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Abstract

Background—Prenatal exposure to p,p′-DDE is associated with impairments in motor 

development during the first year of life, with no related repercussions on mental or motor 

development at 12 to 30 months and with impairments in cognitive areas, but not in perceptual and 

motor areas at preschool age. However, its association with particular psychomotor factors, such 

as establishment of lateralization and spatial orientation, essential elements to the overall learning 

and specifically reading, writing and spelling in preschoolers, has not been independently 

evaluated, since cognitive and motor areas have only been explored globally.

Objective—To determine the association between prenatal exposure to p,p′DDE and the 

establishment of lateralization and spatial orientation in children 5 years of age.

Material and Methods—Establishment of lateralization and spatial orientation was evaluated 

using the McCarthy Scale of Children's Abilities, with 167 children 5 years of age who 

participated in a birth cohort in the state of Morelos, Mexico. The information available for each 

child included: serum concentrations of p,p′-DDE of the mother during at least one trimester of 

pregnancy, mothers' intelligence quotients, stimulation at home and anthropometry. A logistic 

regression model was used to calculate the association between prenatal exposure to p,p′-DDE and 

lateralization and a multiple linear regression model was used for the association with spatial 

orientation.
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Results—A two-fold increase in p,p′DDE in lipid base during the second trimester of pregnancy 

was associated with a significant reduction, -0.18 points (95%CI -0.41;0.04, in the spatial 

orientation index, with no impairment in the establishment of hemispheric dominance. Attending 

preschool and the maternal intelligence quotient were the main determinants of spatial orientation 

and the establishment of hemispheric dominance.

Conclusions—Prenatal exposure to p,p′-DDE may affect the 5 year old's ability to identify 

spatial orientation of oneself and surrounding objects. Given the observed role of attending 

preschool in the functions studied, early attendance in formal education might serve as a 

stimulation strategy for preschoolers. These preliminary results should be verified and expanded in 

further prospective studies with DDE.
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Introduction

Dichlorodiphenyldichloroethylene (p,p′-DDE), the main metabolite of DDT, is a chemically 

stable compound which is highly persistent in the environment. It is found in the food chain, 

accumulates in the organism (Casarett & Doull's, 1986) and easily crosses the placental 

barrier (Dorea, Cruz-Granja, Lacayo-Romero, & Cuadra-Leal, 2001). DDT metabolites have 

neurotoxic capacity, they directly affect nerve cells (Casarett & Doull's, 1986) and have 

endocrine disruption effects in the hypothalamic-hypophysis-thyroid axis (Howdeshell, 

2002; Takser et al., 2005).

According to recent epidemiological studies, prenatal exposure to this compound is 

associated with diminished motor development during the first year of life (Eskenazi et al., 

2006; N. Ribas-Fito et al., 2003; Torres-Sanchez et al., 2007). However, studies in preschool 

and school age children assessing DDE effect on subsequent development and other 

functions of the central nervous system are rare.

Only three studies have used the McCarthy Scale of Children's Abilities (MSCA) to evaluate 

the association between prenatal exposure to p,p′-DDE and the neurodevelopment of 

preschoolers (Gladen & Rogan, 1991; Nuria Ribas-Fito et al., 2006; Torres-Sanchez et al., 

2013), none of which reported changes related to this test's motor index, but only an effect 

on cognitive performance (Torres-Sánchez et al., 2013).

Similar to other tests used before 3 years of age, the MSCA motor scale is primarily aimed 

at evaluating processes such as gross and fine motor coordination in children. Nevertheless, 

other complex components are included, such as lateralization, evaluating hemispheric 

dominance and spatial orientation, which determines knowledge of the left-right concept in 

relation to oneself and surrounding objects (McCarthy, 2004). These two components 

overlap with the general cognitive index and the perceptual index, since they are 

psychomotor aspects that are included in the motor area.
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Establishment of lateralization, or hemispheric dominance, is one of the last stages in 

psychomotor development (Bottini, 2000), which together with visual-motor coordination, 

spatial organization, body schema and spatial perception are essential for proper learning 

process generally and specifically reading, writing and spelling for children (Cady, 2009; 

Ozbic & Filipcic, 2010). To-date, no study has separately evaluated the association between 

prenatal exposure to p,p′-DDE and the establishment of hemispheric dominance and spatial 

orientation.

In 2001, a cohort study was initiated in four municipalities in the state of Morelos, Mexico 

in a formerly malaria-endemic area, where DDT was used as part of anti-malaria campaign 

until 1998. The median values of maternal blood p,p′DDE during pregnancy were 7.7 ng/ml 

(wet base) and 1020.4 ng/g (lipid base). In previous results with this cohort a two-fold 

increase in p,p′-DDE serum concentration during the first trimester of pregnancy was 

negatively associated (β= -0.52 points) with motor development only during the first year of 

life and, not with mental development (Torres-Sanchez et al., 2007).

In this same cohort no associations between maternal p,p′DDE serum concentrations and 

mental and motor development of children were found between 12 to 30 months (Torres-

Sanchez et al., 2009); at 3.5 to 5 years, two-fold increased concentrations of p,p′DDE were 

associated with a significant reduction in the general cognitive index (-1.37 points), the 

quantitative index (-0.88 points), the verbal index (−0.84 points) and the memory index 

(-0.80 points), with no repercussions for motor and perceptual indexes, measured by the 

McCarthy Scale (Torres-Sanchez et al., 2013).

Preliminary results suggest that this metabolite has its main effect on later rather than earlier 

developmental ages. The effects measured to date were in the overall development of the 

child and not on particular aspects that may be masked by an overall assessment, such as the 

establishment of laterality and spatial orientation.

The objective of this study was to explore the association between prenatal exposure to p,p′-

DDE and the establishment of lateralization, and the quality of spatial orientation at 60 

months of age, during which laterality and spatial orientation are determined as development 

gains in the McCarthy Scales of Abilities (MSCA); this study was conducted in the same 

cohorts as those previously published and we re-analyzed the already published data, 

focusing on two specific subscales.

Materials and Methods

A prospective cohort was created from January 2001 to June 2005 in order to evaluate the 

association between prenatal exposure to organochlorines compounds and 

neurodevelopment in children. The details about the creation of the cohort and the 

neurobehavioral evaluation were reported previously (Torres-Sanchez et al., 2007; Torres-

Sanchez et al., 2013).

In summary, the participants included 990 women of reproductive age with no history of 

chronic diseases, who were not receiving treatment with anticonvulsants and who resided in 

one of four municipalities in the state of Morelos, Mexico. The women were identified 
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during premarital talks that are required by law for civil marriages in the state. The objective 

of the study was explained to each person and written consent was requested to visit them 

before, during and after pregnancy. The study was approved by the ethics committee of the 

Mexico National Institute of Public Health and the National Institute of Perinatology of 

Mexico.

During the pre-pregnancy stage, a direct interview was held through which 

sociodemographic and reproductive information was obtained as well as information about 

work history, smoking, diet and alcohol use. This was followed by a phone call every 8 

weeks for the early detection of pregnancy, and when confirmed a visit was scheduled for 

each trimester. During these visits the women were asked about the evolution of their 

pregnancy and diet, and a blood sample was requested to determine organochlorines 

compounds.

Visits after birth were scheduled at 1, 3 and 6 months of age and every 6 months thereafter 

until 60 months. The Bayley test was used for the neurobehavioral evaluation up to 30 

months of age and the MSCA was used from 42 months to 60 months. During the first visit, 

women were asked about the conditions of the child's birth, including weight and size. The 

following postnatal evaluations also included anthropometric measurements (weight, height 

and cephalic perimeter) as well as a questionnaire about the child's diet, general health 

status, type of family and preschool attendance. The weight and height of the children were 

transformed into z-scores for analysis.

Of a total of 404 children from uncomplicated pregnancies, with birth weight >2kg, no 

history of perinatal asphyxia or congenital defects, 30% were lost to follow-up between 1 

and 42 months of age. Of the remaining children, 167 had information about lateralization 

and spatial orientation at 5 years of age and p,p′-DDE concentrations in mother's serum 

during at least one trimester of pregnancy.

McCarthy Scale of Children's Abilities

The MSCA (McCarthy, 2004) was used to evaluate establishment of lateralization and 

spatial orientation at 60 months of age. This test measures cognitive and motor abilities and 

is designed to evaluate children from 2 years and 6 months of age up to 8 years and 6 

months. It consists of five sub-tests: verbal, quantitative, executive perceptual, memory and 

motor. The combination of the first three subtests make up the general cognitive index 

(GCI), which is considered equivalent to the intelligence quotient, measured by some 

intelligence tests (Goldstein & Hersen, 1984). The motor subtest evaluates legs, arms and 

hand movements according to 4 blocks of tasks: leg coordination, arm coordination, 

imitative action and drawing. While performing the tasks, the hand preference when hitting 

a ball, picking up and throwing an object, drawing and the preferred eye with which the 

child looked through a tube were observed and noted. When the tasks involved in the 4 

blocks were performed with the same hand and eye, the child was considered to have an 

established hemispheric dominance (right- or left-handed). When some of the tasks were 

performed with the right hand and others with the left hand or both, or when using the eye 

opposite to the preferred hand, the child was considered not to have had an established 

dominance.
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The tests for spatial orientation in the perceptual subscale evaluated the concepts of right 

and left in relation to the child's own body by asking the child to indicate some part of his or 

her body that was located on the left or right side. To evaluate the inverse of the right-left 

concept, a picture of a child was shown facing the child and he or she was asked to indicate 

some part of the body on the left or right of the child in the drawing. A minimum score of 0 

represented the lack of right-left concepts and a maximum of 12 points represented mastery 

of this concept.

The test was administered by 3 psychologists with experience in the field, with 

reproducibility among them of 0.99.

Maternal Intelligence Quotient

The intelligence quotient of the mothers was evaluated using the Wechsler Intelligence 

Scale for Adults (Wechsler, 1981). The test was administered to each of the mothers during 

the visit at 3 months of age. The scale provides a verbal intelligence quotient, an execution 

quotient and a total; the latter was used for the analyses.

Environmental Stimulation at Home

Stimulation at home was evaluated at 6 months of age using the HOME (Home Observation 

for Measurement of the Environment) test (Caldwell & Bradley, 1984). This was performed 

in the child's house through an interview while observing the interaction of the child with his 

or her primary caregiver (typically the mother). Materials for games and the space for play 

activities were also evaluated. The scale is divided into 8 subscales; the sum of each of these 

indicates the stimulation index at home, ranging from 0 to 45 points.

Prenatal Exposure to p,p′-DDE

p,p′-DDE was determined from serum samples taken from the mothers (1-2 ml) during the 

first, second and third trimesters of pregnancy using gas chromatography with electron 

capture detector (model 3400; Varian, Inc., Palo Alto, CA, USA) according to the protocol 

recommended by the U.S. Environmental Protection Agency (US-EPA, 1980). The total 

serum lipid concentrations were determined using colorimetry (Randox Laboratories Ltd., 

Antrim, United Kingdom). The results were expressed in ng/g (lipid base). For internal 

quality control, each sample was fortified with aldrin; the average recovery was 98.15 ± 

8.8%. For every 10 samples, one sample of bovine serum was analyzed which contained 

known quantities of β-hexaclorociclohexano (β-HCH), aldrin, hexachlorobenzene (HCB), 

p,p′-DDE and p,p′-DDD, with an average recovery percentage of 100.8, 100.01, 100.91, 

103.4, and 104.1%, respectively. In addition, for each group of 10 randomly-selected serum 

samples, a duplicate analysis was performed, resulting in an average variation coefficient of 

4.37%. External quality control was conducted in the laboratory of Dr. Mary Wolf, Mount 

Sinai School of Medicine, New York City, resulting in a correlation coefficient of 0.98.

Due to financial limitations, the blood lead levels of mothers during each trimester of 

pregnancy were determined in a subsample of women. A duplicate analysis was conducted 

in the Environmental Science Associates Laboratories, Inc. (ESA), Chelmsford, MA, USA, 

using anodic voltammetry as a separation method. Samples with average concentrations 
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<5μg/dl were analyzed again using atomic absorption spectrometry (model 3000; Perkin-

Elmer, Inc., Norwalk, CT, USA). Samples for external quality control were supplied by the 

laboratories of the Center for Disease Control and Prevention (Atlanta, GA, USA) and the 

Pennsylvania State Blood Lead Proficiency Testing Program (Exton,PA, USA).

Statistical Analysis

Univariate and bivariate descriptive statistics of maternal and child characteristic 

associations with establishment of hemispheric dominance and spatial orientation were 

analyzed with the t-test or chi-squared test, ANOVA or correlation coefficient (according to 

the variables).

Serum concentrations of p,p′DDE in lipid base for each trimester of pregnancy were right 

skewed and were natural logarithm transformed to normalize the distributions and residuals. 

Spearman correlation was used with a total of 84 subjects with results from all trimesters of 

pregnancy to evaluate the correlation of p,p′-DDE concentrations among trimesters. To 

assist the interpretation of the results, betas corresponding to natural log p,p′DDE were 

transformed to base 2 logarithms by multiplying by 0.69, and interpreted as the observed 

change per each two-fold increase in p,p′-DDE concentrations.

We used separate logistic regression models estimate the association between prenatal 

exposure to p,p′DDE and the establishment of hemispheric dominance, for each trimester of 

pregnancy. The association with spatial orientation was estimated using multiple linear 

regression models. Potential confounders were maternal age, maternal intelligence quotient, 

sex of the preschooler, birth weight, type of birth, breastfeeding, type of family, attendance 

in preschool, birth order of the child, maternal use of tobacco during pregnancy and HOME 

scale.

A sensitivity analysis was conducted for establishment of lateralization as well as spatial 

orientation, for which each one of the final models was executed and only 84 of the children 

who had information regarding p,p′-DDE for all trimesters were included. To evaluate the 

role of lead as a potential confounder, the same analysis was performed in a subsample of 

65, 73 and 83 subjects who had maternal blood lead level results during the first, second and 

third trimesters, respectively.

The interactions between p,p′-DDE with the sex of the child and attendance in preschool 

were evaluated using the corresponding interaction terms, with a criterion significance level 

of 0.10. The diagnostics of the model included the analysis of residuals, the evaluation of 

collinearity, and identification of influential observations to determine the validity of the 

models. Due to the modest sample size we consider this study an exploratory pilot study of 

the effects of DDE on these aspects of child development. Thus, we establish an alpha value 

for statistical significance of p≤0.10.

The statistical analysis was performed with the SPSS version 17.0 statistical package.
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Results

The median serum p,p′-DDE concentration in mothers during the first and third trimesters of 

pregnancy ranged from 1331.1 ng/g to 826.3 ng/g in lipid base. The correlation between the 

trimesters was statistically significant and no significant changes were observed over the 

course of the pregnancy. There were no significant differences between boys and girls in 

mean levels of maternal serum p,p′-DDE. For the subsample in which lead blood levels 

during pregnancy were determined, the geometric mean was 6.9, 6.2 and 7.4μg/dl in the 

first, second and third trimesters, respectively. Concentrations over 5μg/dl were detected in 

53.2% of the samples (Table1).

There were no significant differences between boys and girls in any subscale of the 

McCarthy Scales. However, when analyzing each of the components of the motor subscale 

boys have better arm coordination than girls (9.9 vs 8.0 p=0.002), while girls score better on 

the subtest for drawing of child (10.1 vs 9.1 p=0.02), There were no significant sex 

differences on the subtest of spatial orientation (pertaining to the perceptual subscale) (data 

not shown).

Seventy-five percent of the preschoolers had established hemispheric dominance at 5 years 

of age. We found no significant differences for established hemispheric dominance for age, 

schooling, smoking or mother's intelligence coefficient, nor for p,p′DDE concentrations in 

wet and lipid basis. Age, schooling and intelligence quotient of the mother were positively 

and significantly associated with better spatial orientation, while p,p′DDE concentrations on 

a lipid basis on second trimester were negatively and significantly associated with spatial 

orientation (Table 2). The average spatial orientation index value was 5.7 ± 2.3, with a 

minimum of 0 and a maximum of 12. Ten percent of the children had a score below 2 

points.

Among the children's characteristics, only being first born (90 vs. 76%) and attending 

preschool (95 vs. 86%) were significantly associated with the establishment of hemispheric 

dominance. Caesarean births, attending preschool and better stimulation at home were 

positively and significantly associated with spatial orientation (Table 3).

Since no significant differences were observed between p,p′DDE concentrations in wet and 

lipid basis and the establishment of laterality and spatial orientation, subsequent results are 

explained only in terms of lipid based p,p′DDE concentrations.

There was no crude association between p,p′DDE concentrations and establishment of 

laterality at any trimester. In contrast, prenatal p,p′-DDE concentration during the second 

trimester of pregnancy was negatively associated with spatial orientation. After adjustment 

for all potential confounders included in the models, a two-fold increase in p,p′-DDE 

concentrations was associated with a reduction in only the spatial orientation index (β= 

-0.18; 95% CI -0.41;0.04), (Table 4 and Figure 1). One observation in the orientation model 

was identified as highly influential. In a supplementary analysis (Appendix Table A1), 

removing this observation resulted in a 0.68 standard deviation increase in the coefficient for 

DDE (β= -0.26; 95% CI -0.51; -0.02) (see Figure 1).
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In the multivariate analysis, being the first-born and preschool attendance were associated 

with around three times the odds of established hemispheric dominance at 5 years of age 

(p=0.10). Meanwhile, preschool attendance, mother's intelligence quotient and maternal age 

were the main determinants of spatial orientation (Table 4). No significant interactions were 

observed with sex.

Similar association was observed between prenatal p,p′-DDE exposure during second 

trimester of pregnancy and hemispheric establishment and spatial orientation after maternal 

lead exposure was included in the final model (OR= 1.39; 95%CI 0.72;2.69; p = 0.32; β= - 

0.13; 95% CI -0.42;0.14; p = 0.33 respectively) (data not included in tables).

Finally an analysis performed with only those subjects for whom DDE concentrations were 

available for all trimesters (n=84) showed similar significance between prenatal p,p′-DDE 

concentrations in lipid base on second trimester of pregnancy and spatial orientation (β= - 

0.25; 95% CI -0.55;0.04 p=0.09) and a lack of association with establishment of 

lateralization (data not included in tables).

Discussion

This is the first study in preschoolers to evaluate the association between prenatal exposure 

to p,p′-DDE and specific psychomotor factors. The results indicate that prenatal exposure to 

p,p′-DDE may be associated with a small reduction in the spatial orientation of children in 

reference to themselves and others, whereas no association was observed with the 

establishment of hemispheric dominance.

Previous studies with preschoolers (Gladen & Rogan, 1991; Nuria Ribas-Fito et al., 2006; 

Torres-Sanchez et al., 2013) did not find an association between prenatal exposure to p,p′-

DDE and the MSCA motor and perceptual index. A possible explanation for this is that p,p′-

DDE likely affects only very specific psychomotor functions and not the more global 

indexes. The motor index includes information about other functions such as arm and leg 

coordination, visual-motor coordination, balance and muscle strength, so that when all the 

functions that measure the index are included, no adverse effect is observed on motor in 

general.

Spatial orientation is one of the complex psychomotor processes included in the perceptual 

subscale; it involves both cognitive as well as motor factors. Similar to the motor scale, the 

perceptual scale has not been associated with prenatal exposure to p,p′-DDE. Nevertheless, 

along with the verbal and quantitative scales it constitutes the general cognitive index, which 

showed a significant reduction (-1.37 points) for each two-fold increase in p,p′-DDE 

concentrations in the third trimester of pregnancy (Torres-Sanchez et al., 2013).

The association observed between prenatal exposure to p,p′-DDE and spatial orientation 

suggests that this compound can affect many areas of child neurodevelopment and that the 

functions affected in the psychomotor area may be so specific and so highly related with 

cognitive functioning that they become diluted when evaluating motor function as a whole. 

The present results suggest that the conclusions of previous work with this cohort 

demonstrating motor effects up to only 1 year of age (Torres-Sanchez et al., 2007, Torres-
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Sanchez et al., 2009, Torres-Sanchez et al., 2013) could be modified to include effects 

detected in subsequent development.

Fetal brain development is a process that depends on maternal thyroid function. A decrease 

in its functioning affects proliferation, migration, synaptogenesis and myelination 

(Howdeshell, 2002). Prenatal exposure to p,p′-DDE acts as an endocrine disruptor of thyroid 

functioning and is associated with a reduction in triiodothyronine resin uptake ratios (similar 

to those observed in hypothyroidism) in mothers and children (Julvez, Debes, Weihe, Choi, 

& Grandjean, 2011). During the second trimester of pregnancy (3rd to 5th month), neuronal 

migration occurs in the frontal or motor region of the cerebral cortex and the deep layers of 

the temporal lobes, including the hippocampus and other limbic areas (Rhawn, 1982; 

Rosselli, Matute, & Ardila, 2010). The hippocampus is an area of the brain involved in 

coding spatial location (Dennis, 2004) and a reduction in thyroid functioning during this 

stage of pregnancy may affect neuronal migration to the hippocampus and functions related 

to spatial orientation.

These results are also consistent with other factors regarding the establishment of 

hemispheric dominance and spatial orientation, such as: being the first born (Ardila & 

Rosselli, 2007), independent of the sex of the child (Kaufman, Zalma, & Kaufman, 1978), 

attending school (Cady, 2009) and higher intelligence quotient of the mother.

The likelihood of these results being due to a differential measurement error is small. The 

determinations of serum p,p′-DDE were performed much earlier than the evaluation of 

neurodevelopment. The psychologists who administered the McCarthy scale were not aware 

of the prenatal p,p′-DDE concentrations of the children or that there was an area or test that 

was particularly affected by this exposure. Nevertheless, we do not reject the possibility of a 

random error in the administration of the MSCA, the calculation of exposure or another 

covariable which could have caused our results to be underestimated.

Possibly, the observed association between DDE and spatial orientation could be explained 

by other neurotoxins. However, a model correcting for lead gave similar results as the main 

analysis.

In summary, the results indicate that prenatal exposure to p,p′-DDE may affect very specific 

and complex psychomotor factors that are not evident when analyzing motor and perceptual 

development with the motor and perceptual index as a whole. According to the results 

prenatal exposure to p,p′-DDE may affect the child's ability to identify right and left of 

oneself and surrounding objects. Impairment of spatial organization affects the learning 

process by altering reading-writing acquisition, positioning of letters and general writing 

motor skills (Amorapanth, Widick, & Chatterjee, 2010; Cady, 2009; Martínez, García, & 

Montoro, 1988; Ozbic & Filipcic, 2010).

Since this is the first study to separately evaluate the association between prenatal p,p′-DDE 

exposure and these psychomotor components; its results should be replicated in 

prospectively planned studies. The positive and independent association between attending 

preschool and the establishment of lateralization, and spatial orientation in particular, 

suggest that early participation in formal education is probably a more powerful determinant 
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than the range of p,p′-DDE exposure in this study on lateralization and spatial orientation. In 

that case, this academic activity could be used as a stimulation strategy for preschoolers 

resident in more highly contaminated areas.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights for review

1. Prenatal exposure to p,p′-DDE may affect the child's ability to identify on self 

and surrounding objects the right or left.

2. There were no significant sex differences on the subtest of spatial orientation

3. Early participation in formal education can be an important determinant of the 

establishment of lateralization.
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Figure 1. 
Marginal plot of effects of second trimester maternal p-p′DDE lipid base concentration on 

orientation at 60 months from the model in Table 4. Circles are males, pluses are females 

but only a single regression line is fit for both sexes since neither sex by itself nor in 

interaction with maternal p-p′DDE was significant in the models. Solid lines are the 

predictions and 95% CI of the model with all available subjects, dashed lines represent the 

predictions and 95% CI of the model removing the highly influential subject (circled 

observation in lower left of graph) with high dfbeta statistic (see Appendix Table A1). Note 

that the DDE values in the graph are represented in natural logs while the table coefficients 

are in log base 2.
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Table 1
Concentration of p,p′-DDE and Lead Blood Level in Maternal Serum Between the 
Trimesters of Pregnancy

Contaminants Trimester of pregnancy

1st (n=146) 2nd (n=123) 3rd (n=125)

p,p′-DDE (ng/g)*

 P10 260.8 152.7 149.0

 P50 1331.1 1138.1 826.3

 P90 4253.9 2983.4 2767.6

Sex of Child ** Mean ± SD Mean ± SD Mean ± SD

 Female 1624 ± 1376 1297 ± 1194 1434 ± 1457

 Male 1997 ± 2266 1424 ± 1494 1121 ± 1280

Blood Lead levels (μg/dl) 6.9 (n=81) 6.2 (n=75) 7.4 (n=94)

Blood Lead levels > 5μg/dl (%) 55.6 50.7 53.2

*
: p,p′-DDE (ng/g) correlation: 1st vs. 2nd trimester= 0.58; 1st vs.3rd trimester= 0.50; 2nd vs. 3rd trimester= 0.52; p<0.05

**
: t test to compare means between boys and girls.
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