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Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder manifesting
by early childhood. Lead is a toxic metal shown to cause neurodevelopmental disorders in
children. Several studies have investigated the possible association between exposure to
lead and ASD, but their findings are conflicting. Using data from 100 ASD cases (2—8 years
of age) and their age- and sex-matched typically developing controls, we investigated the
association between blood lead concentrations (BLC) and ASD in Jamaican children.
We administered a questionnaire to assess demographic and socioeconomic information as
well as exposure to potential lead sources. We used General Linear Models (GLM) to
assess the association of BLC with ASD status as well as with sources of exposure to lead.
In univariable GLM, we found a significant difference between geometric mean blood lead
concentrations of ASD cases and controls (2.25 pg/dL cases vs. 2.73 pg/dL controls,
p < 0.05). However, after controlling for potential confounders, there were no significant
differences between adjusted geometric mean blood lead concentrations of ASD cases and
controls (2.55 pg/dL vs. 2.72 pg/dL, p = 0.64). Our results do not support an association
between BLC and ASD in Jamaican children. We have identified significant confounders
when assessing an association between ASD and BLC.

Keywords: autism spectrum disorder; blood lead concentrations; seafood; vegetables;
fruits; Jamaica

1. Introduction

Autism Spectrum Disorder (ASD) affects language development, communication, imagination, and
social interactions. Repetitive, stereotyped behaviors are characteristic features of ASD [1,2] that
manifest in early childhood [3—5]. The prevalence of ASD in the US population is about 1 in 68 [6] but
in developing countries reliable estimates for the prevalence of ASD are rare. The etiology of ASD is
believed to be multifactorial [7] and researchers believe that ASD is caused by the interplay of
genes [8—11] and environmental factors [12—15].

Lead (Pb) belongs to the sulfhydryl-reactive metals that are the most toxic and insidious because
they disrupt many biochemical and nutritional processes [16]. In fact, childhood lead poisoning is
recognized as an important factor associated with neurodevelopmental impairment [17]. Lead is also
shown to cause neurological, physiological, and behavioral disorders in children [17]. The US Centers
for Disease Control and Prevention (CDC) defines blood lead concentration as “elevated” or “level of
concern” if it is 10 pg/dL or greater [18]. However, it has been shown that even blood lead
concentrations below 10 pg/dL are inversely associated with children’s intelligence quotient (IQ)
scores at three and five years of age [19,20]. As a result of these findings, the CDC has recommended
changes for the threshold of elevated blood lead concentrations to 5 pg/dL, but recommended not to
use the term “level of concern” for this new threshold [21,22]. Regardless of cutoff values, no level of
blood lead is considered safe, particularly due to its adverse effects on neurodevelopment in
children [23-25].
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Several studies have investigated the possible association between exposure to lead and ASD, but
their findings are conflicting [26—38]. For example, a case-control study of 40 boys (4-8 years) with
ASD and 40 non-affected age-matched typically developing (TD) boys from Kuwait reported
increased levels of lead in the hair of children with ASD (median = 6.75 pg/g in cases vs. 3.20 ug/g in
controls; p < 0.001) [27]. More recently, based on a case-control study in Saudi Arabia (25 children
with ASD and 25 TD children), Blaurock-Busch ef al. (2011) reported a significant difference between
ASD cases and TD controls with respect to mean levels of lead in hair (»p = 0.03) [32]. On the other
hand, another study from Saudi Arabia that involved 52 children with ASD and 30 TD controls
between 3 and 12 years of age reported that ASD cases had a significantly higher mean red blood cell
lead concentration compared to TD controls (6.79 pg/dL vs. 4.73 pg/dL; p < 0.001) [38]. Lakshmi and
Geetha (2010) reported a significant elevation in the levels of lead in hair samples from children with
low functioning autism (LFA) (p < 0.001), medium functioning autism (MFA) (p < 0.001), and high
functioning autism (HFA) (p < 0.01) compared to age- and sex-matched TD controls. This association
was also seen in comparisons of lead levels in nails of children with LFA (p < 0.001) and controls in
the same study [36]. Similarly, Adams et al. (2013) reported that the ASD cases had higher levels of
lead in red blood cells (mean = 19 mcg/g in ASD cases vs. 13 mcg/g in controls; p = 0.002) [35].
In addition, Blaurock-Busch et al. (2012) reported a significant association between lead levels in hair
and ASD severity scores in verbal communications (p = 0.02) and general impression (p < 0.008) in a
study that involved 44 children with ASD from Saudi Arabia [33]. In contrast, a study from Dallas,
Texas reported a significantly lower concentration of lead in the hair of 45 children with ASD (ages
1-5 years) compared with 45 gender-, age- and race-matched controls [28]. Moreover, another study
suggested that children with ASD may have a poor heavy-metal-detoxifying mechanism, and as a
result cannot excrete lead from their bodies compared to healthy controls (mean lead levels in urine =
1.19 pg/g creatinine in ASD cases vs. 4.63 ug/g creatinine in controls; p < 0.001) [29]. On the other
hand, the Childhood Autism Risk from Genetics and Environment (CHARGE) study in California did
not find any significant differences (p = 0.97) between mean blood lead concentrations of 2—5 year old
children with ASD (n = 37) and those of TD controls (n = 15) [31]. Notable is the fact that none of the
aforementioned studies adjusted their results to control for potential environmental exposures.

Previous studies have reported a high level of lead in the water [39] and in the soil of Jamaica [40].
Specifically, it has been reported that lead levels in Jamaican soil are about four times that of lead
levels in some other parts of the world [39]. Previous studies also reported a significant correlation
between levels of lead in the soil and root vegetables including carrots, onions, and radishes which
were grown in areas with lead contaminated soil (r = 0.56; p < 0.001) [41]. A study conducted in
Jamaica by Wright ef al. (2012) investigated concentrations of nine residual metals in some Jamaican
foods and reported that sweet potato had the highest concentration of lead (0.31 mg/kg) [42].
In addition, they reported a significant correlation (r > 0.7) between soil lead levels and agricultural
produce concentrations of lead [42]. Jamaica has very specific sources of environmental exposure to
lead. In this study, we investigated whether there is an association between blood lead concentrations
and ASD by comparing the geometric mean blood lead concentrations in children with and
without ASD.
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2. Materials and Methods
2.1. General Description

The Jamaican Autism Study is an age- and sex-matched case-control study that enrolled children
age 2-8 years old from December 2009-March 2012, and investigated whether environmental
exposures to several heavy metals, including lead, are associated with ASD. Information regarding the
recruitment and assessment of ASD cases and TD controls has been reported previously [43—48].
In short, children listed in the University of the West Indies’ (UWI) Jamaica Autism Database, who
were previously diagnosed as having ASD based on Diagnostic Statistical Manual of Mental Disorders
(DSM-IV-TR) criteria [49] and the Childhood Autism Rating Scale (CARS) [50] were invited to
participate for reassessment of their ASD status. The inclusion criteria for all children in the study
were that each child must be born in Jamaica and be between 2 and 8 years of age at the time of
enrollment. Parents of children listed in the UWI Jamaica Autism Database who met inclusion criteria
were invited to participate in this study. Those who expressed interest and provided written informed
consent for participation in the study were enrolled. For ascertainment of ASD status, we used standard
algorithms developed for scoring the ADOS [51] and ADI-R and established thresholds [52]. Each
ASD case was confirmed based on both the ADI-R and all three domains in the ADOS administered at
the UWI Department of Child and Adolescent Health in Kingston, Jamaica by a trained senior
psychologist to confirm diagnosis of ASD for the purposes of this research. For each case, an age- and
sex-matched control (within six months of their matched cases) was identified from schools, well-child
clinics, and community churches. The Lifetime Form of the Social Communication Questionnaire
(SCQ) [53] was administered to the parents/guardians of TD control children to rule out symptoms of
ASD using a cut-off point of 6, which is one standard deviation above the mean SCQ score of TD
school children [54].

We also administered a pre-tested questionnaire to the parents/guardians of both ASD cases and TD
controls to collect demographic and socioeconomic status (SES) information, parental education
levels, and potential exposure to lead. Food frequency data represent current typical consumption of
food items by children including types of vegetables, fruits, and seafood. Additionally, we collected
information regarding children’s potential exposure to lead through pica, toys, and type of pots, pans,
and dishes used by the family. Furthermore, we collected data regarding environmental exposure to
lead through parental occupation, proximity of the child’s home to a high traffic road (whether or not
the child’s home was within a quarter of a mile of a high traffic road), and whether the child lived in a
home that is located within a mile of automobile battery repair shops, automobile battery recycling
centers, or battery processing facilities [55,56]. At the end of the interviews, we collected 2 mL blood
samples, which were frozen and stored at —20 °C until they were transported to the Michigan
Department of Community Health (MDCH) Trace Metals Lab at ambient temperature on ice packs for
trace metal analyses, including lead. Of the 150 case-control pairs enrolled in this study, only those
children with both completed SES and food frequency questionnaires and measured blood lead
concentrations were included in this analysis, totaling 100 pairs.
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Institutional Review Boards (IRBs) of the University of Texas Health Science Center at Houston
and UWI approved this study. The data presented herein represent analysis of 100 1:1 matched
case-control pairs (200 children) for whom we had complete data.

2.2. Assessment of Lead Exposure

Lead exposure in humans can be measured through a variety of specimens including blood, bone,
teeth, urine, hair, and nails. Lead in bone and tooth dentin and enamel represents cumulative or long-term
exposure to lead [57]. Although lead can be excreted and measured in hair, washing and use of hair
products can alter measured concentrations [58]. A study from Italy reported a significant correlation
between blood lead concentrations and levels of lead in hair (r = 0.51) [59]. Additionally, urine
excretion accounts for less than 1/6 of total excretion of absorbed lead, and is thus only indicative of
very recent exposures [58]. Some studies of workers exposed to lead showed a positive correlation
between levels of lead in blood and urine [60—62]. On the other hand, some studies reported that blood
and urine lead concentrations are weakly related [63—65]. The correlation between lead in blood and
urine depends on the duration of exposure [66]. Although blood lead concentration is a better predictor
of more recent than long-term exposure, it is the most widely used biomarker for assessment of lead
exposure. In this study, venous whole blood samples were assayed for lead by the Trace Metals Lab at
MDCH, which is certified by the CDC for analysis of trace metals. MDCH followed a fully validated
protocol for analyzing lead in blood samples with a detection limit of 0.3 pg/dL. However, none of the
children in this study had blood lead concentrations below the limit of detection. All samples were
diluted and analyzed on a PerkinElmer Elan DRC II inductively-coupled plasma mass spectrometer
(PerkinElmer, Waltham, MA, USA).

2.3. Statistical Analysis

Descriptive analyses were conducted to compare demographic and socioeconomic status (SES) of
ASD cases and TD controls. Since the distribution of blood lead concentrations is skewed, we
transformed the data using the natural logarithm (In) in order to produce a distribution that better
approximated a normal distribution. The means of the In transformed blood lead concentrations were
transformed to their original scale (i.e., pg/dL) by applying an exponential function, herein called
geometric mean, that is, Exp. [Mean (InPb)] = geometric mean. Similarly, geometric standard
deviation (SD) of blood lead concentrations = Exp. {standard deviation of [Mean (InPb)]}.

Since this is a 1:1 sex- and age-matched case-control study, we used General Linear Models
(GLMs) with random effects to assess significant differences between the ASD cases and TD controls
with respect to geometric mean blood lead concentrations. Moreover, we controlled for the effect of
clustering caused due to matching by including 99 dummy variables (100 — 1 = 99, one pair serving as
a referent category) to represent the 100 matched pairs as described in our previously published
work [43—48]. Associations between the categorical exposure variables and ASD case status were
assessed using Conditional Logistic Regression (CLR). Using GLMs, we also assessed the association
between log transformed blood lead concentrations and various exposure variables, including pica
(e.g., habitually ate mud) and frequency of eating various kinds of seafood or fish (e.g., shellfish), root
vegetables (e.g., sweet potato), and fruits (e.g., ackee). In addition, we assessed the association
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between blood lead concentrations and types of pots, pans and dishes (e.g., Teflon) used for cooking
and eating, child’s exposure to lead containing toys, maternal and paternal age at child’s birth, parental
education levels, parish of child’s birth, and SES through car ownership. Since maternal and paternal
levels of education are significantly correlated, we created a binary variable indicating whether both
parents had education up to high school or at least one of the parents obtained education beyond high
school in order to minimize any potential effects of multicollinearity. Moreover, since Lalor et al.
(2007) [67] reported that the Kingston corporate area had higher blood lead concentrations, we created
a binary variable indicating whether the child was born in the Kingston parish. These variables were
used in the CLR and GLM analyses. Before fitting a multivariable GLM to investigate the relationship
between blood lead concentrations and ASD status, we identified potential confounders that were
included in our final multivariable model. Selection of potential confounders was based on a priori
measures (e.g., SES based on car ownership by the family) as well as potential sources of lead
exposures, including consumption of root vegetables, leafy vegetables, fruits, and seafood, and
variables found to be associated with both ASD case status and blood lead concentrations. For this we
identified variables that were potentially associated with ASD case status based on p < 0.25 in the CLR
model and potentially associated with blood lead concentrations if p < 0.25 in the GLM. The
covariates were considered to be potential confounders if they changed the regression coefficient by
>10% [68]. Since in the context of assessing associations between blood lead concentrations and ASD
status dietary factors could be considered as confounders [69], we fit two multivariable GLMs. The
first multivariable GLM only controlled for SES as well as sociodemographic indicators. The second
multivariable GLM not only controlled for SES and sociodemographic indicators, but also controlled
for various dietary factors and other potentially confounding variables [70,71]. After adjusting for
these potential confounders in both multivariable GLMs, we calculated the adjusted geometric mean
blood lead concentrations for children with and without ASD. We also tested for potential interactions
between ASD status and other covariates in the final multivariable GLM. Moreover, we conducted
additional stratified analyses to investigate associations between exposure variables and geometric
mean lead levels by ASD status using #-tests. All statistical analyses were conducted at 5% level of
significance using SAS 9.3 [72].

3. Results

Children in the ASD group had a mean age of 68.4 months, while the mean age for children in the
control group was 69.3 months. Nearly all of the ASD cases (93.0%) and TD controls (99.0%) were
Afro-Caribbean and 85.0% of the ASD cases and TD controls were male. Less than half of children
(44.5%) in our study were born in the Kingston parish, but the majority of TD controls (70.0%) were
born in the Kingston parish compared to 19.0% of ASD cases. Paternal education level was
significantly higher in the ASD case group compared to TD controls (45.5% of fathers in the case
group had education beyond high school compared to 12.4 % in the control group; p < 0.01). Similarly,
a significantly higher level of education was attained by mothers in the ASD case group compared to
the TD controls (47.0% of mothers in the ASD case group had education beyond high school vs.
23.5% in the control group, p < 0.01). A comparison of the assets owned by the ASD case families
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revealed that the SES of the case families was significantly higher than that of the TD control group.

Demographic and SES characteristics of the ASD cases and matched TD controls are reported in Table 1.

Table 1. Demographic and socioeconomic characteristics of children and their parents by
ASD case status (200 children or 100 matched pairs).

Case (n =100)

Control (n =100)

Variables Categories N (%) N (%) p-Value
Sex of child Male 85 (85.0) 85 (85.0) 1.00
Age <48 16 (16.0) 13 (13.0)
Age of child (months) 48 <age <72 46 (46.0) 47 (47.0) 0.64
Age>72 38 (38.0) 40 (40.0)
Place of child’s birth Kingston parish 19 (19.0) 70 (70.0) <001
Other areas 81 (81.0) 30 (30.0)
Maternal age <35 years 76 (76.0) 84 (88.4) 0.02
(at child’s birth) >35 years 24 (24.0) 11 (11.6)
Maternal education Up to high school * 53 (53.0) 75 (76.5)
(at child’s birth) Beyond high school ** 47 (47.0) 23 (23.5) 0ol
Paternal age <35 years 47 (48.5) 66 (77.1) <001
(at child’s birth) >35 years 50 (51.5) 26 (28.3)
Paternal education ¢ Up to high school ' 53 (54.6) 85 (87.6)
(at child’s birth) Beyond high school * 44 (45.4) 12 (12.4) 0ol
Number of children 1-2 80 (80.0) 53 (53.0)
in the household <0.01
(Age < 18 years) >3 20 (20.0) 47 (47.0)
Number of adults 1-2 64 (64.0) 60 (60.6)
in the household 0.66
(Age > 18 years)® >3 36 (36.0) 39 (39.4)
TV 99 (99.0) 94 (94.0) 0.10
Refrigerator 97 (97.0) 85 (85.0) <0.01
Freezer 12 (12.0) 19 (19.0) 0.17
Assets owned Living room set 85 (85.0) 47 (47.0) <0.01
by the family Washing machine 76 (76.0) 53 (53.0) <0.01
Cars or other vehicle 68 (68.0) 37 (37.0) <0.01
Telephone/Cell phone 99 (99.0) 99 (99.0) 1.00
Cable/Satellite connection 65 (65.0) 36 (36.0) <0.01

Notes: T Up to high school education means attended Primary/Jr. Secondary, and Secondary/High/Technical

schools; ™" Beyond high school education means attended a Vocational, Tertiary College, or University;

“ Maternal age was missing for 5 controls; ” Maternal education was missing for 2 controls; ¢ Paternal age was

missing for 3 cases and 8 controls; ¢ Paternal education was missing for 3 cases and 3 controls;  Number of

adults in the household was missing for 1 control family.
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In the process of identifying potential confounding variables, the CLR analyses also revealed that
parental education levels were significantly higher in the ASD case group compared with the TD
control group, (Matched Odds Ratio (MOR) = 3.50, 95% CI (1.84, 6.65); p < 0.01). In addition,
compared to the TD control group, there was a higher proportion of children in the ASD case group
who exhibited pica (habitually ate mud) (MOR = 3.00, 95% CI (1.28, 7.06); p = 0.01); lived near a
high traffic road (MOR = 3.73, 95% CI (1.92, 7.26); p < 0.01); and played with battery-operated toys
(MOR =4.38, 95% CI (2.03, 9.43); p < 0.01) and electronic toys (MOR = 4.86, 95% CI (2.28, 10.43);
p < 0.01). A similar comparison revealed that a significantly lower proportion of ASD cases reported
eating sardine or mackerel (MOR = 0.26, 95% CI (0.11, 0.64); p < 0.01) and cabbage (MOR = 0.15,
95% CI (0.06, 0.38); p < 0.01). Comparisons of other dietary exposures between children with and
without ASD are displayed in Table 2.

Table 2. Association between potential confounders and ASD case status using
Conditional Logistic Regression (CLR) (200 children or 100 matched pairs).

TD Matched 95% CI
ASD Case
Exposure Variables Category N (%) Control OR for p-Value
° N (%) (MOR) MOR
Parental education levels “ At least one of the parents
. . . . 64 (66.0) 30 (31.6) 3.50 (1.84,6.65) <0.01
(at child’s birth) had education beyond high school
Socioeconomic status .
(SES) Higher SES (own a car) 68 (68.0) 37 (37.0) 3.58 (1.90, 6.80) <0.01
Source of drinking water *Piped water 94 (94.0) 95 (96.0) 0.67 (0.19,2.36) 0.53
Source of water for .
. Piped water 94 (94.0) 95 (96.0) 0.67 (0.19,2.36) 0.53
cooking
Pica (habitually put items Mud 21 (21.0) 7 (7.0) 3.00 (1.28,7.06) 0.01
in the mouth) Paint chips 5(5.0) 1(1.0) NR NR NR
Living near a high traffic road ¢ 59 (59.6) 29 (29.0) 3.73 (1.92,7.26) <0.01
Living with adults whose job involve battery
. . . 7(7.1) 2(2.0) 3.50 (0.73,16.85) 0.19
repair shop or battery recycling or processing °
Living in a house with paint peeling or
Home environment L 29(29.3) 25(25.3) 1.19 (0.67,2.13) 0.56
chipping off’
Living with adults whose job involve
. 6 (6.0) 11 (11.0) 0.50 (0.17,1.46) 0.21
construction
Plastic ¢ 97 (97.0) 90 (90.9) 3.00 (0.81, 11.08) 0.10
Types of toys the child  Electronic ” 71(71.0) 40 (40.4) 4.86 (2.28,10.43) <0.01
plays with Battery operated 76 (79.0) 52 (52.0) 438 (2.03,9.43) <0.01
Stuffed 76 (76.0) 66 (66.0) 1.71 (0.89,3.31) 0.11
Cast iron * 53(53.0) 42(42.4) 1.56 (0.86,2.81) 0.14
Steel coated with porcelain enamel’ 17 (17.0) 5(5.1) 4.00 (1.34,11.96) 0.01
Types of pots, pans, and B
Teflon 48 (48.5) 24 (24.0) 3.01 (1.61,5.91) <0.01
dishes used at home
Ceramic 80 (80.0) 72 (72.0) 1.89 (0.84,4.24) 0.12

Aluminum 94(94.0) 84 (84.0) 350 (1.15,10.63) 0.03
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TD  Matched 95% CI
Exposure Variables Category ASD OCase Control OR for p-Value
N ) N (%) (MOR) MOR
A. Yam, sweet potato, or dasheen 73 (73.0) 82(82.8) 0.52 (0.25,1.07) 0.08
Root vegetables
B. Carrot or pumpkin 86 (86.0) 98(99.0) 0.08 (0.01,0.59) 0.01
A. Lettuce 47 (47.0) 62(62.6) 057 (0.33,0.97) 0.04
Leafy vegetables B. Callaloo, broccoli, or pakchoi 72 (72.0) 94 (94.9) 0.18 (0.07,0.46) <0.01
Fruits and vegetables C. Cabbage 66 (66.0) 94(94.9) 0.15 (0.06,0.38) <0.01
consumption ' Tomatoes 62 (62.0) 85(85.9) 0.23 (0.10,0.51) <0.01
Ackee 58 (58.0) 92(92.9) 0.06 (0.01,0.23) <0.01
Fruits Avocado 29 (29.0) 68(68.7) 0.19 (0.09,0.38) <0.01
Green banana 67 (67.0) 90(90.9) 0.27 (0.13,0.57) <0.01
Fried plantains 70(70.0) 89(89.9) 0.17 (0.06,0.48) <0.01
Ate salt water fish 77 (77.0) 89(89.0) 0.40 (0.18,0.91) 0.03
Ate fresh water fish (Pond fish, Tilapia) 46 (46.0) 52(52.0) 0.75 (0.41,1.38) 0.36
Ate sardine, mackerel (Canned fish) 75(75.0) 92(92.0) 0.26 (0.11,0.64) <0.01
Seafood consumption Ate tuna (Canned fish) 31(31.0) 44(44.0) 055 (0.30,1.02) 0.06
Ate salt fish (Pickled mackerel) 70 (70.0) 93(93.0) 0.15 (0.05,0.42) <0.01
Ate shellfish (Lobsters, Crabs) 7(7.0) 14(14.0) 042 (0.15,1.18) 0.10
Ate shrimp 19(19.0) 27(27.0) 0.62 (0.31,1.24) 0.17

Notes: NR = Not reported due to unstable estimates caused by a limited number of observation in at least one

of the cells; “ Parental education levels were missing for 3 cases and 5 controls; ” Source of drinking water

was missing for 1 control; ¢ Source of water for cooking was missing for 1 control; ¢ Living near a high traffic

road was missing for 1 case; ° Living with adult whose job involves with battery repair shop or battery

recycling or processing was missing for 1 case;/ Living in a house with paint peeling or chipping off was

missing for 1 case and 1 control; ¢ Plastic toys was missing for 1control; " Electronic toys was missing for

Icontrol; ' Cast iron was missing for 1control;’ Steel coated with porcelain enamel was missing for 1control;

¥Teflon was missing for 1 case; ' For all variables under fruits and vegetables consumption data were missing

for 1 control.

A comparison of geometric mean blood lead concentrations between children who had different

levels and types of exposures revealed the following findings. In the univariable analysis, compared

with children who did not have pica (in our situation it only refers to the habit of eating mud), children

who exhibited pica had a significantly higher geometric mean blood lead concentration (3.84 pg/dL vs.
231 pg/dL; p < 0.01). Children who ate shellfish had a higher geometric mean blood lead
concentration compared with those who did not (3.76 pg/dL vs. 2.36 pg/dL; p = 0.05). Though
marginally significant, we found a difference between geometric mean blood lead concentrations of

children whose family consumed fresh water fish and those who did not (2.85 pg/dL vs. 2.17 pg/dL,

respectively; p = 0.07). Comparisons of geometric mean blood lead concentrations for other exposure

variables are displayed in Table 3.
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Table 3. Factors associated with blood lead concentrations based on univariable General
Linear Models (100 matched pairs or 200 children).

Univariable Analysis

. Yes No
Exposure Variables Category
Mean £+ SD N Mean + SD N p-Value
(ng/dL) (ng/dL)
Place of child’s birth Kingston parish 2.82+£1.99 89 2.24£2.00 111 0.15
Paternal age
. . >35 years 2.16 +1.98 76 2.68+2.02 113 0.17
(at child’s birth)
Maternal age
) i >35 years 2.10+2.04 35 2.59+2.06 160 0.26
(at child’s birth)
Parental education At least one of the parents had
. . . i 2.43 +£2.04 94 2.54+£2.02 98 0.78
levels (at child’s birth) education beyond high school
Socioeconomic status (SES) High SES (own a car) 246 +2.10 105 2.50+1.97 95 0.90
Source of drinking water Piped water 2.51+£2.07 189 1.96 + 1.60 10 0.42
Source of cooking water Piped water 2.51+2.07 189 1.96 = 1.60 10 0.42
Pica
! . ) . Habitually ate mud 3.84+2.04 28 231+198 172 <0.01
(habitually put items in the mouth)
Living near a high traffic road 2.34+£2.24 88 2.59 +£2.36 111 0.51
Living with adults whose job involve
battery repair shop or battery 2.46 +2.03 9 2.48 +2.33 190 0.98
recycling or processing
Home environment Living in a house with paint peeling
. 2.30+£2.02 54 2.58+2.11 144 0.43
or chipping off
Living with adults whose job involve
. 1.74 £2.07 17 256+193 183 0.13
construction
Plastic 2.47+1.90 187 2.88 +£2.06 12 0.59
Types of toys Electronic 2.22+1.99 111 2.79+2.02 88 0.16
the child plays with Battery operated 2.33+£2.03 131 2.80+2.03 69 0.26
Stuffed 2.33+2.01 142 2.89+2.15 58 0.18
Cast iron 2.47+2.00 95 2.54+2.12 104 0.84
Types of pots, pans, Steel coated with porcelain enamel 2.37+2.05 22 250+£2.09 177 0.82
and dishes used Teflon 2.03+2.01 72 2.76 £2.08 127 0.04
at home Ceramic 2.60 +2.02 152 2.12+1.98 48 0.29
Aluminum 245+1.92 178 2.73 +£2.07 22 0.65
A. Yam, sweet potato,
Root 2.51+2.30 155 2.48 +2.05 44 0.95
or dasheen
vegetables -
B. Carrot or pumpkin ~ 2.48 +£2.04 184 2.80 £2.09 15 0.66
A. Lettuce 2.55+2.09 109 2.44 +£2.03 90 0.72
Leafy B. Callaloo, broccoli,
Fruits and . 2.50+1.98 166 2.51 +£2.30 33 0.98
vegetables  or pakchoi
vegetables
. C. Cabbage 2.48 £1.98 160 2.58+2.45 39 0.82
consumption
Tomatoes 2.56 +1.99 147 2.33+2.22 52 0.59
Ackee 2.63 +1.99 150 2.15+223 49 0.29
Fruits Avocado 2.48 +1.90 97 252+221 102 0.90
Green banana 2.55+2.01 157 2.324+2.20 42 0.55

Fried plantains 2.62 £2.46 159 2.08 £ 1.96 42 0.25
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Table 3. Cont.
Univariable Analysis
. Yes No
Exposure Variables Category
Mean + SD N Mean + SD N p-Value
(ng/dL) (ng/dL)
Seafood consumption Ate salt water fish 2.56+2.19 166 2.12+2.03 34 0.31
Ate fresh water fish
o 2.85+2.07 98 2.17+2.03 102 0.07
(Pond fish, Tilapia)
Ate sardine, mackerel (Canned fish)  2.47 £ 2.03 167 2.50£2.19 33 0.95
Ate tuna (Canned fish) 2.30+1.78 75 2.59+2.21 125 0.43
Ate salt fish
. 2.54+2.42 163 221+£1.97 37 0.47
(Pickled mackerel)
Ate shellfish
3.76 £1.88 21 236+2.07 179 0.05
(Lobsters, Crabs)
Ate shrimp 1.98 +£1.93 46 265+2.09 154 0.08

Notes: Mean indicates the geometric mean = Exp. [Mean (InPb)]; Standard deviation (SD) indicates the

geometric standard deviation= Exp. {standard deviation of [Mean (InPb)]}; The Yes column includes

subjects who met the category specified in front of each exposure variable; The No column includes subjects

who did not meet the category specified in front of each exposure variable; Information regarding the missing

values for all variables in this table has already been reported in Tables 1 and 2.

Our results from the unadjusted GLM showed a higher geometric mean blood lead concentration for
TD controls in comparison to ASD cases (2.73 pg/dL vs. 2.25 pg/dL; p < 0.05). In separate GLMs
after controlling for potential confounding sociodemographic indicators including SES (i.e., car

ownership by the family), parental education levels, place of child’s birth, and maternal age at the
child’s birth, we did not find a significant association (2.26 pg/dL vs. 2.43 pg/dL,; p = 0.62) between
blood lead concentrations and ASD status. Additionally, as shown in Table 4, after controlling for

dietary exposures, including consumption of shellfish (lobsters, crabs), and use of Teflon (pots, pans,

and dishes) for cooking, there was also no statistically significant association between blood lead

concentrations and ASD status (2.72 ug/dL vs. 2.55 ng/dL; p = 0.64). Details regarding the association

of various exposure variables and blood lead concentrations are shown in Table 4.

Table 4. Unadjusted and adjusted mean blood lead concentrations for 100 ASD cases and

their 1:1 matched controls based on the GLMs.

Mean = SD (png/dL)
Models p-Value
ASD Cases TD Controls
Unadjusted 225+223 2.73+1.85 <0.05
Adjusted 2.26+2.03 2.43 +£2.03 0.62
Adjusted® 2.55+2.02 272+2.02 0.64

Notes: Mean indicates the geometric mean = Exp. [Mean (InPb)]; Standard deviation (SD) indicates the

geometric standard deviation= Exp. {standard deviation of [Mean (InPb)]}; For adjusted models Standard

deviation (SD) indicates the geometric standard deviation which is assumed to be the same for ASD cases

and TD controls= Exp. [\/ Mean squared error]; “ Factors adjusted for include: maternal age, parental

education levels, parish at child’s birth, SES (i.e., car ownership by the family); ” Factors adjusted for

include: maternal age, parental education levels, parish at child’s birth, SES (i.e., car ownership by the

family), consumption of shellfish (lobsters, crabs), and Teflon (pots, pans, and dishes) for cooking.
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Stratified analysis of associations between potential exposure variables and geometric mean blood
lead levels showed that in ASD cases, children born in Kingston parish had higher mean blood lead
concentrations than ASD cases who were born in other parishes (3.29 pg/dL vs. 2.05 pg/dL; p = 0.02).
A similar association was observed for TD control children who were born in Kingston parish having a
significantly higher mean blood lead concentration than the TD control children born in other parishes
(3.04 pg/dL vs. 2.14 pg/dL; p < 0.01). In contrast, analysis of associations between maternal age at
birth and mean blood lead concentrations revealed that in ASD cases, the mean blood lead
concentration was significantly lower in ASD cases whose mother was over 35 years of age at birth of
the child as compared to ASD cases whose mother was at most 35 years of age at birth of the child
(1.70 pg/dL vs. 2.46 ng/dL; p < 0.05). On the other hand, mean blood lead concentrations of TD
controls were not significantly different between the two aforementioned categories of maternal age at
birth of the child (p = 0.75). Also, we tested for possible interactions between individual covariates in
the final multivariable model and ASD status, and found no significant interactions (results not
shown). More details regarding these stratified analyses are shown in Table 5.

Table 5. Associations between individual covariates in the final multivariable GLM and
geometric mean lead levels stratified by ASD status using #-tests (200 children or 100 pairs).

t-Test
n =100 ASD Cases n =100 TD Controls
Exposure Variables  Category Yes No Yes No )
N Mean = SD N Mean+ SD p-Value N Mean £+ SD N Mean = SD p-Value
(ng/dL) (ng/dL) (ng/dL) (ng/dL)
Place of child’s birth  Kingston parish 19 329+259 81 2.06+2.09 0.02 70 3.04+1.83 30 2.14+1.79 <0.01
Maternal age
. ) >35 years 24 1.70+£2.17 76 246+2.21 <0.05 11 2.88+1.54 84 2.70+1.88 0.75
(at child’s birth)
At least one of the
Parental education
parents had
levels . 64 2.08+2.14 33 256+231 022 30 235+1.83 65 292+1.88 0.12
. . education
(at child’s birth) .
beyond high school

Socioeconomic status High SES
68 2.11+232 32 257+2.01 025 37 244+1.65 63 292+196 0.16

(SES) (family owns a car)

Types of pots, pans,

and dishes used Teflon 48 197+219 51 253+226 0.12 24 229+1.88 76 2.89+1.83 0.10
at home

Seafood Ate shellfish

7 181+156 93 228+227 046 14 3.58+1.81 86 2.62+1.85 0.08
Consumption (Lobsters, crabs)

Notes: Mean Pb indicates the geometric mean = Exp. [Mean (InPb)]; Standard deviation (SD) indicates the
geometric standard deviation= Exp. {standard deviation of [Mean (InPb)]}; The Yes column includes
subjects who met the category specified in front of each exposure variable; The No column includes subjects
who did not meet the category specified in front of each exposure variable; Information regarding the missing
values for all variables in this table has already been reported in Tables 1-3; p-value is based on z-tests that

compares mean blood lead concentrations between the Yes and the No categories of the exposure variables.
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4. Discussion
4.1. Blood Lead Concentrations and ASD

Our results do not support an association between postnatal blood lead concentration measured in
Jamaican children 2—-8 years of age and ASD case status. Although, in the univariable analysis we
found a significant association between blood lead concentrations and ASD status, with lower blood
lead concentrations in ASD cases (2.25 pg/dL for ASD vs. 2.73 pg/dL for TD; p < 0.05), when we
adjusted for potential confounding sociodemographic indicators and environmental exposures, there
was not sufficient evidence to indicate an association between blood lead concentrations and ASD
status in children. Specifically, when we adjusted for maternal age, parental education levels, parish at
child’s birth, and SES (i.e., car ownership by the family) we did not find a significant difference in the
adjusted geometric mean blood concentrations of children with and without ASD (2.26 pg/dL for ASD
vs. 2.43 ng/dL for TD controls; p = 0.62). Furthermore, when we adjusted for all potential confounders
that included maternal age, parental education levels, parish at child’s birth, SES (i.e., car ownership
by the family), consumption of shellfish (lobsters, crabs), and Teflon (pots, pans, and dishes) used for
cooking, we still did not find a significant difference in the adjusted geometric mean blood
concentrations of children with and without ASD (2.55 pg/dL for ASD vs. 2.72 pg/dL for TD controls;
p =0.64).

Our univariable results are consistent with findings from univariable findings of several other
studies that reported lower levels of lead in children with ASD compared with TD controls. For
example, Kern et al. (2007) reported significantly lower (p < 0.05) lead levels in hair of children with
ASD compared to a group of 45 age-, sex-, and ethnicity-matched TD controls from Dallas (TX, USA)
[28]. Also, Yorbik et al. (2010) reported a significantly (p < 0.001) lower mean concentration of lead
in urine of 30 children with ASD compared to a group of 20 TD children, of age 3—12 years [29].
However, we acknowledge that because the previously mentioned studies used different biomarkers
for assessment of lead, our results may not be entirely comparable.

On the other hand, our univariable results are in contrast with findings from those of several other
studies that reported no associations between lead levels and ASD or found higher levels of lead in
children with ASD compared with TD controls. For example, the CHARGE study from California
reported no significant association between mean blood lead concentrations and ASD status (1.30 pg/dL
for TD vs. 1.30 pg/dL; p = 0.97) [31]. An age- and sex-matched case-control study in Saudi Arabia
reported significantly higher levels of lead in hair (p = 0.03) and urine (p = 0.004) [32]. Similarly, Fido
and Al-Saad (2005) reported significantly higher levels of lead in hair of children with ASD than in
TD controls in Kuwait (median = 6.75 pg/g in ASD cases vs. 3.20 pg/g in TD controls; p < 0.001)
[27]. In addition, El-Ansary ef al. (2011) reported higher mean lead concentrations in plasma of ASD
children compared to a group of healthy age-matched controls in Saudi Arabia [37]. Another study by
Al-Farsi et al. (2013) also reported higher levels of lead in hair of ASD cases compared with a group
of matched control children from Oman (median = 12.2 pg/g for ASD vs. 6.2 pg/g for TD controls; p <
0.05) [73]. More recently, a study by Alabdali ef al. (2014) reported a significantly higher mean red
blood cell lead concentration in ASD cases compared to TD controls (6.79 pg/dL vs. 4.73 pg/dL; p <
0.001) [38]. Although, some of the aforementioned studies collected information regarding SES and
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dietary intake of children [73], none of these studies that reported an association between lead and
ASD status have controlled for potential confounding effects due to differences in the SES or diets of
children with and without an ASD.

4.2. Role of SES and Sociodemographic Indicators as Potential Confounders

Socioeconomic status and sociodemographic indicators, such as parental education, occupation, or
income are strongly correlated with child development. In developmental disabilities, SES is often
reported to have an inverse association [74,75]. However, for ASD, SES has been shown to be higher
in children with an ASD diagnosis [76,77]. For example, several studies have reported that ASD is
diagnosed more frequently in children of parents with more education [44,76,78—83]. Additionally,
previous studies have reported a lower rate of ASD diagnosis and prevalence in groups with lower
income [77,82,84]. On the other hand, Larsson et al. (2005) showed no statistically significant
association between risk of ASD and socioeconomic status [85]. In addition, children with lower SES
have been shown to have more exposure to chemical contaminants [86] including reported associations
with increased blood lead concentrations in children with lower SES [87,88]. In our study, although we
observed a significant association between ASD status and SES as well as sociodemographic
indicators (maternal age, parental education levels, car ownership by the family, and parish at child’s
birth), we did not find a significant association between the blood lead concentrations and the
aforementioned SES and sociodemographic indicators. Nevertheless, we selected these SES as well as
sociodemographic indicators as potential confounders based on a priori studies. No other studies, to
our knowledge, investigating blood lead concentrations and ASD examined SES indicators as potential
confounders [28,29,31,32,73].

4.3. Role of Dietary Factors as Potential Confounders

Some studies showed that dietary factors such as vegetables can be a source of lead exposure [41].
Furthermore, seafood consumption has also been implicated as a major source of exposure to
lead [58,89-92]. We found that children who consumed shellfish (lobster, crabs) had higher geometric
mean blood lead concentrations than those who did not eat shellfish (p = 0.05); however, we did not
observe this association for vegetables and fruits. Additionally, we attempted to control for potential
exposure to lead through cooking materials by adjusting for the types of pots, pans, and dishes used for
cooking, such as Teflon; however, we found an inverse association between usage of Teflon and blood
lead concentrations in children. This may be due to only ascertaining if families used Teflon for
cooking, but not asking the frequency of use, which may have yielded unexpected results.

Due to unstable estimates caused by limited data in some categories, pica (habitually eating mud)
was not included in multivariable analyses. A comparison of the results in our univariable and
multivariable models suggests a significant confounding effect by diet and SES as well as
sociodemographic indicators. For example, it is well established that children with ASD have a higher
incidence of gastrointestinal (GI) problems (70% vs. 28%) [93], a higher incidence of constipation
(33.9% vs. 17.6%) [94], and feeding issues which may result in food selectivity for children with ASD
(24.5% vs. 16.1%) compared to TD children [95]. Therefore, we presented results from two
multivariable models. One multivariable model adjusted for several potentially confounding SES and
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sociodemographic indicators while the second multivariable model adjusted for the same SES and
sociodemographic indicators along with dietary exposure factors, including consumption of seafood
(lobster, crab), and use of Teflon (pots, pans, and dishes) for cooking. The differences seen between
our results and those of previously mentioned studies may be attributed to their not adjusting for
potential confounding factors.

4.4. Stratified Analyses, Estimated Effect Size, Sample Size, and Statistical Power

Since our main findings indicate a lack of an additive effect of blood lead concentrations in ASD,
we conducted additional analyses to rule out the possibility of interactions between ASD status and
other covariates used in the final multivariable GLM. First, assessment of the aforementioned
interaction in the final multivariable GLM did not result in any significant interactions (all p-values for
interaction >0.49). We also compared the mean blood concentrations in various categories of exposure
variables, stratified by ASD case status. These results did not suggest any potential for obtaining
misleading parameter estimates for the regression parameters in terms of availability of sufficient data
in various categories of exposure variables, separately by ASD cases and the TD controls.
Additionally, based on the available 100 pairs of children, we have at least 80% power to detect small
effect sizes (effect size greater than or equal to 0.28*SD of blood lead concentrations) between ASD
cases and TD controls at 5% level of significance. For examples, since the standard deviation of blood
lead concentrations is 2.02 pg/dL in the TD control group, our sample of 100 pairs will be able to
detect a mean difference of 0.57 ug/dL (i.e., 0.28*2.02 = 0.57) with 80% probability at 5% level of
significance if such difference exists between the two populations of ASD cases and TD controls.
Collectively, these findings suggest lack of a significant association between postnatal blood lead
concentrations and ASD.

5. Limitations

We acknowledge several limitations in this study. First, since recruitment of the TD control children
was more difficult than the ASD cases, a higher proportion of the TD control children were selected from
the Kingston parish. Additionally, several limitations in this study have been reported previously [45].
For example, our TD controls belonged to a lower SES group than our ASD cases due to difficulty in
recruitment because of the requirement of blood draw from the TD controls, particularly if the
parents/guardians of the TD children had to miss their school in order to participate in this study. Even
though some TD children were given an opportunity to be evaluated during weekends, there were SES
differences between the ASD cases and the TD control groups. Previous studies have also suggested
that ASD reporting is often higher in SES groups [44,76,77,79—84,96]. Thus, it is also possible that the
lower SES seen in our control group is more representative of the Jamaican demographic, while our
cases are from a higher SES group in Jamaica. However, since we have adjusted our results by SES
and sociodemographic variables, we believe potential confounding effects of these variables has been
accounted for in our multivariable GLMs. We also acknowledge that the blood lead concentrations in
this study represent lead exposure only during the postnatal period, and we did not collect information
regarding lead exposures during the perinatal and prenatal periods. Furthermore, the postnatal
exposure to lead through diet may not necessarily represent lead exposure through diet during a time
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that may be causally related to ASD. We also could not assess potential changes in exposure
conditions due to relocation of the mother during pregnancy, or of the child between birth and the time
of assessment.

6. Conclusions

In this study, we found no significant association between ASD and postnatal blood lead
concentrations in Jamaican children. We have identified significant confounders when assessing a
possible association between ASD and blood lead concentrations in Jamaican children. After adjusting
for sociodemographic factors, such as maternal age at child’s birth, parental education levels, parish at
child’s birth, and SES (i.e., car ownership by the family) in one multivariable model, and adjusting for
the same sociodemographic factors along with dietary and other exposures to lead, including
consumption of seafood (lobster, crab), and use of Teflon (pots, pans, and dishes) for cooking in a
separate multivariable GLM, there was no significant association between ASD and blood lead
concentrations in Jamaican children. Additionally, we have shown that SES and dietary habits may
differ between ASD cases and TD controls. Although previous studies have shown associations
between lead levels and ASD status as well as differences in lead metabolism between ASD cases and
TD controls, the results from this study indicate that these reported relationships may have been
impacted by sociodemographic indicators and dietary factors. Thus, future studies should further
investigate how SES and nutrition may alter observed lead levels, and how these differences in SES
and diet between ASD cases and TD controls can confound results for tests of association between
lead levels and ASD case status.
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