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FIG 1. Adjusted association (spline function) plots of total IgE levels with

blood lead levels. Bars indicate the frequency distribution of blood lead in

the study participants. The spline function (solid line) is adjusted for age,

sex, race/ethnicity, family income, cigarette smoking, a history of allergy,

and BMI. Dotted lines indicate the 95% CI.
Environmental lead exposure and increased
risk for total and allergen-specific IgE in US
adults

To the Editor:
Allergic disease is a major public health concern because of

increases in prevalence and significant burdens on the economy
and quality of life. There is a growing interest in the role of
environmental exposures (ie, air pollution, tobacco smoking, and
metals) in the development of allergies.1

Lead is a ubiquitous environmental pollutant with potential
immunotoxicity.2 Although environmental lead exposures, as a
result of the phase out of leaded gasoline, have been significantly
decreased, lead is still found in paint, food, and lead-containing
consumer products and detected in the general population.
Concern, especially among some minorities and socioeconomi-
cally disadvantaged groups, has grown over the possible adverse
effects of exposure to low levels of environmental lead.3

Experimental and epidemiologic studies have shown that
lead exposure is implicated in alterations in humoral and
cell-mediated immunity and the development of allergic
conditions, including the production of serum IgE and eosinophils
and bronchial responsiveness.2,4-6 However, it remains unclear
whether exposure to environmental lead affects IgE-mediated
allergic responses.

We hypothesized that environmental lead exposure could be a
risk factor for increased allergic sensitization and examined
the association between blood lead levels and total and
allergen-specific IgE levels in serum among adults.

This study analyzed data from the 2005-2006 National Health
and Nutrition Examination Survey (NHANES). Of the 4979 total
participants aged 20 years and older, we included 4287 adults who
underwent a complete panel of allergen-specific IgE tests, had
blood lead measurements, and had no missing data on all
variables of interest (see the Methods section in this article’s
Online Repository at www.jacionline.org). Blood lead levels
were measured by using atomic absorption spectrometry. Total
and allergen-specific IgE levels against 19 allergens were
measured by using the ImmunoCAP System (Pharmacia
Diagnostics, Kalamazoo, Mich). Nineteen specific allergens
were divided into 7 categories to avoid the problem of similarities
in their biological and statistical properties: (1) molds (Alternaria
and Aspergillus species); (2) dust mites (Dermatophagoides
farinae and Dermatophagoides pteronyssinus); (3) plants (rye
grass, Bermuda grass, oak, birch, ragweed, thistle, and peanut);
(4) pets (dog and cat); (5) arthropods (cockroach and shrimp);
(6) rodents (mouse and rat); and (7) food (egg white and cow’s
milk).7 A specific IgE level of 0.35 kUA/L or greater indicated
sensitization. Age, sex, race/ethnicity, household income,
cigarette smoking, a history of allergy, and body mass index
(BMI) were considered confounding variables and entered as
covariates in all models.

Blood lead levels were log transformed, during which they
were either categorized into quartiles or treated as a continuous
variable. The total IgE level was log transformed to normalize the
distribution and analyzed as a continuous variable. Weighted
estimates (2-year subsample weights: WTMEC2YR) of the
population parameters were computed by using the NHANES
Analytic and Reporting Guidelines to account for the complex
sampling scheme. All analyses were performed with SAS 9.2
software (SAS Institute, Cary, NC) and R software (R Foundation
for Statistical Computing, Vienna, Austria).

The geometric mean of blood lead in the entire population was
1.46 mg/dL (95% CI, 1.44-1.50 mg/dL). Overall, 2369 (55.3%)
participants were sensitive to at least 1 specific allergen, and
the mean total IgE level was 48.2 kU/L (95% CI, 46.1-50.5 kU/L;
see Table E1 in this article’s Online Repository at www.
jacionline.org).

We explored the adjusted associations between total IgE and
blood lead levels by using a spline function to fit the generalized
additive model. The result was a significant linear association in
which total IgE levels increased with increases in blood lead
levels (b 5 0.18; 95% CI, 0.08-0.28; P 5 .0029; Fig 1). With
regard to the association between blood lead quartiles, total IgE
levels, and allergen sensitizations, blood lead levels were
significantly associated with total IgE levels (b value in quartile
4, 0.35; 95% CI, 0.20-0.51) and increased risk for specific IgE
sensitizations to dust mites (odds ratio [OR] in quartile 4, 1.35;
95% CI, 1.01-1.80) and arthropods (OR in quartile 4, 1.80; 95%
CI, 1.43-2.25) (Table I). Specifically, subjects with the highest
blood lead levels had significantly increased risk for allergies to
D farinae (OR, 1.46; 95% CI, 1.07-2.01), D pteronyssinus (OR,
1.47; 95% CI, 1.08-2.00), peanut (OR, 1.84; 95% CI, 1.20-
2.81), cockroach (OR, 1.99; 95% CI, 1.55-2.54), and shrimp
(OR, 1.51; 95% CI, 1.00-2.28) than those in the lowest quartile
(see Fig E1 in this article’s Online Repository at www.
jacionline.org).

Few epidemiologic studies have suggested lead-induced
overproduction of total IgE,4,5 and most of these were conducted
in children. A previous study by Heo et al8 reported that adults
with increased occupational exposure to lead were significantly
more likely to have increased IgE levels. Our finding of a potential
connection between lead exposure and total IgE levels extends the
current limited evidence from particularly vulnerable subjects,
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TABLE I. b-Coefficients (95% CI)* for total IgE levels and ORs (95% CIs)* for allergic sensitization by blood lead quartiles

Quartile 1 (approximately

0.18-1.09 mg/dL)

Quartile 2 (approximately

1.1-1.69 mg/dL)

Quartile 3 (approximately

1.7-2.6 mg/dL)

Quartile 4 (approximately

2.61-26.4 mg/dL)

b-Coefficient (95% CI) for total IgE levels

Total IgE levels 0 (Reference) 0.20 (0.05-0.34) 0.26 (0.10-0.42) 0.35 (0.20-0.51)

OR (95% CI) for sensitization to 7 allergen groups�
Molds 1 (Reference) 1.01 (0.74-1.40) 0.88 (0.58-1.34) 0.86 (0.52-1.43)

Dust mites 1 (Reference) 1.32 (1.00-1.75) 1.30 (0.93-1.81) 1.35 (1.01-1.80)

Plants 1 (Reference) 0.94 (0.73-1.21) 1.03 (0.82-1.29) 0.79 (0.57-1.10)

Pets 1 (Reference) 1.32 (1.01-1.73) 1.09 (0.71-1.68) 0.94 (0.63-1.40)

Arthropods 1 (Reference) 1.10 (0.86-1.41) 1.16 (0.85-1.58) 1.80 (1.43-2.25)

Rodents 1 (Reference) 0.75 (0.28-2.00) 0.82 (0.34-1.95) 1.01 (0.26-3.90)

Food 1 (Reference) 1.11 (0.71-1.72) 1.14 (0.83-1.59) 1.14 (0.64-2.00)

*Statistical models were adjusted for age, sex, race/ethnicity, family income, cigarette smoking, a history of allergy, and BMI.

�Specific IgE against 19 allergens was divided into the following 7 categories: (1) molds (Alternaria and Aspergillus); (2) dust mites (D farinae and D pteronyssinus); (3) plants

(rye grass, Bermuda grass, oak, birch, ragweed, thistle, and peanut); (4) pets (dog and cat); (5) arthropods (cockroach and shrimp); (6) rodents (mouse and rat); and (7) food (egg

white and cow’s milk).

J ALLERGY CLIN IMMUNOL

nnn 2014

2 LETTER TO THE EDITOR
such as children and highly exposed workers, to a general
population of adults.

In addition, we estimated the associations between blood lead
levels and sensitization to specific allergens among adults. Here,
we provide the first evidence that higher blood lead levels
increased the risk of having IgE to specific allergens, namely
dust mites and arthropods, among adults. A recent study by
Jedrychowski et al9 reported the effect of lead on allergen
sensitization in childhood. After adjustment for potential
covariates, children’s atopic status was significantly associated
with their cord blood lead levels (risk ratio, 2.28, 95% CI,
1.12-4.62), suggesting that allergic sensitization in early
childhood might be enhanced by means of intrauterine exposure
to lead. To our knowledge, there are no data on the association
between lead exposure and hypersensitivity to specific allergens.
The mechanism for the association between lead and increased
total IgE levels and specific allergen sensitization are not fully
understood. However, type I hypersensitivity has implications
for lead exposure.2,6,8 IgE is a major mediator of type I
hypersensitivities. Lead has the capacity to modify the immune
reaction by activating type 2 helper T cells and inhibiting type
1 T-cell activation10; this effect is dependent on the enhanced pro-
duction of cytokines and interleukins, thereby promoting isotype
switching to IgE.11 Given that susceptibility to allergic responses
is directly associated with IgE production,11 exposure to lead
might be responsible for the increases in allergen-specific IgE
or allergic responses.

Our study has several limitations. First, the cross-sectional
design of this study does not allow one to make a causal inference
with the observed association. Second, the blood lead level is an
adequate biomarker of recent exposure; however, it is not an
accurate reflection of the lifetime toxicant burden. Lastly, it is
possible that errors arising from self-reported data or unmeasured
factors might have contributed to the bias.

In conclusion, the present study provides evidence of a
positive dose-response relationship between blood lead levels
and total IgE levels in US adults. Moreover, participants with
high blood lead levels were at significantly increased risk for
specific IgE sensitization to dust mites and arthropods.
Although our findings require confirmation, they suggest that
background exposures to lead might play an important role in
development of allergic conditions among adults. These findings
have potential implications for the prevention and control of
allergies.
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METHODS

Study population
The 2005-2006 NHANES, which was conducted by the US Centers for

Disease Control and Prevention, is a nationally representative survey of the

noninstitutionalized civilian population in the United States. The study

protocols and all NHANES testing procedures were approved by the

Institutional Review Board of the National Center for Health Statistics.

Both oral and written consent were obtained from all participants.

The present study used data regarding allergen-specific IgE tests and blood

lead levels. Of the 4979 total participants aged 20 years and older, we initially

selected 4485 adults who underwent a complete panel of allergen-specific IgE

tests and had blood lead measurements. We excluded an additional 196

subjects whoweremissing at least 1 variable of interest (n5 189) or for whom

the allergy questionnaire was not available (n 5 7). Therefore a final study

population of 4289 participants was included in the analyses.
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ige_total_ige.pdf. Accessed July 28, 2014.

The levels of total and allergen-specific IgE against 19 allergens were

measured for all participants aged 6 years and older. Serum samples were

analyzed for total and allergen-specific IgE by using the Pharmacia

Diagnostics ImmunoCAP 1000 System (Pharmacia Diagnostics).

The lower limits of detection were 2.00 kU/L for total IgE and 0.35 kU/L

for each allergen-specific IgE. A specific IgE level of 0.35 kUA/L or greater

indicated sensitization. Details of the laboratory methods and quality control

procedures have been previously described.E1
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FIG E1. Adjusted ORs (95% CIs) for associations for IgE levels among 19

specific aeroallergens and blood lead quartiles. Diamonds represent the

ORs for allergic sensitization in quartiles 2 (white diamonds), 3 (gray
diamonds), and 4 (black diamonds), respectively, compared with the

reference levels of blood lead in quartile 1. All ORs are adjusted for age,

sex, race/ethnicity, household income, cigarette smoking, a history of

allergy, and BMI. Error bars represent 95% CIs.
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TABLE E1. Geometric means (95% CIs) of blood lead levels by

participants’ characteristics

Participants,

no. (%)

Blood lead

levels (mg/dL),

mean (95% CI) P value

Age (y)

20-29 897 (20.9) 0.91 (0.87-0.95) <.0001
30-39 749 (17.5) 1.11 (1.06-1.16)

40-49 756 (17.6) 1.47 (1.41-1.53)

50-59 573 (13.4) 1.85 (1.77-1.94)

60-69 599 (14.0) 2.04 (1.95-2.14)

70-79 423 (9.9) 2.17 (2.05-2.29)
>_80 290 (6.8) 2.41 (2.26-2.57)

Sex

Male 2053 (47.9) 1.89 (1.83-1.94) <.0001
Female 2234 (52.1) 1.17 (1.13-1.20)

Race/ethnicity

Non-Hispanic white 2189 (51.1) 1.45 (1.41-1.50) .0083

Non-Hispanic black 950 (22.2) 1.57 (1.50-1.64)

Hispanic 978 (22.8) 1.42 (1.35-1.48)

Other 170 (4.0) 1.41 (1.29-1.54)

Family income

<$20,000 1060 (24.7) 1.68 (1.61-1.76) <.0001
>_$20,000 3227 (75.3) 1.40 (1.37-1.44)

Cigarette smoking

Current smoker 945 (22.0) 1.85 (1.78-1.93) <.0001

Former smoker 1089 (25.4) 1.66 (1.60-1.73)

Never smoker 2253 (52.6) 1.25 (1.22-1.29)

History of allergy

Yes 1351 (31.5) 1.28 (1.24-1.33) <.0001

No 2936 (68.5) 1.56 (1.52-1.60)

The geometric mean of blood lead level in the entire population was 1.46 mg/dL (95%

CI, 1.44-1.50 mg/dL). Overall, 2369 (55.3%) participants were sensitive to at least 1

specific allergen, and the mean total IgE level was 48.2 kU/L (95% CI, 46.1-50.5 kU/L).

Blood lead levels significantly differed by age, sex, race/ethnicity, family income,

cigarette smoking, and the presence of allergic disease. Blood lead levels were higher in

participants who were older, were male, were non-Hispanic black, were current

smokers, had an annual household income less than $20,000, and had no allergic disease.
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