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ABSTRACT 

 
Although occupational exposure to radiation and organic solvents has been proven to increase 

the chance of developing thyroid disease, one of the leading endocrine disorders, much less is 
known about the potential risk factor of vibration exposure. Thus, this study aimed to examine 
the relationships between occupational exposure to radiation, organic solvents and vibration, and 
thyroid disease risk and thyroid-stimulating hormone (TSH) levels by utilizing data sets from 
Project ELEFANT, which comprises 124,286 participants from Tianjin, China. We reviewed the 
medical records, including the thyroid disease history, of young adult participants and measured 
the TSH levels in the females via automated immunometric assay. Logistic models adjusted for 
confounders revealed significant associations between exposure to radiation (odds ratio [OR]: 
1.73; 95% confidence interval [CI]: 1.1–2.7), organic solvents (OR: 2.0; 95% CI: 1.3–2.9) and 
vibration (OR: 4.4; 95% CI: 2.0–8.75), and an increased risk of thyroid disease. Additionally, the 
TSH concentrations in the female participants (median: 1.95; 95% CI: 2.45–2.77) displayed a 
correlation exclusively with vibration exposure (β: 2.80; 95% CI: 1.07–4.54). Our results show, for 
the first time, that vibration exposure is associated with an increased risk of thyroid disease and 
elevated TSH levels. If these findings are confirmed in other cohorts, thyroid examinations should 
be conducted for individuals exposed to vibration in the workplace. 
 
Keywords: Vibration, Organic solvents, Radiation, Thyroid disease, Thyroid-stimulating hormone 
 

1 INTRODUCTION 
 

Thyroid disease is one of the leading endocrine disorders (Vanderpump, 2011). Thyroid diseases 
can be classified as structural or functional, with structural thyroid diseases including tumours 
(benign or malignant), nodules and goitre (thyroid enlargement), whereas functional thyroid 
diseases include thyroiditis, hyperthyroidism and hypothyroidism (Ron and Brenner, 2010). 
However, in clinical practice, alterations in thyroid hormone levels are frequently overlooked or 
misdiagnosed (Garmendia Madariaga et al., 2014). Women face a greater risk of such disorders  
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than men, and the risk increases with age in both men and women (Kim and Park, 2014). Further, 
there are known environmental and dietary factors associated with thyroid disease risk, including 
cigarette smoking (Brent, 2010), fluoride and lithium exposure (Bocchetta et al., 2007; Singh et 
al., 2014), soy consumption and iodine deficiency (Brent, 2010). China has been identified as a 
region with high iodine intake (Zimmermann and Andersson, 2012) and a meta-analysis confirmed 
that excessive iodine intake increases the risk of thyroid diseases such as goitre and thyroid 
nodules (Stendel et al., 2020) in Chinese populations (Zhao et al., 2014). 

One of the most toxic exposures to the human thyroid is radiation exposure (Ron and Brenner, 
2010). The evidence for radiation exposure and thyroid cancer comes primarily from studies of atomic 
bomb survivors, accidental releases from nuclear power plants into the environment, and children 
with radiation treatment due to tinea capitis or enlargement of the thymus gland (Aschebrook-
Kilfoy et al., 2014). However, much less is known about the possible effects of occupational radiation 
exposure on thyroid hormone levels and the risk of non-malignant thyroid diseases such as 
hypothyroidism (Ron and Brenner, 2010), the most common endocrine disorder that is characterized 
by increased thyroid-stimulating hormone (TSH) levels (Vanderpump, 2011). 

Occupational vibration exposure is common in many countries (Lin et al., 2005; EU-OSHA, 
2008). In Europe, the proportion of workers exposed to vibration varies from 14% to 34% by country, 
with an average of one in three workers exposed to vibrations from some source (EU-OSHA, 
2008). In China, it is estimated that two million workers use vibration tools (Lin et al., 2005), and 
vibration syndrome has been reported in 16 provinces in China (Xiao and Zheng, 1996). Vibration 
exposure is classified either as whole-body vibration (WBV) or hand-to-arm vibration (HAV) (Kraja 
et al., 2019). HAV syndrome (HAVS) is a condition associated with the use of hand-held vibrating 
tools, which has vascular, neurologic, and musculoskeletal features (Heaver et al., 2011). The 
most well-established manifestation of HAVS is known as vibration white finger (VWF), a type of 
secondary Raynaud phenomenon (Hack et al., 1986). The long-term effects of WBV and HAV 
exposure have been well characterized and include disorders of peripheral circulatory and nervous 
systems as well as injuries of the muscular-skeletal system (Lin et al., 2005; Johanning, 2015). 
Farmers are exposed to WBV through the use of all-terrain vehicles in agriculture (Milosavljevic 
et al., 2010), and are also exposed to chemicals such as pesticides (Wang et al., 2017a) and 
organic solvents (Bunn et al., 2009) that may have thyroid toxic effects (Saad-Hussein et al., 2011; 
Hassani et al., 2014). Indeed, female workers exposed to organic solvents (formaldehyde, phenol, 
n-hexane and chloroform) within the pharmaceutical industry have been reported as having 
higher levels of TSH than non-exposed individuals (Hassani et al., 2014). However, to the best of 
our knowledge, no previous study has examined the relationship between occupational exposure 
to vibration and thyroid disease or TSH levels in young adults. 

In this study, we examined TSH concentrations in relation to occupational exposure to radiation, 
vibration, and organic solvents in young adults from Project Environmental and LifEstyle FActors 
iN metabolic health throughout life-course Trajectories (ELEFANT) in Tianjin, China. We used 
structured questionnaires to capture occupational exposures, and logistic and linear regression 
to estimate the association between vibration and TSH levels. We report that only vibration 
exposure was associated with an increase in TSH levels. Further, we report that vibration exposure 
was associated with higher prevalence of thyroid disease in young adults, as were exposures to 
radiation and organic solvents. Our results showed, for the first time, that vibration exposure 
may increase TSH levels and the risk of thyroid disorders. Further studies are required to elucidate 
the mechanisms underlying these associations and relative risk by type of thyroid disease. 

 

2 MATERIALS AND METHODS 
 
2.1 Study Population 

We utilized data sets from ELEFANT, a prospective study designed to examine the impact of 
environmental and lifestyle factors at different points in the lifecycle through three age-based 
cohorts (Baby, Young and Elderly) upon the risk of non-communicable diseases (Cayir et al., 2018; 
Guo et al., 2018; Xu et al., 2018; Barrow et al., 2019). A total of 124,286 participants from the 
Young ELEFANT cohort were used in this study, who were recruited between 2014 and 2015 
through clinic visitations in Tianjin, China. Eligible participants were young adults aged between 
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18 and 40 years old, who were able to speak and read Chinese and attended clinics in Tianjin for 
regular check-ups. Participants were asked to complete an interviewer-administered questionnaire. 
Information collected through the questionnaire included socio-demographic characteristics, 
family history of disease, dietary habits, passive and active smoking, and occupational exposure 
to chemicals, radiation and vibration. All procedures and study protocols were approved by the 
ethics committee of Tianjin Medical University. All the participants provided written informed 
consent.  

 
2.2 Assessment of Thyroid-stimulating Hormone Levels and Thyroid Diseases 

Blood was collected from all the participants of Young ELEFANT. Serum were separated from 
the clot in 2 hours within blood collection. TSH levels were measured in serum by automated 
immunometric assay (cobas e 411; Roche). The immunoassay used chemiluminescent detection. 
The assay used in this study was labelled “third generation” by the manufacturer. We used 
corresponding commercial control materials with low and high TSH concentrations as quality 
control for cobas e 411. Doppler ultrasonography (GE Vingmed Ultrasound, Horten, Norway) was 
performed to examine thyroid structure. Medical records were reviewed to collect clinical 
information about thyroid disease, including hypothyroidism, hyperthyroidism, goitre, thyroid 
nodules and thyroid cancer. Thyroid diseases were diagnosed by clinicians at the participating 
hospital sites. Thyroid isthmus palpation was performed to identify thickness or the presence of 
a lump within the anterior tracheal soft tissue upward from the sternal notch. Thyroid lateral and 
posterior palpation were performed upon both lobes. Goitre was categorised into one of three 
categories according to the Chinese Diagnostic Criterion for Endemic Goiter (WS 276-2007). 

 
2.3 Statistical Analyses 

Exploratory data analysis (EDA) was performed to assess data quality and consistency, and the 
distribution of the variables of interest. EDA is an approach analysing data sets with visual methods 
to explore the data and formulate hypotheses beyond the formal modelling or hypothesis-testing 
task. A total of 124,286 young adults were eligible, of whom 124,170 remained for analysis after 
data editing after data quality controls. We tested normality of dependent variables by computing 
Shapiro-Wilk and skewness/kurtosis test. Pearson’s correlation coefficient (rP) was performed to 
assess correlations between TSH levels and age or body mass index (BMI). We performed linear 
regression models to assess the association between occupational exposures (radiation, vibration 
or organic solvent contact) and TSH concentrations. Logistic regression models were employed 
to examine the relationship between occupational exposures and thyroid disease risk. Both logistic 
and linear regression models were adjusted for potential confounders. We selected confounders 
based on biological plausibility, their influence on the model fit (adjusted r2) or their effect on the 
association between occupational exposures and outcomes (thyroid disease–TSH). The biological 
plausibility linking occupational exposures and thyroid disease were the covariates playing 
important roles in pathogenesis which have been learnt well in previous studies. Directed acyclic 
graphs (DAGs) were also constructed. All statistical models were adjusted for the same set of 
confounders: age (continuous, years), education (five categories), BMI (continuous, kg m−2), 
permanent residence (urban rural−1), occupation (nine categories), active and passive smoking, 
and co-exposures. All the analyses were performed using RStudio software 3.3.1 (R Foundation 
for Statistical Computing, Vienna, Austria, http://www.r-project.org). All reported p-values are 
two-sided and deemed significant at α = 0.05.  
 

3 RESULTS 
 
3.1 Characteristics of the Study Population 

The characteristics of the Young ELEFANT study population, stratified by gender, is shown in 
Table 1. The majority were of the Han ethnic group (97.9%), lived in rural areas (63.7%), and worked 
as farmers (52.6%). Regarding education, 39.5% and 36.7% reported college/university degrees 
and junior high school as the highest level of education, respectively. Only a small number 
reported illiteracy or primary school as the highest level of education (1.1%). Women were more 
likely to have received college-level education and to have rural residence compared to men. The  
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Table 1. Characteristics of the study population within Young ELEFANT stratified by gender. 

Variable  All (n = 124,170) Men (n = 62,089) Women (n = 62,081) p 
Age, years  29 (27, 33) 30 (27, 33) 29 (26, 32) < 2.2e−16 
Gender   62,089 (50.0) 62,081 (49.9)  
BMI, kg m−2  23.44 (21.0, 26.0) 24.6 (22.5, 26.9) 22.0 (20.0, 24.2) < 2.2e−16 
Ethnic group Han 121,532 (97.9) 60757 (97.9) 60,775 (97.9) 0.20 

Hui 1514 (1.2) 783 (1.3) 731 (1.2)  
Man 690 (0.6) 341 (0.6) 349 (0.6)  
Other 389 (0.3) 178 (0.3) 211 (0.3)  

Residence Urban 45,025 (36.3) 23,231 (37.4) 21,794 (35.1) < 2.2e−16 
Rural 79,145 (63.7) 38,858 (62.6) 40,287 (64.9)  

Education 1 1375 (1.1) 647 (1.0) 728 (1.2) 2.53e−16 
2 45,551 (36.7) 22,936 (37.0) 22,615 (36.5)  
3 24,630 (19.8) 12,825 (20.7) 11,805 (19.0)  
4 49,032 (39.5) 23,917 (38.6) 25,115 (40.5)  
5 3493 (2.8) 1722 (2.8) 1771 (2.9)  

Occupation 1 65,313 (52.6) 32,441 (52.3) 32,872 (53.0) < 2.2e−16 
2 16,607 (13.4) 10,135 (16.3) 6472 (10.4)  
3 25,330 (20.4) 11,968 (19.3) 13,362 (21.5)  
4 5396 (4.4) 3193 (5.1) 2203 (3.6)  
5 232 (0.2) 61 (0.1) 171 (0.3)  
6 2804 (2.3) 329 (0.5) 2475 (4.0)  
7 5003 (4.0) 2266 (3.7) 2737 (4.4)  
8 1574 (1.3) 638 (1.0) 936 (1.5)  
9 1911 (1.5) 1058 (1.7) 853 (1.4)  

Active smoking No 104,817 (84.4) 43,567 (70.2) 61,250 (98.7) < 2.2e−16 
Yes 19,353 (15.6) 18,522 (29.8) 831 (1.3)  

Passive smoking No 86,924 (70.0) 40,469 (65.2) 46,455 (74.8) < 2.2e−16 
Yes 37,071 (29.9) 21,536 (34.7) 15,535 (25.0)  

Median and IQR for continuous variables, and n and percentage for categorical variables. Education categories: 
(1) illiteracy/primary school education; (2) junior high school education; (3) high school/specialist school/technical school 
education; (4) college/university degrees; (5) graduate degree and above. Occupation categories: (1) farmer; (2) manual 
worker; (3) teacher/civil servant/staff/cadre/accountant/designer; (4) self-employed/businessman/freelance; 
(5) doctors/nurses/pharmaceutical industry personnel (Stendel et al., 2020); housework; (7) services; (8) unemployed/student; 
(9) other. 

 
percentages of both active and passive smokers were higher in men compared to women. Overall, 
the missing values in Young ELEFANT for covariates and exposures were less than 1%, and missing 
data was found only for age (n = 18, 0.014%), ethnic group (n = 45, 0.036%), education (n = 89, 
0.072%), and passive smoking (n = 175, 0.14%). No values were missing for the remaining covariates 
and exposures.  

Thyroid disease cases were marginally older than healthy cases (mean ages: 31 vs. 29 years 
old, respectively). The prevalence of thyroid disease was higher in women compared to men 
(0.73% vs. 0.12%; Table 1) and decreased with increasing BMI (data not shown). Disease prevalence 
was higher in young adults living in urban regions compared to rural residence (Table S1) and 
showed higher TSH levels than healthy cases (2.05 vs. 1.95 mIU L−1; Fig. S1).  
 
3.2 Occupational Exposures among the Study Participants 

We examined participants with exposure to electron radiation, organic solvents and vibration 
through their occupations. In our study participants, women were more frequently exposed to 
electron radiation than men (0.9% vs. 0.8%, p = 0.009), while men were more frequently exposed 
to organic solvents (1.3% vs. 1.1%, p = 0.0009) and vibration (0.5% vs. 0.1%, p < 2.2e−16) (Table 2). 
Overall, the frequency of exposure to organic solvents (1.2%) was higher than electron radiation 
(0.9%) and vibration (0.3%) (Table 2).  
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Table 2. Occupational exposures among Young ELEFANT participants. 

Exposure  All (n = 124,170) Men (n = 62,089) Women (n = 62,081) p 
Electron radiation No 123,093 (99.1) 61,593 (99.2) 61,499 (99.1) 0.009 

Yes 1078 (0.9) 496 (0.8) 582 (0.9)  
Organic solvent  No 122,711 (98.8) 61,296 (98.7) 61,415 (98.9) 0.0009 

 Yes 1459 (1.2) 793 (1.3) 666 (1.1)  
Vibration  No 123,799 (99.7) 61,807 (99.5) 61,992 (99.9) < 2.2e−16 

 Yes 371 (0.3) 282 (0.5) 89 (0.1)  
Median and IQRs are displayed for continuous variables, and n and percentage for categorical variables. 

 
Table 3. Thyroid-stimulating hormone (TSH; mIU L−1) levels by exposure type in female Young 
ELEFANT participants. 

Exposures  n β (95% CI) pa 
Electron radiation No 61,499 Reference  

Yes 582 0.1 (−0.6–0.7) 0.869 
Organic solvent No 61,415 Reference  

Yes 666 0.3 (−0.3–0.9) 0.368 
Vibration No 61,992 Reference  

Yes 89 2.8 (1.1–4.5) 0.0016* 
a Multivariate linear regression models adjusted for age, education, BMI, permanent residence, 
occupation, active and passive smoking, and co-exposures. 

 

3.3 Thyroid-stimulating Hormone Levels and Occupational Exposures 
Data on TSH levels in blood were available for female participants within Young ELEFANT as 

part of wider work within the ELEFANT study. We leveraged this data to examine associations 
between occupational exposures and TSH levels. TSH levels were higher among participants living 
in urban regions compared to rural ones (2.0 vs. 1.9 mIU L−1, respectively; Table S1). The highest 
TSH concentrations were found in the Hui ethnic group (median: 2.13; 95% CI: 1.48–3.05), whilst 
the lowest were found in the Man ethnic group (median: 1.87; 95% CI: 1.22–2.70) (Table S1). TSH 
concentration was positively associated with BMI (rP = 0.019; p < 0.0001) but was not correlated 
with age (rP = 0.006; p = 0.14). 

In logistic regression analyses, the associations between exposures (electron radiation, organic 
solvent, and vibration) and TSH level were assessed. Women with occupational vibration exposure 
showed higher TSH levels (2.8 mIU L−1, 95% CI: 1.1–2.5) than those without exposure (Table 3 and 
Fig. 1). However, TSH concentrations were not associated with exposure to electron radiation or 
organic solvent contact in female study participants (Table 3).  

 
3.4 Thyroid Disease Prevalence and Occupational Exposures 

We conducted logistic regression analyses to assess the associations between different types of 
exposure and thyroid disease (Table 4). To maximise statistical power, we included hypothyroidism, 
hyperthyroidism, goitre, thyroid nodules and thyroid cancer in this analysis. The analysis was 
adjusted for age, education, BMI, permanent residence, occupation type, active and passive 
smoking, and co-exposures. Increased prevalence of thyroid disease was significantly associated 
with vibration exposure (OR: 4.4; 95% CI: 2.0–8.8), electron radiation exposure (OR: 1.7; 95% CI: 
1.1–2.7), and organic solvent contact (OR: 2.0; 95% CI: 1.3–2.9). We did not observe higher 
prevalence of thyroid disease in relation to overheating contact (data not shown). 
 

4 DISCUSSION 
 

Our results have revealed that occupational exposure to radiation, organic solvents and vibration 
increase the risk of thyroid disease in young adults. Consistent with previous studies, our results 
revealed TSH tends to increase with age due to intrinsic change of thyroid metabolism and  
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Fig. 1. Thyroid-stimulating hormone level by the exposure to vibration. TSH levels (mIU L−1) in 
female study participants with and without occupational vibration exposure. Medians are indicated 
by lines, while boxes represent the interquartile range and whiskers, the maximum and minimum 
values. 

 
Table 4. Odds ratio (OR) of thyroid disease prevalence by occupational exposures in Young 
ELEFANT participants. 

Exposure  n (%) OR (95% CI) pa 
Electron radiation No 507 (96.0) Reference  

Yes 21 (4.0) 1.7 (1.1–2.7) 0.017 
Organic solvent No 500 (94.7) Reference  

Yes 28 (5.3) 2.0 (1.3–2.9) 0.001 
Vibration No 518 (98.1) Reference  

Yes 10 (1.9) 4.4 (2.0–8.8) < 0.001 
a The logistic regression models were adjusted for age, education, BMI, permanent residence, 
occupation, active and passive smoking, and co-exposures. 

 
hypothalamic-pituitary-thyroid axis resetting gradually (Duntas, 2018). Among our population, 
we found significant differences on thyroid disease/TSH levels by gender. It has been reported 
that females have higher prevalence of all forms of thyroid diseases than male, although the 
underlying mechanism has not yet been clarified. (Gessl et al., 2012). Multiple studies showed 
that BMI is associated with serum TSH increased especially in obesity (Dai et al., 2020; Habib et 
al., 2020). TSH, as an important indicator of thyroid function, correlated with alterations in body 
weight. Leptin and lipid profile have been suggested to play important role linking TSH and BMI 
but still need to be further clarified (Betry et al., 2015; Wang et al., 2017b).  

Furthermore, vibration exposure was associated with an increase in TSH concentrations in 
women. To the best of our knowledge, no previous studies have evaluated the risk of thyroid 
disease in relation to occupational vibration exposure, and there have been scarce studies 
examining the effect of vibration on thyroid hormone levels. Harada and colleagues reported that 
plasma thyroid hormone levels (triiodothyronine [T3] and thyroxine [T4]) are increased in people 
with vibration syndrome in response to cold exposure (Harada et al., 1990), while experimental 
evidence suggests that mechanical stimulation can influence TSH sensitivity in thyroid epithelial 
cells (Wagner et al., 2016). In our study, we observed an increase in TSH concentrations in women 
exposed to vibration compared to non-exposed participants. The mean TSH level in female 
participants within ELEFANT (2.0 mIU L−1) were above the median of 1.3 mIU L−1 reported for 
apparently healthy Chinese adults (Quinn et al., 2009), which may be on account of the high 
prevalence of rural residence and occupations involving manual and farm work, and may suggest 
these individuals are at particular risk of thyroid disorders. Increases in TSH levels are often 
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suggestive of hypothyroidism (Vanderpump, 2011), but the concentrations of T3 and T4 are also 
required to establish such a diagnosis. Hypothyroidism is characterized by a reduced sensitivity 
of thyroid epithelial cells to TSH; therefore, pituitary gland increased the release TSH to increase 
the release of T3 and T4 (Boron, 2012), which are critical for regulating cell metabolism, growth, 
and development (Boron, 2012). The mechanism underlying the association between vibration 
exposure and TSH levels may involve oxidative stress. Experimental studies have shown that 
vibration exposure results in an increase in the generation of reactive oxygen species (ROS) in 
the artery and nerves (Waugh et al., 2016). ROS production may increase TSH levels through 
mechanisms that involve reduced TSH sensitivity and reduced conversion of T4 to T3 by deiodinases 
(Mancini et al., 2016). Further studies are needed to evaluate levels of T3 and T4 in relation to 
vibration exposure and oxidative stress, and the subsequent functional consequences. 

The evidence regarding thyroid disease risk in relation to radiation exposure within the 
workplace has primarily focused on medical staff, and the results have been inconsistent (Antonelli 
et al., 1995; Kim and Woo, 2016; Chen et al., 2017). For example, Chen et al. (2017) reported that 
physicians possibly exposed to medical radiation had higher risk of thyroid cancer. Similarly, 
medical workers exposed to chi radiation have been reported to be at higher risk of thyroid 
nodules than non-exposed individuals (Antonelli et al., 1995). However, contrary to these studies, 
Kim and Woo (2016) reported that the prevalence of thyroid nodules and thyroid cancer are not 
significantly higher among nurses compared with health check-up female participants. The 
inconsistency between different studies may originate from the lack of accurate individual estimates 
of radiation dose. In our study setting, medical staff (doctors, nurses, and pharmaceutical industry 
personnel) reported the highest percentage of radiation exposure (10.5%), but the risk of thyroid 
disease was not higher among medical staff compared to other occupations (data not shown). 

Our results showed higher risk of thyroid disease associated with organic solvent exposure at 
work. Epidemiologic studies have shown an increase in thyroid hormone levels in workers exposed 
to organic solvents (Uzma et al., 2008; Saad-Hussein et al., 2011; Hassani et al., 2014). For instance, 
Uzma et al. (2008) reported that petrol-filling workers exposed to organic solvents had higher 
levels of thyroxine (T4), free thyroxine (T4F) and lower levels of TSH and triiodothyronine (T3) 
compared to the non-exposed group. Workers exposed to paint production chemicals (primarily 
organic solvents) had higher levels of T3 and T4 and lower levels of antioxidants than the control 
group (Saad-Hussein et al., 2011). Further, TSH levels have been reported to be higher in women 
exposed to organic solvents in the pharmaceutical industry than the non-exposed group (4.2 vs. 
2.4 uIU mL−1) (Hassani et al., 2014). In our study population, exposure to organic solvents was 
not significantly associated with TSH levels. However, we cannot discard the possibility that other 
thyroid hormones such as T3 and T4 might be modified by such exposures. Further work is 
required to elucidate the mechanisms and the type of thyroid disease that are associated with 
electron radiation and organic solvent contact.  

The results of our study should be interpreted in light of the strengths and limitations of the 
work. A key strength of our study is the large sample size that is required to study risk factors 
associated with low-prevalence diseases such as thyroid disorders. Indeed, their low prevalence 
represented a significant challenge to this study, and subsequently we have been unable to 
analyse our data by more refined category of thyroid disease. A further strength of our work is 
that we have been able to leverage TSH measurements in a large number of subjects to gain 
some mechanistic insight into associations with thyroid pathology. However, the absence of TSH 
measurement in men represents a limitation, as does the absence of data on T3 and T4 concentrations. 
Half of our study population reported to be farmers and therefore may be exposed to other 
chemicals with thyroid toxic effects such as pesticides (Freire et al., 2013) that might influence 
our results. Despite these challenges, our work has for the first time revealed a link between 
vibration exposure and thyroid disease. If confirmed in other cohorts, thyroid examinations should 
be conducted in workers exposed to vibration within the workplace for early diagnosis and 
management of such disorders in an at-risk population. 

 

5 CONCLUSIONS 
 

This study analysed data sets from a large-scale project in Tianjin to evaluate vibration exposure 
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as a risk factor for thyroid disease in young adults. We observed higher TSH levels in the exposed 
female participants than the non-exposed participants, and the mean TSH concentration for all 
of the female participants in our study (2.0 mIU L−1) exceeded the median reported for apparently 
healthy Chinese adults (1.3 mIU L−1). Additionally, the TSH concentrations in the female participants 
exhibited a correlation solely with the vibration exposure (β: 2.80; 95% CI: 1.07–4.54). Occupational 
exposure to vibration (OR: 4.4; 95% CI: 2.0–8.75), radiation (OR: 1.73; 95% CI: 1.1–2.7) or organic 
solvents (OR: 2.0; 95% CI: 1.3–2.9) also displayed an association with an increased risk of thyroid 
disease. The substantial evidence we found on the adverse effects of such exposure suggests the 
necessity of addressing these occupational hazards, especially as risk factors for thyroid 
dysfunction or disease. Further work is required to elucidate the mechanisms underpinning our 
observations.  
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