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Abstract Background/purpose: The health risks of environmental heavy metals have been of
concern are well known. The greater likelihood of heavy metal contamination in the physical
environment increases the risk of asthma, especially in children. This cross-sectional, popula-
tion-based study sought to investigate associations between heavy metal exposure and child-
hood asthma or wheezing.
Methods: Data from 5866 subjects, stratified into age groups of 2e5, 6e11, and 12e15 years,
from the National Health and Nutrition Examination Survey 2007e2012 conducted by the Cen-
ters for Disease Control and Prevention were analyzed retrospectively. The primary outcome
was active asthma. Variables included demographics, anthropometric, and clinical data. Uni-
variate and multivariate logistic regression analyses were used to identify associations be-
tween blood heavy metal concentrations and adjusted odds (aORs) of active asthma.
Results: Higher concentration of blood lead was associated with higher adjusted odds of having
asthma (aOR Z 1.08, 95% CI Z 1.00e1.16), but no significant effect was shown for current
wheezing or whistling. Age-stratified analysis showed that higher blood lead concentration
was associated with higher risk for active asthma (aOR Z 1.24, 95% CI Z 1.08e1.42) and cur-
rent wheezing or whistling (aOR Z 1.19, 95% CI Z 1.04e1.38) in the 6e11 years age group,
while higher blood mercury concentration was associated with lower risk of current wheezing
or whistling (aOR Z 0.95, 95% CI Z 0.90e0.99). The medium concentration of blood lead was
associated with decreased risks of current wheezing or whistling (aOR Z 0.54, 95% CI Z 0.30
e0.96) in the 2e5 years age group.
Conclusion: Higher concentrations of blood lead are associated with higher odds of asthma in
children aged 2e15 years.
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Introduction

Asthma is a global health issue affecting millions of chil-
dren and adults worldwide. A cross-sectional world health
survey reported that about 14% of children throughout the
world may have asthma symptoms annually,1 although the
actual prevalence of childhood asthma differs consider-
ably between countries and between cities or regions in
the same country.2 Surveillance reports of the Centers for
Disease Control and Prevention (CDC)3 show that asthma
has a global prevalence of 4.3%, and prevalence in the
United States is about 6.8% in children and 7.6% in adults.
Asthma-related morbidity in the United States is highest
among members of minority groups and those with lower
socioeconomic status, especially among African-American
and Hispanic children, whose rates of hospitalization are
up to four times higher than those in Caucasian children.4

U.S. asthma diagnoses increased by 50% among black
children in 2001e2009, and 3447 asthma-associated
deaths were reported in 2007.5 The global death rate
was 5.2 per 100,000 population (0.7%) in 2010.6 The life-
long disease involves recurrent wheezing, airway
obstruction, impeded breathing, chest tightness, and
coughing, resulting in significant disability and poor
quality of life.2 Asthma symptoms are managed through a
range of medications and lifestyle measures, and attacks
may be prevented by using inhaled corticosteroids and
avoiding specific asthma triggers. Meanwhile, asthma was
frequently associated with other co-morbidities such as
allergic rhinitis.7 Exercise-induced broncho-constriction
presented in 52.5% of children with asthma.8 The health
risks of environmental heavy metals are well known and,
in particular, the adverse effects of exposure to lead,
mercury and cadmium have been of concern for more
than twenty years.9e13 Along with low socioeconomic
status and sub-standard housing posing a greater likeli-
hood of heavy metal contamination, toxic elements in the
physical environment increase the risk of asthma, espe-
cially in children.2,4,11 The most often reported environ-
mental factors are infections, allergens, tobacco smoke
and environmental toxins such as mercury and lead, the
most common environmental heavy metals, although
others (e.g., arsenic, chromium, iron, nickel, vanadium,
zinc) are reported.14,15 Children are exposed to these
environmental substances in various ways, including
through food and water, housing materials, toxic emis-
sions from traffic and industry, mineral and metal dust in
the home environment, cleaning products, and in soil.15,16

Pediatric immune dysfunction and environmental triggers
(e.g., infectious agents, drugs, physical factors, and
stressors) combine to result in environmentally-induced
immune alterations, or immunotoxicity, in early child-
hood, eventually giving way to allergic diseases.14 Ge-
netics also seem to play a role, increasing the risk for
allergy with a minor impact on pediatric asthma.17

Developmental immunotoxicity may lead, in turn, to the
dysregulation of inflammation seen in allergic diseases
and asthma.18 In a basic study of the effects of heavy
metal exposure, Zhang et al. describe developmental
damage, oxidative stress and immunotoxicity resulting
from exposure of zebrafish embryos-larvae to mercuric
chloride.19 Maternal prenatal cadmium exposure was
found to alter postnatal immune system cell development
and functioning.20 Environmental exposure to lead and
resulting increased blood lead levels were associated with
an increase in immunoglobulin E (IgE) levels, explained as
hypersensitivity mediated by IgE.20 A Korean study found
that more than 50% of asthma cases were associated with
increased levels of total and allergen-specific IgE levels,
some associated with blood lead and cadmium levels.12

Similarly, Wang et al.13 estimated that 38% of the effect
of lead exposure was mediated by IgE levels. However,
ongoing attempts to describe the underlying immune
mechanism of asthma have still not provided sufficient
evidence to support associations between blood levels of
heavy metals and asthma.

Age, gender and weight status (underweight for age and
gender) have a noted association with childhood asthma
and wheezing.13,22,23 We hypothesized that evaluating
heavy metal exposure in a large cohort of age-appropriate
children may reveal distinct associations between envi-
ronmental heavy metal exposure and childhood asthma or
wheezing, and may highlight possible differences in rela-
tion to age, gender, and weight status. We planned to test
our hypothesis using data from three cycles of the U.S.
National Health and Nutrition Examination Survey (NHANES)
from 2007 to 2012, which provides a nationwide probability
sample organized by subject matter and representative of
the whole U.S. population (http://www.cdc.gov/nchs/
nhanes/). While an earlier study using data from 2003 to
2005 found no direct association of lead with asthma,21

these results are not without controversy.12,13,24 More
recent studies of the NHANES data found declining lead
levels in children, but did not evaluate the association with
asthma.25,26 NHANES data include laboratory values,
anthropometric measures, and demographic and socioeco-
nomic variables, including age, gender, race/ethnicity,
family income to poverty ratio, exposure to maternal
smoking or second-hand smoke, and premature status or
intensive care at birth.27 Given the lack of a cohesive un-
derstanding of environmentally-mediated asthma, this
study aimed to further assess the associations between
heavy metal exposure and childhood asthma or wheezing in
a nationwide U.S. database.
Patients and methods

Data source

Data for this study were extracted from three cycles of the
National Health and Nutrition Examination Survey (NHANES)
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2007e2012, which is conducted by the National Center for
Health Statistics (NCHS) of the CDC. All data were released
as Public Data General Release file documents by the U.S.
Department of Health and Human Services, CDC, Hyatts-
ville, MD, USA (http://www.cdc.gov/nchs/nhanes/).
Permission to use the data was granted by the NCHS.
Since all NHANES data are de-identified, data analysis
does not require IRB approval or written informed consent
by the study subjects.

Study design and population

This cross-sectional population-based study screened the
data of 8672 participants in the NHANES survey during
2007e2012. The inclusion criteria were: subjects aged
2e15 years with laboratory data on blood levels of lead,
cadmium and mercury concentrations, and having com-
plete data on key confounders (i.e., obesity status, un-
derweight for age and gender, family income to poverty
ratio, environmental tobacco exposure). Because adult-
onset asthma is defined as starting as young as age 16
years,28 the inclusion criteria of the present study
described adult-onset asthma as age 16 years and older.
Children below the 5th percentile of BMI for their age and
sex were excluded since underweight is associated with
increased risk for asthma.22,23 Participants who did not
have complete data of blood levels of lead, cadmium or
mercury, or complete data on confounders such as obesity
status, family income to poverty ratio and environmental
tobacco exposure, were excluded. Finally, the data of 5866
subjects were retained for analysis.

Main outcome

The primary outcome of this study was active asthma, that
is, those reporting ever having been told that they had
asthma and/or who had an asthma attack in the past year.
Active asthma was defined as those who responded “yes” to
three questions: “Has a doctor or other health professional
ever told you that you have asthma”? “Do you still have
asthma”? and “During the past 12 months, have you had an
episode of asthma or an asthma attack”?

Study variables

Asthma and wheezing
All participants aged 1 year and older were asked (by proxy if
under age 16) whether a doctor or other health professional
had ever said they had asthma. Those who answered “yes”
wereasked a series of additional questions, includingwhether
they still had asthma, and whether they had experienced an
asthma attack in the past year. (https://wwwn.cdc.gov/
Nchs/Nhanes/2007-2008/MCQ_E.htm; https://wwwn.cdc.
gov/Nchs/Nhanes/2003-2004/RDQ_C.htm). A separate set
of questions was asked about wheezing. Wheezing outcomes
analyzed in this study were patients’ reports of wheezing or
whistling in the chest in the past year (yes/no), as obtained
by questionnaire or during the examination in the NHANES
Medical Examination Center (MEC) (https://wwwn.cdc.gov/
Nchs/Nhanes/2007-2008/MCQ_E.htm), as described
previously.28,29 Current wheezing or whistling was defined as
those who responded “yes” to the question: “In the past 12
months have you had wheezing or whistling in your chest”?

Heavy metal levels
Whole blood mercury (Hg), lead (Pb) and cadmium (Cd)
concentrations were determined using inductively coupled
plasma mass spectrometry. The detailed description of the
laboratory protocol and methods can be found at the
NHANES Lab Protocol web page (https://wwwn.cdc.gov/
Nchs/Nhanes/2003-2004/L06BMT_C.htm).

Demographic and anthropometric variables
Data of potential confounding variables were obtained from
the demographic questionnaire filled out by NHANES in-
terviewers for each participant, including: age, gender,
race/ethnicity, family income to poverty ratio (shown as
income/poverty ratio), prenatal maternal smoking, birth
weight (low birth weight or not), received neonatal inten-
sive care unit (NICU) care, close relative(s) had asthma and
allergic rhinitis in past 12 months.

Physical examinationby trained technicians at theNHANES
MECwas used to calculate participants’ bodymass index (BMI;
weight/height2). Obesity or not was defined according to the
NHANES Examination Protocol, which is based on the World
Health Organization (WHO) standard BMI criteria of obesity as
�30 kg/m2 (National Health andNutrition Examination Survey
Body Mass Index data; http://wwwn.cdc.gov/Nchs/Nhanes/
2007-2008/BMX_E.htm#BMXBMI). Gender-specific BMI
percentiles-for-age were calculated using the CDC 2000
reference standards applied in NHANES data collection.3

Children between the 5th and 85th percentiles of BMI for
age were considered to be of normal weight, those between
the 85th and 95th percentile were considered to be over-
weight, and those at or above the 95th percentile were
considered to be obese, according to criteria of the American
Medical Association.30

Environmental tobacco exposure was defined as those
who responded “yes” to the question “Does anyone who
lives here smoke cigarettes, cigars, or pipes anywhere inside
this home”? Prenatal maternal smoking was defined as those
who responded “yes” to the question: “Did (subject’s) bio-
logical mother smoke at any time while she was pregnant
with (him/her)”? Received NICU care was defined as those
who responded “yes” to the question: “Did (subject’s name)
receive any newborn care in an intensive care unit, prema-
ture nursery, or any other type of special care facility”?

Having a close relative with asthma was defined as those
who responded “yes” to the question: “Among family
members living and deceased, were any of (subject’s/your)
close biological relatives (i.e., blood relatives) such as fa-
ther, mother, sisters or brothers, ever told by a health
professional that they had asthma”? Allergic rhinitis (hay
fever) in past 12 months was defined as those who
responded “yes” to the question: “During the past 12
months, have you (or has subject) had an episode of hay
fever in the past year”?
Statistical analysis

Categorical variables are presented as frequency and
weighted percentage, and continuous variables as the

http://www.cdc.gov/nchs/nhanes/
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/MCQ_E.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/MCQ_E.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2003-2004/RDQ_C.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2003-2004/RDQ_C.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/MCQ_E.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/MCQ_E.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2003-2004/L06BMT_C.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2003-2004/L06BMT_C.htm
http://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/BMX_E.htm#BMXBMI
http://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/BMX_E.htm#BMXBMI


Heavy metal exposure and childhood asthma 355
mean and standardized error (mean � SE). A logistic
regression model of survey data was used to estimate odds
ratios (ORs) of blood concentrations of heavy metals (i.e.,
cadmium, lead, mercury) and other factors for active
asthma and current chest wheezing or whistling. Statisti-
cally significant factors in univariate regression analysis
other than blood heavy metal concentrations were included
in multivariate regression models after adjusting for ORs of
blood heavy metal concentrations for each event. Subgroup
analysis was performed after stratifying subjects into three
groups by age: 2e5 years, 6e11 years, and 12e15 years. All
statistical analyses were performed using the two-tailed t-
test and results were considered significant at p < 0.05. All
Figure 1. Study populati
statistical analyses were performed using the SAS 9.4
software program (SAS Institute Inc., Cary, NC, USA).
Results

Among 8672 eligible subjects whose data were extracted
from the NHANES 2007e2012 database, the final analytic
sample after exclusions was 5866 subjects (Fig. 1). Subjects
were stratified into three groups by age: ages 2e5 years
(n Z 1626), ages 6e11 years (n Z 2751), and ages 12e15
years (n Z 1489). Distribution of subjects’ demographic and
clinical characteristics is shown in Table 1. Blood cadmium
on selection flowchart.



Table 1 Characteristics distribution in study population, NHANES 2007e2012 (unweighted: 5866, weighted: 41,110,574.1).

Total N Z 5866 Age group

N (%) Age 2e5
N Z 1626

Age 6e11
N Z 2751

Age 12e15
N Z 1489

N (%) N (%) N (%)

Cadmium (nmol/L)a

Mean � SE. 1.46 � 0.02 1.28 � 0.02 1.34 � 0.02 1.74 � 0.06
Q1 1312 (25.6) 395 (27.4) 656 (24.6) 261 (19.6)
Q2 3082 (51.5) 969 (58.1) 1478 (54.6) 635 (42.6)
Q3 1472 (25.0) 262 (14.4) 617 (20.9) 593 (37.8)

Lead (mg/dL)b

Mean � SE. 1.03 � 0.03 1.47 � 0.07 0.97 � 0.03 0.78 � 0.02
Q1 1976 (40.7) 268 (21.4) 956 (40.5) 752 (54.8)
Q2 1951 (32.1) 489 (30.3) 984 (34.6) 478 (30.1)
Q3 1939 (27.2) 869 (48.3) 811 (24.9) 259 (15.1)

Mercury (mmol/L)c

Mean � SE. 2.71 � 0.10 2.15 � 0.12 2.73 � 0.11 3.09 � 0.17
Q1 1367 (26.5) 497 (34.6) 596 (24.7) 274 (23.1)
Q2 2506 (42.1) 755 (44.7) 1150 (42.1) 601 (40.2)
Q3 1993 (31.4) 374 (20.7) 1005 (33.2) 614 (36.7)

Data release cycle
2007e2008 1945 (32.7) 564 (34.2) 909 (32.9) 472 (31.4)
2009e2010 1950 (32.6) 550 (32.8) 891 (32.4) 509 (32.7)
2011e2012 1971 (34.7) 512 (33.1) 951 (34.6) 508 (35.8)

Male (years) 3053 (51.9) 869 (52.3) 1408 (52.3) 776 (51.2)
Age
2e5 1626 (23.6)
6e11 2751 (43.3)
12e15 1489 (33.1)

Race/ethnicity
Mexican American 1489 (15.6) 412 (17.4) 725 (16.1) 352 (13.7)
Other Hispanic 709 (7.3) 193 (8.4) 325 (7.1) 191 (6.9)
Non-Hispanic White 1699 (55.6) 483 (51.8) 779 (55.3) 437 (58.7)
Non-Hispanic Black 1459 (14.4) 397 (15.0) 692 (14.4) 370 (13.8)
Other race, including multi-racial 510 (7.0) 141 (7.3) 230 (7.0) 139 (6.9)

Poverty/income ratio
Not poor 3720 (74.0) 942 (68.7) 1746 (73.3) 1032 (78.6)
Poor 2146 (26.0) 684 (31.3) 1005 (26.7) 457 (21.4)

Obesity status
Normal weight 4904 (85.4) 1347 (83.8) 2276 (84.4) 1281 (87.9)
Overweight 633 (9.8) 182 (10.8) 309 (10.4) 142 (8.3)
Obese 329 (4.8) 97 (5.4) 166 (5.2) 66 (3.8)

Low birth weight
No 5007 (87.1) 1384 (87.0) 2364 (87.2) 1259 (87.1)
Yes 733 (10.7) 224 (12.0) 327 (10.4) 182 (10.3)
Unknown 126 (2.1) 18 (1.1) 60 (2.4) 48 (2.6)

Received NICU care
No 1715 (28.9) 504 (30.9) 811 (29.3) 400 (27.1)
Yes 220 (3.6) 58 (3.2) 94 (3.4) 68 (4.1)
Unknown 3931 (67.5) 1064 (65.9) 1846 (67.3) 1021 (68.8)

Prenatal maternal smoking
No 4993 (84.0) 1371 (84.0) 2349 (83.9) 1273 (84.2)
Yes 800 (14.9) 248 (15.7) 362 (14.7) 190 (14.6)
Unknown 73 (1.05) 7 (0.3) 40 (1.4) 26 (1.2)

Environmental tobacco exposure
No 875 (14.3) 244 (13.2) 425 (15.7) 206 (13.4)
Yes 4991 (85.7) 1382 (86.8) 2326 (84.3) 1283 (86.6)
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Table 1 (continued )

Total N Z 5866 Age group

N (%) Age 2e5
N Z 1626

Age 6e11
N Z 2751

Age 12e15
N Z 1489

N (%) N (%) N (%)

Close relative with asthma
No 2852 (51.6) 0 1845 (67.0) 1007 (68.3)
Yes 1316 (23.5) 0 863 (31.4) 453 (29.9)
Unknown 1698 (24.9) 1626 (100.0) 43 (1.6) 29 (1.9)

Allergic rhinitis past 12 months
No 5235 (86.8) 1515 (91.3) 2431 (85.7) 1289 (85.2)
Yes 620 (13.0) 110 (8.6) 313 (14.2) 197 (14.5)
Unknown 11 (0.2) 1 (0.03) 7 (0.2) 3 (0.3)
a Trisection of cadmium: Q1: �1.24 nmol/L; Q2: 1.24e1.25 nmol/L; Q3: >1.25 nmol/L.
b Trisection of lead: Q1: �0.68 mg/dL; Q2: 0.68e1.12 mg/dL; Q3: >1.12 mg/dL.
c Trisection of mercury: Q1: <1.1 mmol/L; Q2: 1.1e2.5 mmol/L; Q3: �2.5 mmol/L.
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and mercury concentrations both increased with age, while
blood lead concentrations decreased with age. Non-Hispanic
white was the most prevalent racial/ethnic group (55.6%).
The weighted percentage of income/poverty ratio was
26.0%. The majority of the study population (85.4%) was
normally weighted. About 14.9% and 85.7% of subjects were
exposed to prenatal maternal smoking and environmental
tobacco, respectively. About 23.5% and 13.0% of subjects had
blood relatives with asthma and had experienced allergic
rhinitis, respectively, in the past 12 months (Table 1).

Univariate logistic regression analysis revealed that ORs
for active asthma increased with elevated lead concen-
trations only (OR Z 1.06, 95% CI Z 0.98e1.313) among the
three types of heavy metals (lead, cadmium, mercury), but
without statistically significant differences. Male gender
(OR Z 1.36 and 1.32), non-Hispanic black race/ethnicity
(OR Z 2.02 and 1.57), obese (OR Z 1.82 and 1.60), close
relative having asthma (OR Z 5.50 and 3.12), and having
allergic rhinitis in the past 12 months (OR Z 3.97 and 4.05)
were associated with higher risk of having active asthma
and current wheezing or whistling (Table 2).

After adjusting for significant factors identified in the
univariate analysis, higher concentrations of blood lead
were associated with higher odds of having asthma
(adjusted OR [aOR] Z 1.08, 95% CI Z 1.00e1.16), but no
statistical effect was shown for current wheezing or whis-
tling. Also, while no statistically significant differences
were found in different concentrations of blood cadmium,
lead and mercury were associated with active asthma and
current wheezing or whistling. In the age-stratified anal-
ysis, higher blood lead concentration was associated with
higher risk for active asthma (aOR Z 1.24, 95%
CI Z 1.08e1.42) and current wheezing or whistling
(aOR Z 1.19, 95% CI Z 1.04e1.38) in the 6e11 years age
group; however, higher blood mercury concentration was
associated with lower risk of current wheezing or whistling
(aOR Z 0.95, 95% CI Z 0.90e0.99). No statistically signifi-
cant differences were shown between the different con-
centrations of blood lead, cadmium, and mercury leading
to active asthma and current wheezing or whistling in the
2e5 years and 12e15 years age groups. For heavy metal in
the categorical variable, the result shows that children
aged 2e5 years with medium levels of blood lead had lower
risks for current wheezing or whistling compared to those
with the lowest level of blood lead concentration
(aOR Z 0.54, 95% CI Z 0.30e0.96) (Table 3).
Discussion

Results of the present study show that higher concentra-
tions of blood lead are associated with higher odds of
asthma in children aged 2e15 years. However, no statisti-
cally significant differences are found between different
blood concentrations of cadmium and mercury associated
with active asthma and current wheezing or whistling. Also,
no statistically significant differences are shown between
the different concentrations of blood lead, cadmium, and
mercury associated with active asthma and current
wheezing or whistling in those aged 2e5 years and 12e15
years. Compared to the lowest trisected concentration of
blood lead, the medium and highest levels of blood lead are
associated with lower odds of current wheezing or whistling
in children aged 2e5 years, while the highest concentration
of blood lead is associated with higher odds of asthma in
those aged 12e15 years.

Results of the present study are compatible with those
of previous studies by other authors. Wang et al.13

compared blood lead levels in 930 children with and
without allergic diseases or asthma, finding that lead was
positively associated with asthma as well as with serum IgE,
the latter occurring only in males, who also had higher
concentrations of blood lead. The authors estimated that
38% of the total effect of lead exposure on asthma was
mediated by IgE levels. The present study also found higher
levels in males. Results of Wang et al.13 strongly suggest an
IgE immune mechanism that explains asthma in children
exposed to lead, which also helps to explain the report of
Mohammad et al.24 that blood lead levels correlate with
children’s asthma severity. Linear trends were also seen
across age groups in a Korean study12 that linked whole
blood lead levels with IgE and asthma, but this was not seen
in children with cadmium exposure even though blood
levels were increased.



Table 2 Results of univariate logistic regression for asthma and associated factors in study population, NHANES 2007e2012.

Active asthma Current wheezing or whistling

Crude OR (95% CI) Crude OR (95% CI)

Cadmium (nmol/L)a

Continuous var. 1.01 (0.87e1.17) 0.98 (0.83e1.15)
Q1 1.0 1.0
Q2 0.85 (0.64e1.13) 0.84 (0.63e1.14)
Q3 0.99 (0.66e1.48) 0.84 (0.60e1.18)

Lead (mg/dL)b

Continuous var. 1.06 (0.98e1.13) 1.01 (0.94e1.09)
Q1 1.0 1.0
Q2 0.93 (0.64e1.35) 0.84 (0.64e1.12)
Q3 1.09 (0.81e1.49) 1.08 (0.83e1.41)

Mercury (mmol/L) c

Continuous var. 1.00 (0.95e1.05) 0.98 (0.94e1.02)
Q1 1.0 1.0
Q2 1.35 (0.99e1.82) 1.02 (0.79e1.30)
Q3 1.01 (0.69e1.47) 0.83 (0.65e1.07)

Male vs. Female 1.36 (1.002e1.85)* 1.32 (1.05e1.65)*
Age (vs. 2e5)
6e11 1.14 (0.87e1.50) 0.79 (0.65e0.96)*
12e19 1.31 (0.98e1.76) 0.84 (0.64e1.13)

Race/ethnicity (vs. Non-Hispanic White)
Mexican American 0.79 (0.57e1.11) 0.74 (0.56e0.97)*
Other Hispanic 1.65 (1.16e2.34)* 1.11 (0.81e1.52)
Non-Hispanic Black 2.02 (1.52e2.67)*** 1.57 (1.24e1.97)**
Other race including multi-racial 1.73 (1.14e2.61)* 1.13 (0.86e1.51)

Poverty/income ratio
Poor vs. Not poor 1.29 (0.86e1.94) 0.97 (0.73e1.28)

Obesity status (vs. Normal weight)
Overweight 1.18 (0.80e1.72) 1.29 (0.97e1.71)
Obese 1.82 (1.02e3.26)* 1.60 (1.08e2.37)*

Low birth weight
Yes vs. No 1.42 (0.94e2.14) 1.14 (0.85e1.53)

Received NICU care
Yes vs. No 1.68 (0.95e2.97) 1.41 (0.98e2.04)

Prenatal maternal smoking
Yes vs. No 1.07 (0.73e1.57) 1.07 (0.78e1.47)

Environmental tobacco exposure
Yes vs. No 1.06 (0.74e1.52) 1.04 (0.81e1.35)

Close relative with asthma
Yes vs. No 5.50 (3.79e7.98)*** 3.12 (2.38e4.10)***

Allergic rhinitis past 12 months
Yes vs. No 3.97 (3.08e5.10)*** 4.05 (2.97e5.51)***
a Trisection of cadmium: Q1: �1.24 nmol/L; Q2: 1.24e1.25 nmol/L; Q3: >1.25 nmol/L.
b Trisection of lead: Q1: �0.68 mg/dL; Q2: 0.68e1.12 mg/dL; Q3: >1.12 mg/dL.
c Trisection of mercury: Q1: <1.1 mmol/L; Q2: 1.1e2.5 mmol/L; Q3: �2.5 mmol/L.

* p < 0.05, ** p < 0.001, *** p < 0.0001.
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In the present study, although both cadmium and mer-
cury levels increased with age, association with asthma was
not significant. However, a study of 224 children in Poland
found that even very low levels of prenatal exposure to
lead had more than doubled the relative risk (RR) at 5 years
for atopic skin sensitization (RR Z 2.25, 95% CI:
1.21e4.19).9 In Korea, a cross-sectional analysis of urinary
mercury in 4350 children aged 10 years found an association
between mercury exposure and current and lifetime risk of
asthma.31 Kim et al.32 found an association between
prenatal exposure to cadmium and development of atopic
dermatitis in infants exposed to the cadmium in utero. In
South Africa, prenatal cadmium exposure was associated
with lower birth weight in female neonates but not males;
maternal smoking was shown to be the source of cadmium
and cadmium levels in cord blood suggested that protection
from exposure was not offered by the placenta.33 These
findings suggest a possible enhanced sensitivity to aero-
allergens in children with prenatal exposure to heavy
metals, and this type of sensitization is a common precursor



Table 3 Results of multiple logistic regression analysis for asthma and associated factors in study population, NHANES
2007e2012.

Active asthmad Current wheezing or whistlinge

Adjusted OR (95% CI) Adjusted OR (95% CI)

Continuous var.
Cadmium (nmol/L) 1.02 (0.88e1.18) 0.99 (0.84e1.18)
Lead (mg/dL) 1.08 (1.00e1.16)* 0.99 (0.92e1.08)
Mercury (mmol/L) 0.99 (0.94e1.04) 0.98 (0.95e1.01)

Trisection of heavy metal concentrations
Cadmiuma (nmol/L) (vs. Q1)

Q2 0.97 (0.74e1.27) 0.94 (0.71e1.25)
Q3 1.02 (0.72e1.43) 0.89 (0.64e1.24)

Leadb (mg/dL) (vs. Q1)
Q2 0.93 (0.63e1.37) 0.83 (0.62e1.11)
Q3 1.18 (0.82e1.68) 1.08 (0.81e1.43)

Mercuryc (mmol/L) (vs. Q1)
Q2 1.39 (0.99e1.97) 1.06 (0.81e1.39)
Q3 0.95 (0.61e1.47) 0.85 (0.66e1.11)

Ages 2e5 years
Continuous var.

Cadmium (nmol/L) 1.15 (0.64e2.08) 0.69 (0.37e1.30)
Lead (mg/dL) 0.99 (0.86e1.14) 0.87 (0.75e1.01)
Mercury (mmol/L) 0.96 (0.87e1.05) 0.94 (0.88e1.01)

Trisection of heavy metal concentrations
Cadmiuma (nmol/L) (vs. Q1)

Q2 1.33 (0.71e2.51) 0.89 (0.57e1.39)
Q3 1.13 (0.49e2.61) 0.69 (0.36e1.29)

Leadb (mg/dL) (vs. Q1)
Q2 0.56 (0.24e1.32) 0.54 (0.30e0.96)*
Q3 0.76 (0.40e1.44) 0.64 (0.39e1.04)

Mercuryc (mmol/L) (vs. Q1)
Q2 1.56 (0.79e3.10) 0.81 (0.53e1.23)
Q3 1.17 (0.53e2.57) 0.83 (0.54e1.27)

Ages 6e11 years
Continuous var.

Cadmium (nmol/L) 0.81 (0.56e1.19) 0.80 (0.55e1.17)
Lead (mg/dL) 1.24 (1.08e1.42)* 1.19 (1.04e1.38)*
Mercury (mmol/L) 0.95 (0.90e0.99)* 0.96 (0.92e1.00)

Trisection of heavy metal concentrations
Cadmiuma (nmol/L) (vs. Q1)

Q2 0.91 (0.92e1.37) 1.09 (0.74e1.59)
Q3 0.75 (0.46e1.22) 0.78 (0.49e1.23)

Leadb (mg/dL) (vs. Q1)
Q2 1.05 (0.68e1.62) 0.85 (0.63e1.48)
Q3 1.31 (0.82e2.07) 1.31 (0.88e1.96)

Mercuryc (mmol/L) (vs. Q1)
Q2 0.96 (0.62e1.49) 1.15 (0.74e1.77)
Q3 0.75 (0.44e1.28) 0.91 (0.61e1.37)

Ages 12e15 years
Continuous var.

Cadmium (nmol/L) 1.00 (0.84e1.19) 1.03 (0.87e1.22)
Lead (mg/dL) 1.22 (0.90e1.64) 1.02 (0.79e1.31)
Mercury (mmol/L) 1.02 (0.93e1.11) 1.01 (0.95e1.06)

Trisection of heavy metal concentrations
Cadmiuma (nmol/L) (vs. Q1)

Q2 0.78 (0.36e1.72) 0.77 (0.38e1.53)
Q3 0.99 (0.41e2.35) 0.99 (0.43e2.31)

(continued on next page)
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Table 3 (continued )

Active asthmad Current wheezing or whistlinge

Adjusted OR (95% CI) Adjusted OR (95% CI)

Leadb (mg/dL) (vs. Q1)
Q2 1.15 (0.56e2.38) 1.05 (0.59e1.85)
Q3 1.48 (0.82e2.68) 1.24 (0.64e2.41)

Mercuryc (mmol/L) (vs. Q1)
Q2 2.09 (0.79e5.53) 1.24 (0.69e2.23)
Q3 1.06 (0.33e3.44) 0.81 (0.48e1.37)
a Trisection of cadmium: Q1: �1.24 nmol/L; Q2: 1.24e1.25 nmol/L; Q3: >1.25 nmol/L.
b Trisection of lead: Q1: �0.68 mg/dL; Q2: 0.68e1.12 mg/dL; Q3: >1.12 mg/dL.
c Trisection of mercury: Q1: <1.1 mmol/L; Q2: 1.1e2.5 mmol/L; Q3: �2.5 mmol/L.
d Model adjusted for blood cadmium, blood lead, blood mercury, sex, race, obesity status, close relative with asthma, allergic rhinitis

past 12 months.
e Model adjusted for blood cadmium, blood lead, blood mercury, sex, age, race, obesity status, close relative with asthma, allergic

rhinitis past 12 months.
* p < 0.05, ** p < 0.001, *** p < 0.0001.
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to asthma and allergic rhinitis from infancy into early
childhood.

While many studies agree on heavy metal-induced
allergic disease, controversy remains over the association
of heavy metal exposure and asthma, particularly in terms
of mercury. A noted discrepancy is found between the lack
of association between mercury exposure and risk of
wheeze and eczema in Japanese children34 and the more
recent report of Kim et al.,31 who found a correlation be-
tween asthma risk and mercury exposure in school-age
Korean children. An earlier report from Korea also showed
a positive association between blood mercury levels and
atopic dermatitis in adults.35 The controversy can be
considered simply as “mixed results,” or it may indicate
that changes in the immune system blood profile of children
with elevated mercury concentration and asthma suggest
immunotoxicity.31 A German study36 also explored the as-
sociations between mercury and childhood asthma in sub-
jects with low mercury levels, finding no significant
association; the authors explained their null findings as
differences in setting and source of mercury exposure be-
tween their study in Germany and the study of Kim et al.31

in Korea, suggesting that further studies are needed to
assess prenatal and childhood mercury exposure.

Examples of immunotoxicity from environmental toxi-
cants have been reported. The immune system is shown to
be one of the most sensitive targets for lead toxicity.37 The
immunotoxic effects of heavy metals were demonstrated
by polyclonal B cell activation and the induction of auto-
antibodies in subjects with oral exposure to cadmium at
environmental levels; similar B cell activation was seen
with lead and mercury.38 In a study of prenatal cadmium
exposure, postnatal immune cell development and function
were altered in all cadmium-exposed offspring; even low
cadmium exposure is suggested to have long-term detri-
mental effects.20 Associations were found between IgE,
eosinophils, and asthma in a study of 1788 children from
NHANES 2005e2006; although they found no direct associ-
ation between current blood levels of lead and asthma, the
authors concluded that early life exposure to lead and
other heavy metals may alter immune function and
predispose children to develop allergic diseases, including
asthma.21 Pre- and post-natal exposure to heavy metals,
such as lead, elevate production of IgE, which may have the
potential to increase the risk of allergic disease and
asthma.14 Increased recognition that heavy metals alter
immune system function has advanced the understanding of
environmentally-induced immunotoxicity, particularly how
environmental agents may trigger the immune process and
autoimmune response.18 The immune effects of environ-
mental substances may, therefore, serve as potential bio-
markers for evaluating the health effects of heavy metal
exposure, ultimately confirming associations between
heavy metals and asthma as shown in the present study and
others.

There is no doubt that environmental exposure to in-
dustrial- and traffic-based fine-particle metal pollutants
has an impact on the health of populations, particularly the
respiratory health of children.39 Children in New York City
between ages nine and eleven who were found to have
fractional exhaled nitric oxide (FeNO) also had positive
associations with blood iron, nickel, and vanadium.40 One
study found elevated blood levels in preschoolers associ-
ated with incense burning in the home.41 In a Korean
population-based study of children and adolescents,42

sociodemographic factors such as age, sex, and fathers’
education levels were associated with increased environ-
mental exposure to heavy metals, pointing out the impor-
tance of these data in performing ongoing surveillance to
help understand environmental exposure and public health
trends. As in the present study, the lead was more posi-
tively associated with sociodemographic variables such as
age, and higher levels were associated with health risks.
Public health policies and programs are urgently needed to
reduce the levels of toxicants and the environmental
exposure to them that may present public health risks,
particularly in children.

The present study has several limitations. First, the
NHANES database is cross-sectional, and cross-sectional
analysis does not allow causal inferences to be made.
Also, the NHANES questionnaire and interview data are
based on self-reports or reports of adult proxy and may be
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subject to recall issues, misunderstanding of questions, and
other factors that may limit interpretation of results.
Further, although the NHANES database is comprehensive
and nationally representative of the U.S. population,
including representative of different racial/ethnic groups,
findings of the present study are generalizable to the
overall U.S. population but are not likely generalizable to
other populations or locations. Additional studies in other
locations are still needed. Future prospective longitudinal
and interventional studies of large samples of children aged
2e15 are warranted to confirm the findings of the present
study and to further examine the effects of heavy metals on
childhood asthma and wheezing.

In conclusion, higher concentrations of blood lead are
associated with higher odds of asthma in children aged
2e15 years, especially those 12e15, but no associations are
found between blood levels of cadmium and mercury and
active asthma and current wheezing or whistling in children
aged 2e15. Results of the present study regarding the ef-
fects of heavy metals may inspire public health efforts to
expand focused interventions directed at reducing the
sources of environmental exposure.
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