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ABSTRACT

Objective. To determine the adverse effect of pre- and postnatal exposure to carbamate (propoxur) and pyrethroid
pesticides on children's cognitive functions at 4 and 6 years of age.

Method. As part of a prospective cohort study among children with known pre- and postnatal exposure to propoxurand
pyrethroids, children were examined at time points, 4 and 6 years, to determine the adverse effect of pesticide exposure
on neurocognitive function, i.e., intelligence (IQ) using the WPPSI-III test. Pre- and postnatal pesticide exposures
were measured by meconium and hair analysis, respectively, using gas chromatography-mass spectrometry (GCMS).

Results. Seven hundred twenty-four (724) maternal/children dyads were seen at four years and 717 at six years of
age. Their mean (SD) full-scale IQ was low on average: 83.9 (10.2) at four years and 83.6 (8.6) at six years. Prenatal but
not postnatal exposure to propoxur (-0.139, p=0.01) and pyrethroids (-0.097, p=0.05) were significantly correlated
(negative) with full-scale 1Q at four years but not at six years. The confounders that were significantly correlated
to full-scale 1Q at four and/or six years of age were maternal 1Q, child’s weight, height, head circumference, socio-
economic status, child environment, and stimulation at home (HOME) violence or abuse at home. Regression analysis
of pesticides and confounders showed similar results, except for weight and head circumference.

Conclusion. We conclude that prenatal exposure to propoxur and pyrethroids had a negative effect on the children’s
IQ at four years but no longer at six years. Thus, the ability of the child’s 1Q to recover from the adverse effect
of intrauterine pesticide insult may be attributable to the neuronal plasticity of its brain. Similarly, confounders to
these outcome measures are multiple and are essential to address when evaluating the effect of pesticides on neuro-
cognitive development in children.
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INTRODUCTION

Due to the widespread use of pesticides, exposure
of pregnant women to pesticides is of major concern
since pesticides are neurotoxic to the developing and
vulnerable fetal brain."® Adverse effects on the subsequent
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Bayley Scales of Infant Development) and to carbamates, e.g.,
negative trends in children's adaptive, social, language, and
total average developmental quotient, and poorer cognitive
function in working memory and verbal comprehension.**
Subsequent ban on using organophosphates and carbamates,
particularly in home pesticides, has led to their replacement
with pyrethroids due to the latter’s lower toxicity in children.
However, adverse effects from exposure to pyrethroids
have also been reported in both animals, e.g., delayed
growth, increased anxiety-like behaviors, spatial learning,
and memory difficulties in children, e.g., lower scores on
the arithmetic test, poorer working memory, and verbal
comprehension,abnormal social behavior, poorer visual-motor
coordination, increased prevalence of cognitive problems/
inattention, oppositional disorders and decreased ability to
discriminate colors.?>%

We have reported adverse neurodevelopment at age
two years among children pre- and postnatally exposed to
propoxur and pyrethroids.*® At two years of age, prenatal
exposure to propoxur had a significant negative effect on
the child’s motor development as assessed by the Griffiths
Mental Development Score but not with prenatal exposure
to pyrethroids.*® We have continued to follow these children
up to the age of 4 and 6 years to determine the progress of
developmental deficits and the possible appearance of delayed
neurodevelopmental toxicity, particularly to pyrethroids.
Other factors such as demographics, socioeconomic
characteristics, parental education and income, exposure to
lead, and nutrition that affect neurodevelopment in children
were also studied.>3!

The cognitive outcome of the children at 2 and 4 years
of age in this extensive, longitudinal study is the subject of
this report.

METHOD

Pregnant women were prospectively enrolled in the study
at midgestation at the Bulacan Provincial Hospital (BPH).
Bulacan is an agro-industrial province in the Philippines.
The following pesticides are predominantly used at home
or in the farm: cyfluthrin/propoxur (73%), chlorpyrifos
(37%), cypermethrin (31%), pretilachlor (28%), bioallethrin
(26%), malathion (15%), diazinon (12%) and transfluthrin
(11%). This study was approved by the Human Investigation
Committee at Wayne State University, the University of the
Philippines, and the Bulacan Provincial Hospital. Informed
consent was obtained from the mothers for themselves
and their children. Prenatal exposure to pesticides in the
infant was determined by analyzing maternal blood at mid-
gestation and delivery, umbilical cord blood, infant hair,
and meconium at birth using gas chromatography-mass
spectrometry or GCMS.3*% Postnatal exposure of the
children to pesticides were analyzed in the children’s hair
by GCMS.*¢ Lead in children’s hair and teeth was analyzed

by atomic absorption spectrophotometry.*’

Neurodevelopmental Outcomes

The infants/children were prospectively studied to
test their cognitive function from birth 4 and 6. A total of
793 mother/infant dyads were initially enrolled at birth.
However, six children died soon after hospital discharge,
leaving a total of 787 maternal/infant dyads for follow-
up at the 4- and 6-year assessments. Of the 787 children,
724 children were seen at four years and 717 children at six
years. The dropout rate on follow-up of approximately 9% of
the initially enrolled children was due to death, inability to
locate the families who moved to other places, and voluntary
withdrawal from the study.

Each infant underwent a battery of neurobehavioral
and cognitive tests at two-time points of 4 and 6 years of
age to assess the following domains: general cognition,
attention & executive function, memory, and behavior by
the Wechsler Preschool and Primary Scale of Intelligence
(Third Edition) which was the WPPSI version at the
time of the study.®® The WPPSI-III assesses intelligence
quotient (IQ) in children aged 2 yrs, six months through 7
years three months and provides Verbal, Performance and
Full-Scale IQ and Processing Speed Quotient (known as the
Processing Speed Index).

Several potential predictors of children’s neurodeve-
lopment were also studied, e.g., infant’s gender, maternal age,
maternal intelligence by a modified WAIS-III performance
subscale, home environment and home stimulation of the
child by the Home Observation for Measurement of the
Environment or HOME, home violence by the Parent-
Child Conflict Tactics Scale and KIDSAVE at six years,
physical functional and social support by the Norbeck test,
Conflict Tactile Scale, anthropometric measures (body mass
index or BMI, weight, length, and head circumference), and
socioeconomic status (SES) by the Roberto scale.®* The
Roberto scale is a short, practical scale to assess SES in the
Philippines and is based on home structure and appearance.
The scale ranges from A with 1 (highest score) to E with
5 (lowest score). A high numeric value on the Roberto
scale is indicative of low socioeconomic status.

Before study inclusion, a pilot test was conducted to
determine the validity of the WAIS-III to test maternal
intelligence and to determine subtests that were suitable for
the study population.” A group of 30 females that were not
among the current subjects but from the same people were
administered the performance subtest of the WAIS-IIL
Based on their performance scores, the following subtests
were selected to comprise the short form for computing
the performance IQ: picture completion, matrix reasoning,
picture arrangement and object assembly (unpublished).

Statistical analysis

Mean (standard deviation) and frequency distribution
were calculated to describe the demographic and socioenvi-
ronmental characteristics of the study population. Pearson’s
correlation coeficient correlated predictors to the WPPSI
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IIT Full-scale IQ_ scores to maternal intelligence and
children, pre- and postnatal pesticide exposure, lead exposure,
anthropometric measures, HOME score, gender, and
exposure to violence at home. Pesticides with an exposure rate
of <1% were excluded from the correlation analysis. However,
due to a similar mechanism of action of the pyrethroids
(transfluthrin, cypermethrin, bioallethrin), they were grouped
and analyzed as grouped pyrethroids (2.5%) despite low
individual exposure rates and concentration. Hierarchical
regressions further examined factors that significantly
correlated to the full-scale IQ_by initially forcing in all the
covariates and prenatal pesticides, then stepwise entry of
lead, 2, 4, and 6-year pesticides, and finally stepwise entry of
head circumference, weight, and length at 4 and 6 years of age.

Structural equation modeling using LISERL 8.72 was
also performed to determine the effects of fetal and postnatal
exposure to pesticides on cognitive development at 4 and
6 years as assessed by WPPSI III while controlling for the
following confounders: socioeconomic status, maternal
intelligence, and HOME, domestic violence. Due to non-
normality in the data, the Satorra-Bentler scaled chi-square
was used.** Paths that were not significant at p<0.05 were
removed from the model unless there were strong theoretical
reasons for including them. Modifications to the model were
based on both substantive clinical and statistical grounds.
For the final model, results are reported as standardized
regression coeflicients. Before performing the path analysis,
SPSS version 19 was used to assess the assumptions of
linearity and multivariate normality. To identify multivariate
outliers, Mahalanobis distance, which is a measure of the
multivariate distance of a case from the centroid of all other
cases, was used.”® Mahalanobis distance can be evaluated
using a y* statistic. The probability of the y* statistic indicates
the probability that the values for that case come from the
same multivariate distribution of the other cases. A criterion
of p<0.001 was used to indicate multivariate outliers. Cases
with p<0.001 have a minimal probability of coming from
the same multivariate distribution as the other cases. Using
this criterion, multivariate outliers were removed from the

data set. An iterative process was used to clean the data.
Univariate outliers were winsorized to reduce the influence of
outlying cases, and highly skewed variables were transformed.

RESULTS

At the two time points of 4 and 6 years of age, a total
of 724 mother/child dyads were tested at four years and 717
dyads at six years. The demographic characteristics of the
study population were as follows: Based on the Roberto scale,
the majority of the subjects belonged to the middle to low
socioeconomic status (Class C = 51%, D=36.7%, E=4%). The
highest level of parental education was up to high school for
the father (50.7%) and the mother (57%). 67% of the fathers
were non-skilled laborers for their parent's occupation,
and 61.9% of the mothers were homemakers.

The prevalence of exposure to pesticides is shown in
Tables 1 and 2. The specimens were not evenly available
for analysis which explains the difference in sample sizes.

The exposure rate by meconium analysis was 21.3%
and 2.5% to grouped pyrethroids. The prenatal exposure rate
to some pesticides were low (diazinon 0.1%, lindane 0%,
malathion 0.3%, chlorpyrifos 0% and DDT 0.5%, and were
not included in the table. Meconium analysis was the most
sensitive test to detect prenatal exposure compared to cord
blood, infant hair, and maternal hair.

Postnatal exposure rates at 4 and 6 years of age to
propoxur and pyrethroids by hair analysis are shown in
Table 2.3

The exposure rate to propoxur decreased from 12.4%
at four years to 1.7% at six years. On the other hand, the
exposure rate to bioallethrin increased from 12.4% at four
years to 18.4% at six years, and transfluthrin from 1% at four
years to 9.2% at six years.

WPPSI-III

The 1Q_scores based on the WPPSI-III test at 4 and
6 years of age are shown in Table 3. The fewer Processing
Speed Composite scores at age four years (N=517) were due

Table 1. Prenatal exposure rate to propoxur and pyrethroids

Meconium (N=717)

153 (21.3%)
18 (2.5%)

Propoxur
Grouped Pyrethroids

Cord blood (N=630)
12 (1.9%)
0 (0%)

Infant hair (N=730)
1(0.1%)
0 (0%)

Maternal hair (N=740)
156 (21.1%)
103 (13.9%)

Table 2. Comparison of pesticide prevalence and median concentration (ng/g) for children’s hair at 4 and

6 years of age)?

Prevalence (%) and concentration (ng/g)

Comparing prevalence Comparing concentration

Pesticide
Four years (N=711) Six years (N=294)
Propoxur 24.1 (29.5) 1.7 (28.6)
Transfluthrin 1.0 (107.9) 9.2 (102.4)
Bioallethrin 12.4 (271.4) 18.4 (347.2)

Four vs. six (N=292) Four vs. six
<0.001 <0.001
<0.001 0.001

0.016 0.049

@ Values given are prevalence and, for positive samples, their median concentrations.
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Table 3. WPPSI-IIl scores at 4 and 6 years of age

(4 years)
83.9
80.8
88.4

\| Mean
Full 1Q 720
Verbal Composite 721
Performance Speed Composite 724
Processing Speed Composite 517
Language Composite 724

104.3
76.5

SD \| Mean SD
(6 years)
10.0 714 83.6 8.6
8.2 714 79.7 6.3
12.0 715 87.8 11.2
15.0 714 104.3 13.0
9.1 714 79.3 7.3

Table 4. Pearson correlation coefficients of factors that were significantly (*p <0.05; **p<0.01) related
(2-tailed test) to the WPPSI-III full scale IQ scores at 4 and 6 years of age

Descriptives

Full scale 1Q score Full scale IQ score

(Mean + SD or Frequency %) at 4 years at 6 years

Maternal IQ / Index Score 75.6 (10.5) 0.283** 0.333**
Head circumference (cm) 4 years 48.5(1.4) 0.184** 0.237**
Head circumference (cm) 6 years 49.5(1.4) 0.226** 0.241**
Weight (kg) 4 years 15.9 (2.6) 0.184** 0.212**
Weight (kg) 6 years 19.7 (3.8) 0.229** 0.247**
Length (cm) 4 years 103.2 (4.9) 0.199** 0.265**
Length (cm) 6 years 114.2 (5.7) 0.248** 0.292**
Child report of overall physical violence 89.80% -0.086* -0.048
Frequency child traumatic violence 22.70% -0.133** -0.077*
Frequency child physical/verbal abuse 47.70% 0.032 -0.098
SES (Roberto Scale) 2.67 -0.167** -0.195**
Total HOME score 22.2 0.223** 0.259**
Propoxur (meconium) ug/g 0.076 (0.206) -0.139** -0.029
Pyrethroids (meconium) ug/g 0.025(0.157) -0.097* -0.057

to some children who could not adequately hold the pencil
to take the test correctly. The number of children increased to
N=714 at six years.

At four years of age, the children’s scores were below
average. Scores on both Full IQ_subtest and Verbal 1Q_
(mean full IQ_= 83.9, 18" percentile and mean Verbal 1Q_
= 80.8, 13th percentile, respectively) were more than 1 SD
below the normative scores (normative mean 1Q_= 100;
SD=15).%% Although the children had higher scores on
the Performance subtest (t=19.32, df=719, p<.001) the
Performance 1Q_ scores (88.4, 27™ percentile) were still
below normal. Children performed the worst on the General
Language 1Q_subtest (mean Language Composite score
=76.5). However, higher scores were seen in their Processing
Speed performance (Mean Processing Speed 1Q_score =
104.3), slightly above the normative mean of 100. At six
years of age, except for Processing Speed Performance, the
children again scored below average. Their full IQ_score
(mean = 83.6, 17™ percentile) was virtually identical to
the age four assessment (mean = 83.9, 18" percentile) and
was more than 1 SD below the mean normative 1Q_score
of 100 + 15.% Similar to the age 4-assessment, the children
scored significantly better on the Performance portion of

the WPPSI in comparison to the Verbal (t=22.69, df=713,
p<.001). However, the Performance 1Q_score at age 6 was
still well below normative scores (87.8, 25" percentile).

Correlation and regression

The factors that were significantly correlated to the
WPPSI-III full IQ scores are shown in Table 4.

The WPPSI-III full IQ_scores at 4 and 6 years of age
were positively correlated to maternal IQ, head circum-
terence, weight, length, physical functional and social support
(r=0.131 at four years and r=0.188 at six years), total HOME
score and negatively correlated to traumatic violence at home,
child report of overall physical violence, and the Roberto
scale of socioeconomic status. Prenatal exposure to propoxur
and pyrethroids by meconium analysis were negatively
correlated to full scale IQ_scores at four years but not at
six years. Infant’s gender, maternal age, children’s postnatal
exposure to pyrethroids and propoxur as determined by hair
analysis, postnatal exposure to environmental lead from
analysis of children’s hair and deciduous teeth, and BMI
did not correlate to WPPSI-IIT full IQ_scores at 4 and 6
years of age and are not included in the table. We did not
extract blood for lead analysis in the children at 4 or 6 years
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Table 5. Standardized regression coefficients of WPPSI-III Full Scale 1Q in children at 4 and 6 years

Standardized
coefficients 4 years

Beta
1Q / Index Score 0.188
KID-SAVE frequency traumatic violence -0.116
Socioeconomic (Roberto Scale) -0.135
Total HOME score 0.117
Propoxur (meconium) ug/g -0.138
Pyrethroids (meconium) pg/g -0.141
Length (cm) 0.151

Standardized
Sig. coefficients 6 years Sig.
Beta
0.000 0.232 0.000
0.015 -0.124 0.008
0.006 -0.089 0.063
0.023 0.104 0.039
0.002 -0.052 0.230
0.002 -0.025 0.563
0.001 0.214 0.000

Total
Function
4Yr

CTS - Conflict tactic scale (test of home violence)
Total Function - Social support

Total
Function
6Yr

————— Positive Relationship
................. » Negative Relationship

Prenatal Y &
Propoxur
Prenatal
Pyrethroid

Figure 1. Path analysis showing the relationship of prenatal exposure to propoxur and pyrethroids and
covariates to the WPPSI Il IQ outcome at 4 and 6 years of age.

of age because we were concerned about the traumatic
effect of blood extraction on their performance while being
tested on various neurobehavioral tests, which required their
full cooperation and attention. Instead, we determined lead
in fallen, deciduous teeth of the children as an index of
lead deposition in tissues.

Regression analysis showed that maternal 1Q, traumatic
violence at home, socioeconomic status, and child’s height
remained significantly correlated to full IQ_scores at 4 and
6 years of age (Table 5). Pre- but not postnatal, exposure
to propoxur and pyrethroids was also negatively associated
with full IQ scores at four years but not at six years.

Structural equation modeling (path analysis) was also
performed to determine the effects of fetal and postnatal
exposure to pesticides on cognitive development at 4 and
6 years as assessed by WPPSI III while controlling for the
following covariates, viz., socioeconomic status, maternal
intelligence, home violence (C TS), physical and functional
social support and HOME. The path analysis model is
shown in Figure 1.

Prenatal propoxur and pyrethroids were negatively
related to WPPSI III at four but not at six years of age.
Home stimulation of the child and home environment
(HOME), socioeconomic status, and maternal IQ_were
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positively related to 1Q_at 4 and 6 years. Violence at home
(CTS) at four years and six years was negatively related
to WPPSI III 1Q, which indicates the adverse effect of
the continuing pattern of violence at home. Physical and
functional social support were mutually and positively

associated with maternal IQ and HOME.

DISCUSSION

Previous reports have shown that exposure to
organophosphates during prenatal, postnatal, or both were
associated with poor neurodevelopmental scores in children
on the Stanford-Binet copying test, mean reaction time,
short-term memory, executive function, and mental and
physical development index scores on the Bayley Scales of
Infant Development.'® Consequently, organophosphates
for residential use have been replaced by carbamates (e.g.,
propoxur) and pyrethroids due to their lower toxicity
and shorter half-life. However, despite substituting
organophosphates with carbamates and pyrethroids in home
pesticides, neurodevelopmental toxicity from exposure to
these pesticides has been reported in animals and humans,
particularly in children.20-3049:50

In this report, we present the cognitive development
by the WPPSI-III test of intelligence of a large cohort of
children who were pre- and postnatally exposed to pesticides
and extensively studied from birth to 4 and 6 years of age
with a high (>90%) follow-up rate. This study is significant
because it utilized extensive methods to detect pre- and
postnatal pesticide exposure by analyzing various matrices,
including maternal hair, cord blood, infant hair, meconium,
and children’s hair. Furthermore, essential confounders
to the child’s neurodevelopment were studied, including
infant’s gender, maternal age, maternal intelligence, status
of the home environment and home stimulation of the
child, environmental lead, home violence, anthropometric
measures (body mass index or BMI, weight, length, and
head circumference), physical functional and social support
and socioeconomic status.

The study showed that meconium analysis was the
most sensitive method to detect prenatal pesticide exposure
in newborn infants (Table 1). Among various pesticides
commonly used in the area, propoxur (21.3%) and
pyrethroids (2.5%), the main ingredients of home pesticides,
were the leading prenatal pesticides found. This provides
strong evidence that home pesticides are the most critical
source of pesticide exposure in the mother and her children.
'The postnatal exposure of the children to pesticides, by hair
analysis, showed an increase in exposure rate to propoxur
at 24.1% at four years, and then a decrease to 1.7% at six
years due principally to the subsequent ban in 2007 on
using propoxur as a component of home pesticides because
of its potential toxicity in children.” On the other hand,
the exposure rate to bioallethrin increased from 12.4%% at
four years to 18.4% at six years and to transfluthrin (1.0%

at four years and to 9.2% at six years) due predominantly
to widespread use in the houses of slow-burning mosquito
coils which contained bioallethrin due to the fear of dengue
and to a change in the formulation of home pesticide sprays
from propoxur to transfluthrin due to the propoxur ban.

Regarding the WPPSI-III scores of the children (Table
3) at four years of age, the mean scores were below average.
Scores on both full-scale composite 1Q_(mean score =83.9)
and Verbal IQ_(mean score = 80.8) were more than 1 SD
below the normative mean IQ_of 100 + SD=15).3® The
Performance IQ_scores (mean score = 88.4) were still below
normal. Children performed the worst on the General
Language 1Q_ subtest (mean score=76.5), likely because
English was not a common language for the children. On the
other hand, higher scores were seen in their Processing Speed
performance (mean score = 104.3). The WPPSI-III scores at
six years of age did not improve and were virtually identical
to the age four assessment. Like the age four assessment,
the children scored significantly better on the Performance
portion of the WPPSI in comparison to the Verbal (t=22.69,
df=713, p<.001). However, the Performance IQ_score at
age 6 was still well below normative scores (mean score
= 87.8, 25" percentile). The low mean full scale composite
1Q_scores of Filipino children at 4 and 6 years of age in
this study are problematic since these scores have shown
no improvement since 1970 based on a published report
in 2002 on the national mean IQ_of children worldwide.*!
The report showed that the mean IQ_of 12-13-year-old
Filipino children in1970 and 1979 was equal to 86. Based
on this report, our study's mean 1Q_score of 4 to 6-year-
old Filipino children remained low (mean 1Q=83.6) and
showed no improvement. It was considered that children's
1Q_theoretically increases by 2 points every ten years, known
as the Flynn effect.’? The mean 1Q_of Filipino children has
not improved for the past 40 years! The result is reflected in
the low average scores of grade-6 and high school Filipino
children in a National Achievement Test in 2010-2011.
Among 1,608,520 examinees in grade 6, the mean scores in
Mathematics were 68.41%, in English, 65.11%,and in science,
60.35%. Among 1,544,006 examinees in high school, the
mean scores in Mathematics were 42%, in English, 46.45%,
and in science, 39.35%.° The direct relationship of low IQ_
scores to poor performance in national standardized tests
has been demonstrated worldwide.>

Unfortunately, there is also a direct relationship between
the 1Q scores of a country’s populations and its economic per
capita income.”® Thus, a nation's economic prosperity and
productivity hinge significantly on the IQ of its population.

The main objective of this paper was to determine the
relationship of pre- and postnatal exposure to pesticides in
children’s to its 1Q since pesticides are known neurotoxicants
to the developing and vulnerable fetal and childrens
brains.*® By extensive analysis of various matrices to detect
prenatal pesticide exposure and the long-term follow-up of
pesticide exposure during childhood by hair analysis, these
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neurotoxicants to children's cognitive function were demon-
strated. Interestingly, prenatal exposure to propoxur and
pyrethroids significantly negatively affected the children’s
1Q_at four years. Still, the effect was no longer evident at
six years of age (Table 4). Of further note from a previous
publication from the same cohort® that pyrethroids showed
no adverse effect on the neurologic function of the children
at age two years but became evident at four years of age.
The latter is consistent with the phenomenon of delayed
neurotoxicity. The delayed manifestation of neurobehavioral
abnormalities (delayed neurotoxicity) stemming from
fetal exposure to neurotoxic agents is well recognized and
has been attributed to three possible causes’’: (1) The
ontogeny of a particular neurologic function may occur late
in development; thus, the manifestation of pathological
changes is not revealed until the function in normal animals
is apparent; (2) The anatomical and functional effects of the
developmental insult may be masked or attenuated due to
neuronal compensation (neuronal plasticity), resulting in
transient effects that may nonetheless have later sequelae.
Delayed neurotoxicity has been shown to occur in primates
and rodents experimentally exposed to environmental
toxicants, including methyl mercury and chlorpyrifos.’”"*
(3) One of the prominent features of the CNS concerning
developmental neurotoxicity is the sheer length of time
over which development of the CNS proceeds. Thus,
delayed neurotoxic effects secondary to prenatal exposure
to neurotoxicants may extend into later life (long latency
delayed neurotoxicity). For instance, developmental exposure
of rodents to triethyltin produced damage to cortical
structures of the nervous system and transient deficits in
spatial learning.’® Apparent compensation at the anatomical
level was evident, with some reactive synaptogenesis from
surviving cells in the entorhinal cortex and recovery from
spatial learning deficits during adulthood. However, when
littermates were examined morphologically and functionally
in later life, decreases in synaptic densities and deficits in
spatial learning became apparent. Delayed neurotoxicity
is, therefore, a plausible explanation for the delayed
emergence of toxic manifes-tations in children who have been
prenatally exposed to neurotoxic agents, such as pesticides.

On the other hand, in this study, the disappearance of
the adverse effect of prenatal propoxur and pyrethroids on

the children’s IQ_at age six years, compared to 4 years, may
be due to compensatory mechanism attributable to neuronal
plasticity. Neuronal plasticity has been observed in several
species and acts as a compensating mechanism in brain
development.®”** The nervous system continues to remodel
and change early in development and throughout the entire
period of growth in response to environmental influences
and genetically programmed events. As a result, the toxic
effects on the CNS observed at an early age may no longer
become evident in later life.

Another interesting observation in this study was
the adverse effect on the children’s IQ_of prenatal but not
postnatal exposure to propoxur and pyrethroids. This
phenomenon is not unique and has been observed by other
investigators with organophosphates and lead. In a study of
7-year-old Ecuadorian children, prenatal but not postnatal
exposure to organophosphates was associated with decreased
scores on the Stanford-Binet copying test.! Bellinger also
reported in a longitudinal analysis of prenatal and postnatal
lead exposure and early cognitive development and found
that the Bayley scores were not related to the infant’s
postnatal blood lead levels.®! The most significant neuro-
toxicant effect on the brain occurs during fetal life when brain
development is in a state of rapid growth and development
and, therefore, is highly vulnerable to the adverse effect
of the toxicants.*® Although there could have been some
adverse effects on the neurobehavioral development of
postnatal exposure to pesticides, its outcome could have been
masked by the magnitude of the effect of prenatal exposure.

Lead in hair and teeth did not correlate with IQ_scores
at 4 and 6 years. The exposure to lead was high in the area.’®
In a pilot study examining sources of lead exposure in 150
children in a study population, the children’s hair was 91.3%
lead positive (median concentration or MC = 8.9 pg/mg,
IQR =5.5-13.4) — Table 6.

The teeth were lead positive in 42.6% of the samples
analyzed, and the soil was 100% positive for Pb. The highest
lead level in the soil was 1155.80 mg/kg. The most likely
cause of the high lead content in the soil was the overflow
of lead-contaminated water from rivers surrounding the
region (Ostrea et al., 2015). The air (N=19) was 21% positive
for lead, and home faucet water (N=150) was 4% positive
for lead. There was a significant correlation between Pb in

Table 6. Prevalence and concentration of lead (Pb) in children’s hair, teeth, house soil, environmental air,

home faucet water, and river water

N % positive  Median Interquartile Range Minimum Maximum
Pb in hair (ppm) 150 91.3% 8.92 548 - 13.42 0.00 38.29
Pb in teeth (ug/mg) 143 46.2% 0.0 0.00 - 0.005 0.00 0.02
Pb in soil (mg/kg) 150 100.0% 27.06 14.72 - 55.97 3.05 1155.80
Pb in air (ug/Ncm) 19 21.1% 0.0 0.0-0.0 0 0.10
Pb in faucet water (ppm) 150 4.0% 0.0 0.0-0.0 0 40
Water in river (ppb) 7 100.0% 70.00 60 - 70 30 90
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children’s hair and soil (Spearman’s rho = 0.195; p=0.017)
and between lead in faucet water and outdoor air (Spearman’s
rho = 0.616; p=0.005). On the other hand, there was no
significant correlation between Pb in children’s hair and
teeth (Spearman’s rho = -0.001; p=0.993) and between Pb
in teeth and soil, faucet water, and outdoor air. (Ostrea et
al., 2015). Although the children’s exposure to lead from the
environment, predominantly from the soil, was high, we did
not observe a significant correlation between lead in hair
and teeth and the children’s IQ_at 4 and 6 years. It might
be that the ingestion of lead was low, as evidenced by the
low concentration of lead in teeth (MC=0.000 pg/mg in
positive samples; range =0.00-0.020). Unfortunately, blood
lead levels were not examined to confirm this.

By regression analysis of the various factors that correlated
to children’s IQ_scores, maternal 1Q, socioeconomic status,
home stimulation of the child, home violence, and nutrition
(represented by its effect on children’s length) had a more
lasting adverse effect on the children’s IQ_at both 4 and 6
years than pesticide exposure. Thus, interventions to improve
cognitive function in children must include prevention
of exposure to environmental toxicants and improvement
in other vital areas, such as violence at home,*> home
stimulation of the children, and nutrition.

The interrelationship of the pesticides and various
confounders are more graphically shown in the path analysis
model. Maternal I1Q, socioeconomic status, home stimulation
of the child was all related to affect the child's IQ _at 4 and 6
years and were interrelated to one another, which indicates
that many factors interacted and contributed to the low
average 1Q of the children.

There are some limitations in the study, e.g., using the
WPPSI-III in Filipino children, the uneven sample size
of specimens analyzed, the number of children tested, and
the time interval of the study to the date of this report. The
low average cognitive performance of the children in the
WPPSI-III test may have been influenced by WPPSI-III
items, especially in general language, that is not culturally
fit the Filipino language and the children’s learning

experiences. The latter is shown in the HOME total score,
and many of its subscales are significantly lower in the study
population than in the US normative sample (Table 7).

The HOME measures parenting quality, stimulation
quantity, and the amount of support available to a child
in their home environment. It focuses on the child in the
background, as a recipient of inputs from objects, events,
and transactions with the family surroundings. Although
cultural and environmental differences would impact the
WPPSI-III, this impact applies to all children in the study
population. Thus, the WPPSI may not be valid to compare
children in the Philippines to children in other countries
(between-group differences). Still, it remains useful as a test
when looking at within-group differences.

Furthermore, the WPPSI-III had components not
affected by cultural differences wherein the Filipino children
performed well (see Processing Speed in Table 3). It should
also be noted that the WPPSI-II scores were also low in
the other subtests, such as Verbal composite (mean=80.8)
and Performance speed (88.4). The Verbal 1Q_(VIQ) tests
acquired knowledge, verbal reasoning, and comprehension,
and attention to verbal stimuli, and Performance 1Q_(PIQ)
tests for a fluid reason, spatial processing, attentiveness
to detail, and visual-motor integration (Block Design,
Matrix Reasoning, Picture Concepts). These subtests are
not necessarily culture-dependent. Furthermore, the fact
that the WPPSI-III scores in the study were unchanged
at 4 (mean=83.9) and six years (mean=83.6) of age when
typically most children score slightly higher the second time
due to the "practice effect” and lastly, the low IQ_scores
of the children in the current study which are similar to
the IQ_scores (mean=86) of Filipino children in the years
1970 and 1979 indicate that the low average 1Q_scores of
the Filipino children cannot be ignored solely because of
cultural differences.

The interval in the timing of this report to the end
of the study of approximately ten years may affect the
conclusions of this report. However, the study results are still
valid, considering that poverty (SES) strongly determines

Table 7. HOME test of children in the study (Philippines) compared to USA norms (Student “t” test)
Philippines (n=717)

USA Norms (n=124)

Mean SD
Responsivity 7.87 1.86
Encouragement Maturity 5.07 1.77
Emotional Climate 5.38 1.37
Learning Materials 3.22 1.81
Enrichment 2.80 1.42
Family Companionship 3.49 1.25
Family Integration 2.80 0.84
Physical Environment 4.84 2.56
Total Score 35.47 8.56

Mean SD
8.4 2.3 -2.43 0.016
4.8 1.6 1.71 0.090
6.0 1.6 -4.07 <0.001
5.2 2.0 -10.32 <0.001
3.4 2.2 -2.93 0.004
4.1 1.4 -4.55 <0.001
2.4 1.2 3.57 <0.001
6.8 1.7 -10.88 <0.001

41.6 9.0 -7.05 <0.001
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children’s 1Q. As of 2018, the poverty level was still high in
the Philippines: 16.6% of the population was living below the
national poverty level, the proportion of employed population
below $1.90 purchasing power parity a day, which is a strong
index of poverty, was 2.7% and for every 1000 infants born,
28 die before their 5% birth.%3-%

The “p” value in some of the correlation and regression
coeflicients was significant since the values were at or below
the level set for statistical significance. A value of p<.05
indicates evidence against the null hypothesis, a 5% probability
that the null hypothesis is correct, and a = 95% probability
that the alternative hypothesis is true. However, one should
be careful in interpreting the “p” value as it only indicates an
“association” but not a “causal” relationship between a variable
and the outcome measure. The p-value is also conditional
upon the null hypothesis being true but unrelated to the alter-
native hypothesis' truth or falsity. Instead, it merely indicates
that our results “provide support for” or “give evidence for”
our research hypothesis. We, therefore, state that there was
a significant trend towards the association of the variable
and outcome measure based on the significant “p” value.

For an ethical reason, the information from this study
will be adequately utilized by a planned virtual conference in
2022 with important stakeholders in government, education,
environmental agencies, social work, child welfare, nutrition,
and medical and public health to provide information
that will be useful in developing evidence-based national
intervention programs to improve neurobehavioral and
cognitive outcomes in Filipino children.

We conclude that based on a robust and large study
population, a significant follow-up rate of the subjects, and
an extensive analysis of various matrices to detect pesticide
exposure, that prenatal exposure of children to propoxur
and pyrethroids have associated adverse effects on their
1Q_at four but not at six years of age. Other factors such as
maternal 1Q, socioeconomic status, home stimulation of the
child, home violence, and nutrition (represented by its effect
on children’s length) are also associated with adverse effects
on childrens IQ. Thus, interventions to improve cognitive
function in children must include not only prevention of
exposure to environmental toxicants but improvement in
other associated areas, as well.?
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