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Background: To investigate the prevalence of thyroid nodules among medical staff and health check-up population in a Level-A
hospital (Primary-level hospital) in Jinan City and analyze its influencing factors.

Methods: A total of 5812 cases from the two groups were screened. /-test and > tests were used to analyze the differences in the
prevalence of thyroid nodules. Multivariate Logistic regression analysis was used to explore the influencing factors.

Results: The average age of medical staff was (36.20+9.11) years old, and the total prevalence was 48.5%. The average age of the
healthcare population was (57.89+12.51) years old, and the total prevalence rate was 63.9%, with statistical significance between the
two groups (P<0.001 for all). A stratified analysis of the two groups showed that the prevalence increased with age, and the prevalence
among medical workers of all ages was higher than that of the health population younger than 50 years of age. Multivariate Logistic
regression analysis showed that female sex (OR=1.646,95% CI: 1.315-2.060), older age (OR=1.384,95% CI: 1.265-1.514), and high
BMI (OR = 1.199, 95% CI: 1.065-1.350) were risk factors for the disease among medical staff. In the health population, female sex
(OR=0.799,95% CI: 0.644-0.992) and high TSH levels (OR = 0.918, 95% CI: 0.874-0.964) were protective factors, while older age
(OR=1.634,95% CI: 1.525-1.751) was a risk factor.

Conclusion: There are certain differences in the prevalence of thyroid nodules between the two groups. Age and occupation are
important influencing factors. While age is uncontrollable, active regulation of emotional status caused by occupational factors has
important clinical guiding significance for reducing the prevalence of thyroid nodules and reducing the social medical burden.
Keywords: thyroid nodules, prevalence, risk factors, medical staff, healthcare professions, occupational health

Introduction

In one of the largest endocrine glands in the human body, the thyroid gland, which consists of two connected lobes,
different thyroid lesions are often found, and the majority of these lesions are non-cancerous, so-called benign lesions,
which include simple or hemorrhagic cysts, thyroid nodules, and thyroid adenomas.' Thyroid nodules (TNs) are
scattered lesions caused by abnormal hyperplasia of thyroid cells. They originate from thyroid follicular cells and
usually have benign nature. Compared with other endocrine diseases, they lack specific symptoms and are often found
to coexist with other thyroid pathologies. With the increasing usage of the Color Doppler ultrasound and other
sophisticated imaging methods in medical examination, the detection rate of TNs reached 20%-76%, and the
prevalence rate tends to increase with age.>” A significant portion of TNs is incidental findings — when imaging
was done for other medical indications, and these are so-called “incidentalomas”. The main risk factors identified to
date are female sex, iodine deficiency and head and neck irradiation.*® Although commonly benign, TNs deserve
clinical attention and follow-up upon diagnosis, since approximately 5%-15% TNs can become malignant.” Obviously,
this is accompanied with a certain economic and living burden for the society, patients and their families. Upon
diagnosis of TNs, it is of particular importance to follow-up patients with family history of thyroid carcinomas,
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childhood irradiation, and those with nodules that exhibit rapid growth.® In addition to malignant potential of some
TNs, they often may cause other clinical manifestations, such as thyroid dysfunction, compressive symptoms,
hoarseness, dysphagia, shortness of breath, and pain.’'" Patients with diagnosed TNs must be further managed by
ultrasound and/or other imaging techniques, fine needle aspiration biopsies followed by cytology and often with

11-14 . . . . . .
which is laborious, time-consuming and expensive.

molecular diagnostics,

Therefore, it is particularly important to carry out targeted early prevention and control of TNs to reduce the time for
progression, as well as to characterize all related factors relevant for further monitoring. Vélzke and co-workers found
that TNs are related to high serum IGF-I (Insulin-Like Growth Factor-I) levels in men, and to decreased serum TSH
(Thyroid Stimulating Hormone) levels in women.'> Two recently published epidemiological studies from China,
comprehensively analyzed prevalence of TNs and report the regional specific pattern and correlation with iodine
concentration in drinking water.'®'’

Interestingly, although it has been hypothesized that the influence of emotional factors, mood disorders, and
psychological stress might be connected with thyroid diseases, there are no studies regarding their correlation with
TNs. Thyroid dysfunction has long been associated with alterations in mood and cognition; moreover, anxiety and
depression are highly prevalent among thyroid disorder patients.®!” One of the frequently mentioned non-genetic risk
factors for thyroid diseases such as Graves’ disease and Hashimoto’s thyroiditis is psychological stress.?* >

Having in mind that some professions might significantly influence health, we performed the study in which we
analyzed the prevalence of thyroid nodules among medical staff and health check-up population in primary-level
hospital, in Jinan City, in Shandong Province, China. A primary hospital is a township hospital (community health
center) that provides general and preventive healthcare, minimal health care and rehabilitation services. In this paper, we
analyzed the medical examination data of medical staff and general healthy population going to a routine check-up, and
preliminarily discuss the factors related to TNs within these two groups, so as to provide guidance for more efficient

prevention and early clinical management.

Study Subjects and Methods
Study Subjects

A total of 5812 health examination reports from our hospital in 2021 were selected, including 3341 males and 2471
females, ranging in age from 21 to 98 years with an average of (48.98+ 15.49) years. Among them, 2388 were medical
workers, and 3.424 were health check-up group (which consisted mainly from administrative workers, police workers,
lawyers and teachers).

For each participant, information including age, gender, location, body mass index (BMI), systolic blood pressure
(SBP), blood glucose, high-density lipoprotein-cholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-C), uric
acid (UA), free triiodothyronine (FT3), free thyroxine (FT4) and thyroid stimulating hormone (TSH) was collected from
medical records. The research has been reviewed and approved by the Medical Ethics Committee of the hospital. Clinical
and pathohistological dataset is provided in supplementary material (Supplementary Table 1).

Research Methods

Diagnostic Criteria

The hospital’s physical examination center carried out the examination and report of all physical examination items in
strict accordance with the corresponding medical standards: 1) thyroid ultrasound examination was carried out according
to the Guidelines for Diagnosis and Treatment of Thyroid Nodules and Differentiated Thyroid Cancer (2012 Edition);” ii)
Diabetes was diagnosed according to “Guidelines for Prevention and Treatment of Type 2 Diabetes in China (2020
Edition)** iii) The blood pressure grade was determined according to “Guidelines for Prevention and Treatment of
Hypertension in China (2018 Edition)”* iv) BMI was graded according to “China Adult Overweight and Obesity
Prevention and Control Guidelines (2006 Edition)™®® All biochemical parameters were determined according the
standard diagnostic procedures.
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Inclusion Criteria
The inclusion criteria were as follow: 1. On-the-job medical staff and health check-up population in the hospital; 2.
Ultrasonic report of thyroid gland is complete; 3. The three test indexes of A-power are intact.

Quality Control

All venous blood was collected on an empty stomach before 10:00 a.m. (fasting glucose level) and sent to the laboratory
of this hospital for testing. Ultrasonic examination is performed independently by two ultrasonic specialists with more
than 3 years clinical experience in this hospital, and it is strictly carried out in accordance with the corresponding
professional standards. If there was any disagreement with the diagnosis conclusion, the third doctor would have been
asked to review the diagnosis. Two researchers independently counted the relevant data included in the report and entered
the data by double entry.

Processing of Missing Values
When the missing ratio of each observation index data is less than 20%, the regression estimation method is used to fill in.

Statistical Analysis

SPSS 25.0 was used for data statistical analysis. For measured data which were normally distributed, an independent
sample #-test was used for comparison between groups. The data were expressed as percentage, and the comparison
between groups was tested by chi-square (x?) test. Multivariate Logistics regression analysis is used to determine whether
there is a causal relationship between variables. P value less than 0.05 was considered statistically significant.

Results

Missing Value Filling

All the missing values are completely random, and the missing ratio is less than 20%. In the subgroup of medical staff, all gender
and age data were available, but data deficiencies were detected for: BMI - 13.20%, SBP - 12.44%, blood glucose - 17.67%,
HDL-C - 7.66%, LDL-C - 4.70% and uric acid (UA) - 2.85% (percentage of loss rate). In the subgroup of health population, there
was no deficiency in data regarding the gender, age and fasting blood glucose, but data deficiencies were detected for: BMI -
9.23%, SBP - 6.89%, HDL-C - 0.23%, LDL-C - 0.09% and UA - 0.03%. The missing data of both groups were filled by
regression estimation.

Prevalence of Thyroid Nodules in Examined Groups
A medical staff examined group consists of 2388 medical workers (median age 36.20 + 9.11) in total, including 556
males (median age 35.59 + 8.65) and 1832 females (median age 38.22 + 10.23). In the health check-up group, there were
3424 subjects (median age of 57.89 + 12.51), including 2785 males (median age 58.77 + 12.00) and 639 female patients
(median age 54.02 + 13.88). The average age difference between the two groups was statistically significant (t = 72.384,
P < 0.001), and the age differences between different sexes were statistically significant (all P < 0.001). In the whole
cohort, the total prevalence was 57.6% (3347 TN positive cases out of 5812 subjects). The total prevalence rate of
medical staff was 48.5%, with 41.9% in men and 50.5% in women subgroup, with a significant difference (x> = 12.586,
P < 0.001); The total prevalence rate of health check-up group was 63.9%, of which 66.5% was male and 52.7% was
female, and the difference was statistically significant (> = 42.679, P < 0.001) (Table 1). According to the stratified
analysis of different age groups, the prevalence rates of both groups showed an increasing trend with age. The prevalence
rates of female medical staff in all age groups were higher than those of men, while the healthy population showed higher
prevalence in men (except for the age group 50-60 years where the prevalence is similar). The prevalence rates of
medical staff in all age groups up to the age of 50 were significantly higher than those of health check-up population, as
shown in Figure 1.

Having in mind that there are other stressful professions, we analyzed subgroups of health check-up population
(where data available) and found that the subgroup of police workers also had high prevalence of TN (473 out of 642,
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Table | Prevalence and Gender Differences of Thyroid Nodules (TNs) in Two Groups

Group Gender Age TNs [n (%)]
(x+5) t P yes (%) no (%) e P
Medical staff Man 38.22+10.23 | 6.007 | <0.001 | 233 (41.9) | 323 (58.1) | 12.586 | <0.001
Woman | 35.59+8.65 925 (50.5) | 907 (49.5)
Health check-up population Man 58.77+12.00 | 8.764 | <0.001 | 1852 (66.5) | 933 (33.5) | 42.679 | <0.001
Woman | 54.02+13.88 337 (52.7) | 302 (47.3)

Notes: Bolded P values indicate significant differences of examined parameters in denoted groups.

73.7%), with significant difference (x> = 61,399, P < 0.001) compared to other professions (lawyers, teachers, admin-
istrative staff) (data not shown).

Differences of FT3, FT4 and TSH Levels

The levels of FT3, FT4 and TSH in subjects below 30 years old were analyzed, and there was no significant difference
between medical staff and healthy population (P = 0.742, 0.124 and 0.815, respectively). However, there were significant
differences in FT3 and TSH levels in all age groups over 30 (all P < 0.05). In addition, there were significant differences
in FT4 levels between 30 and 50 years old (all P < 0.05), as shown in Table 2.

Univariate Analysis of Risk Factors of TNs

Univariate analysis was made on 11 indexes of sex, age, BMI, SBP, diabetes, FT3, FT4, TSH, HDL-C, LDL-C and UA
of the two examined groups. The results showed that there were significant differences in sex, age, BMI, FT3 and HDL-C
between the medical staff with and without thyroid nodules (all P < 0.05), but not in systolic blood pressure and diabetes.
There are statistically significant differences in sex, age, BMI, systolic blood pressure, FT3, TSH, HDL-C and UA
between healthy people with and those without thyroid nodules (all P < 0.05), but there are no statistically significant
differences in diabetes, FT4 and LDL-C (all P > 0.05) (Table 3).
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Figure | Prevalence of TNs in different ages and sexes in two groups.
Notes: X axis — years, Y axis — percentage.
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Table 2 Differences of FT3, FT4 and TSH Levels Between Groups and
Ages (x s)
Age | Medical Staff | Healthy Population t P
FT3 <30 520 £ 0.98 523 £ 0.54 0.330 0.742
3040 498 = 1.09 529 £ 0.72 3.732 | <0.001
40-50 4.83 = 0.56 5.08 £ 0.59 6.274 | <0.001
50-60 4.88 + 0.54 5.02 £ 0.76 2.950 0.003
FT4 <30 17.09 + 2.74 17.52 + 2.16 1.538 0.124
3040 16.86 + 291 17.52 + 2.20 2.923 0.004
40-50 16.64 + 2.4] 17.13 +2.27 2.925 0.004
50-60 16.84 + 2.30 17.02+2.21 1.172 0.242
TSH | <30 265 +2.12 2.70£1.52 0.234 0.815
3040 247 £+ 1.58 2.06x1.16 3.365 0.001
40-50 242 + 1.65 2.07%1.16 3.343 0.001
50-60 298 + 58I 2.09+1.31 5.113 | <0.001
Notes: Bolded P values indicate significant differences of examined parameters in denoted
groups.
Table 3 Univariate Analysis of Related Factors of TNs in Two Groups
Medical Staff Health Check-up Population
TNs Positive | %/t P TNs Positive 1t P
[n(%)] [n(%)]
Gender Man 233 (41.9) 12.586 | <0.001 1852 (66.5) 42.679 <0.001
Woman 925 (50.5) 337 (52.7)
Age <30 263 (41.1) 55.540 | <0.001 28 (25.5) 309.291 | <0.001
30~40 465 (45.5) 54 (29.5)
40~50 255 (56.9) 163 (45.3)
50~60 174 (63.5) 923 (65.8)
60~70 - 611 (70.9)
70~80 - 269 (77.1)
280 - 141 (89.2)
BMI <18.5 48 (36.9) 9.429 0.024 20 (45.5) 22.387 <0.001
18.5~24.0 616 (47.9) 678 (60.2)
24.0~28.0 344 (51.3) 1090 (64.9)
228.0 150 (49.5) 401 (69.7)
SBP <129 793 (48.2) 2.397 0.663 964 (58.2) 54.026 <0.001
130~139 250 (49.7) 458 (66.0)
140~159 101 (46.8) 589 (71.7)
160~179 13 (61.9) 147 (68.7)
2180 1 (33.3) 31 (81.6)
Diabetes Be 31 (534) 0.585 0.445 247 (68.6) 3.821 0.051
No 1127 (48.4) 1942 (53.9)
FT3 4.96+0.58 2.207 0.027 4.93+0.61 2.604 0.009
FT4 16.86%2.17 0310 0.756 16.99+2.18 0.304 0.761
TSH 2.52+3.09 0.862 0.389 2.12+1.58 3.303 0.001
HDL-C LDL-C 1.49+0.36 2.005 0.045 1.27+0.31 2.689 0.007
2.68+0.72 1.187 0.235 2.62+0.85 1.857 0.063
UA 279.87+£76.02 1.715 0.086 358.27+80.64 4.647 <0.001
Notes: “Be” indicates “with diabetes”, “no” indicates “without diabetes”. Bolded P values indicate significant differences between
cases with and without TNs in two examined groups.
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Table 4 Logistic Regression Analysis of Influencing Factors of TNs
Among Medical Staff

Variable | B SE | Wald * P OR (95% CI)

Gender 0.498 | 0.114 18.958 < 0.001 | 1.646 (1.315-2.060)

Age 0.325 | 0.046 50.217 < 0.001 | 1.384 (1.265-1.514)
BMI 0.182 | 0.06l 9.029 <0.05 | 1.199 (1.065-1.350)
FT3 0.002 | 0.047 0.002 0.962 1.002 (0.914-1.099)

HDL-C 0.194 | 0.134 2.076 0.150 1.214 (0.933-1.579)

Notes: Bolded P values indicate influencing factors for TN positivity among the medical
staff.

Table 5 Logistic Regression Analysis of Influencing Factors of TNs in
Healthy Population

Variable B SE | Wald * P OR (95% CI)

Gender —0.224 | 0.110 4.129 <0.05 | 0.799 (0.644-0.992)
Age 0.491 | 0.035 | 193.300 | <0.001 | 1.634 (1.525-1.751)
BMI 0.104 | 0.059 3.128 0.077 1.110 (0.989-1.246)
SBP 0.022 | 0.040 0.302 0.583 1.022 (0.945-1.106)
TSH —0.806 | 0.025 11.712 <0.05 | 0.918 (0.874-0.964)
FT3 —0.021 | 0.050 0.186 0.666 0.979 (0.888-1.079)
HDL-C 0.015 | 0.131 0.014 0.906 1.015 (0.786-1.312)
UA 0.001 | 0.001 4.362 <0.05 | 1.00I (1.000-1.002)

Notes: Bolded P values indicate influencing factors for TN positivity healthy population.

Multivariate Logistic Regression Analysis

According to the results of univariate analysis of two groups, multivariate Logistic regression analysis was carried out
with statistically significant indicators of each group as independent variables. The results showed that gender, age and
BMI were the influencing factors for TNs positivity of medical staff, while gender, age, TSH and UA levels were the
influencing factors for TNs positivity among the healthy population (Tables 4 and 5).

Discussion

In recent years, with the change of social life, the number of patients with TNs has been increasing, with the average time
of detection shifted towards younger age, which leads to a significant increase in the rate of unnecessary surgeries, at
least in some percentage of patients.” The potential risk of malignant transformation also brings great mental stress”’ to
a large number of patients with TNs, affecting their daily work and life. Therefore, it is of great significance to explore all
related factors for TNs and guide clinical early prevention. This is especially important in the context of detection of
those population groups that carry an increased risk for the formation of nodules: female sex, iodine deficiency and head
and neck irradiation.> > Color Doppler ultrasound has the advantages of “non-invasive, painless, radiation-free, repea-
table examination and simple operation”. It has high diagnostic sensitivity to TNs*® and can accurately evaluate the
nature and morphological characteristics of nodules. Its sonogram can be associated with different lesions, and it has
been recognized as the first choice for examination and evaluation of TNs.*’

The results of sampling analysis of the medical examination report of a 3A hospital (Primary-level hospital) in Jinan
show that the detection rate of TNs in the two groups is relatively high, but still in the range of reported prevalence in
general population (5.2 to 67.0%).>° This finding is in accordance with the reported sensitivity of ultrasound and
significance of timely examination for TN detection. In this study, the prevalence rates in both groups are increasing
with age, and some detected differences are in concordance to the current research conclusions and results of others.”'
Nowadays, it is generally accepted that, in addition to the above mentioned and confirmed risk factors, occupational
stress, bad mood and anxiety are among the major risk factors for development of TNs.*>* The average age of healthy
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population subgroup of our cohort was 57.89 + 12.51 years, which was significantly higher than that of medical workers
(36.20 + 9.11 years) (t = 72.384, P < 0.001). The total prevalence rate in healthy population was 63.9%, which was also
significantly higher than that of medical workers (48.5% (x* = 137)), and this finding is probably due to the older age in
healthy population group. Interestingly, through stratified analysis of the two groups (from the same region), it is found
that the prevalence rate among medical staff younger than 50 is significantly higher than that of healthy population.
Although no relevant stress and psychological evaluation has been conducted in this study, we hypothesized that higher
prevalence of TNs in medical staff younger than 50 years might be related to the specific occupational factors of medical
staff. Their work pressure and mental stress are high, and obesity, often caused by lack of exercise, is quite prominent,
which is consistent with the research conclusions of Wang Junming.>’ In the study of Harbeck and coworkers,
biochemical and physiological stress parameters were analyzed among young physicians (range 26—42 years) before
and after 24- hour on-call shifts (OCS) in internal medicine.*® They found that the levels of thyroid stimulating hormone
(TSH) were significantly higher after a 24- hour OCS, while there were no significant changes in cortisol, epinephrine,
and norepinephrine levels. Their findings clearly indicate that disruption of circadian rhythm and sleep/wake cycles leads
to increase in TSH levels, suggesting that TSH might serve as an early and sensitive biochemical predictor of stress. In
another study, Afrashteh et al showed that stress and low-quality sleep were associated with the risk of thyroid cancer,
while good-quality sleep had a protective effect.”® However, after the age of 50, the knowledge reserve and clinical
experience of medical staff have reached a higher level, and their occupational pressure might have been relatively
reduced, so the difference of prevalence between the two groups has narrowed. The prevalence rate of medical workers in
all ages is higher in women than in men, while that of healthy population after age of 60 years is higher in men than in
women. The finding that prevalence of TNs is higher among female medical workers may be addressed to different
receptivity of women (more empathy to patients, etc.). It is also possible that women are more sensitive to disturbing the
circadian rhythm due to the night shifts in hospital. Interestingly, we detected significantly higher prevalence of TNs in
the subgroup of police workers (within the health-checkup group), and this finding might also be associated with
overnight work shifts. The detected differences in three parameters related to thyroid (FT3, FT4 and TSH) between the
two examined groups, after the age of 30, might be due to the different psychological and emotional capacity (probably
as a consequence of the differences in educational level and occupation). Some studies have pointed out that the
hypothalamus-pituitary-thyroid axis has a certain correlation with anxiety disorders, and this influence is related to
TSH level.* Thyroid hormones play an important role in the adult brain function and disturbance of thyroid metabolism
in the brain may affect mental function, cognition and emotions.*'** Despite the fact that the role of thyroid hormones in
the adult brain is not fully resolved yet, it was showed that thyroid dysfunction may be connected with mood, cognition
and some psychiatric symptoms. However, since peripheral thyroid function may not adequately reflect central thyroid
metabolism and function, this is still an open issue.*’ In the presented study, a multivariate logistic regression analysis
showed that female sex, increasing age and high BMI were the major risk factors of the disease among medical staff. On
the contrary, among healthy population female sex is protective factor, as well as higher TSH and UA levels, while
advanced age is a risk factor. Although our study shows that TSH levels in the medical staff group are not associated with
TNs, we detected higher TSH levels in this group compared to health-checkup group (in all age groups above 30 years),
which is in line with the findings of Harbeck and coworkers.*®

According to this study, the prevalence rate in the whole cohort examined, as well as in the analyzed subgroups is
somewhat higher than values reported for Shandong province in two recently published epidemiological studies.'®'”
Shandong is already among the provinces with highest prevalence of TNs in China, and higher values in our study might
be due to some specificity of Jinan area, as well as due to the structure of the examined cohort. Furthermore, some
uncontrollable environmental factors (such as pollution, pesticide residues, with endocrine disrupting activity) might
cause higher prevalence of TNs.**

Taken together, the results of this study suggest that gender, age and occupation are the major influencing factors of TN,
with gender and age being uncontrollable. Therefore, our results indicate that more attention should be paid to the influence of
occupational factors on TNs and further epidemiological research should be conducted with the aim to identify professions
with higher risk. Leaders of relevant units can regularly organize mental health education and adjust their working methods, as
well as working time appropriately and reasonably, so as to reduce the occurrence of TNs among their employees and reduce
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the social medical burden. On the other hand, thyroid nodules are commonly benign, and ultrasonography can detect nodules
that are rather small and have undetermined clinical significance.*> The new imaging methods for predicting malignant
potential of TN, like elastography and 18F-fluorodeoxyglucose positron emission tomography (18FDG-PET) are developed,
but ultrasound is still one of the main tools for determining the risk of cancer in a given nodule.*’

Having in mind that incidental malignancy was found in 1.53% (8/522) of thyroid nodules classified as Bethesda II
category,® and between 15 and 40% of thyroid nodules that fall within Bethesda categories III-IV,* it is clear that
histopathology finding is also necessary for further decision about treatment options. According to Mulita and
coworkers,*® the patients with atypia of undetermined significance [AUS] or follicular lesion of undetermined signifi-
cance [FUS] (Bethesda category III) may have a higher risk of malignancy than traditionally believed. Therefore, an

appropriate surgical treatment*®*°

might be an option, at least in the certain subgroups of TNs positive cases, that fall at
higher risk, according to histopathology.

Since this study is a cross-sectional study, the relationship between research factors and conclusions is exploratorys; its
exact causal relationship needs to be further confirmed by a future prospective and studies. In addition, because this study
has some shortcomings in the sample number and sample selection, a more extensive epidemiological investigation with
a carefully designed cohort will be necessary for a more reliable exploration of the risk factors for TNs, especially

directed towards detection of potential relation to various occupational factors.

Conclusion

In this study, we confirmed that in addition to gender and age, professions related to night shifts might be considered as
potential risk factors for thyroid nodules. Therefore, more attention should be paid to the influence of occupational
factors on TNs in order to identify professions with higher risk. Regardless of the fact that TNs are usually benign
lesions, a certain percentage can evolve into malignant entities, and therefore identification of additional risk factors is
extremely important in order to reduce their occurrence and the accompanying social medical burden.
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