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a b s t r a c t

Toxicological studies have shown that metals directly or indirectly influence testosterone (T) production,
but the data from humans is limited and inconsistent. The aim of this study was to examine the associa-
tions between urinary metal concentrations and circulating T in Chinese men. Urinary concentrations of
13 metals (arsenic, cadmium, cobalt, chromium, copper, iron, lead, manganese, molybdenum, mercury,
nickel, selenium and zinc) and serum levels of T were analyzed in 118 men from an infertility clinic. Mul-
tivariable linear regression was used to assess the effect of metals exposure on T. Among the measured
metals, the median urinary Zn (359.36 �g/g creatinine) and Co (0.16 �g/g creatinine) concentrations were
the highest and the lowest, respectively. Significant dose–response relationships were found between
decreased T and urinary Mn and Zn, even when considering multiple metals (both P for trend <0.05). Our
results indicate that elevated Mn and Zn are inversely associated with T production.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Several studies have reported that circulating testosterone (T)
is declining in men [1–4]. These findings lead a number of stud-
ies to explore potential risk factors for the declining trend, as low
concentrations of T may contribute to diabetes and prediabetic con-
ditions, reduced bone and muscle mass, impaired sexual function
and decreased quality of life [5]. Age has been considered as one of
the primary contributors to the declining T trend. However, envi-
ronmental factors, such as lifetime exposure to certain metals, may
also contribute to the decreased T trend [6].

Metals, including essential and nonessential elements, are
present in various environmental media such as air, diet, water,
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soil and dust. Humans can be widely exposed to metals at
low concentrations either voluntarily through supplementation
or involuntarily through intake of contaminated food and water
or contact with contaminated dust, air or soil [7]. Consequently,
metals have been detected in most of the general population’s
biological samples (e.g., urine, blood and seminal plasma) [7–9].
Potential human health risk of metals exposure at environmental
levels has become a great concern worldwide.

Toxicological studies have suggested that some metals (e.g., As,
Cr, Cu, Hg, Mn, Pb and Zn) can reduce T production in in vitro and in
vivo [10–13]. The potential mechanism of metals-induced decrease
in T production is that metals directly affect Leydig cells function
or indirectly cause hypothalamic–pituitary–testicular axis disrup-
tion [11,12]. Epidemiological studies have also suggested that some
metals (e.g., Cu, Cr, Mn and Mo) in blood and seminal plasma are
inversely associated with T production [14–17]. However, the data
regarding some metals are still inconsistent (e.g., Hg, Pb and Zn)
and limited (e.g., Cu, Cr, Cd, Mn and Mo), and there is also a lack
of data regarding most of the other metals (e.g., As, Co, Fe, Ni
and Se). Previous studies primarily used metals measured in blood
and seminal plasma as biomarkers to evaluate the exposure lev-
els. Because many of the chemical forms of metals (e.g., Cd, Hg, Mn
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and Mo) are water soluble, measurement of these metals in urine
is considered as better and sensitive biomarkers for the general
population bio-monitoring [18,19].

Animal and human evidence suggests that exposure to metals
may have an adverse impact on T production. The aim of the present
study was to examine whether the metal exposure at environ-
mental levels adversely affected circulating T in Chinese men. We
assessed the metal exposure levels by measuring their concen-
trations in urine, including essential and nonessential elements.
Because some essential and nonessential metals may additively,
synergistically or antagonistically affect the T production [6,20],
we also simultaneously examined the effects of multiple metals
on T. To our best knowledge, this is the first and comprehensive
study using urinary metal concentrations as biomarkers to assess
the effects of metal exposure at environmental levels on circulating
T.

2. Materials and methods

2.1. Study participants and data collection

We recruited study participants from men who participated in an ongoing cross-
sectional study of exposure to environmental contaminants and male reproduction
health [21]. Briefly, male partners in sub-fertile couples presenting to the Repro-
ductive Center of Tongjing Hospital in Wuhan, China, to seek infertility examination
were invited to participate in the study. During March to May 2012, a total of 148
men agreed to participate in the study. We excluded 30 men who had endocrine
diseases (e.g., diabetes, thyroid or adrenal disorders) and other medical conditions
associated with infertility (e.g., azoospermatism, orchiditis, epididymitis, vesiculi-
tis, undescended testicle, injury of testis and hernia repair complicated by testicular
atrophy). Thus, a total of 118 men, including fertile and sub-fertile men, were
retained for the current analysis. In addition, only 9 men from all of the study subjects
had the serum T below or above the reference value of T. All of the study partici-
pants completed a face-to-face questionnaire. The collected information included
demographics, lifestyle habits, occupational exposures and medical characteristics.
The study was approved by the Ethics Committee of Tongji Medical College, and
informed consent was obtained from each participant at enrollment.

2.2. Blood sample collection and analyses

We collected 5-ml peripheral blood from each participant in the morning using
blood sampling tubes containing the coagulants. After centrifugation of the blood
sample at 1000 rpm for 10 min, T concentration in serum was measured on the
day of collection by the direct chemiluminescence assay with commercial test kits
(Siemens Healthcare Diagnostics Inc., East Walpole, USA). Control samples adding
the low and high levels of T to the serum sample were also analyzed according to
the same analysis procedure each day. The reference value of T ranged from 241
to 827 ng/dL and the limit of detection (LOD) was 10 ng/dL. The recovery and the
coefficient of variance (interday variation) ranged from 83.0% to 107.5% and5.4% to
8.2%, respectively.

2.3. Urine sample collection and analyses

We collected a single-spot urine sample into a conical polyethylene container
from each participant to minimize background contamination [22]. After collection,
all urine samples were packed into coolers with ice packs and sent to the laboratory,
then stored at −40 ◦C until analysis. Metal concentrations in urine were analyzed
according to the method described in detail by Heitland and Köster [22]. Briefly,
the frozen urine samples were allowed to equilibrate to room temperature. A 3-ml
aliquot of urine was transferred to a polypropylene tube (Jiayu Co., Ltd., Haimen,
China) containing 15-�l 67% (v/v) HNO3 (OptimaTM grade, Fisher, Belgium) and
stored in a refrigerator at 4 ◦C. After vigorously shaking, 1-ml sample was pipetted
into a 10-ml disposable polypropylene tube and then filled up to 5 ml with 1.2% (v/v)
HNO3. The samples were allowed to stand for 30 min before inductively coupled
plasma mass spectrometry (ICP-MS, Agilent Technologies, Waldbronn, Germany)
analysis.

Urinary creatinine was determined by the picric acid assay with commercial test
kits purchased from Jiancheng Bioengineering Ltd. (Nanjing, China). The creatinine-
adjusted urinary metal concentrations were expressed as �g/g creatinine to control
for the effect of variation in urine diluteness.

2.4. Quality assurance/quality control

Control samples of urine standard reference material (SRM) 2670a and SRM
1640a (National Institute of Standards and Technology, Gaithersburg, Maryland,
USA), as well as a pooled urine (n = 100) prepared at the laboratory were used
for internal quality assurance. SRM 2670a and spiked urine were analyzed at two

Table 1
Demographic characteristics of study participants (n = 118a).

Characteristics Mean ± standard
deviation

Age, years 30.8 ± 5.6
Body mass index (BMI), kg/m2 23.9 ± 4.4

Smoking status
Never 51 (43.2)
Former 23 (19.5)
Current 44 (37.3)

Alcohol use
Yes 89 (75.4)
No 29 (24.6)

Education level
Less than high school 51 (43.2)
High school and above 67 (56.8)

Income, RMB yuan/month
≤2000 30 (25.9)
2000–6000 70 (60.3)
≥6000 16 (13.8)

a 3 missing age and 2 missing income.

different concentrations for each element after calibration procedure to evaluate
analytical accuracy. SRM 1640a was analyzed after every 20 sample to assess the
instrument performance. If their concentrations were significantly different from
the certified value of SRM 1640a, the instrument was recalibrated using multi-
element standards and the previous 20 samples were reanalyzed. The LOD of
urinary metals concentrations were as follows: 0.01 �g/L for As; 0.002 �g/L for Cd;
0.001 �g/L for Co; 0.01 �g/L for Cr; 0.23 �g/L for Cu; 0.29 �g/L for Fe; 0.01 �g/L for
Hg; 0.02 �g/L for Mn; 0.004 �g/L for Mo; 0.03 �g/L for Ni; 0.18 �g/L for Pb; 0.12 �g/L
for Se; 0.001 �g/L for Zn.

2.5. Statistical analyses

We performed data analysis using the Statistical Package for the Social Sciences
(SPSS), version 18.0 (SPSS Inc., Chicago, IL, USA). We calculated descriptive statistics
for demographic characteristics, urinary metal concentrations and circulating T of
study participants. We also used Spearman correlation coefficients to examine the
associations between demographic variables or T and creatinine-adjusted urinary
metal concentrations.

We used univariable and multivariable linear regression models to assess the
dose–response relationships between quartiles of creatinine-adjusted urinary metal
concentrations and T. Age, body mass index (BMI), smoking status, alcohol use, edu-
cation and income were considered as covariates. We used the change-in-effect
estimate method to determine whether the covariates should be included in the
multivariable model [23]. Potential confounders were entered into the multivari-
able model if they changed the effect estimates by 10% or greater for at least one
metal exposure. We finally included age and BMI as continuous variables, alcohol
use (yes vs. no) as a dichotomous variable, smoking status (current and former vs.
never smoker) and income (2000–6000 and >6000 vs. <2000 yuan per month) as
dummy variables in the model.

We also performed full linear regression model to simultaneously examine the
effects of multiple metals on T. We used the backward elimination procedure and
set alpha at 0.10 for variables to be retained in the final model. We then added
covariates not retained in the final model individually to further explore evidence
of confounding if they changed the effect estimates for metals by 10% or greater. We
performed the trend test by entering the quartiles of creatinine-adjusted urinary
metal concentrations into the model as an ordinal categorical variable using integer
values (0, 1, 2 and 3). We defined statistical significance as a P value <0.05. Because of
the exploratory nature of the analysis, we also defined P-values <0.10 as statistically
suggestive [24].

3. Results

3.1. Descriptive statistics of study participants

The demographic characteristics of study participants are
shown in Table 1. The study participants aged from 22 to 47 with a
mean age of 30.8 (±5.6) years and BMI of 23.9 (±4.4) kg/m2. There
were 44 (37.3%) current smokers, 23 (19.5%) former smokers and
51 (43.2%) never smokers. Eighty-nine men (75.4%) were alcohol
users. Fifty-one men (43.2%) reported their education level as less
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