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Pesticide exposure is a potential risk factor for increased asthma prevalence among children. The authors used National Health
and Nutrition Examination Survey (1999-2008) biomarker data to evaluate dialkylphosphate (DAP) urinary concentrations, serum
dichlorodiphenyldichloroethylene (DDE), and asthma among school-aged children (Mexican American, Non-Hispanic Black, Non-
Hispanic White). Poisson logistic regression included age, sex, nativity, poverty index ratio, tobacco smoke exposure, and body mass
index covariates. No association was found between DAP (N = 2,777) and asthma outcomes; adverse effect of DDE (N = 940) was
suggested for Current Wheeze. Subgroup analyses identified positive associations with some asthma outcomes among Non-Hispanic
Blacks, whereas inverse associations were identified among Mexican Americans. Results support previous associations observed
among children’s DDE exposure and wheeze. Characterization of risk factors for pesticide exposure and disease recognition among

Mexican Americans is needed.
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Introduction

There has been an increase in the asthma prevalence rate
among US children during the past 30 years.'> Children have
a higher asthma prevalence rate than adults, and low-income
racial and ethnic groups continue to be disproportionately
affected.*® The causes of asthma and the reasons for its in-
creased occurrence have remained little understood’; however,
a number of well-established environmental risk factors have
been identified for its exacerbation in individuals.

The role of nonpersistent and bioaccumulative pesticide ex-
posures in the development of asthma and the exacerbation of
this disease has received attention due to the widespread and
continued use of pesticides in both urban®'? and rural'>!4 en-
vironments and biological plausibility.!> Few epidemiological
studies have explored the relationship between specific pesti-
cide chemical types and asthma or asthma-related symptoms
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in children. Prospective studies have found associations be-
tween prenatal and breast milk exposures to organochlorine
pesticides and asthma, wheeze, and lower respiratory tract in-
fections in newborn and young children in Spain.!®!” In the
Ontario Farm Family Health Study, researchers did not ob-
serve clear associations between self-reported maternal pes-
ticide exposures during pregnancy and asthma outcomes of
their offspring.?’ Studies of adults in agricultural settings, in
contrast, have identified links between self-reported lifetime
or current exposure to pesticides and respiratory health.?!-23
We explored the hypothesis that pesticides are associated
with asthma in school-aged children 7-16 years of age using
population-based data of biomarker concentrations. Given
the disparities in asthma outcomes and exposure to pesti-
cides among subpopulations, effects by country of birth and
race/ethnicity were also examined.

Methods

Data Source

We obtained demographic, asthma, early childhood health,
and chemical biomarker data collected by the National
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Health and Nutritional Examination Surveys (NHANES).
NHANES is conducted following a complex, multistage area
sampling protocol to generate cross-sectional representative
data of the civilian noninstitutionalized population living in
the United States. To increase sample sizes, we merged several
NHANES survey cycle data sets from 1999 to 2008. Dur-
ing the greater part of this time frame, Mexican Americans,
non-Hispanic African Americans, low-income Non-Hispanic
White Americans, and adolescents were oversampled for the
purpose of generating sufficient sample sizes to derive reliable
population-based estimates.’*

Asthma and Asthma Symptoms

Recognizing that the likelihood of a clinical diagnosis or self-
recognition of asthma may vary among subpopulations,>?’
we examined 3 dichotomous asthma outcome variables de-
rived from NHANES medical examination and respiratory
health survey questionnaires: (1) “Has a doctor or other
health professional ever told you that you have asthma?” (Ever
Asthma); (2) “Do you still have asthma?” (Current Asthma);
and (3) “In the past 12 months have you had wheezing or
whistling in your chest?” (Current Wheeze).

Biomarkers of Exposure

The primary independent variables of interest were
(1) common metabolites of organophosphate insec-
ticides (dialkyl phosphates), a nonpersistent insecti-
cide, and (2) dichlorodiphenyldichloroethylene (p,p-DDE),
the major metabolite of the organochlorine insecti-
cide dichlorodiphenyltrichloroethane (DDT). NHANES
participants 6 years of age and older submitted a whole-blood
specimen and spot urine specimen. From the blood specimen,
cotinine serum levels, a metabolite of tobacco smoke exposure
and covariate of interest, were measured for all participants.

A randomly selected subset of participants 6 years
and older had urine specimens evaluated for concentra-
tions of the 6 possible dialkylphosphate (DAP) metabolites
of organophosphate pesticides: dimethylphosphate (DMP),
dimethylthiophosphate (DMTP), dimethyldithiophosphate
(DMDTP), diethylphosphate (DEP), diethylthiophosphate
(DETP), and diethyldithiophosphate (DEDTP). For the
analysis of DAP, we summed the 6 organophosphate metabo-
lite concentrations after converting metabolites to nanomo-
lar units by dividing the analyte concentrations by their
molecular weight and multiplying by 1000. We adjusted the es-
timates of urinary biomarkers by correcting each organophos-
phate metabolite for urinary creatinine before conversion and
DAP aggregation.?®?° Because specific organophosphate uri-
nary metabolites had different percentages of observations
above the limit of detection, ranging from 29% to 70%,
we summed dimethyl alkylphosphate pesticides and diethyl
alkylphosphate separately to yield DMAP and DEAP con-
centrations, for sensitivity analyses.

For a separate, randomly selected subset of participants
12 years of age and older, DDE was measured in serum.
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Nearly 100% of the DDE observations were above the limit of
detection.

Covariates

Our a priori selection of available NHANES covariates for de-
scriptive statistics focused on risk factors associated with pes-
ticide exposure and asthma or its diagnosis. These covariates
included demographics and socioeconomic status (age, sex,
race/ethnicity, country of birth, poverty index ratio [PIR],
health insurance coverage), body mass index (BMI) by age,
and exposure to tobacco smoke (prenatal smoking, cotinine).
We examined data of participants 6-11 and 12-15 years of
age available in the DAP data set, and data of adolescents
1215 years of age available in the DDE data set. To evaluate
disparities by race/ethnicity, we conducted stratified analy-
ses of Non-Hispanic Whites, Mexican Americans, and Non-
Hispanic Blacks. Although NHANES collects data from other
racial/ethnic groups including Other Latinos (who do not
have Mexican American heritage but who identify as His-
panic or Latino), these groups could not be considered for
analysis due to sample size considerations. We dichotomized
country of birth (US-born, foreign-born) and health
insurance coverage (yes, no). The PIR was dichotomized to
generally represent families meeting or not meeting poverty
eligibility guidelines for federal programs: ie, PIR <1.85 and
PIR >1.85, respectively.’’ Variables representing exposure to
tobacco smoke included (1) secondhand smoke based on the
question “Does anyone who lives here smoke cigarettes, cigars,
or pipes anywhere inside the home?”; (2) prenatal smoking:
“Did the biological mother smoke at any time while she was
pregnant?”; and (3) serum cotinine, a metabolite of nicotine,
commonly used to assess exposure to tobacco smoke. BMI by
age categories were derived based on clinical guidelines: un-
derweight, <5th percentile; average, Sth—85th percentile; over-
weight, 85th-95th percentile; and obese, >95th percentile.

Data Analysis

We compared sample sizes, frequencies, and missing obser-
vations of asthma outcomes and covariates of the larger
NHANES data set from which we derived our 2 nonover-
lapping NHANES pesticide subsets. For each pesticide data
set, we calculated asthma outcomes as well as geometric means
of biomarkers by race/ethnicity.

The relatively high Ever Asthma prevalence rate (>10%)
of this cross-sectional study prompted use of Poisson logis-
tic regression with robust variance estimation.?! To select ex-
posure percentile cutpoints reflective of changes in risk of
asthma with increasing pesticide exposure levels, we used lin-
ear splines to model the shape of the dose-response trend.*
Ever Asthma had the highest prevalence rate and overlaps
with Current Asthma and Current Wheeze; therefore, cut-
points identified for Ever Asthma were used to evaluate all
health outcomes. This process identified 25th percentile as
cutpoint for creatinine-corrected DAP and the 40th and 80th
percentiles as biomarker cutpoints for DDE. We used these
cutpoints to define levels of exposure for each pesticide.



Archives of Environmental & Occupational Health

We estimated the unadjusted and adjusted asthma preva-
lence ratios for increasing exposure levels using the 25th per-
centile for DAP and the 40th percentile for DDE as the referent
categories. Adjusted prevalence rate ratio (PRR) models for
the DAP analysis included sex, race/ethnicity, BMI (contin-
uous), PIR prenatal smoking, and log cotinine (continuous).
As the DDE analysis had a smaller sample sizes and number
of cases, for these models we reduced the number of covariates
and adjusted for sex, BMI and the poverty index ratio. Due
to the smaller race/ethnicity-stratified sample sizes, particu-
larly for the DDE data set, we further reduced the number
of covariates by using bivariate regression to select variables
with the greatest influence in our sample. The stratified DAP
models were adjusted for sex, cotinine, and BMI; the stratified
analysis of DDE included BMI as a covariate. Statistical tests
were 2-sided and our threshold for statistical significance was
p < .025 and for marginal significance .025 < p < .10.

The geometric mean of DAP in the 1999-2001 cohort of
participants was significantly higher than in the larger analyt-
ical sample, so we evaluated the influence of results specific to
survey cycle. We assessed the impact of tobacco smoke expo-
sure on our results by removing participants with high cotinine
exposure levels indicative of an active smoker.>* In addition,
for DAP metabolites, we evaluated the potential impact of fast-
ing time, which may influence the individual measurements of
creatinine. Because we could not include country of birth in the
stratified multivariate analysis, we conducted separate analy-
ses restricted to US-born participants. This effort focused on
Mexican Americans, since they had the largest percentage of
foreign-born participants in the DAP (20%) and the DDE
(25%) pesticide data sets, whereas Non-Hispanic Blacks and
Non-Hispanic Whites had roughly 3% foreign-born in both
pesticide data sets. For these analyses, only BMI was included
as a covariate.

We used Stata 10** for our analysis. NHANES survey sam-
ple weights were used in estimation of unadjusted and ad-
justed geometric means, prevalence rate ratios, standard error
estimates, and 95% confidence intervals, as well as exposure
percentiles.

Results

NHANES participants from 1999 to 2008 included 10,077
6-15-year-old Non-Hispanic Whites, Mexican Americans,
and Non-Hispanic Blacks (Table 1). Thirty-six percent
(3,622) 6-15-year-old participants submitted urine samples for
measurement of DAP concentrations. With the exception of
oversampling differences of adolescents, individuals who con-
tributed urine samples for DAP analysis were similar to the
larger NHANES participant group.

During the 1999-2004 time frame, 962 participants aged
12-15 years were randomly selected to submit a blood sample
for evaluation of DDE. For the analysis of the relationship
between pesticides and asthma, the DAP data set was reduced
by 845 (23%), primarily due to the incomplete analysis of all 6
dialkylphosphate metabolites needed to generate a DAP vari-
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able. The DDE sample size was reduced by 22 (2%), primarily
due to missing prenatal smoking and BMI observations.

In both pesticide data sets, Non-Hispanic Blacks had the
highest prevalence rates of Ever Asthma and Current Asthma
compared with Non-Hispanic Whites and Mexican Ameri-
cans (Table 2). With the exception of Current Wheeze in the
DDE data set, Non-Hispanic Blanks also had the highest
estimates of Current Wheeze. There were some statistical dif-
ferences of estimated uncorrected geometric mean DAP pes-
ticide concentrations by race ethnicity; however, there were
no differences in the creatine-corrected estimates (Table 2).
The DDE geometric mean among Mexican Americans was
roughly 3 times higher than those of Non-Hispanic Whites and
Non-Hispanic Blacks. Mexican Americans also had the low-
est geometric mean levels of cotinine in both data sets: Non-
Hispanic Whites had cotinine levels roughly 3 times higher
than Mexican Americans, and Non-Hispanic Blacks had esti-
mates 4 times higher.

Unadjusted and adjusted asthma outcome prevalence rate
ratios by increasing urinary DAP concentration percentiles
were largely null, with point estimates generally greater than
1.0 for all participants (Tables 3a and 3b). Sensitivity analy-
ses of DMAP and DEAP revealed similar null results (data
in Appendices A and B). In stratified analysis, among Non-
Hispanic Blacks, a positive trend was suggested for Current
Wheeze among 6—11-year-old and Ever and Current Asthma
among 12-15-year-olds. In contrast, an inverse trend was sug-
gested for Ever and Current Asthma and Current Wheeze
among Mexican American adolescents.

Increasing percentiles of serum DDE were associated with
increased Current Wheeze but not Ever or Current Asthma
(Table 4). Subgroup analyses were limited by small sample size
but supported this association among Non-Hispanic Whites
and Non-Hispanic Blacks. In contrast, an inverse effect among
Mexican Americans was shown for both Current Asthma and
Current Wheeze.

Our sensitivity analyses addressing survey cycle influence,
number of hours fasted since specimen collection, and remov-
ing individuals with high body burden of cotinine did not
alter the patterns reported in Tables 3a and 3b. Additional
sensitivity analyses focused on US-born Mexican Americans.
Increasing DAP and of DDE exposure levels did not differ
from our core analyses (data available in Appendices A and
B).

Comment

Overall, this study revealed no clear associations between
asthma and biomarkers of DAP or DDT insecticides among
school-aged children in the United States.

Although the analyses of asthma outcomes and urinary
metabolites of DAP were largely null overall, subgroup anal-
yses demonstrated marginally significant positive trends for
Non-Hispanic Blacks for Current Wheeze among 6-11-year-
olds, and Ever and Current Asthma among adolescents.
Contradictory, marginally significant inverse trends were also
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Table 1. Demographic Characteristics and Asthma Outcomes of All Participants 6-15 Years of Age, and by Pesticide Data Set;

NHANES 1999-2008

1999-2004
1999-2008 6-15 years of age 12-15 years of age
All NHANES OP data set DDT data set
(N =10,077) (N =3,622) (N =962)

Characteristic n (%) n (%) n (%)
Age*

6-11 5,164 (51.2) 2,027 (56.0) No data

12-15 4913 (48.8) 1,595 (44.0) 962 (100)
Sex*

Female 5,085 (50.5) 1,862 (51.4) 502 (52.2)

Male 4,992 (49.5) 1,760 (48.6) 460 (47.8)
Race*

Non-Hispanic White 2,982 (29.6) 1,073 (29.6) 261 (27.1)

Mexican American 3,607 (35.8) 1,295 (35.8) 380 (39.5)

Non-Hispanic Black 3,488 (34.6) 1,254 (34.6) 321 (33.4)
Country of birth

Mexico/Other 887 (8.8) 331 9.1) 118 (12.3)

USA 9,188 91.2) 3,291 (90.9) 844 (87.7)

Missing/refused 2 (0.0)
BMI—for age**

Underweight 230 (2.3) 76 2.1 9 (0.9)

Average 5,571 (55.3) 2,099 (58.0) 569 (59.1)

Overweight 1,673 (16.6) 625 (17.3) 160 (16.6)

Obese 2,178 (21.6) 781 (21.6) 213 (22.1)

Missing/refused 425 4.2) 41 (1.1) 11 (1.1)
Poverty index ratio (PIR)*

<1.85 5,194 (51.5) 1,882 (52.0) 496 (51.6)

1.85-5 4,883 (48.5) 1,740 (48.0) 466 (48.4)
Health insurance

Noninsured 1,627 (16.1) 597 (16.5) 190 (19.8)

Insured 8,337 (82.7) 2,990 (82.6) 767 (79.7)

Missing/refused 113 (1.1) 35 (1.0) 5 (0.5)
Secondhand smoke

No 7,935 (78.7) 2,870 (79.2) 727 (75.6)

Yes 2,024 (20.1) 717 (19.8) 231 (24.0)
Missing/refused 118 (1.2) 35 (1.0) 4 (0.4)
Prenatal smoking

No 8,464 (84.0) 3,052 (84.3) 802 (83.4)

Yes 1,472 (14.6) 525 (14.5) 150 (15.6)
Missing/refused 141 (1.4) 45 (1.2) 10 (1.0)

*No missing/refused.

**Underweight (BMI <5th percentile), average (BMI 5th-85th percentile), overweight (BMI 85th—95th percentile), obese (BMI >95th percentile).

INHANES 1999-2004 available DDT biomarker data.

identified among Mexican American adolescents for Ever and
Current Asthma.

Among our multiple analyses, we observed suggestive ev-
idence for an association of increased DDE exposure with
Current Wheeze; however, confidence intervals were wide.
There was some suggested adverse impact of this pesticide on
parent-reported Current Asthma in Non-Hispanic Blacks as
well. These findings were in contrast to the significant inverse
trends identified in the subgroup analyses of Current Asthma
and Current Wheeze among Mexican Americans who had the
highest body burdens measured for this DDT metabolite.

Exposure to DAP and DDT is widespread and variable in
US children.?> We observed marked higher metabolite levels
among Mexican Americans relative to Non-Hispanic Whites
and Non-Hispanic Blacks for DDE but not for the DAPs. In
contrast to urinary DAP, which reflects exposure to these pesti-
cides in the past 2-3 days primarily from dietary sources, serum
DDE biomarker is a relatively good indicator of chronic, life-
time, including prenatal, exposure due to its persistence in
body tissues. Although the DDE body burden levels have sig-
nificantly decreased since the 1970s, DDE serum concentra-
tions did not decrease during the 1999-2004 time frame in
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Table 2. Weighted Geometric Means (GM) of Crude and Creatinine-Corrected Dialkyl Phosphate Pesticide (DAP),
Dichlorodiphenyldichloroethylene (p,p-DDE), and Serum Cotinine, and Asthma Outcomes Stratified by Race/Ethnicity and Age

Groups
Non-Hispanic White Mexican American Non-Hispanic Black

DAP data set Total (NHW) (MA) (NHB)

Ages 6-11 N =1,484 N =453 N =517 N =514

Geometric means GM (95% CI) GM (95% CI) GM (95% CI) GM (95% CI)
Cotinine? (ng/mL) 0.12 (0.10-0.15) 0.13 (0.10-0.17) 0.04 (0.03-0.05)* 0.22 (0.18-0.27)*
DAP? (nmol/L) 72.3 (65.4-80.1) 71.1 (62.2-81.3) 65.5 (58.3-73.6)% 86.0 (72.0-103)8
DAP creatinine corrected 87.7 (79.9-96.3) 87.7 (77.7-98.9) 88.2 (78.1-100) 87.3 (73.8-103)
(nmol/g)

Asthma outcomes® PR? (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)
Ever Asthma“ 14.5 (11.8-17.1) 13.3 (9.6-17.1) 10.6 (7.3-14.0) 22.9 (18.7-27.2)*
Current Asthma“ 9.2 (7.5-10.8) 8.3 (6.0-10.6) 5.2 (3.0-7.4)8 16.5 (12.6-20.4)*
Current Wheeze? 11.9 (9.4-14.4) 12.4 (9.0-15.8) 6.6 (4.1-9.2)* 14.6 (11.1-18.2)

Ages 12-15 N =1,239 N =372 N =480 N =441

Geometric means GM (95% CI) GM (95% CI) GM (95% CI) GM (95% CI)
Cotinine? (ng/mL) 0.13 (0.10-0.17) 0.14 (0.10-0.20) 0.05 (0.04-0.06)* 0.23 (0.18-0.29)*
DAP? (nmol/L) 73.9 (66.5-82.1) 74.8 (64.7-86.5) 61.3 (54.0-69.6)% 81.0 (71.1-92.4)8
DAP creatinine corrected ~ 57.7 (51.4-64.7) 60.0 (51.2-70.3) 53.0 (45.7-61.5) 52.0 (45.5-59.5)
(nmol/g)

Asthma outcomes PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)
Ever Asthma 17.4 (14.3-20.6) 17.4 (13.5-21.4) 14.9 (10.2-19.6) 19.3 (14.6-23.9)
Current Asthma’ 11.0 (8.4-13.6) 10.7 (7.5-14.0) 9.0 (5.5-12.5)8 13.6 (9.4-17.9)*
Current Wheeze 11.4 (10.0-14.1) 11.2 (7.7-14.7) 10.3 (6.6-14.1)* 12.8 (9.4-16.1)

DDE data set

Geometric means GM (95% CI) GM (95% CI) GM (95% CI) GM (95% CI)
Cotinine? (ng/mL) 0.18 (0.13-0.25) 0.19 (0.13-0.3) 0.07 (0.05-0.09)* 0.29 (0.22-0.37)
p,p-DDE“ (ng/g) 105 (93.0-118) 91.8 (79.9-105) 261 (224-306) 88.5 (80.8-97.0)

Asthma outcomes PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)
Ever Asthma 12.5 (9.2-15.7) 10.5 (6.4-14.9) 14.4 (10.2-18.6) 18.6 (13.7-23.6)*
Current Asthma 8.4 (5.7-11.1) 7.8 (4.3-11.4) 9.2 (5.4-13.0) 9.9 (5.4-13.0)
Current Wheeze 10.4 (7.5-13.2) 11.0 (7.1-14.9) 9.3 (5.0-13.6) 8.6 (5.3-12.0)

“Statistically significant difference between MA and NHB.
bMarginally statistically significant differences between MA and NHB.
“Parent-reported asthma outcome.

dpravelence rate.

*p < .025. Statistically significant difference compared with NHW.

§.025 < p < .10. Marginally statistically significant difference compared with NHW.

which NHANES samples were collected and analyzed. In ad-
dition, the DDE geometric mean reported here is similar to
estimates reported in a study evaluating the association be-
tween prenatal DDE exposure and respiratory infection and
wheeze.!” The significantly higher geometric mean of DDE
concentrations in serum of Mexican American children likely
reflects the use of DDT in Mexico, which banned its use for
agricultural purposes in 1991 but continued its use for malaria
vector control until it was phased out in 1997.3

There are few relevant prior epidemiological data on
childhood asthma and DAP exposure. Several studies have
evaluated possible mechanisms of exposure to DAP and the
development of asthma or allergens.!>3” For example, the on-
going longitudinal birth cohort in the Salinas Valley, Califor-

nia, found that mothers who worked in an agricultural region
where organophosphate pesticide use is relatively high were
more likely to give birth to infants with elevated Th2 cytokines
associated with the development of allergic diseases, including
asthma, and the diagnosis of wheeze at 24 months of age.’

In our cross-sectional analysis of DAP metabolites in
school-aged children, we found no evidence of an increased
risk of asthma and surprisingly observed an inverse trend re-
lated to Ever and Current Asthma among Mexican Amer-
icans in contrast to a positive trend among Non-Hispanic
Blacks.

In the modest literature on DDT and childhood respira-
tory health, a cross-sectional study in Germany of 343 chil-
dren 7-10 years of age found DDE biomarker exposure levels
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to be a predictor of asthma.’” A prospective cohort study of
452 children observed that higher metabolite concentrations
in infant cord blood or breast milk are associated with wheez-
ing and asthma at 4 years of age and diagnosed asthma at
6 years of age.!®!7 Another prospective cohort study of 520
mother-infant pairs found that increasing maternal serum con-
centration of DDE during the first trimester was associated
with a higher frequency of lower respiratory tract infection of
their infants, which may be a risk factor for subsequent de-
velopment of asthma.'® Another study of 1,455 mother-child
pairs saw an association between prenatal DDE exposure and
risk of wheezing at 14 months. In contrast, results of a small
study (N = 175) of infants suggested a negative association
between pre- and postnatal DDE exposure and respiratory
infection.*

Our data show some concordance in that Current Wheeze
prevalence was more commonly reported among the children
with higher body burdens as represented by DDE. However,
the inverse effect in the Mexican American subgroup for Cur-
rent Asthma and Current Wheeze with much higher concen-
trations overall is puzzling. Inverse trend results for Mexican
American adolescents in the DAP analysis raises similar ques-
tions. This likely reflects differential exposure patterns and
risk factors for complex multifactorial diseases and their di-
agnoses, such as asthma, among subgroups.

We considered the observed strong differential exposure to
tobacco smoke (Table 2), a key asthma risk factor, in our 3
ethnic/racial subgroups. Sensitivity analyses restricted to indi-
viduals with lower cotinine levels or self-reported no tobacco
exposure, however, did not change the racial/ethnic differ-
ences in asthma outcomes with higher body burdens of DDE
or DAP.

Lastly, we attempted to address disparities in recogni-
tion and diagnosis of asthma and asthma-related symptoms
by using several outcome measures (doctor asthma diagno-
sis, Current Asthma, Current Wheeze) and by considering
health insurance and income covariates. There may still be
disparities in recognition of asthma and wheeze among eth-
nic/racial subgroups that could be due to health care ac-
cess, 24041 nativity status, acculturation, or English language
proficiency.**#’ Undiagnosed frequent wheezing is an issue af-
fecting all racial/ethnic groups.?®>° Although we did not have
extensive acculturation data, our sensitivity analyses restricted
to US-born Mexican Americans did not alter the result of the
“protective” effect of increasing DAP and DDE on asthma
outcomes.

Other uncontrolled confounding is a possibility. Studies
have suggested that early life exposure to components in rural
environments (endotoxin, raw milk) and multiple siblings are
associated with lower asthma and allergic disease prevalence,
the so-called “hygiene hypothesis.”>!>* The NHANES data
set and secondary analysis nature of this study precluded ad-
equate assessment of hygiene hypothesis—associated early life
factors.

Although the small sample size in subgroup analyses makes
it difficult to draw conclusions, the results suggests the impor-
tance of considering differences in exposure patterns and risk
factors among ethnic/racial subgroups in future assessments
of the relationship between asthma and DDT exposure.
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Although these are novel data in terms of looking at specific
pesticide biomarkers and asthma among school-aged children,
limitations include the cross-sectional nature of the data that
preclude addressing specific windows of exposure, reliance on
self-report surveys to categorize health outcomes, and po-
tential for residual confounding due to the complex factors
associated with asthma, and sample size limitations among
ethnic/racial subgroups.

Conclusion

We found no clear support for our hypothesis that urinary
biomarkers of DAP are associated with increased risk of
asthma and wheeze in school-aged children. We found some
support for a previously shown adverse role of DDE on
wheeze in children. Subgroup analyses revealed several neg-
ative associations—contrary to our hypothesis—particularly
among the most highly exposed subgroup, Mexican
Americans.

Interpretation of the subgroup findings is uncertain given
the small sample size but suggests the need to further define
asthma risk factors among Mexican Americans.

Future studies that can address potential socioeconomic or
acculturation factors that influence the diagnosis of asthma
and/or reporting of asthma symptoms among racial and eth-
nic subgroups of US children could help determine whether
their lower asthma prevalence rates are reliable, or whether
other factors play a role. Better understanding of the role of
pesticide exposure on respiratory health and asthma among
children will require studies that can employ longitudinal mea-
surements of exposure and other influential factors well into
school age.
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Appendix A. Adjusted Asthma Outcome Prevalence Rate Ratios by Creatinine-Corrected Pesticide Exposure Percentiles Among
US-Born Mexican Americans

1. Dialkyl phosphate pesticide (DAP) exposure among 6—11-year-old US-born Mexican Americans; NHANES 1999-2008

Mexican American (N = 432)

Percentiles Ranges n (%)
<25th percentile 2-31 101 (23)
25th—50th percentile 32-84 123 (28)
50th—75th percentile 85-216 109 (25)
>75th percentile 217-6,193 99 (23)
Cases” ADJ PRR? (95% CI)
Ever Asthma
<25th percentile 14 1.0 Referent
25th-50th percentile 11 0.87 (0.40-1.90)
50th—75th percentile 12 1.01 (0.40-2.53)
>75th percentile 14 1.51 (0.65-3.47)

Current Asthma

<25th percentile 6 1.1 Referent
25th—50th percentile 8 1.10 (0.34-3.57)
50th—75th percentile 5 0.67 (0.16-2.83)
>75th percentile 9 1.76 (0.53-5.87)
Current Wheeze
<25th percentile 7 1.0 Referent
25th—50th percentile 9 0.81 (0.27-2.41)
50th—75th percentile 7 0.69 (0.22-2.14)
>75th percentile 9 1.55 (0.53-4.51)

2. Dialkyl phosphate pesticide (DAP) exposure among 12—15-year-old US-born Mexican Americans; NHANES 1999-2008

Mexican American (N = 362)

<25th percentile 2-21 91 (25)
25th—50th percentile 22-55 103 (28)
50th—75th percentile 56-146 91 (25)
>75th percentile 147-5,028 77 (21)
Cases” ADIJ PRR¢ (95% CI)
Ever Asthma
<25th percentile 18 1.0 Referent
25th—50th percentile 13 0.83 (0.38-1.84)
50th—75th percentile 14 0.77 (0.45-1.34)
>75th percentile 10 0.54 (0.23-1.24)
Current Asthma
<25th percentile 11 1.0 Referentt
25th-50th percentile 9 0.95 (0.37-2.49)
50th—75th percentile 9 0.72 (0.32-1.61)
>75th percentile 6 0.38 (0.12-1.21)8
Current Wheeze
<25th percentile 10 1.0 Referent
25th—50th percentile 10 1.17 (0.45-3.04)
50th—75th percentile 10 0.75 (0.31-1.83)
>75th percentile 9 0.69 (0.25-1.96)

3. Dichlorodiphenyldichloroethylene (p,p’-DDE) exposure among 12—15-year-old US-born Mexican Americans; NHANES
1999—2004

Mexican American (N = 278)

<40th percentile 20-91 36 (14)
40th-80th percentile 92-182 83 (32)
>80th percentile 184-3,230 159 (61)

( Continued on next page)
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Appendix A. Adjusted Asthma Outcome Prevalence Rate Ratios by Creatinine-Corrected Pesticide Exposure Percentiles Among
US-Born Mexican Americans ( Continued)

Cases” ADJ PRR? (95% CI)

Ever Asthma

<40th percentile 8 1.0 Referent

40th-80th percentile 8 0.63 (0.17-2.37)

>80th percentile 23 0.52 (0.18-1.50)
Current Asthma

<40th percentile 6 1.0 Referentt

40th-80th percentile 5 0.50 (0.09-2.70)

>80th percentile 15 0.40 (0.15-1.09)8
Current Wheeze

<40th percentile 5 1.0 Referentt

40th-80th percentile 7 0.64 (0.13-3.17)

>80th percentile 14 0.40 (0.14-1.17)8

“Parent-reported asthma outcomes.

bPrevalence rate ratios adjusted for body mass index.

“Prevalence rate ratios adjusted for sex, body mass index, and cotinine.
§.025< p < .10. Marginally statistically significant.

1.025< trend p < .10. Marginally statistically significant.
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