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Abstract
Heavy metal in the physical environment may alter immune function and predispose to develop asthma in human. Our study was
aimed to investigate associations between urinary heavy metals and asthma in adults. A retrospective cross-sectional study was
conducted with 3425 subjects aged 20 years and older in the US National Health and Nutrition Examination Survey (NHANES)
2011–2014. Binary logistic regression was applied to analyze associations between cobalt (Co), tungsten (W), and uranium (U)
and asthma. We found positive associations between U and asthma (OR = 1.74, 95%CI: 1.25, 2.44, P for trend < 0.01). U was
positively associated with asthma in 20–59 years group (OR = 1.65, 95%CI: 1.11, 2.46), while W and Co were related with
asthma among in above 60 years group (OR = 2.39, 95%CI: 1.24, 4.58, P for trend = 0.02; OR = 1.88, 95%CI: 1.02, 3.47,
respectively). U was linked with asthma in both males and females (OR = 1.93, 95%CI: 1.16, 3.20; OR = 1.59, 95%CI: 1.01,
2.51, respectively). Positive associations between U and asthma were discovered among adults with family history of asthma or
not (OR = 2.15, 95%CI: 1.17, 3.95, P for trend = 0.03; OR = 1.62, 95%CI: 1.08, 2.43, P for trend = 0.03, respectively).
Remarkable association was observed between U and asthma in adults without hay fever (OR = 1.79, 95%CI: 1.24, 2.60, P
for trend = 0.02). Our findings provide epidemiological evidence to highlight a need to prioritize heavy metals exposure with
asthma.
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BMI Body mass index
PIR Ratio of family income to poverty
SE Standard error
CI Confidence intervals
OR Odd ratio
cOR Crude odd ratio
aOR Adjusted odd ratio
GM Geometric mean
Ref Reference

Introduction

As a common chronic disease, asthma is characterized by
chronic airway inflammation, increasing susceptibility to re-
spiratory viral infection, and altering airway microbiology (or
microenvironment) (Gibson et al. 2017). Globally, approxi-
mately 300 million people of all ethnic groups throughout
all ages had asthma, and 250,000 deaths were directly caused
by asthma every year (Croisant 2014). Prevalence of asthma
symptoms in both children and adults is still globally continu-
ing especially in low- to middle-income countries, although
some reports suggest that it has subsided in some high-income
countries (Dharmage et al. 2019, Ferrante & La Grutta 2018).
However, there were nearly 26 million patients diagnosed as
asthma by physicians, and its prevalencewas up to 7.7% in the
USA in 2018 (CDC 2018, Yaghoubi et al. 2019). During
2008–2013, the US treatment and mortality costs on asthma
have been estimated at $81 billion (Nurmagambetov et al.
2018). Risk factors for asthma included genetic, host, and
environmental factors, such as allergens, smoking, and genetic
susceptibility (Croisant 2014, Tan et al. 2015). Some studies
showed the differences of asthma incidences stratified by sex
and age (Dratva et al. 2018, Mohammad et al. 2016). Previous
research have observed associations between heavy metals
and asthma in the USA and China (Wu et al. 2018, Zeng
et al. 2016). For example, lead and cadmium were found to
be positively associated with asthma (Choi et al. 2017).

Heavy metals are ubiquitously dispersed in the environ-
ment, including soil, water, air, dust, diet, and manufacturing
products (Wang et al. 2018, Zeng et al. 2015). The general
population is commonly exposed to low concentration of
metals via ingestion of contaminated water and food or
indrawing of ambient air pollution (Meeker et al. 2008,
Menke et al. 2016, Wang et al. 2016). Heavy metals exposed
to environment may adhere to fine particles in the air and
cause asthma as an environmental allergen (Zeng et al.
2016). Several studies observed that heavy metal–induced
asthma was triggered by the immune system, suggesting that
heavy metals have enormous inflammatory potential and im-
munomodulatory effects on human (Lehmann 2017). Many
studies reported the correlations between common heavy
metals (lead, cadmium, mercury and manganese) and asthma

(Huang et al. 2016, Jung et al. 2015, Miyake et al. 2011, Park
et al. 2016, Rosa et al. 2016, Urushidate et al. 2010).
However, few reports were conducted on the association of
Co, W, and U and asthma.

Co is an important and widely used raw material for the
production of alloys in industry. It is usually mixed with other
metals, and its compounds are commonly used as trace ele-
ment additives in medicine and agriculture (Liao et al. 2019).
From household appliances to high-end technology products,
the industrial and military uses of W-based products are in-
creasing (Oburger et al. 2018). As a heavy metal and radionu-
clide, U is widespread in the environment, not only because of
the leaching of natural sediments but also from the exploration
and utilization of nuclear energy, which leads to the release of
plant tailings and emissions from the nuclear industry.
Occupational exposure to Co, W, and U dust has been found
to be associated with asthma (Cirla 1994, Gheysens et al.
1985, Stefaniak et al. 2009), allergic contact dermatitis
(Fischer and Rystedt, 1983), and hard metal disease
(Davison et al. 1983, Shumate et al. 2017). Workers exposed
to Co, W, and U are reported to have an increasing incidence
of asthma, which may involve both immune and non-immune
mechanisms (Nemery 1990, Sauni et al. 2010). However, little
is known to the contribution of Co, W, and U on the risk of
asthma in general population.

In our retrospective cross-sectional study, we investigated
the associations between the heavy metals (Co, W and U) and
asthma using a nationally representative sample of adults, who
participated in the 2011–2014 (two survey cycles) of the
NHANES in the USA. We also comprehensively explored
whether the relationships were different in sex, age, family
history of asthma, and hay fever.

Material and methods

Study design

The National Health and Nutrition Examination Survey is
designed to assess the health and nutritional status among
adults and children in the USA. A unique feature of this sur-
vey is the collection of health examination data for a nation-
ally representative sample of the resident, civilian noninstitu-
tionalized US population. The survey consists of question-
naires administered in the home, followed by a standardized
health examination in specially equipped mobile examination
centers (MECs) (Johnson et al. 2014). Data collection for
NHANES consists of a household screener, an interview,
and an examination. Demographic, socioeconomic, and die-
tary data were collected by interview. Medical data, dental
data, and physiological data were measured by examination
and lab portions. For this retrospective cross-sectional study,
survey data used to analyze was from 2011–2012 and 2013–
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2014 cycles. Ultimately, the age of selective study population
was 20 years and older. Participants with both urinary heavy
metals and asthma data were included in the analysis (n =
3425). The details are shown in Fig. 1. For missing data from
the covariates, we used a median fill method.

Urinary metals measurement

The urine samples of this study were collected from partici-
pants aged 20 years and older. Heavymetals were measured in
the mobile examination center (MEC). Urine specimens are
processed, stored, and shipped to the Division of Laboratory
Sciences, National Center for Environmental Health, Centers
for Disease Control and Prevention for analysis. Heavy metals
were analyzed by inductively coupled plasma-mass spectrom-
etry (ICP-MS), a multi-element analytical technique. Liquid
samples entered the ICP through a nebulizer and spray cham-
ber carried by a flowing argon stream. By coupling radiofre-
quency power into flowing argon, plasma is generated in
which the main compositions were positive argon ions and
electrons. The sample traverses a region of the plasma with a
temperature of 6000–8000 K. The thermal energy atomizes
the sample and then ionizes the atoms. The ions, together with
the argon, enter the mass spectrometer through an interface
separated by the ICP and the mass spectrometer. The mass
spectrometer can detect ions of each mass at the fastest speed
and can determine the individual isotope of an element.
Electrical signals generated by the detection of the ions are
processed into digital information that is used to indicate first
the intensity of the ions and then the concentration of the
element. This study chose the following three heavy metals
to analyze: Co, W, and U.

Asthma assessment

The assessment of asthma was on the basis of the information
from questionnaire section of the US National Health

Interview Survey. In order to assess asthma, participants were
asked “Has a doctor or other health professional ever told you
that you have asthma?” If the participant responds “yes,” he or
she was regarded as asthma patient.

Covariates

Considering potential confounders associated with heavy
metals and asthma, we controlled the following factors (from
existing literature): age, gender, race, education, ratio of fam-
ily income to poverty (PIR), body mass index (BMI), urinary
creatinine, smoking status, alcohols, family history of asthma,
and hay fever. Age was divided into two groups: 20–59 years
and 60 years and older. Race was categorized as Mexican
American, Other Hispanic, Non-Hispanic white, Non-
Hispanic black, and Other Race—including multiracial. PIR
is a measure of the extent of family poverty and is divided into
two categories by the cut-off of 1. We used BMI to measure
the state of obesity. The formula for BMI is BMI = weight
(kg)/height (m2). Our evaluation of BMI was based on the
standard of World Health Organization (WHO). Education
level was divided into three layers: below high school, high
school graduate//GED or equivalent, and higher than high
school. Smoking status and alcohols were analyzed from
questionnaire information. Given that family history of asth-
ma might have an impact on the outcome of the analysis
(Mejias and Ramphul, 2018), we analyzed asthma family his-
tory as a covariate. Family history of asthma was defined as
whether any of your close relatives including living and de-
ceased, such as father, mother, sisters or brothers, ever been
told by a health professional that they had asthma.
Considering that history of hay fever is also associated with
asthma, we included it as a covariate (Rzehak et al. 2008, Wu
et al. 2018). The participants will be asked have they had an
episode of hay fever during the past 12 months. Evidence
from previous studies demonstrated creatinine concentrations
were used to determine whether the urinary validity and the

Fig. 1 Study design and
disposition of subjects
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excretion rate were relatively constant, and creatinine adjust-
ment was recommended to normalize analyte concentrations
in assessing the relationship between urine-based environ-
mental exposure monitoring and health outcome (Barr et al.
2005, O'Brien et al. 2017).

Statistical analysis

Data were performed with the Solutions Statistical Package
for the Social Sciences (IBM SPSS Statistics Premium
V25.0). Descriptive analyses were presented to provide infor-
mation on the general characteristics of the study population.
The concentrations of Co, W, and U in the urine were divided
into quartiles. Since urine creatinine was skewed, we used log-
transformed data to improve normality in our analysis.
Continuous variables were shown as mean ± standard error
(SE), while categorical variables were shown as numbers and
percentage (%). We compared baseline characteristics by
Student’s t test for normally distributed data among popula-
tion, while we calculated Chi-square test for classification
data. We used logistic regression models to evaluate the rela-
tionships between single heavy metals and asthma. Two
models (crude model and adjusted model) were applied to
explore the association between heavy metals (Co, W, and
U) and asthma in our analysis. We adjusted only Co, W, and
U in the crude model. We further adjusted for age, race, edu-
cation, PIR, BMI, urinary creatinine, family history of asthma,
smoking status, alcohols, and hay fever in the adjusted model.
We developed stratified analyses by age (20–59 years and ≥
60 years), sex (male and female), family history of asthma
(yes and no), and hay fever (yes and no). Age was used as
continuous variables in the analysis except the stratification
analysis.

Several studies proved that the incidence of asthma was
different in male and female, which may be related to age
(Cadeddu et al. 2016). The incidence of asthma is higher in
boys than in girls in childhood, while it becomes more prev-
alent and severe in women after puberty (Pignataro et al.
2017). Twins studies proved that asthma could be transmitted
by genetic factors (Harris et al. 1997, Koppelman et al. 1999),
which might induce the difference of prevalence among pop-
ulation with a positive history of asthma or not. Notably,
aeroallergens were strong risk factors inducing asthma
(Sullivan et al. 2019). Previous study convinced that tree pol-
len was the risk factors for children and adults (Lee et al.
2019). Therefore, we applied stratified analyses by aforesaid
factors to study the relationship between heavy metals and
asthma controlling these confounding factors, respectively.

Sample weights were aimed to diminish the selection bias
among subgroups for age, sex, and race in the NHANES sur-
vey. Therefore, unweighted analysis was recommended be-
cause variables used to calculate sample weights had already

been contained in the adjusted model (Graubard and Korn,
1999, Kim et al. 2017, Zhang et al. 2019).

All significances were analyzed using a two-tailed test, and
a P value < 0.05 was considered to show statistical signifi-
cance in this study.

Results

Demographic characteristics of study subjects

Table 1 presents the baseline characteristics among the 3425
participants, including age, creatinine, gender, race, education,
PIR, BMI, smoking status and alcohol, family history of asth-
ma, and hay fever. Significant differences in age, gender, race,
PIR, BMI, smoking status, family history of asthma, and hay
fever were found in study population stratified with asthma or
not. Totally, 6.16% males and 8.79% females suffered from
asthma. Among the study population, 8.91% participants
without family history of asthma had developed asthma, and
11.56% of participants without hay fever had asthma.

Distribution of urinary heavy metals concentrations
(Co, W, and U)

The distributions of Co, W, and U in the urine in the study
population are shown in Table S1. Among these participants,
the concentration of urinary Co was the highest with the geo-
metric mean concentrations of 0.342 μg/L, while the concen-
tration of urinary U was the lowest with the geometric mean
concentrations of 0.006 μg/L.

Logistic regression model to assess the association
between urinary heavy metals (Co, W, and U) with
asthma

We used logistic regression model to assess the individual
effect of each heavy metals on asthma. As shown in Table 2,
in the crude model, Co showed significant association with
asthma in the upper quartiles (Q4: cOR = 1.38, 95%CI: 1.05,
1.80). We observed that W was positively associated with
asthma in the upper quartiles (Q4: cOR = 1.67, 95%CI:
1.28, 2.17, P for trend < 0.01). Meanwhile, U was shown
obviously significant relationship with asthma in all quartiles
compared with the reference (Q2: cOR = 1.41, 95%CI: 1.07,
1.86; Q3: cOR = 1.47, 95%CI: 1.12, 1.94; Q4: cOR = 1.61,
95%CI: 1.23, 2.11, P for trend = 0.01). After adjusted for all
the covariates, U was also found to be significantly linked to
asthma in all quartiles as well as the results in crude model
(Q2: aOR = 1.42, 95%CI: 1.05, 1.93; Q3: aOR = 1.45,
95%CI: 1.05, 2.00; Q4: aOR = 1.74, 95%CI: 1.25, 2.44, P
for trend = 0.01). There was no evidence shown in significant
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associations between other heavy metals (Co and W) and
asthma.

Logistic regression model to assess the association
between urinary heavy metals (Co, W, and U) with
asthma stratified by age

According to the results of Table 1, we found several factors
vary widely between asthmatic and non-asthmatic popula-
tions. In order to assess the impact of these factors in our

findings, we stratified these factors separately for further anal-
yses. The relationships between the three metals and asthma
stratified by age are shown in Table 3. The association be-
tween Co and asthma was strongly significant among 20–59
years old group in the crude model (Q4: cOR = 1.42, 95%CI:
1.05, 1.93, P for trend = 0.04). We discovered that Co was
associated with asthma in 60 years and older group after ad-
justed for covariates (Q3: aOR = 1.88, 95%CI: 1.02, 3.47). W
was associated with asthma among population aged 60 years
and older in the crude model (Q3: cOR = 1.76, 95%CI: 1.05,

Table 1 Characteristics of the
study population in NHANES
2011–2014

Characteristics With asthma Without asthma P value

Age(year) 45.11 ± 16.91 48.83 ± 17.46 < 0.01*

Gender < 0.01*

Male 211 (6.16) 1486 (43.39)

Female 301 (8.79) 1427 (41.66)

Creatinine 128.19 ± 91.31 114.39 ± 75.88 < 0.01*

Race 0.01*

Mexican American 53 (1.55) 359 (10.48)

Other Hispanic 40 (1.17) 282 (8.23)

Non-Hispanic White 229 (6.69) 1127 (32.91)

Non-Hispanic Black 127 (3.71) 661 (19.30)

Other Race 63 (1.84) 484 (14.13)

Education 0.22

Below high school 101 (2.95) 665 (19.42)

High school graduate 105 (3.07) 616 (17.99)

Higher than high school 306 (8.93) 1632 (47.65)

PIR 0.02*

≤ 1 134 (3.91) 628 (18.34)

> 1 378 (11.04) 2285 (66.72)

BMI < 0.01*

Underweight or normal weight 126 (3.68) 962 (28.09)

Overweight 150 (4.38) 964 (28.15)

Obese 236 (6.89) 987 (28.82)

Smoking status < 0.01*

Never smoker 263 (7.7) 1696 (49.5)

Former smoker 115 (3.4) 678 (19.8)

Current smoker 134 (3.9) 539 (15.7)

Alcohols 0.39

Yes 395 (11.53) 2196 (64.12)

No 117 (3.42) 717 (20.93)

Family history of asthma < 0.01*

Yes 207 (6.04) 481 (14.04)

No 305 (8.91) 2432 (71.01)

Hay fever < 0.01*

Yes 116 (3.39) 209 (6.10)

No 396 (11.56) 2704 (78.95)

Age and creatinine expressed as mean ± standard error and others expressed as numbers and percentage

*The P value is less than 0.05.
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2.94; Q4: cOR = 1.84, 95%CI: 1.07, 3.17, P for trend = 0.02).
After adjusted for covariates, the relationship described above
were also significant (Q3: aOR = 2.19, 95%CI: 1.21, 3.97;
Q4: aOR = 2.39, 95%CI: 1.24, 4.58). W was a risk factor
among 20–59 years in the crude model (Q4: cOR = 1.58,
95%CI: 1.17, 2.14, P for trend < 0.01); similar trend existed
after adjusted all the covariates (Q4: aOR = 2.39, 95%CI:
1.24, 4.58, P for trend = 0.02). We observed that U was linked
to asthma among population aged 20–59 years in the crude
model (Q3: cOR = 1.63, 95%CI: 1.19, 2.23; Q4: cOR = 1.67,
95%CI: 1.23, 2.30, P for trend < 0.01). The relationship was
also observed among 20–59 years in the adjusted model (Q3:
aOR = 1.47, 95%CI: 1.01, 2.15; Q4: aOR = 1.65, 95%CI:
1.11, 2.46). The correlation between U and asthma was found
in the second quartile in population aged 60 years and older in
the adjusted model (Q2: aOR = 1.80, 95%CI: 1.01, 3.21).

Logistic regression model to assess the association
between urinary heavy metals (Co, W, and U) with
asthma stratified by gender

Next, we evaluated the influence of gender on the relation-
ships between heavymetals and asthma (Table 4). In the crude

model, Co and W were found significantly associated with
asthma in female (Co, Q4: cOR = 1.44, 95%CI: 1.02, 2.04;
W, Q4: cOR = 2.05, 95%CI: 1.44, 2.92). We discovered a
significant relationship between U and asthma in females be-
fore adjusting for all covariates (Q2: cOR = 1.53, 95%CI:
1.07, 2.19; Q3: cOR = 1.70, 95%CI: 1.19, 2.42; Q4: cOR =
1.70, 95%CI: 1.19, 2.44, P for trend = 0.01). After adjusted for
covariates, only U showed a positive relationship with asthma
in the upper quartiles in females (Q4: aOR = 1.59, 95%CI:
1.01, 2.51). U showed a strong association with asthma in
male regardless of adjustment for covariates (Q4: cOR =
1.60, 95%CI: 1.06, 2.43; Q4: aOR = 1.93, 95%CI: 1.16,
3.20, respectively).

Logistic regression model to assess the association
between urinary heavy metals (Co, W, and U) with
asthma stratified by family history of asthma

We also examined whether the association of these asthma
risk factors differed by family history of asthma. As shown
in Table 5, U was positively associated with asthma among
population with family history of asthma in both crude model
and adjusted model (Q2: cOR = 1.97, 95%CI: 1.23, 3.17; Q3:
cOR = 1.73, 95%CI: 1.07, 2.79; Q4: cOR = 1.66, 95%CI:
1.03, 2.70, P for trend = 0.03; Q2: aOR = 2.37, 95%CI:
1.38, 4.06; Q3: aOR = 2.04, 95%CI: 1.15, 3.65; Q4: aOR =
2.15, 95%CI: 1.17, 3.95, P for trend = 0.02; respectively).
Similar trends were observed in the participants without fam-
ily history of asthma (Q4: cOR = 1.61, 95%CI: 1.15, 2.24, P
for trend = 0.03; Q4: aOR = 1.62, 95%CI: 1.08, 2.43; respec-
tively). W showed a significant association in population
without family history of asthma in the crude model (Q4:
cOR = 1.69, 95%CI: 1.20, 2.36, P for trend = 0.01).

Logistic regression model to assess the association
between urinary heavy metals (Co, W, and U) with
asthma stratified by hay fever

We further explored whether hay fever modified the associa-
tion between heavy metals (Co, W, and U) and asthma
(Table 6). Co was associated with asthma in the upper quar-
tiles among populations without hay fever in the crude model
(Q4: cOR = 1.57, 95%CI: 1.16, 2.12, P for trend = 0.02). The
relationship between W and asthma was significant among
population without hay fever in the crude model (Q3: cOR =
1.37, 95%CI: 1.02, 1.83; Q4: cOR = 1.85, 95%CI: 1.37, 2.49,
P for trend < 0.01), while U was found significantly in all
quartiles compared with reference among populations without
hay fever in both the crude model and adjusted model (Q2:
cOR = 1.50, 95%CI: 1.09, 2.07; Q3: cOR = 1.62, 95%CI:
1.18, 2.23; Q4: cOR = 1.86, 95%CI: 1.37, 2.53, P for trend
< 0.01; Q2: aOR = 1.48, 95%CI: 1.05, 2.09; Q3: aOR = 1.49,

Table 2 Odds ratios for associations between urinary cobalt, tungsten,
and uranium and asthma in NHANES 2011–2014

Metals Crude model Adjusted model

cOR (95%CI) P value aOR (95%CI) P value

Co

Q1 Ref Ref

Q2 1.00 (0.77, 1.30) 0.98 1.01 (0.75, 1.36) 0.97

Q3 1.11 (0.85, 1.44) 0.45 1.00 (0.72, 1.40) 1.00

Q4 1.38 (1.05, 1.80) 0.19 1.09 (0.76, 1.57) 0.64

P for trend 0.07 0.94

W

Q1 Ref Ref

Q2 1.01 (0.78, 1.30) 0.97 0.95 (0.72, 1.27) 0.73

Q3 1.15 (0.88, 1.49) 0.94 1.01 (0.74, 1.38) 0.94

Q4 1.67 (1.28, 2.17) < 0.01 1.39 (0.99, 1.94) 0.06

P for trend < 0.01 0.08

U

Q1 Ref Ref

Q2 1.41 (1.07, 1.86) 0.02 1.42 (1.05, 1.93) 0.02

Q3 1.47 (1.12, 1.94) 0.01 1.45 (1.05, 2.00) 0.03

Q4 1.61 (1.23, 2.11) < 0.01 1.74 (1.25, 2.44) < 0.01

P for trend 0.01 0.01

Crude model only included variables cobalt, tungsten, and uranium; ad-
justed model comprises covariates: age, gender, race, education, PIR,
smoking status, alcohols, BMI, family history of asthma, creatinine, and
hay fever. Italic font is significant
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Table 3 Odds ratios for associations between urinary cobalt, tungsten, and uranium and asthma stratified by age

Metals 20–59 years ≥ 60 years

Crude model Adjusted model Crude model Adjusted model

cOR (95%CI) P value aOR (95%CI) P value cOR (95%CI) P-value aOR (95%CI) P value

Co
Q1 Ref Ref Ref Ref
Q2 0.98 (0.72, 1.34) 0.90 0.88 (0.61, 1.26) 0.47 1.08 (0.66, 1.76) 0.75 1.29 (0.74, 2.24) 0.38
Q3 0.98 (0.72, 1.34) 0.89 0.77 (0.51, 1.14) 0.19 1.48 (0.90, 2.44) 0.12 1.88 (1.02, 3.47) 0.05
Q4 1.42 (1.05, 1.93) 0.02 0.99 (0.65, 1.53) 0.98 1.08 (0.61, 1.92) 0.79 1.20 (0.59, 2.43) 0.62
P for trend 0.04 0.38 0.42 0.19

W
Q1 Ref Ref Ref Ref
Q2 0.96 (0.71, 1.30) 0.80 0.84 (0.60, 1.19) 0.33 1.19 (0.73, 1.95) 0.49 1.35 (0.78, 2.32) 0.28
Q3 0.97 (0.72, 1.32) 0.86 0.80 (0.55, 1.16) 0.23 1.76 (1.05, 2.94) 0.03 2.19 (1.21, 3.97) 0.01
Q4 1.58 (1.17, 2.14) < 0.01 1.18 (0.80, 1.75) 0.40 1.84 (1.07, 3.17) 0.03 2.39 (1.24, 4.58) 0.01
P for trend < 0.01 0.10 0.06 0.02

U
Q1 Ref Ref Ref Ref
Q2 1.35 (0.97, 1.86) 0.07 1.27 (0.89, 1.82) 0.19 1.60 (0.94, 2.72) 0.08 1.80 (1.01, 3.21) 0.05
Q3 1.63 (1.19, 2.23) < 0.01 1.47 (1.01, 2.15) 0.05 1.09 (0.62, 1.91) 0.78 1.20 (0.64, 2.26) 0.58
Q4 1.67 (1.23, 2.30) < 0.01 1.65 (1.11, 2.46) 0.01 1.51 (0.90, 2.54) 0.12 1.72 (0.91, 3.23) 0.10
P for trend 0.01 0.09 0.20 0.15

Crude model only included variables cobalt, tungsten, and uranium; adjusted model comprises covariates: gender, race, education, PIR, smoking status,
alcohols, BMI, family history of asthma, creatinine, and hay fever. Italic font is significant

Table 4 Odds ratios for associations between urinary cobalt, tungsten, uranium and asthma stratified by gender

Metals Males Females

Crude model Adjusted model Crude model Adjusted model

cOR (95%CI) P value aOR (95%CI) P value cOR (95%CI) P value aOR (95%CI) P value

Co

Q1 Ref Ref Ref Ref

Q2 0.75 (0.51, 1.12) 0.16 0.84 (0.53, 1.33) 0.45 1.29 (0.91, 1.83) 0.16 1.27 (0.84, 1.92) 0.25

Q3 0.99 (0.68, 1.45) 0.97 1.02 (0.61, 1.69) 0.95 1.24 (0.86, 1.79) 0.24 1.11 (0.70, 1.76) 0.65

Q4 1.19 (0.77, 1.83) 0.43 1.42 (0.80, 2.50) 0.23 1.44 (1.02, 2.04) 0.04 1.06 (0.65, 1.72) 0.83

P for trend 0.23 0.21 0.22 0.64

W

Q1 Ref Ref Ref Ref

Q2 0.77 (0.51, 1.18) 0.23 0.86 (0.54, 1.35) 0.51 1.25 (0.90, 1.74) 0.18 1.02 (0.70, 1.49) 0.91

Q3 1.16 (0.78, 1.73) 0.46 1.24 (0.77, 1.99) 0.37 1.19 (0.84, 1.68) 0.34 0.89 (0.59, 1.36) 0.60

Q4 1.46 (0.98, 2.18) 0.07 1.47 (0.89, 2.44) 0.13 2.05 (1.44, 2.92) < 0.01 1.32 (0.84, 2.09) 0.23

P for trend 0.03 0.14 < 0.01 0.33

U

Q1 Ref Ref Ref Ref

Q2 1.31 (0.85, 2.02) 0.22 1.36 (0.85, 2.18) 0.20 1.53 (1.07, 2.19) 0.02 1.48 (0.99, 2.21) 0.06

Q3 1.26 (0.82, 1.95) 0.31 1.36 (0.83, 2.25) 0.23 1.70 (1.19, 2.42) < 0.01 1.42 (0.93, 2.19) 0.11

Q4 1.60 (1.06, 2.43) 0.03 1.93 (1.16, 3.20) 0.01 1.70 (1.19, 2.44) < 0.01 1.59 (1.01, 2.51) 0.05

P for trend 0.17 0.08 0.01 0.18

Crude model only included variables cobalt, tungsten, and uranium; adjusted model comprises covariates: age, race, education, PIR, smoking status,
alcohols, BMI, family history of asthma, creatinine, and hay fever. Italic font is significant
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95%CI: 1.04, 2.14; Q4: aOR = 1.79, 95%CI: 1.24, 2.60, P for
trend = 0.02; respectively).

Discussion

This is a cross-sectional analysis to evaluate the associations
between asthma and heavy metals (Co, W, and U) among
3425 participants aged 20 years and older in the USA. Our
results demonstrated that W and U were significantly associ-
ated with asthma. U was associated with asthma among pop-
ulation aged 20 years and older, and W was associated with
asthma among population aged 60 years and older. In addi-
tion, U showed a positive relationship with asthma in the
upper quartiles in male and female. Furthermore, a remarkable
association was discovered between U and asthma in all quar-
tiles compared with reference among population without hay
fever.

Although few studies have investigated the association be-
tween Co and asthma, no definitive evidence has been discov-
ered in general population (Christensen and Poulsen, 1994,
Lauwerys and Lison, 1994, Stefaniak et al. 2007, Swennen
et al. 1993). In this study, no evidence was found between Co
and asthma, which was conformed with the study of Huang

et al. conducted in a general hospital in China (Huang et al.
2016). Co distributed in the body once being absorbed and
mainly excreted in the urine with a half-life of several hours to
hebdomad (Mendy et al. 2012). Urinary Co reflects recent
exposure levels, but urinary levels in occupational exposure
groups are often higher than in the general population.
Therefore, the representativeness of the general population
was better to explain the relationship between Co exposure
and asthma in the general population.

In line with our findings, previous researches have shown
that W exposure was positively associated with asthma
(Huang et al. 2016, Mendy et al. 2012, Stefaniak et al.
2007). We performed this study to reveal the association be-
tween urinary heavy metals and asthma and conducted a de-
tailed stratified analysis to explore the effects of various risk
factors on the association of urinary heavy metals and asthma.
W exposure might cause a marked inflammatory response in
lung tissue, and leukocyte exudation might invade the alveolar
area of the lung (Huang et al. 2016). W also caused lung
diseases (“hard metal diseases”) proposed for decades
(Mendy et al. 2012). Intriguingly, a mixed exposure of W
and Co induced occupational asthma (Stefaniak et al. 2009).
However, the underlying mechanism of W and asthma is not
mentioned.

Table 5 Odds ratios for associations between urinary cobalt, tungsten, uranium and asthma stratified by family history

Metals With family history of asthma Without family history of asthma

Crude model Adjusted model Crude model Adjusted model

cOR (95%CI) P value aOR (95%CI) P value cOR (95%CI) P value aOR (95%CI) P value

Co

Q1 Ref Ref Ref Ref

Q2 1.28 (0.81, 2.03) 0.30 1.36 (0.79, 2.33) 0.26 0.97 (0.70, 1.34) 0.85 0.88 (0.61, 1.26) 0.48

Q3 1.34 (0.85, 2.10) 0.21 1.41 (0.78, 2.55) 0.26 1.00 (0.71, 1.40) 0.99 0.82 (0.54, 1.24) 0.35

Q4 1.36 (0.86, 2.15) 0.19 1.30 (0.68, 2.49) 0.43 1.34 (0.96, 1.88) 0.09 1.01 (0.65, 1.57) 0.96

P for trend 0.51 0.66 0.20 0.60

W

Q1 Ref Ref Ref Ref

Q2 1.10 (0.70, 1.72) 0.69 0.91 (0.55, 1.51) 0.71 1.01 (0.73, 1.40) 0.95 0.94 (0.66, 1.34) 0.74

Q3 0.88 (0.56, 1.40) 0.60 0.85 (0.49, 1.48) 0.56 1.29 (0.93, 1.79) 0.13 1.10 (0.76, 1.61) 0.61

Q4 1.44 (0.92, 2.25) 0.11 1.26 (0.70, 2.26) 0.45 1.69 (1.20, 2.36) < 0.01 1.48 (0.98, 2.22) 0.06

P for trend 0.22 0.48 0.01 0.12

U

Q1 Ref Ref Ref Ref

Q2 1.97 (1.23, 3.17) 0.01 2.37 (1.38, 4.06) < 0.01 1.17 (0.82, 1.67) 0.39 1.15 (0.79, 1.68) 0.47

Q3 1.73 (1.07, 2.79) 0.02 2.04 (1.15, 3.65) 0.02 1.35 (0.95, 1.90) 0.09 1.26 (0.85, 1.87) 0.25

Q4 1.66 (1.03, 2.70) 0.04 2.15 (1.17, 3.95) 0.01 1.61 (1.15, 2.24) 0.01 1.62 (1.08, 2.43) 0.02

P for trend 0.03 0.02 0.03 0.11

Crude model only included variables cobalt, tungsten, and uranium; adjusted model comprises covariates: gender, age, race, education, PIR, smoking
status, alcohols, BMI, creatinine, and hay fever. Italic font is significant
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Previous studies have focused on the adverse effects of U
exposure on the respiratory system (Huang et al. 2016, Mendy
et al. 2012). Our findings showed that Uwas positively related
with asthma, which was consistent with the research from
Wuhan, China (Huang et al. 2016). Inhaled U exists for sev-
eral years in lungs; therefore, lung tissue was one of its target
organs. U particles < 5 μm in size can penetrate deep into the
alveoli, causing toxicological effects at the site of contact
(Monleau et al. 2006). Studies have found that the immune
system is one of the most sensitive systems for damage caused
by chronic U poisoning (Hao et al. 2013). Abnormalities in
the immunoglobulin Ig E pathway are often considered to be a
major feature of allergic asthma and are related not only to
asthma attacks but also to their acute exacerbations (Gong
et al. 2018).

The etiology of asthma is multifactorial: heredity, epigenet-
ic, developmental, and environmental factors all play roles in
biological process. Airway inflammation and oxidative stress
are also considered as the primary pathways through which
metals induce and influence the development of asthma
(Huang et al. 2016). Heavy metals may affect immunocom-
petent cells, which can induce immunocompetent cells releas-
ing a variety of cytokines. These cytokines may act on a vari-
ety of cells in the proinflammatory response (Cohn et al.

2004). Activated immune cells experience respiratory burst
and produce oxidants, such as reactive oxygen species. It
was reported that they were sensitive to acetylcholine-
induced contraction of airway muscle, induced airway hyper
responsiveness (AHR), and increased mucus secretion and
epithelial shedding (Huang et al. 2016, Katsumata et al.
1990, Nabe et al. 2012, Schneider et al. 2012, Zuo and
Clanton, 2005). The link between inflammation and oxidative
stress may create a positive feedback loop that aggravates
asthma (Huang et al. 2016).

To the best of our knowledge, our study was one of the few
studies investigating the relationships between urinary heavy
metals and asthma in the USA, which provided more epide-
miological evidence to the subject. However, our study had
several limitations. First, since this was a cross-sectional de-
sign, our research prevented us from explicitly identifying the
causal relationships observed. Second, although we adjusted
for potential confounding factors, the lack of documentation
of confounding factors in the analysis also affected the find-
ings and residual confounding remained. For example, out-
door air pollutants ozone have been associated with increased
risk of asthma, such as nitrogen dioxide and particulate matter
(Bowatte et al. 2017, Yang et al. 2018). Furthermore, expo-
sure to high concentrations of fungus is also linked to asthma

Table 6 Odds ratios for associations between urinary cobalt, tungsten, and uranium and asthma stratified by hay fever

Metals With hay fever Without hay fever

Crude model Adjusted model Crude model Adjusted model

cOR (95%CI) P value aOR (95%CI) P value cOR (95%CI) P value aOR (95%CI) P value

Co

Q1 Ref Ref Ref Ref

Q2 0.98 (0.55, 1.76) 0.95 1.11 (0.56, 2.21) 0.77 1.09 (0.81, 1.47) 0.57 0.99 (0.71, 1.39) 0.95

Q3 1.32 (0.70, 2.47) 0.39 1.69 (0.75, 3.80) 0.21 1.22 (0.90, 1.64) 0.20 0.92 (0.64, 1.34) 0.67

Q4 1.40 (0.72, 2.74) 0.33 1.79 (0.74, 4.36) 0.20 1.57 (1.16, 2.12) < 0.01 0.98 (0.66, 1.47) 0.93

P for trend 0.64 0.46 0.02 0.96

W

Q1 Ref Ref Ref Ref

Q2 0.93 (0.52, 1.64) 0.80 0.90 (0.47, 1.71) 0.74 1.04 (0.77, 1.40) 0.80 0.97 (0.70, 1.34) 0.84

Q3 0.66 (0.33, 1.29) 0.22 0.75 (0.34, 1.68) 0.49 1.37 (1.02, 1.83) 0.04 1.08 (0.77, 1.53) 0.64

Q4 1.40 (0.73, 2.68) 0.31 1.34 (0.57, 3.15) 0.50 1.85 (1.37, 2.49) < 0.01 1.43 (0.99, 2.06) 0.06

P for trend 0.28 0.56 < 0.01 0.13

U

Q1 Ref Ref Ref Ref

Q2 1.34 (0.73, 2.46) 0.34 1.28 (0.64, 2.53) 0.49 1.50 (1.09, 2.07) 0.01 1.48 (1.05, 2.09) 0.03

Q3 1.29 (0.69, 2.39) 0.43 1.41 (0.66, 3.02) 0.38 1.62 (1.18, 2.23) < 0.01 1.49 (1.04, 2.14) 0.03

Q4 1.46 (0.75, 2.85) 0.27 1.50 (0.63, 3.56) 0.36 1.86 (1.37, 2.53) < 0.01 1.79 (1.24, 2.60) < 0.01

P for trend 0.68 0.79 < 0.01 0.02

Crude model only included variables cobalt, tungsten, and uranium; adjusted model comprises covariates: gender, age, race, education, PIR, smoking
status, alcohols, BMI, family history of asthma, and creatinine. Italic font is significant
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exacerbation and mortality (O'Hollaren et al. 1991). As the
primary route of metal excretion, urine is the preferred nonin-
vasive matrix for metal biomonitoring especially in surveys
involving a large number of participants (Smolders et al.
2014). The absorbed heavy metals accumulate in tissues and
organs with a half-life of several years or decades, which
increases proportionally with urine output and can reflect
long-term or short-term exposure of heavy metals (Mendy
et al. 2012). Thus, our study used the single measured urinary
heavy metal concentrations to reflect the long-term exposure
to heavy metals. However, the use of single urinary sample
could influence the association between heavy metals and
asthma because of short-term variability of metal excretion
and urine dilution. In future, we will consider to collect uri-
nary or serum samples at multiple time points for dynamic
analysis based on a large cohort.

Conclusions

In summary, our study revealed significant associations be-
tween urinary heavy metals (W and U) and asthma among the
study group aged 20 years and older. Although the exact
mechanism of action of heavy metals on asthma has not been
fully elucidated, our findings will help better to understand
asthma from an epidemiological perspective.
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