop ADHD compare to those who did not lose weight during 
pregnancy. The mechanisms for these effects are unknown, although 
the authors speculate on the possibility of transfer of neurotoxin from 
maternal adipose tissue for the developing foetal brain. The human 
brain develops rapidly during pregnancy and in the postnatal period, 
it is possible that the maternal body fat stores and gestational weight 
gain can influence the central nervous system of the foetus, resulting 
behaviour disorders as attention deficit hyperactivity disorder (ADHD) 
[25].

It has been reported elsewhere an association between cognition 
and maternal education. There is some evidence that suggests that 
mothers who have studied more have a better physical and temporal 
environmental organization, more opportunities to vary daily 
stimulation with different availability of tools and games more suitable 
for their toddlers and greater emotional and verbal link [23]. However, 
less schooling is an important SES marker. Its association with lower 
developmental scores may explain the fact that low SES mothers have 
a greater risk to bear premature or small for gestation age babies [24]. 
Social class is a factor linked to maternal education, a factor that was 
associated with cognitive development and a predictive factor was 
the gestational gain related to maternal education, related to lack of 
nutrition and prenatal care quality. In this study, it was found that the 
mother this study time with the development of the child to 6 months. 
This relationship can be associated with a qualified daily stimulation 
with higher maternal repertoire and availability across the baby's needs 
[28,29]. Social class is a risk factor that generates build-up to other 
factors such as dangerous in housing, lack of basic resources hygiene, 
stimulation necessary to develop new skills, as well as association with 
parental education, lack of nutritional supplies needed to maturation, 
child growth and prematurity. The development of genetic inheritance 
also depends on the opportunities offered by the environment [7,30,31]. 
These deleterious effects of economic class explain the association 
found among premature babies. 

However, we also found that breastfeeding until 6 months of age 
is associated with a better performance, almost “correcting” the deficit 
caused by socioeconomic status. Children from lower social classes 
became to show better cognitive performance scores than those who 
were not breastfed, or breast-feeding corrected the problem of poverty 
in cognition. In studies have found that breastfeeding in the first quarter 
is associated with better development of babies, these effects reflect 
six months in tests that assess the psychomotor development [32-34]. 
Studies show that during breastfeeding, the mother responds better to 
the needs of the child, spend more time interacting with the child or 
stimulating activities than mothers who do not breastfeed. In addition, 
breastfeeding helps to better oral motor development by suction [35].

This study is critical to literature and community, on the 
characteristics of child development, establishing parameters for 
comparison and prevention in developmental delay, are few studies on 
psychosocial and environmental effects on the development of the first 
years of life in Brazil.  Therefore, prevention program to the families of 
high vulnerability are important on early childhood, there is evidence 

that the early intervention are important of child's future life [36-39].

Conclusion
We conclude that anxiety and substance disorder during pregnancy, 

together with lower maternal schooling and economic class are predictors 
of lower cognitive development in infants aging 6-8 months. These 
associations are highly modulated by other factors, such as gestational 
weight gain and breastfeeding, potentially modified behaviours. Health 
workers should be trained to identify these conditions and, in this way, 
prevent future developmental delays.  

Limitation
Able to maintain the link with families, often vulnerable, was 

essential for the research because, well, it was possible to pursue all 
established steps and get trustworthy and reliable information, and 
assure assessment of child development through a well-established 
approach. The research team had to overcome physical and 
environmental challenges attributable to the difficulty of access to 
community and understanding, by the residents of the importance of 
the study to the population. In addition, we had to face risks, because  
the high level of community crime, and overcome the difficulty of 
access women and children of the research, that often required home 
visits to the continuation of the project in the predetermined time. This 
point becomes even stronger since researchers should make sure that 
these variables were in favor of a good application and authenticity 
of the results and required maximum attention to the preservation of 
confidentiality of information.
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