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Work-related factors affecting the thyroid hormone levels among workers in
different sectors
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ABSTRACT
Aim: This study purposed to evaluate thyroid hormone levels and work-related factors in workers.

Materials and Methods: This retrospective study was perfomed at 475 workers who applied to the
outpatient clinic of occupational diseases between November 2015-February 2020. Sociodemographic
variables, work-related factors and laboratory records were retrospectively evaluated. Student’s t-test
was performed to compare mean values. Multiple linear regression analysis was used, including
independent variables that were found to be statistically significantly related in binary analysis of
thyroid-stimulating hormone (TSH) value.

Results: Of the 475 participants, 433 (91.2%) were male and 173 (36.4%) worked night shifts, 293
(61.7%) were exposed to silica dust, 23 (4.8%) to plastic fumes, and 80 (16.8%) to solvent. Study
participants who were over 40 years of age, night shift workers, and workers with exposure to silica
dust had significantly lower TSH values (p=0.026, p=0.023, p=0.002, respectively); male workers,
workers under 40 years of age, and workers with body mass index (BMI) <25 had significantly higher
free T4 levels (p=0.017, p=0.042, p=0.026, respectively). In the regression analysis, it was observed
that there was a significant relationship BMI, silica dust exposure, night shift work and low TSH level
(p=0.033, p=0.028, p=0.045).

Conclusion: It was found that night shift work and exposure to silica dust were associated with
decreased TSH levels in workers. Silica dust exposure and night shift work are among the preventable
risk factors. For this reason, the workplace environment should be reorganized, periodic health
examinations should be carried out, and workers should be ensured to comply with occupational
health and safety rules.
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Amag: Meslek hastaliklari poliklinigine bagvuranlarda tiroid hormon dlizeyleri ile igle iligkili faktérierin
degerlendiriimesi amaglanmisgtir.
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Gerec ve Yéntem: Calismaya (niversite hastanesi meslek hastaliklari poliklinigine Kasim 2015-
Subat 2020 tarihleri arasinda bagvuran 475 c¢alisan dahil edildi. Calisanlarin verilerine; meslek
hastaliklari poliklinik muayene formlari ve laboratuvar kayitlari retrospektif olarak incelenerek ulasildi.
Ortalama degerleri karsilastirmak igin Student t testi kullanildi. ikili analizlerde tiroid stimulan hormon
(TSH) degeri ile istatiksel olarak anlamli iligkili saptanan bagimsiz degiskenler igin ¢oklu lineer
regresyon analizi yapildi.

Bulgular: 475 caliganin 433'0 (%91,2) erkek ve 173'l (%36,4) gece vardiyasinda c¢alisiyordu.
Isyerinde 293'ii (%61,7) silika tozuna, 23'i (%4,8) plastik dumana ve 80'i (%16,8) solvente maruz
kaldigini ifade etti. 40 yas lzeri olanlarda (p=0.026), gece vardiyali ¢alisanlarda (p=0.023), silika
tozuna maruz kalanlarda (p=0.002) daha diiglik TSH degerleri; erkek ¢aligsanlarda (p=0.017), 40 yas
alti olanlarda (p=0.042), viicut kitle indeksi (VKI) 25'den kiigiik olanlarda (p=0.026) serbest T4
diizeyleri daha yiiksek olarak bulundu. Regresyon analizinde VKIi, silika tozu maruziyeti, gece
vardiyasi c¢alismasi ile azalmig TSH diizeyi arasinda anlaml bir iliski oldugu gérildii (sirasiyla
p=0.033, p=0.028, p=0.045).

Sonug: Meslek hastaliklari poliklinigine basvuran calisanlarda gece vardiyali ¢calisma ve silika tozuna
maruziyetin azalmig TSH seviyeleri ile iliskili oldugu bulundu. Silika tozu maruziyeti ve gece vardiyali
calisma O&nlenebilir risk faktérieri arasinda yer almaktadir. Bu nedenle calisma ortami yeniden
diizenlenmeli, periyodik saglik muayeneleri yapilmali, ¢alisanlarin is sagligi ve givenligi kurallarina
uymalari saglanmalidir.

Anahtar Sézciikler: Tiroid hormonlari, silika, igyeri.

INTRODUCTION

Thyroid hormones are the regulators of the
organism and play a significant role in the
maintenance of normal physiological processes.
The thyroid hormones thyroxine (T4) and
triiodothyronine (T3) are released by the thyroid
gland. The synthesis and excretion of thyroid
hormone are organized by thyroid-stimulating
hormone (TSH) produced from the anterior
pituitary gland, while the production and secretion
of TSH are regulated by hypothalamic
thyrotropin-releasing hormone (TRH). Genetic
factors are responsible for up to 65% of
interpersonal diversity in TSH and thyroid
hormone levels, however several other factors
can also affect thyroid function. These factors
include demographic determinants (age and
gender), internal determinants (microbiota,
stress), drug use, and various environmental
factors (1). TSH release demonstrates a daily
rhythm according to the sleep-wake cycle and
sleeping schedule. Today, due to the increasing
competitive economic environment, globalization,
and the increasing demand for labor, a necessity
for 24-hour work has arisen, and the emergence
of shift work systems (2). Night shifts, which
comprises a portion of shift work, causes mainly
physiological, psychological, and sociologic
problems in workers. The circadian rhythm, which
controls the daily sleep-wake cycle in the human
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body, is controlled by the biological clock set
according to the 24-hour period. Numerous
studies have shown that TSH secretion has a
circadian rhythm and also effects the secretion of
free T4 (fT4) (3). A slow increase in plasma TSH
levels is observed in the evening hours, which
peaks at the start of sleep, decreases during
sleep, and stays at low levels during the day;
disruption of this cycle is a significant problem in
night shift workers (4). Several literatures have
shown that night shift work may induce illnesses
such as cardiovascular diseases, sleep
disorders, peptic ulcer, and breast cancer in
women (5). The effect of night shift work on
health is believed to be primary related to its
interaction with circadian rhythms. Light exposure
and sleep deprivation during the night are
thought to disrupt this physiological rhythm.

Occupational exposure to silica dust has been
strongly associated with autoimmune diseases.
Workers exposed to silica dust were shown to
have significantly higher mean serum T3, free T3
(fT3) and fT4, and lower mean T4 levels than
controls, and a strong association was found
between exposure time and thyroid hormone
levels (6).

Endocrine  disrupting chemicals such as
bisphenol A, polybrominated diphenyl ethers and
phthalates are generally used for plastic
additives. The detrimental effects of these
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substances on thyroid physiology and thyroid
hormone metabolism have been demonstrated in
both experimental and clinical studies (7).
Furthermore, the effects of industrial solvents on
adrenal, thyroid, and parathyroid glands have
been shown in studies conducted in humans and
experimental animals. In animal experiments,
inhalation of methanol, toluene, and mixtures of
both were observed to cause mild and rarely
moderate shrinkage in thyroid follicles in females,
while thyroid follicular cell hyperplasia was
observed after exposure to ethyl benzene (8, 9).

Work-related factors can affect with the
hypothalamic pituitary thyroid axis at various
levels and through different mechanisms of
action (10). There are a few number of literatures
investigating the influence of work-related factors
on thyroid hormone levels in several countries.
This study purposed to assess the relationship
between thyroid hormone levels and
sociodemographic variables and work-related
factors in workers.

MATERIALS and METHODS
Study procedure

In this cross-sectional study, a study sample of
566 workers who applied to the outpatient clinic
of occupational diseases of a university hospital
between November 2015-February 2020 was
included. No sample selection was made in the
study. Among the study participants, 91
individuals with a diagnosis of any thyroid
disorder before starting employment, diabetes,
liver disease, kidney failure, heart failure,
coagulopathy, and other severe chronic
diseases, and chronic drug use were excluded
from the study. Workers who do not have the
specified chronic diseases and who have a total
of at least one year of work were included in the
study. This study was confirmed by the ethics
committee of Ege University Medical Faculty
(2020, No: 20-12T/37).

Data collection

Study data were collected from outpatient clinic
examination forms and laboratory records and
retrospectively examined. Sociodemographic
variables of the workers consisted of gender,
age, education status, body mass index (BMI),
smoking and alcohol consumption; work-related
factors included sector, employment status,
history of night shift work, exposure to silica dust,
plastic fume exposure, solvent exposure, total
years of night shift work, and total years of silica
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dust exposure. Venous blood samples were
taken from all applicants (8 hours fasting) and
thyroid hormone analyzes were performed using
enzymatic methods (Roche  Diagnostics,
Mannheim, Germany). Normal ranges measured
in venous blood were considered 0.27—-4.2 mIU/L
for TSH and 0.89-1.76 ng/dL for fT4. Participants
were questioned in regards to smoking and
alcohol consumption in the last six-month period.
Those who break smoking more than six months
ago and never smoked were considered as the
non-smoker group. Participants who worked
regular night shifts in the last year or longer were
considered regular night shift workers. In
addition, participants who were exposed to silica
dust, plastic fumes, and solvent in the last year in
workplace according to detailed work history
were considered exposed workers.

Statistical analysis

Measurement variables were written as mean +
standard deviation (SD), median (min-max)
values, while categorical data were written in
number-% tables. Student’s t-test was performed
to compare mean values between two groups.
Multiple  linear regression analysis was
performed, including independent variables that
were found to be statistically significantly related
in binary analysis of TSH value. In the regression
analysis, the enter method was used, in which
each variable was added to the model at the
same time. Models were created in the direction
of hypotheses according to variable groups.
SPSS 22.0 was used for the analysis of all data.
The value of p<0.05 was accepted statistically
significant.

RESULTS

Among the 475 workers from different sectors
who applied to the outpatient clinic, 433 (91.2%)
were male. The socio-demographic variables of
the workers and their work-related factors are
shown in (Table-1).

When the demographic variables and work-
related factors of the workers were assessed in
terms of mean TSH levels, workers who were
over 40 years of age, night shift workers, and

workers with exposure to silica dust had
significantly lower TSH values (p=0.026,
p=0.023, p=0.002, respectively). When

demographic and work-related factors were
evaluated in terms of mean fT4 levels, male
workers, workers under 40 years of age, and
workers with BMI <25 had significantly higher fT4
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levels (p=0.017, p=0.042, p=0.026, respectively)
(Table-2).

The results of the multiple linear regression
analysis, in which the independent variables
found to be statistically significantly related in the
binary analyzes of the TSH value in the
participants were included, are presented in
Table-3 with two different models. In the

regression analysis, it was found that there was a
strong relationship between BMI, silica dust
exposure, night shift work and low TSH level
(p=0.033, p=0.028, p=0.045 respectively).
According to the R? values, it was found that
night shift work and silica dust exposure
explained 2.5% of the low TSH.

Table-1. Distribution of sociodemographic and work-related factors.

Parameter

Gender (n,%)

Male 433 (91.2)
Female 42 (8.8)
Age (n,%)

<40 years 269 (56.6)
>40 years 206 (43.4)
Education Level (n,%)

Primary 264 (55.6)
Middle 164 (34.5)
University 47 (9.9)
BMI (n,%)

<25 141 (29.7)
225 334 (70.3)
Smoking (n,%)

Yes 350 (73.7)
No 175 (26.3)
Alcohol Use (n,%)

Yes 77 (16.2)
No 398 (83.8)
Sector (n,%)

Agriculture 29 (6.1)
Industry 349 (73.5)
Service 97 (20.4)
Employment Status (n,%)

Blue collar 412 (86.7)
White collar 63 (13.3)
Night Shift Work (n,%)

Yes 173 (36.4)
No 302 (63.6)
Silica Dust Exposure (n,%)

Yes 293 (61.7)
No 182 (38.3)
Plastic Fumes Exposure (n,%)

Yes 23 (4.8)
No 452 (95.2)
Solvent Exposure (n,%)

Yes 80 (16.8)
No 395 (83.2)
Total years of night shift work years, Median(min-max) 10.00 (1-27)
Total years of exposure to silica dust years, Median(min-max) 9 (1-28)

BMI: Body mass index.
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Table-2. Comparison of demographic and work-related factors according to serum TSH and T4 levels.

Parameter TSH fT4

(MUI/mL) (ng/dL)

(meantSD) P value (meantSD) P value
Gender
Male 1.62+0.81 0.431 1.23+0.16 0.017
Female 1.72+0.80 1.16+0.16
Age
<40 years 1.70£0.87 0.026 1.24£0.16 0.042
>40 years 1.53£0.72 1.20£0.16
Education level
Primary 1.67+0.91 0.123 1.22+0.17 0.468
Middle school 1.53+0.59 1.23+0.15
University 1.76+0.91 1.25+0.18
BMI
<25 1.56+0.79 0.214 1.25£0.17 0.026
225 1.66+0.82 1.21£016
Smoking
Yes 1.62+0.80 0.675 1.2310.84 0.445
No 1.65+0.84 1.21£0.18
Alcohol use
Yes 1.55+0.70 0.301 1.22+0.17 0.663
No 1.64+0.83 1.23+0.16
Sector
Agriculture 1.71£0.94 0.606 1.26+0.17 0.475
Industry 1.60+0.81 1.22+0.16
Service 1.68+0.80 1.22+0.16
Employment status
Blue collar 1.63+0.81 0.907 1.23+0.169 0.820
White collar 1.62+0.82 1.2240.15
Night shift work
Yes 1.5240.75 0.023 1.22+0.13 0.44
No 1.69+0.84 1.2310.17
Exposure to Silica Dust
Yes 1.56+0.79 0.022 1.22+0.16 0.946
No 1.74+0.84 1.23+0.17
Plastic Fumes Exposure
Yes 1.69+0.65 0.652 1.23+0.18 0.919
No 1.62+0.82 1.22+0.16
Solvent Exposure
Yes 1.72+0.89 0.278 1.22+0.18 0.740
No 1.61+0.80 1.23+0.16

TSH: Thyroid-stimulating hormone, fT4: free T4, BMI: Body mass index
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Table-3. Multiple linear regression analysis of the variables that were significant with the mean TSH value.

Model 1 Model 2

B Beta P B Beta P
Individual factors
Gender -0,005 -0,058 0,217 -,006 -0,002 0,960
Age -0,124 -0,052 0,270 -,006 -0,068 0,153
BMI 0,015 0,095 0,045 ,016 0,100 0,033
Work-related factors
Silica dust exposure 0,154 0,111 0,028
Night shift work 0,132 0,094 0,045
The explanatory and aR? 0,007 0,025
significant levels of the P 0,098 0,006
models

BMI: Body mass index

DISCUSSION

This study indicate that night shift work and
exposure to silica dust are associated with TSH
levels in workers who applied to our outpatient
clinic of occupational diseases. Lower mean
serum TSH levels were observed in night shift
workers and workers who were exposed to silica
dust. Studies have shown that night shift work
often causes a disruption between the person's
biological clock and the actual time of the day
(11). Serum TSH concentrations are used as a
specific and sensitive measure for early
diagnosis of endocrine disturbances. Since TSH
is regulated by both sleep and circadian rhythms,
sleep deprivation causes TSH to nearly double
the normal level at night. This elevated TSH level
persists during the day due to the hormone’s long
half-life (12).

Studies investigating the influences of night shift
work on TSH levels report varying results.
Coherent with the results of our study, Korompeli
et al (13). and Marlmberg et al (14). found a
decrease in serum TSH levels in nurses that
worked shifts and physicians who worked night
shifts. Night shift work has been considered a
stress factor for the human body, as changes in
the sleep-wake cycle can influence human
biological  functions, physical-psychological
status, and life quality (15). This decrease in TSH
levels is thought to be a likely result of stress-
induced inhibition at the hypothalamic level. One
cross-sectional study on male workers who
worked night shifts demonstrated that they had
significantly higher TSH levels compared to
daytime workers (16). Despite the reason for this
effect is not completely understood, it is thought
that changes in sleep schedule, sleeping times,
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and sleep quality, primarily caused by night
shifts, can change the body's normal circadian
rhythm and cause to circadian rhythm pathology
for TSH secretion (17). Eating at night can affect
hormone levels such as TSH, insulin, and
glucagon. Working night shifts can cause to
irregular eating habits and eating at night,
resulting in an increase in TSH levels (18).

Various composites such as asbestos, silica,
nanoparticles and silicone cause major biological
changes including immune hyperactivation,
production of reactive oxygen species, and tissue
damage (19). Beshir et al. found that
occupational exposure to silica dust may affect
thyroid hormone activity through autoimmune
mechanisms, regardless of clinical features (6).
Although these autoimmune diseases occur
predominantly in women, autoimmunity due to

occupational exposure to silica is mostly
recognized in men. There is a relationship
between silica exposure and autoimmune

disease and autoantibodies, and silica-induced
autoantibody production can occur even without
severe lung damage (20). Many studies
demonstrating the development of autoimmune
diseases and autoantibody production in patients
exposed to silicone implants have reported a
possible relationship between silicone exposure
and autoimmune diseases (21, 22). Improvement
of clinical symptoms after implant removal
supports this association between silicone and
autoimmunity (19).

In a study that compared workers who developed
silicosis and those who did not develop silicosis
among ceramic workers who were exposed to
silica dust, it was found that the silicosis cases
had significantly lower fT3 and fT4 levels
compared to the control group. TSH levels were
lower among silicosis cases. This finding
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suggests that mechanisms such as thyroid
transcription factor-1(TTF-1), increased
surfactant protein SP-A expression occurring in
silicosiswith  lung fibrosis and idiopathic
pulmonary fibrosis may be responsible for the
decrease in serum thyroid hormone (23). In our
study, it was found that TSH levels were
significantly lower in workers who were exposed
to silica dust, while both groups had the same
levels of fT4. There was no correlation between
total years of silica dust exposure and fT4 and
TSH levels. It was thought that decrease in TSH
due to exposure to silica dust may play a role in
increased expression of TTF-1 and SP-A in
workers diagnosed with silicosis.

Our study had some limitations. Workers from
different sectors referred to the outpatient clinic of
occupational disease may work in different shift
schedules and may also be exposed to other risk
factors in the workplace that affect thyroid
function. Workplace exposure and occupational
histories were evaluated based on the self-
reports of the workers. Occupational exposures
were at different levels and not homogeneous
among the workers as they worked in different
workplaces. In addition, the number of female
workers working in shifts and exposed to silica
dust was much less than men due to the
prominence of the industrial sector, so a
meaningful comparison could not be made
between men and women. Blood samples were
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