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Abstract
Introduction Experiments in animals exposed to mercury (Hg) in different chemical states have shown thyroid parenchymal 
and hormone alterations. However, these experiments did not allow the establishment of dose–response curves or provide 
an understanding of whether these Hg effects on the thyroid parenchyma occur in humans.
Objective To evaluate the association between chronic occupational exposure to metallic Hg and alterations in thyroid 
hormones and gland parenchyma 14 years after the last exposure.
Methods A cross-sectional study including 55 males exposed in the past to metallic Hg and 55 non-exposed males, paired 
by age, was conducted in the Hospital das Clínicas (Brazil) from 2016 to 2017. Serum concentrations of total and free trii-
odothyronine (TT3 and FT3), free thyroxine (FT4), thyrotropin (TSH), reverse T3 (RT3), selenium and antithyroid antibody 
titers were obtained. The Hg and iodine concentrations were measured in urine. The thyroid parenchyma was evaluated by 
B-mode ultrasonography with Doppler. The nodules with aspects suspicious for malignancy were submitted to aspiration 
puncture with a thin needle, and the cytology assessment was classified by the Bethesda system. The t test or Mann–Whitney 
test, Chi-square test and Spearman correlation were used to compare the exposed and non-exposed groups and examine the 
relationships between the variables. Univariate and multivariate logistic regression models were used to trace determinants 
of the risk of thyroid hormone alteration. Statistical significance was defined by p < 0.05.
Results The urinary Hg average was significantly higher in the exposed group than in the non-exposed group (p < 0.01). The 
mean TSH serum concentration in the exposed group was higher, with a statistically significant difference between the groups 
(p = 0.03). Serum concentrations of TSH exceeded the normality limit (4.20 µIU/ml) in 13 exposed individuals (27.3%) and 
4 non-exposed individuals (7.3%), with a statistically significant association between the hormonal increase and exposure 
to Hg (p = 0.02). In the logistic regression model, exposure to Hg (yes or no) showed an odds ratio = 4.86 associated with 
an increase of TSH above the normal limit (p = 0.04). The serum concentrations of RT3 showed a statistically borderline 
difference between the groups (p = 0.06). There was no statistically significant difference between the mean TT3, FT3 and 
FT4 serum concentrations in the Hg-exposed group compared to the non-exposed group. The proportions of the echogenicity 
alterations were higher in the exposed group compared to the non-exposed group (27.3% versus 9.1%; p = 0.03). Papillary 
carcinomas were documented in three exposed individuals and one non-exposed individual. A follicular carcinoma was 
recorded in one non-exposed individual.
Conclusions Due to the higher serum TSH concentration and the prevalence of parenchymal alterations in the Hg-exposed 
group, even after cessation of exposure, it is recommended that the thyroid status of exposed workers be followed for a long 
period.
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Introduction

Mercury (Hg) can be present in different chemical states, 
and its important toxic actions are determined by its vari-
ous forms. The clinical condition and the entry pathways 
into the organism vary according to its chemical structures 
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(Holmes et al. 2009; Guzzi and La Porta 2008). Intoxi-
cation can occur in all age groups; however, the risk is 
greater for workers exposed to mercury vapor (Faria 2003; 
Holmes et  al. 2009). Activities such as mining; chlo-
rine–alkali production; manufacturing of precision instru-
ments, thermometers and fluorescent lamps, recycling 
lamps; and preparing dental amalgams are recognized 
sources of occupational exposure (Faria 2003; Magos and 
Clarkson 2006; Iavicoli et al. 2009).

In the metallic form, Hg has a high vapor pressure, and 
it is highly volatile, favoring its entrance via the airway. In 
the lungs, approximately 80% of the metal is absorbed into 
the alveoli and then transported through the blood to vari-
ous organs, such as the thyroid, pituitary, kidneys, pancreas, 
gonads and especially the central nervous system, in which 
Hg exerts toxic effects (Ellingsen et al. 2000; Magos and 
Clarkson 2006).

According to the World Health Organization (2003), 
the urinary mercury concentrations expected in an asymp-
tomatic population would be up to 10 µg/l. The American 
Conference of Governmental Industrial Hygienists recom-
mends 20 µg/g of creatinine as an index for the maximum 
occupational biological exposure (ACGIH 2013).

Biological exposure indices were established from epide-
miological and toxicological studies to prevent neurotoxic 
effects or renal damage in exposed workers. However, in 
addition to the neurotoxic and nephrotoxic actions, Hg can 
lead to endocrine changes (Zhu et al. 2000; Iavicoli et al. 
2009; Tan et al. 2009; Rana et al. 2014).

Metals can induce toxicity in the endocrine gland by 
direct action, altering the synthesis, transporting protein, or 
interacting with hormone receptors, resulting in hormonal 
dysfunction. Nevertheless, the mechanisms of action are still 
not entirely known (Iavicoli et al., 2009; Rana et al. 2014).

Experiments in animals using organic and inorganic 
forms of Hg showed evidence of disorders of the iodine 
organification in the thyroid that were associated with 
functional and morphological changes of the gland (Zhu 
et al. 2000; Amorim et al. 2000; Tan et al. 2009). However, 
these experiments still do not allow the establishment of a 
dose–response curve or the extrapolation of the results for 
humans.

Studies in workers exposed to metallic Hg observed that 
the ratio of free thyroxine (FT4) to free triiodothyronine 
(FT3) was higher in the exposed group and there was a sig-
nificant increase in reverse T3 serum (RT3) concentrations 
compared to the non-exposed group (Barregard et al. 1994; 
Ellingsen et al. 2000).

The high affinity of Hg for sulfhydryl groups can lead 
to the formation of complex bonds and result in inhibi-
tion of the function of selenoenzymes such as deiodinases 
(Sin et al. 1990; Ellingsen et al. 2000; Soldin et al. 2008). 
These enzymes play an important role in the conversion of 

thyroxine (T4) to triiodothyronine (T3), and selenium is an 
essential component of its structure (Choi et al. 2008).

In addition to effects on thyroid hormone function, some 
studies have evaluated the probability of the relationships 
between Hg exposure and the increase in thyroid nodules 
(Baccarelli et al. 2000; Bevenga et al. 2015).

Autopsy studies demonstrated high concentrations of Hg 
in the thyroids of retired mineworkers (Nylander and Weiner 
1991; Björkman et al. 2007). However, evaluation of the 
thyroid parenchyma has not been analyzed in these studies.

The aim of this study was to evaluate the thyroid func-
tion and thyroid parenchyma aspects in workers chronically 
exposed to metallic mercury, on average, 14 years after their 
last exposure.

Materials and methods

1. Study design: A cross-sectional epidemiological study 
including 55 males who were submitted to an indus-
trial exposure to Hg for a period longer than 1 year. 
The participants exposed to Hg were selected from the 
“Hospital das Clínicas da Faculdade de Medicina da 
Universidade de São Paulo”—Brazil. The non-exposed 
group included only males who were paired to those in 
the exposed group by age; this group was composed of 
employees and relatives of the other patients of the Hos-
pital. All participants underwent a structured interview, 
which emphasized sociodemographic context, medical 
and occupational histories, between 2016 and 2017. The 
interview included information about tobacco smoking, 
alcohol consumption, drug abuse, the number of amal-
gam dental fillings and previous personal or familial 
diseases.

The exclusion criteria were the use of medications such 
as amiodarone, lithium carbonate and corticosteroids; treat-
ment with radioactive iodine therapy or other forms of radia-
tion; treatment for thyroid disease; and a previous history of 
nephropathy or severe hepatopathy. Moreover, individuals 
with occupational exposure to other metals or pesticides, 
exposure to ionizing radiation, consumption of cocaine or 
cocaine derivatives, or alcohol abuse were excluded. Women 
were not included in the study because thyroid disorders 
are more frequent in females. The sample size was selected 
according to the studies of Ellingsen et al. (2000), consider-
ing a difference of 12% in the RT3 concentrations between 
the exposed and the non-exposed groups. The sample was 
calculated for a δ of 10%, a study power of 80% and an error 
type α equal to 5%.

A total of 78 male participants with past occupational 
exposure to Hg for more than 1 year fulfilled the study cri-
teria. Among these participants, two progressed to death, 
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ten discontinued medical follow-up before starting the study, 
and 11 individuals were excluded due to thyroxine treatment 
for hypothyroidism (Fig. 1).

The non-exposed group was composed of 72 individuals. 
Among these participants, four were excluded due to alcohol 
and cocaine abuse, four due to pesticide and metal exposure, 
and two due to thyroxine treatment. In addition, seven inter-
rupted their participation before completing the tests. The 
non-exposed group consisted of 55 individuals matched to 
the exposed group by age (Fig. 1).

A total of 110 individuals agreed to participate in the 
study and signed the informed consent form.

2. Laboratory analyses: The blood samples were obtained 
by a cubital venepuncture between 7:00 am and 9:00 
am for measurement of the hormonal concentration, 
anti-thyroid peroxidase antibody (TPO Ab), anti-thy-
roglobulin antibody (Tg Ab) and selenium levels. For 
this respective analysis, the normality ranges were 
thyrotropin (TSH) (electrochemiluminescence assay) 
0.27–4.20 µIU/ml; FT4 (electrochemical immune anal-
ysis), 0.93–1.70 ng/dl; T3 (electrochemical immune 
analysis), 80–200 ng/dl; FT3 (competitive chemilumi-
nescent immunoassay), 0.24–0.37 ng/dl; RT3 (liquid 
chromatography coupled to tandem mass spectrom-
etry), 8–25 ng/dl; TPO Ab [immunochemiluminomet-
ric assay (ICMA)], < 4 IU/ml; Tg Ab (ICMA), < 9 IU/
ml; and selenium (graphite furnace atomic absorption 
spectrometry), 46–143 µg/l. The intra-assay and inter-
assay coefficient (CV %) were as follows: TSH (6.4% 
and 7.5%); RT3 (level: 23.2 ng/dl: 4.9% and 7.2%); FT4 
(2.8%, 2.7%); FT3 (level: 0.14 ng/dl: 6.6% and 8%; level 

0.26: 2.6% and 5.1%, level 0.96: 5.1% and 1.3%); TPO 
Ab (5.7% and 5.1%); Tg Ab (7.6%,16.9%); and selenium 
(3.4% and 6.7%).

For the analysis of the iodine concentrations, isolated 
samples of urine were collected in a polyethylene con-
tainer. The indirect detection method was used for the San-
dell–Kolthoff reaction, with 100–299 μg/l as the range of 
sufficiency.

For the analysis of Hg, urine samples were collected 
in the morning in a polyethylene container, and they were 
kept under refrigeration until the time of analysis using the 
atomic absorption spectrophotometry method. The reference 
values for the non-exposed group were up to 5 μg/g of cre-
atinine or up to 10 μg/l Hg. The limit of detection for this 
method was 0.4589 μg/l, the quantification limit adopted was 
1.0 μg/l, and the intra-assay coefficient of variation (CV) was 
3.77% (5.0 μg/l). Concentrations of urinary Hg during the 
period of work exposure were obtained from the hospital 
medical records. The weight and height of the individuals 
were verified on a calibrated scale (Filizola) that had a mini-
mum load capacity of 2.5 kg, a maximum load capacity of 
150 kg and intervals of 0.1 kg. Height (m) was verified in 
individuals without footwear. The body mass index (BMI) 
was obtained by the relation between weight (kg) and height 
in meters square (kg/m2).

3. Ultrasonography: The ultrasound was performed in 
B-mode (brightness) with Doppler using the Phillips 
IU-22, Toshiba Aplio 500 and General Electric E9, with 
a high-frequency linear transducer (7–15 MHz). The 
examining physician, who had expertise in ultrasonog-

Fig. 1  Selection of the exposed 
and non-exposed individuals
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raphy, did not know if the individual belonged to the 
exposed or non-exposed group. The evaluated aspects 
of the thyroid were location, dimensions (normal limits 
of 6–15 cm3), contour of the gland, echogenicity, echo-
texture, vascularization of the parenchyma and identi-
fication of nodules. The echogenicity of the gland was 
analyzed by comparing it with the muscular tissues and 
with the submandibular gland, which was considered a 
normal standard gland that is slightly more echogenic 
than the adjacent structures. The echotexture was clas-
sified according to the homogeneous (normal), hetero-
geneous and finely heterogeneous aspects. The Doppler 
evaluated the thyroid vascularization. The analysis was 
subjective; it was considered normal when it was more 
limited to the points of the main arteries and glandular 
poles, and it was considered enlarged when it assumed 
a more diffuse distribution with accentuation of the 
vessels reflecting an inflammatory involvement of the 
parenchyma (Höfling et al. 2012). The characteristics 
of the nodules observed in the study were as follows: 
dimensions (longitudinal, transversal and anteropos-
terior; the largest axis was analyzed); volume  (cm3); 
location (right and left lobes, subdivided into upper 
third, middle third and lower third, and isthmus); type 
(solid, mixed and cystic); echogenicity (hypoechogenic, 
isoechogenic and hyperechogenic); contour (regular, or 
irregular); presence of halo; calcifications; vasculari-
zation; and the resistivity index (RI). Thyroid nodules 
were classified according to the Chammas et al. (2005) 
criteria. The criteria described by Haugen et al. (2016) 
and Chammas et al. (2005) suggested that the pres-
ence of predominantly central vascularization, a high 
resistivity index, the presence of microcalcifications, 
hypoechogenicity, and irregularity of the nodule mar-
gins were considered as suspicious characteristics of 
malignancy. All nodules with suspicious characteristics 
of malignancy were submitted to an ultrasound-guided 
fine-needle aspiration puncture (FNA) for cytological 
evaluation of the lesion. The analysis of the aspirated 
material was classified according to the Bethesda Sys-
tem (Cibas and Ali 2009).

4. The statistical analysis was performed with IBM SPSS 
Statistics software (IBM Corp., version 23.0, 2014, 
Armonk, New York, USA). The significance level 
assumed for the tests was p < 0.05. For the continu-
ous variables, the results were expressed as the mean, 
standard deviation (± SD) and minimum and maximum 
values. Adherence to the normal curve was assessed 
through the Kolmogorov–Smirnov test. When the adher-
ence was confirmed, the comparison of the means of the 
variables in the exposed and non-exposed groups was 
performed using the t test, and if the variables did not 
follow the Gaussian distribution, the Mann–Whitney U 

test was used. For the qualitative variables, the results 
were expressed in numbers and proportions using Pear-
son’s Chi-square test (with a correction of continuity) 
or Fisher’s exact test. The relationship between the pairs 
of variables was evaluated using Spearman’s correla-
tion method. The urinary Hg concentrations included in 
the Spearman’s correlation analysis were those obtained 
during the occupational period in the exposed group and 
those of the non-exposed group (N = 107). For the risk 
quantification of the TSH increase, the univariate and 
multiple logistic regression models were used with the 
hormonal alteration status as a dependent variable. Each 
independent variable was added to the model separately, 
and when statistical significance was verified (p < 0.05), 
it was included in the multivariate model. The independ-
ent variables tested in the model were the condition of 
exposure to Hg (yes or no), iodine and selenium con-
centrations (grouped into quartiles), elevated titres of 
ATPO and ATG antibodies (yes or no), and grouped 
BMI values (≤ 25 kg/m2 or higher). The urinary Hg 
concentrations were grouped into two classes (≤ 10 μg/l 
or > 10 μg/l) according to the value recommended by the 
World Health Organization (2003). Confounding vari-
ables were smoking habit (yes or no), alcohol consump-
tion (servings per week) and age range. This regression 
model was also applied to analyze the odds ratio (OR) 
for the risk of elevated RT3 (above the third quartile). 
The confounding variables were age range, alcoholism 
and tobacco consumption. The independent variables 
included work duration, exposure to Hg (yes or no), 
urinary Hg (≤ 10 μg/l or 10 μg/l), iodine and selenium 
concentration (grouped into quartiles), Tg Ab and TPO 
Ab elevated titers (yes or no). The confidence interval 
analysis (CI) was 95%.

Results

The exposed group included 55 individuals with past indus-
trial exposure to Hg for longer than 1 year. The average 
age of the participants was 55.2 years (SD ± 6.6 years) and 
ranged from 41 to 68 years. The majority of the employees 
in the exposed group (96.4%) worked in lamp manufactur-
ing; the other individuals (3.6%) worked in the chlorine 
and alkali industry and thermometer manufacturing. The 
average work length period in the individuals exposed to 
Hg was 14.5 years (SD ± 7.26 years) and ranged from two 
to 36 years. The exposure to Hg in the exposed group had 
ceased an average of 14.2 years (SD ± 7.37 years) prior to 
when workers were evaluated in the study.

The non-exposed group consisted of 55 individuals who 
were matched to the exposed group by age. The average age 
in the non-exposed group was 53.2 years (SD ± 6.8 years) 
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and ranged from 41 to 70 years. There was no statistically 
significant difference in the average age between the groups 
(p = 0.158; Table 1).

The degree of schooling degree was not significantly 
associated with exposure according to Pearson’s Chi-
square test (p = 0.08). Smoking habits (current or past) were 
reported more often by the exposed individuals (56.4% ver-
sus 36.4%); however, the difference between the groups was 
not statistically significant (λ2 = 1.41; p = 0.23). The aver-
age alcohol consumption (number of servings per week) 
was 4.50 (SD: ± 4.04) in the non-exposed group and 4.63 
(SD: ± 3.66) in the exposed group; a statistically significant 
difference was not observed between the average weekly 
alcohol consumption (p = 0.91).

The BMI was elevated in both groups; the exposed group 
presented a mean BMI of 29 kg/m2 (SD: ± 4.6 kg/m2) and 
the non-exposed group presented a mean BMI of 27.8 kg/
m2 (SD: ± 4.4 kg/m2). The t test did not show a significant 
difference between the groups (p = 0.15; Table 1).

Table 1 shows the urinary Hg concentrations obtained 
during the exposure period from medical records. After 
cessation of exposure, the urinary Hg concentrations were 
obtained between 2016 and 2017, along with the non-
exposed group.

In the hospital medical records, results of urinary Hg 
analyses performed during the period of occupational 
exposure were found for 52 individuals. The comparison 
between the urinary Hg concentration means showed a 
statistically significant difference between exposed and 
non-exposed group (p < 0.01; Table 1).

After cessation of exposure, there was a significant 
reduction in the urinary Hg mean, reaching the value of 
2.2 µg/l (SD 2.75 µg/l). In this period, urinary Hg concen-
trations were similar to those observed in the control group 
(p = 0.82; Fig. 2).

The comparison of the urinary Hg means during the 
exposure period and after the resignation from labor 

Table 1  Mean and standard 
deviation (± SD) of age, 
body mass index (BMI), 
urinary mercury, thyroid 
hormones, selenium and iodine 
concentrations, stratified by 
exposure groups

TSH thyrotropin, T3 triiodothyronine, RT3 reverse triiodothyronine, FT3 free triiodothyronine, FT4 free 
thyroxine, FT4/FT3 ratio of free thyroxine:free triiodothyronine
a p value from t test
b p value from Mann–Whitney U test

Variables Mean ± SD p value

Range

Exposed to Hg (N = 55) Non-exposed (N = 55)

Age (years) 55.2 ± 6.61 53.4 ± 6.80 0.16a

41–68 41–70
BMI (kg/m2) 29 ± 4.61 27.8 ± 4.37 0.15a

19.7–40.4 17–38.9
Hg (µg/l) work period 51.9 ± 40.13

2–180
1.8 ± 1.62
0.11–8.2

0.00b

Hg (µg/l) after exposition ceased 2.2 ± 2.75
0.22–17.3

– –

TSH (µIU/ml) 3.31 ± 2.31 2.31 ± 1.07 0.03b

0.6–11.5 0.9–5.6
T3 (ng/dl) 122.3 ± 18.53 123.7 ± 19.36 0.69a

72–159 86–188
RT3 (ng/dl) 19.4 ± 4.59 17.6 ± 4.01 0.06b

12–33 9–26
FT3 (ng/dl) 0.35 ± 0.04 0.36 ± 0.04 0.18a

0.3–0.4 0.3–0.5
FT4 (ng/dl) 1.18 ± 0.2 1.20 ± 0.2 0.69a

0.8–1.6 0.8–1.8
FT4/FT3 3.33 ± 0.66 3.36 ± 0.65 0.79a

0.8–1.6 2.2–5.4
Iodine (µg/l) 203.8 ± 72.86 199.8 ± 81.77 0.79a

33–315 60–446
Selenium (µg/l) 77.4 ± 19.83 72.7 ± 15.02 0.45b

46–139 33–109
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activities also showed significant differences between the 
periods (p < 0.001).

Work duration showed a positive correlation with urinary 
Hg concentrations (ρ = 0.776; p < 0.001; Fig. 3).

The mean serum TSH concentration was significantly 
higher in the group exposed to Hg than in the non-exposed 
group (p = 0.03; Table 1). The hormone concentrations 
exceeded the limit of normality (4.20 µIU/ml) in 13 indi-
viduals exposed to Hg (27.3%) and in four non-exposed indi-
viduals (7.3%). Fisher’s exact test showed an association that 

was statistically significant between the increase in TSH and 
the exposure to Hg (p = 0.02).

Spearman’s correlation coefficients between serum TSH 
concentration and work duration showed a significant posi-
tive relationship (ρ = 0.219; p = 0.01). Regarding the vari-
ables age, BMI, tobacco consumption, alcohol consumption, 
elevated TPO Ab titres, iodine and selenium concentrations, 
the correlation coefficients were not statistically significant.

The RT3 concentration mean was slightly higher in the 
exposed group than in the non-exposed group; however, the 
significance of the difference between the groups was bor-
derline (p = 0.06; Table 1). The serum RT3 concentrations 
showed a statistically significant positive Spearman corre-
lation with urinary Hg concentration obtained during the 
exposure period (ρ = 0.210, p < 0.05).

There were no statistically significant differences between 
the means of the T3, FT3, and FT4 concentrations between 
the exposed and non-exposed groups. Only one individual 
exposed to Hg presented with T3 levels lower than the limit 
of normality (80 ng/dl).

The FT4 concentrations showed a significant negative 
correlation with the duration of work (ρ = − 0.336, p = 0.01) 
and with the iodine concentrations (ρ = − 0.420; p = 0.02).

There were no statistically significant differences between 
the means of blood selenium concentrations or urinary 
iodine in the exposed and non-exposed groups.

The proportion of participants with an elevated Tg Ab 
titre corresponded to 5.5% (n = 3) in the Hg-exposed group 
and 3.6% (n = 2) in the non-exposed group. The TPO Ab 
titre was altered in six individuals exposed to Hg (10.9%) 
and in two non-exposed individuals (3.6%). The proportion 
of elevated antibody titres did not show a statistically sig-
nificant difference between the groups according to Fisher’s 
exact test (p = 0.27).

The number of teeth with amalgam fillings did not show 
a statistically significant correlation with the concentrations 
of thyroid hormones, selenium, TPO Ab or elevated Tg Ab 
titres.

The logistic regression model was used to identify the 
risk of a serum TSH concentration elevated above 4.20 µIU/
ml. The univariate model indicated that the elevated anti-
body titres (Tg Ab and TPO Ab) and urinary iodine inde-
pendent variables presented statistically significant ORs. The 
variables associated with exposure, urinary Hg concentra-
tion (≤ 10 μg/l or > 10 μg/l), Hg exposure status (yes or no) 
and work duration (years) presented statistically significant 
ORs. In the multiple logistic regression model, the variables 
urinary Hg and Hg exposure presented a statistically signifi-
cant OR (p < 0.05; Table 2). The other variables did not have 
predictive value in the multivariate model (Table 2). The 
Nagelkerke R2 corresponded to 0.17.

The univariate logistic regression model for RT3 con-
centrations above the third quartile (21 ng/dl) showed 

Fig. 2  Comparison of urinary mercury concentrations (µg/l) between 
exposed, non-exposed and after cessation of exposure

Fig. 3  Spearman correlation coefficient between urinary mercury 
(µg/l) and work duration (years)
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that the variables tobacco consumption, elevated TPO Ab 
and Tg Ab titres, urinary Hg concentrations (≤ 10 µg/l 
or > 10 μg/l), and work duration (years) presented statisti-
cally significant ORs.

In the multivariate model, only the urinary Hg vari-
able had a statistically significant odds ratio (OR = 3.34, 
p = 0.044; Table 3). The Nagelkerke R2 corresponded to 
0.13.

All participants presented with thyroid enlargement at a 
topical location (Table 4). The proportion of thyroid enlarge-
ment was the same between exposed and non-exposed 
participants.

Reduced dimensions of the gland were observed in four 
exposed individuals (7.3%), and this alteration was not 
observed in the non-exposed group. In these subjects, the 
US Doppler showed a parenchyma with heterogeneous echo-
texture, the presence of echogenic crossbars and reduced 
vascularization.

The reduction of parenchyma echogenicity was observed 
in 15 exposed individuals (27.3%) and 5 non-exposed indi-
viduals (9.1%). Pearson’s Chi-square test showed a statisti-
cally significant association between the reduction of echo-
genicity and exposure to Hg (p = 0.026; Table 4). Among the 
participants exposed to Hg with reduced echogenicity, only 
one presented with positive TPO Ab.

There was no statistically significant association between 
the exposure to Hg and the thyroid echotexture pattern or 
increased parenchyma vascularization (Table 4).

The presence of nodules was similar between the Hg 
exposed group and the non-exposed group; nodules were 
observed in 15 Hg exposed individuals and 16 non-exposed 
individuals. The dimensions of the nodules varied from 0.2 
to 7.7 cm. A participant in the non-exposed group had the 
nodule with the largest dimensions and volume. The major-
ity of the nodules presented with dimensions smaller than 
1 cm (67.7%) in both groups.

Considering the echography aspects of the nodules sug-
gesting malignancy, in accordance with the criteria described 
by Haugen et al. (2016) and Chammas et al. (2005), four 
individuals who were exposed to Hg (7.2%) and two non-
exposed individuals (3.6%) presented with characteristics 
suspicious for malignancy.

A fine-needle aspiration puncture (FNA) under US guid-
ance was indicated as a complementary investigation for 
these suspicious nodules. The cytological analysis of the 
nodule samples indicated Bethesda class V (lesion suspi-
cious for malignancy) in three individuals exposed to Hg and 
one non-exposed individual. In addition, in one individual 
exposed to Hg and one non-exposed individual, the cytologi-
cal analysis revealed Bethesda class II (benign nodule). All 
the participants who presented with a Bethesda class V, as 
well as the non-exposed individual who presented a nodule 
with a 7.7-cm dimension, were referred to surgery.

Table 2  Odds ratios for the 
risk of an elevated TSH 
concentration (> 4.20 µIU/
ml) associated with urinary 
mercury, antibodies, tobacco 
consumption, work duration and 
exposure to mercury

Urinary Hg: ≤ 10 µg/l or > 10 μg/l
OR odds ratio, CI 95% confidence interval, antibodies: Tg Ab anti-thyroglobulin antibody, TPO Ab anti-
thyroid peroxidase antibody

Model Variables OR 95% CI p value

Inferior Superior

1 Urinary Hg 5.35 1.46 19.57 0.01
Tg Ab 7.99 0.77 82.65 0.08
TPO Ab 3.34 0.56 19.93 0.63
Tobacco consumption (yes or no) 2.22 0.67 7.42 0.19
Constant 0.03 – – 0.00

2 Hg exposure (yes or no) 4.77 1.17 19.48 0.03
Work duration (years) 0.62 0.16 2.39 0.49
Tg Ab 6.11 0.66 56.93 0.11
TPO Ab 3.34 0.56 19.93 0.19
Constant 0.06 – – 0.00

Table 3  Odds ratio (OR) for the risk of an elevated RT3 concentra-
tion (above the third quartile; 21 ng/dl) associated with tobacco con-
sumption, urinary mercury, work duration and autoimmunity markers

Urinary Hg: ≤ 10 µg/l or > 10 µg/l
CI 95% confidence interval, Tg Ab anti-thyroglobulin antibody, TPO 
Ab anti-thyroid peroxidase antibody urinary

Variables OR 95% CI p value

Inferior Superior

Tobacco consumption (yes or no) 1.52 0.58 3.96 0.39
Urinary Hg 3.34 1.03 10.82 0.04
TPO Ab 2.39 0.27 20.75 0.43
Tg Ab 0.00 0.00 – 0.10
Work duration (years) 0.53 0.16 1.75 0.30
Constant 0.18 – – 0.00
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The thyroid anatomopathological assessment demon-
strated the presence of papillary thyroid carcinoma in all 
nodules classified as Bethesda V-rated lesions on FNA. The 
pathology of the 7.7 cm nodule revealed the presence of 
invasive follicular carcinoma.

Considering the small number of cases, it was not pos-
sible to apply statistical tests for comparisons.

Discussion

In addition to deposits in the central nervous system, metal-
lic Hg may also accumulate in the thyroid gland for a long 
time, even after exposure has ceased (Falnoga et al. 2006).

This study evaluated thyroid hormones and echographic 
aspects of the thyroid gland in workers exposed to Hg many 
years after the end of occupational exposure activity. The 
hypothesis is that the toxic effects of the metal may be 
delayed by its deposition in the thyroid gland for a long time 
(Nylander and Weiner 1991; Björkman et al. 2007).

The exposed and non-exposed groups presented with 
similar age, BMI, degree of schooling, alcohol consump-
tion and tobacco consumption.

Labor activities in the lamp, chlorine–alkali and ther-
mometer manufacturing industries, such as those observed 
in this study, are recognized for their risk of exposure to Hg 
(Holmes et al. 2009).

Studies on lamp manufacturing in São Paulo, State of 
Brazil, described occupational risks that contributed to Hg 
exposure (Zavariz and Glina 1993). The authors reported 
frequent lamp fragmentation with consequent release of Hg 
in the manufacturing area. In addition, the accumulation of 

drops of Hg on the floor under the machines was associated 
with elevated temperatures favoring Hg evaporation into the 
atmosphere (Zavariz and Glina 1993). The measured envi-
ronmental Hg in the manufacturing area was not in accord-
ance with the occupational hygiene recommendation. Most 
of the individuals exposed to Hg who were evaluated in the 
present study (96%) worked in these lamp factories of São 
Paulo.

In this study, the average urinary Hg concentration was 
significantly higher in the exposed group compared to the 
non-exposed group (p < 0.01). In addition to the elevated 
urinary Hg concentration, the length of the average time of 
exposure was considerably long (14.5 years), similar to the 
observations in previous studies (Barregard et al. 1994; Ell-
ingsen et al. 2000). Supporting the exposure to Hg, there was 
a positive correlation between urinary Hg and work duration 
(p < 0.05). The long period of exposure to Hg may favor the 
deposition of the metal in the thyroid gland.

The thyroid has high concentrations of selenium due to its 
role in the constitution of deiodinases and in the synthesis 
of hormones (Köhrle and Gärtner 2009). The high affinity 
of Hg for selenium may favor its deposition in the gland 
(Hansen 1988; Bulato et al. 2007; Zemolin et al. 2012).

No statistically significant difference was observed in 
selenium concentrations between the exposed and non-
exposed groups (p > 0.05). However, the workers had not 
been subjected to Hg exposure for, on average, 14.2 years. 
Although the selenium concentration was considered to be 
in the normal range, the formation of selenium and mercury 
complexes may affect the bioavailability and function of 
the micronutrient and thus alter the function of deiodinases 
(Bulato et al. 2007; Soldin et al. 2008; Mulder et al. 2012).

Table 4  Characteristics of 
the thyroid ultrasound in the 
exposed and non-exposed 
groups

p value: Pearson’s Chi-square test

Characteristics Exposed Non-exposed Total p value

N % N % N %

Topical location 55 100 55 100 55 100 –
Regular dimension 38 69.1 42 76.4 80 72.7 –
Enlarged dimension 13 23.6 13 23.6 26 23.6
Reduced dimension 4 7.3 – – 4 3.6
Irregular contour 34 61.8 38 69.1 72 65.5 0.42
Irregular contour 21 38.2 17 30.9 38 34.5
Regular echogenicity 40 72.7 50 90.9 90 81.8 0.03
Reduced echogenicity 15 27.3 5 9.1 20 18.2
Regular echotexture 12 21.8 14 25.5 26 23.6 0.30
Finely heterogeneous echotexture 31 56.4 35 63.6 66 60.0
Heterogeneous echotexture 12 21.8 6 10.9 18 16.4
Regular vascularization 32 58.2 34 61.8 66 60.0 0.85
Increased vascularization 23 41.8 21 38.2 44 40.0
Reduced vascularization 2 3.6 – – 2 1.8 –
Total 55 100 55 100 110 100 –
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The high mean TSH concentrations in the Hg-exposed 
individuals were one of the main findings of this study.

The proportion of individuals with TSH concentrations 
above the normal limit was also significantly higher in the 
exposed group (p < 0.05). In addition, serum concentrations 
of TSH and duration of work exhibited a subtle but statisti-
cally significant positive correlation (ρ = 0.219; p = 0.012).

During the group selection process, it was observed that 
the proportion of individuals with T4 treatment was higher 
in the exposed group (14% versus 2.8%), adding evidence on 
the possible impact of Hg exposure on the thyroid function.

Afrifa et al. (2018) observed a slightly elevated TSH 
among gold miners, but this association was not statistically 
significant. However, because all participants worked in the 
mining area, it was not possible to obtain a pure non-exposed 
group. Abdelouahab et al. (2008) observed a significant pos-
itive relationship between serum TSH and blood Hg concen-
tration in individuals with elevated fish intake. However, fish 
consumers could be exposed to an organic Hg form.

Metallic Hg might have an effect on the thyroid gland 
through the inhibition of deiodinases (Ellingsen et  al. 
2000). Barregard et al. (1994) observed an alteration in 
the FT4:FT3 ratio due to a decrease in FT3 levels. These 
enzymes play an important role in the conversion of T4 to 
T3 in organs and in the anterior pituitary (Barregard et al. 
1994; Ellingsen et al. 2000; Mori et al. 2007). Reducing T3 
may lead to pituitary stimulation and increased TSH secre-
tion (Benvenga et al. 2015).

In addition to this effect on deiodinases, studies in rain-
bow trout (Oncorhynchus mykiss) exposed to sub-lethal 
concentrations of inorganic and organic Hg verified that the 
metal can stimulate the pituitary–thyroid axis (Bleau et al. 
1996).

Sun et al. (2018) found a significant increase in TSHβ and 
mRNA expression in zebrafish larvae treated with mercury 
chloride  (HgCl2) and considered that the metal may have a 
disruptive effect on the hypothalamic–pituitary axis. The 
authors observed changes in the expression of genes linked 
to the synthesis of hormones. Nevertheless, these studies 
still do not support conclusions regarding whether these 
effects of Hg may occur in the pituitary gland in humans. 
Further studies may contribute to understanding whether the 
metallic form of Hg could cause these alterations in humans.

Other possible explanations for the TSH elevation include 
autoimmune thyroiditis leading to functional impairment of 
the gland and an increase of the TSH (Höfling et al. 2012). 
However, in this study, the proportion of positive antibodies 
did not show a statistically significant difference between the 
groups. Additionally, the multiple logistic regression model 
did not present a statistically significant OR for this variable.

The action of Hg on the deiodinases may lead to a 
reduction in the conversion of T4 to T3, with a consequent 
increase in RT3 (Ellingsen et al., 2000). These authors 

observed a significant increase of RT3 that was associated 
with the cumulative concentration of Hg among the work-
ers exposed to Hg.

The present study showed a borderline significant differ-
ence in the mean RT3 concentration between the groups. 
However, Spearman’s correlation coefficient showed a 
positive relationship between RT3 and urinary Hg concen-
trations (p < 0.05). In addition, the multiple logistic regres-
sion model showed that the urinary Hg variable showed 
predictive value for the RT3 concentration being above the 
third quartile (p < 0.05). These results corroborate the pos-
sibility that the tendency of RT3 being higher in exposed 
individuals is related to the effects of Hg.

The means of the T3, FT3 and FT4 concentrations were 
similar between the exposed and non-exposed groups. Dif-
ferent results were observed in a study with mothers and 
newborns that compared groups with a higher or lower 
number of amalgam restorations and the distance from the 
residences to the industrial areas (Ursinyova et al. 2012; 
Takser et al. 2005). The authors concluded that, even at 
low levels of Hg exposure, thyroid hormones could be 
affected (Ursinyova et al. 2012; Takser et al. 2005). How-
ever, these surveys involved larger samples.

The contribution of this study was the addition of Dop-
pler US to evaluate the characteristics of the thyroid paren-
chyma and the nodules. Previous studies did not include 
evaluation of the thyroid gland parenchyma. Doppler US 
offers high accuracy in the morphological evaluation of 
the gland, and it is associated with a low-cost advantage.

The proportion of the echogenicity alteration was 
higher in the Hg-exposed group, with a statistically sig-
nificant association with the exposure (p < 0.05).

The echogenicity reduction aspect can be related to 
the inflammatory process, usually observed in autoim-
mune thyroiditis (Höfling et al. 2012). However, a sta-
tistically significant correlation between the TPO Ab and 
the hypoechogenicity pattern was not observed in the Hg-
exposed group (p > 0.05).

In experimental studies, Shi et al. (2018) observed that 
the amphibian thyroid (Bufo gargarizans), treated with 
 HgCl2 presented with a loss of follicular cell layers, cel-
lular disarrangement and follicular hyperplasia of the thy-
roid. At doses above 18 μg/l, gland deformity and a reduc-
tion of deiodinases and mRNA levels of α and β hormone 
receptors were observed. Further studies are necessary to 
investigate whether the deposition of Hg in metallic form 
could lead to these structural changes in the human gland.

Nylander and Weiner (1991), in necropsy studies of 
dentistry staff, observed a very high concentration of Hg 
in the thyroid, even after the professionals stopped work-
ing. These findings reinforce the importance of evaluating 
the thyroid parenchyma.
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The presence of thyroid nodules identified by US was 
similar between the groups. Moreover, it was not possible to 
establish an association between the presence of malignant 
nodules and Hg exposure in the present study.

According to Benvenga et al. (2015), the increased inci-
dence of thyroid nodules in the Beijing and Guangzhou 
populations could be related to increased environmental 
pollution. Among the pollutants, Hg was identified as one 
of the possible agents related to thyroid alterations.

Chung et  al. (2016) did not observe an association 
between Hg concentrations and thyroid malignant nodules 
in anatomopathological examination from patients submitted 
to surgery. However, these individuals were not occupation-
ally exposed, and Hg concentrations tended to be higher in 
exposed workers.

Malandrino et al. (2016) reported an increased incidence 
of papillary cancer in volcanic region residents. The authors 
observed that metal concentrations, including Hg, were sev-
eral times higher in residents of these regions. The authors 
discuss the possibility of these metals being related to the 
increased incidence of papillary cancer.

The limitations of this present study were related to the 
Hg concentrations acquired from the period of occupational 
exposure in the hospital’s medical records; it was not pos-
sible to access all the results of this period. According to the 
Brazilian labor legislation, this examination must be per-
formed every 6 months during the period of occupational 
exposure. However, no 6-month results were available. In 
addition, the examinations were performed in different labo-
ratories, and no standardization was possible.

Beyond these issues, it was also not possible to investigate 
the Hg concentrations in the air of the work environments.

The increase of TSH concentrations in exposed individu-
als is a new finding.

Review studies reported that the level of TSH was an 
independent predictor of malignancy in thyroid nodules 
(Popoveniuc and Jonklaas 2012). Chronic high TSH secre-
tion predisposes the thyroid gland to develop hyperplastic 
and neoplastic lesions by epigenetic mechanisms associated 
with hormonal disequilibrium. (Rana 2014). These results 
indicate the relevance of evaluating thyroid function in 
exposed workers for a long period. Current knowledge about 
metal endocrine disruptor effects (Iavicoli et al. 2009) is still 
limited, and there are few studies on occupational exposure 
to establish the biological limits for this purpose.

Conclusions

The study revealed that individuals with chronic occupa-
tional exposure to Hg presented hormonal and thyroid 
parenchyma alterations, even after the work activity ceased. 
In three exposed individuals, malignant nodules were 

identified. These findings show the importance of evaluat-
ing thyroid hormones in workers exposed to Hg for a long 
time, even after the cessation of exposure. Additional studies 
are needed to establish non-toxic biological indices for the 
thyroid gland of exposed workers.
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