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Abstract

Background Stress and sleep disturbance have been found to be associated with numerous adverse health outcomes, includ-
ing cancer. Our study aimed to measure the association between quality of sleep, short-temperedness, and stress in life with
the risk of thyroid cancer.

Methods The present study is conducted on 361 newly diagnosed TC patients and 347 sex—age frequency matched controls.
Control and case participants were registered with the same health centers. We used multiple logistic regression to investigate
the association between TC risk and the interested factors.

Results Based on the results of the multivariate analysis, stress (OR
short-temperedness (OR .. ous/caim = 2-00, 95% CI 1.28-3.11) were directly associated with the risk of TC. On the other hand
having a quality sleep (ORciimesmever = 0-36, 95% CI 0.16-0.79) and quality sleep (OR =0.45,95% CI 0.21-0.96,
P=0.041) seems to be a protective factor.

Conclusions Some community-based interventions, e.g., lowering stress levels and improving sleep quality, may help in
preventing different types of cancer, including TC. We suggest further evaluation of these important findings in the preven-
tion of TC cancer.

always stressful/often calm = 307’ 95% CI 142_663) and

often/no
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Introduction

Stress and sleep disorders are common in the modern world
[1]. As a result, the impact of stress and sleep disorders on
health has attracted the interest of medical community. For
example, the impacts of these conditions on chronic dis-
eases, such as cardiovascular diseases, stroke, diabetes,

Novelty and impact: This is the first study on the factors

affecting the risk of TC include stress, quality of sleep and
short-temperedness in general population of a province with a
very high incidence in Iran We have shown that stress and short-
temperedness can increase the risk of developing TC. On the other
hand having a quality sleep seems to be a protective factor.
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metabolic syndrome have been studied before [2]. In addi-
tion, several researchers who studied the association of
stress and prostate, breast, stomach, lung, and skin cancers
reported stress as a promoter of tumorigenesis and cancer
development [3-5].

Among different types of cancer, thyroid cancer (TC) is
the most common malignancy in the endocrine glands [3]
and despite the diminishing mortality [6], the rising inci-
dence of this type of cancer has caused serious concerns
worldwide [7]. Thyroid cancer is reported to be the fifth
and ninth most common types of cancer in women and men,
respectively, [8] and the published reports suggested that in
several countries, including the United States, France, and
Italy, the incidence of TC in women has tripled in a decade.
In Korea, in 2012, the incidence of the disease in women
was nine times higher than its corresponding figure in 1999
[9]. Similarly, in Iran, it is believed that the incidence of
TC is being significantly rising [10]. Although at least a
part of the observed significant raises in the incidence of
TC in different parts of the world is suggested to be due to
overdiagnosis, the issue remains an important global public
health concern [11]. Previous studies highlighted a group of
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contributing factors to TC. These factors include radiation
exposure, overweight, hormone therapy, estrogen level, alco-
hol consumption, benign thyroid diseases, and family history
of thyroid cancer [12, 13]. In addition, it has been reported
that in those with stress and sleep disorders, thyroid-stimu-
lation hormone concentration is higher and it is suggested
that a higher level of thyroid hormone may increase the risk
of thyroid cancer [14-16].

As the literature suggest, there is limited solid evidence
on the relationship between TC risk and sleep disorders, per-
sonality, and stress. Planning for cancer prevention, the very
high prevalence of stress and sleep disorders among com-
munities makes understanding the association between sleep
quality and stress with the risk of different types of cancer
including TC very important [17, 18]. Our study aimed to
measure the associations of stress, short-temperedness, and
lower sleep quality during normal life (before diagnosis of
TC) with the risk of TC among Iranian population.

Materials and methods

This is the second phase of a previously published case—con-
trol study that was performed to identify the contributing
factors to TC [12]. During the first phase, we noticed that
TC is potentially associated with some aspects of our life-
style. Accordingly, we instantly initiated the second phase
of the study and collected further information regarding
personality, sleeping pattern, and stress in the patients and
the controls.

Setting

The present study was conducted in 2019 in Kohgiluyeh and
Boyer—Ahmad (K&B), a province with a population of about
345,000 people located in the southern of Iran. The province
is selected, because according to the Iranian national cancer
registration (NCR) program in 2014, K&B province had the
highest annual incidence rate (IR = 16.24 x 10°) of TC in the
country [19].

Selection of cases

The address and contact information of all patients who were
newly diagnosed with TC and their place of residence was
K&B province were extracted from the Iranian national can-
cer registry (NCR) database. Patients were diagnosed based
on their pathology report. In addition, patients were included
if they were able to participate in the interview.
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Selection of controls

From a list of family physicians who the patients were regis-
tered with, we randomly selected the same number of control
participants (frequency matched). The control participants
were also age and sex frequency-matched.

Inclusion and exclusion criteria

Only new cases of thyroid cancer with positive pathology
report were included. The control participants were those
who report no history of thyroid cancer at the beginning of
the interview. Those who refused to participate in the study
were also excluded. Verbal consent was obtained from all
participants as a significant number of the participants were
illiterate.

Data collection

We designed an interview-administered questionnaire to
conduct the interview and obtain the required data. Further
details regarding the methods of data collection are pre-
sented before [12]. Briefly, the required data form the first
phase of the study was collected from the participants’ fam-
ily health and hospital files and an interview conducted by a
trained nurse. We evaluated the questionnaire and the inter-
viewing procedure by measuring the reliability of the data in
a pilot study on 50 cases with the test—retest method (Cron-
bach's alpha=0.77). Data on age, gender, place of residence,
educational status, occupation, economic status, marital sta-
tus, the type of salt consumed, radiation exposure, smoking,
body mass index, thyroid disease or cancer in family mem-
bers, and a history of benign thyroid disease was collected
during the first phase of the study. In the second phase, the
required data was collected via interviewing the participants
by health nurses in the corresponding health centers. In the
second phase, data was collected regarding the perceived
level of stress, short-temperedness, and sleep quality in their
normal life years before starting the symptoms of TC among
patients or normal life years before the interview among the
controls (all self-reported). The reliability of the questions
used in the second phase is evaluated before [5, 20, 21]. The
interviewers were selected from trained nurses of the health
centers. Neither the participants nor the interviewers were
aware of the hypotheses of the study.

Statistical analysis

In the previous article, the relationship between TC and
demographic/ health related factors were reported in details
[12]. Chi-square test was used to calculate crude associa-
tions between the study variables and TC. We calculated
the adjusted associations between the new variables with
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the risk of TC by fitting a multiple logistic regression model. Table 1 Characteristics of the study participants
Using forward selection procedure, we refitted the final - = Cases (361) Controls (347) P value
model of the previous analysis by adding the new variables N %) N %)
for the purpose of adjustment for the potential confounders.
To conduct statistical analysis, STATA software version 12 Age (years)
<40 142 (39.3) 143 (41.2) 0.876
was used. 40-50 93 (25.8) 93 (25.8)
50-60 69 (19.1) 60 (17.3)
>60 57 (15.8) 51(14.7)
ReSUIt Gender
Male 59(16.3) 61 (17.6) 0.689
Of total patients (n=400), 39 (%9.7) were excluded, because Female 302 (83.7) 286 (82.4)
they did not agree to participate or had incomplete diag- ~ Place of residency
nostic reports. Of the included patients (n=361), %83.7 Urban 175 (48.5) 172 (49.6) 0.822
were female. Patients were on average 13.6 +44.7 years at R‘"’“‘IA 186 (51.5) 175 (50.4)
. . Education
diagnosis and controls were on average 43.9 + 13.6, at the ,
) . S ] Tlliterate 92(25.5) 69 (19.9) 0.346
interview. The distribution of thf.: study variables among Primary or sccondary 129 35.7) 129372)
cases and controls are presented in Table 1. Accordingly, High school 58 (16.1) 63 (18.2)
a statistically significant relationship was found between College 82 (22.7) 86 (24.8)
the risk of TC and stress, temperedness, and sleep quality  Occupation
(P <0.05 for all). Jobless 19 (5.3) 20 (5.8) 0.901
As shown in Table 2, after fitting the final model adjusting Employee 50(13.9) 54(15.6)
for other covariates, significant associations were observed Self-employed 38(10.5) 3408
between the risk of TC and the new explanatory variables. House#eeper 254 (704 239(68.9)
Accordingly, being under stress (OR . ¢/seidom = 3-07, Ei(;'::mlc status 1190 103097 0006
95% CI 1.42-6.63, P=0.004) and short-temperedness ' i '
Moderate 171 (47.4) 205 (59.1)
(ORghort-temperedscaim = 2-00, 95% CI 1.28-3.11, P=0.002) High 46 (12.7) 39(112)
were directly and significantly associated with the risk of 1 a1 status
TC On the other hand, quality sleep (ORsomelimeS/n0=O‘36’ Ever married 296 (82) 300 (86.5) 0.122
95% CI10.16-0.79, P=0.011) and (OR 0/n0=0-45, 95%CI  Never married 65 (18) 47 (13.5)
0.21-0.96, P=0.041) was a significant protective factor for ~ Type of salt
TC. Todized 341 (94.5) 328 (94.5) 1.000
Not Ionized 20(5.5) 19(5.5)
Radiation exposure
Discussion No 171 (47.4) 189 (54.5) 0.043
Head and neck 45 (12.5) 23 (6.6)
o Mid-body 86 (23.8) 78 (22.5)
To the best of our knowledge, this is the first case—control Lower body 59 (16.3) 57 (164)
study on such a wide range of health, social, and behavioral gy,
factors to investigate the relationships between perceived Yes 76 21.1) 51(14.7) 0.031
life stresses, short-temperedness, and sleep quality with the No 285 (78.9) 296 (85.3)
risk of TC. In the first phase of this study on the same par-  BMI
ticipants, several factors, mainly radiation, history of thy- Underweight 925 720 0.564
roid diseases, family history of thyroid diseases and thyroid Normal 10529.1) 103297
cancer were related to TC [12]. The results of the present Overweight 150 (41.6) 158 (455)
study showed that having stress in everyday life and being Ob,ese ) o 77369 70028
. . , . Family history of thyroid disease
short-temp'e.red 1ncr§ase the risk of Fleveloplng thyroid can- No 194537) 248 L5 <0001
cer. In addition, having a good quality sleep appeared to be Second relative 318.6) 2161
a protective factor for this type of cancer. First relative 136 37.7) 78 (22.5)
Our study showed that having stress in life increases Family history of other types of cancer
the risk of TC. Several previously published studies sug- No 216 (59.8) 259 (74.6) <0.001
gested that stress can increase cancer risk by weakening Second relative 78 (21.6) 44 (12.7)
our immune system [3, 5, 22]. In addition, it appeared that First relative 67 (18.6) 44 (12.7)

chronic stress activates the hypothalamic—pituitary—adre-
nal (HPA) axis and the sympathetic nervous system (SNS),
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Table 1 (continued)

Factors Cases (361) Controls (347) P value
N (%) N (%)
Family history of thyroid cancer
No 326 (90.3) 338 (97.4) <0.001
Yes 3509.7) 9(2.6)
Benign thyroid diseases
No 195 (54.2) 309 (89.0) <0.001
Hypothyroid 83 (23.1) 28 (8.1)
Hyperthyroid 42 (11.7) 5(1.4)
Goiter/nodule 40 (11.1) 5(1.4)
History of hypertension
Yes 31 (8.6) 58 (16.7) 0.001
No 330 91.4) 289 (83.3)
History of hyperlipidemia
Yes 43 (11.9) 25(7.2) 0.041
No 318 (88.1) 322 (92.8)
Type of oil consumed
Saturated fat 124 (34.3) 80 (23.1) 0.002
Unsaturated fat 212 (58.7) 248 (71.5)
Animal fat 25(6.9) 19 (5.5)
Herbs consumption
Nothing particular 180 (49.9) 185 (53.3) 0.002
Leek, Tareh 68 (18.8) 91 (26.2)
Bilhar, Kangar 113 (31.3) 71 (20.5)
Consumption of pickles
Yes 132 (36.6) 106 (30.5) 0.095
No 229 (63.4) 241 (69.5)
Stressful life
Seldom 259 (71.7) 287 (82.7) <0.001
Sometimes 64 (17.7) 48 (13.8)
Often 38 (10.5) 12 (3.5)
Personality type
Calm 254 (70.6) 291 (84.1) <0.001
Nervous 106 (29.4) 55(15.9)
Day sleep duration (hours)
<5 17 (4.8) 11(3.2) 0.258
6-7 267 (75.0) 275 (79.9)
>8 72 (20.2) 58 (16.9)
Have had quality sleep
Never 34 (9.4) 13 (3.8) 0.010
Sometimes 111 (30.8) 114 (33.0)
Often 215 (59.7) 218 (63.25)
Regular bedtime
Never 37(10.3) 16 (4.6) 0.003
Sometimes 121 (33.6) 101 (29.2)
Often 202 (56.1) 229 (66.2)
Red meat Consumption 1.35+1.26 1.23+1.03 0.184
physical activity (min/day) 28.80+40.28 27.59+43.0 0.698

functions that may cause shrieked and dysfunctional pre-
frontal cortex and the hippocampus, alterations that may
cause tumorigenesis [3]. Mizokami et al. showed that psy-
chological and physiological stressors cause various immu-
nological changes that affect the body's immune system
through the nervous and endocrine systems. These changes
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may increase the susceptibility of individuals to autoim-
mune diseases [23]. It is also reported that, in addition to a
decrease in immune function, chronic stress can also cause
inflammatory response, a significant contributor to tumori-
genesis in the body [3]. Our study result is in line with that
from a Korean study that reported that stress in patients with
TC was significantly higher than in healthy controls [24].
Li et al. showed that people with benign nodules have less
mental distress than TC patients [25].

Despite the results of current and very few previously
published studies, due to the limited knowledge on the
involvement of stressful life in developing cancer, we need
more studies to understand the precise role of this common
and important factor in TC in different populations.

The results of our study also showed that short-tempered-
ness increases the risk of developing TC. Augustine et al.
showed that people with more negative personality traits are
at a higher risk of lung cancer in the early years of their life
[26]. On the other hand, another study showed no associa-
tion between personality and risk of cancer or its mortality
[27]. Similarly, Nakaya et al. found no association between
personality traits, such as extraversion and neuroticism and
risk or prognosis of cancer [28]. Given these conflicting
findings, the role of personality in causing cancer is contro-
versial and need to be examined in more precise approaches.

The importance of quality sleep in reducing the risk of
TC is another rare and significant finding of the present
study. According to the results, good quality sleep has a pro-
tective role in the development of TC. Raising the risk of
reverse causation, several studies on the same subject used
cross-sectional interpretation to study the association. For
example, He et al. showed that sleep disorder is more com-
mon in patients with thyroid cancer. It is possible that fear
and psychological consequences of being diagnosed with
cancer, caused major emotional problems and insomnia [29].
Another study showed that insomnia is one of the most com-
mon problems in patient with TC patients [30]. However,
similar to the current study, in a retrospective view, a study
on women found that those with sleep disorders had a sig-
nificantly higher risk of TC than women with no sleeping
problem [14]. One potential clue (though not clinically rel-
evant) to search for the mechanism throughout which sleep
disorder may increase the risk of TC is that thyroid hor-
mones (T4 and TSH) are increased in poor sleep [31], sug-
gesting a tight association between sleep quality and thyroid
function. Another possible clue for the observed association
is that sleep disorders can lead to immune dysfunction and
suppression of the immune system [32]. In addition, it is
believed that the complexity of hormonal synthesis, unique
oligoelement requirements, and the specific capabilities
of the thyroid cell can predispose the thyroid to autoim-
mune diseases [33]. For example, Hashimoto's autoimmune
disease is associated with elevated TSH levels, decreased
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Table 2 Un-adjusted and adjusted association between the study variables and thyroid cancer

Variables Categories Crude P value Adjusted P value
Odds ratio (95% CI) QOdds ratio (95% CI)
Age (years) <40 1 - 1 -
40-50 1.00 (0.69-1.45) 0.970 - -
50-60 1.15 (0.76-1.75) 0.490 - -
>60 1.12 (0.72-1.75) 0.601 - -
Gender Male 1 - 1 -
Female 1.09 (0.73-1.61) 0.661 - -
Place of residency Urban 1 - 1 -
Rural 1.04 (0.77-1.40) 0.771 - -
Education Illiterate 1 - 1 -
Primary or Secondary 0.75 (0.50-1.11) 0.155 - -
High school 0.69 (0.42-1.10) 0.126 - -
College 0.71 (0.46-1.10) 0.131 - -
Occupation Jobless 1 - 1 -
Employee 0.97 (0.46-2.03) 0.946 - -
Self-employed 1.17 (0.53-2.56) 0.683 - -
Housekeeper 1.11 (0.58-2.14) 0.736 - -
Economic status Low 1 - 1 -
Moderate 0.70 (0.44-1.13) 0.151 - -
High 1.18 (0.72-1.94) 0.502 - -
Marriage status Never married 1 1 -
Ever married 0.71 (0.47-1.07) 0.105 0.59 (0.37-0.95) 0.031
Smoking No 1 - 1 -
Yes 1.33 (0.98-1.81) 0.061 - -
BMI Underweight 1 - 1 -
Normal 0.79 (0.28-2.20) 0.657 - -
Overweight 0.73 (0.26-2.03) 0.557 - -
Obese 0.95 (0.34-2.67) 0.930 - -
Radiation exposure No 1 - 1
Head and neck 2.16 (1.25-3.72) 0.005 1.93 (0.91-3.38) 0.042
Mid-body 1.21 (0.84-1.76) 0.295 1.14 (0.73-1.77) 0.542
Lower body 1.14 (0.75-1.73) 0.529 0.80 (0.48-1.34) 0.410
Family history of thyroid diseases No 1 - 1 -
First relative 222 (1.59-3.11) <0.001 1.61 (1.09-2.39) 0.017
Second relative 1.88 (1.05-3.38) 0.033 0.99 (0.49-2.00) 0.987
Family history of thyroid cancer No 1 - 1 -
Yes 4.03 (1.90-8.52) <0.001 4.78 (2.12-10.74) <0.001
Family history of other types of cancer No 1 1 -
First relative 2.12 (1.40-3.20) <0.001 - -
Second relative 1.82 (1.19-2.78) 0.005 - -
Benign thyroid diseases No 1 - 1 -
Hypothyroidism 4.69 (2.95-7.47) <0.001 4.70 (2.85-7.76) <0.001
Hyperthyroidism 13.31 (5.17-34.22) <0.001 15.07 (5.49-41.39) <0.001
Goiter/nodule 12.67 (4.91-32.67) <0.001 12.15 (4.51-32.71) <0.001
History of hypertension No 1 - 1 -
Yes 0.46 (0.29-0.74) 0.001 0.48 (0.28-0.82) 0.008
History of hyperlipidemia No 1 - 1 -
Yes 1.74 (1.03-2.91) 0.035 - -
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Table 2 (continued)

Variables Categories Crude P value Adjusted P value
Odds ratio (95% CI) QOdds ratio (95% CI)
Type of oil consumed Saturated fat 1 - 1 -
Unsaturated fat 0.55 (0.39-0.77) 0.001 0.55 (0.37-0.82) 0.003
Animal fat 0.84 (0.43-1.64) 0.626 0.93 (0.42-2.06) 0.869
Consumption of pickles No 1 - 1 -
Yes 1.31 (0.95-1.79) 0.091 - -
Consume red meat Portions/week 1.09 (0.95-1.24) 0.186 1.16 (0.99-1.37) 0.056
physical activity (min/day) 1.00 (0.99-1.00) 0.698 - -
Herbs Nothing particular 1 - 1 -
Bilhar, Kangar 1.63 (1.14-2.34) 0.008 - -
Leek, Tareh 0.76 (0.52-1.11) 0.168 - -
Stressful life Seldom 1 - 1 -
Sometimes 1.47 (0.98-2.22) 0.062 1.22 (0.75-1.98) 0.408
Always 3.50 (1.79-6.86) <0.001 3.07 (1.42-6.63) 0.004
Personality type Calm 1 - 1 -
Nervous 2.20 (1.53-3.18) <0.001 2.00 (1.28-3.11) 0.002
Day sleep duration (hours) <5 1 - 1 -
6-7 0.62 (0.28-1.36) 0.241 - -
>8 0.80 (0.34-1.84) 0.606 - -
Have had quality sleep Never 1 - 1
Sometimes 0.37 (0.18-0.74) 0.005 0.36 (0.16-0.79) 0.011
Often and always 0.37 (0.19-0.73) 0.004 0.45 (0.21-0.96) 0.041
Regular bedtime Never 1 1 -
Sometimes 0.51 (0.27-0.98) 0.045 - -
Always 0.38 (0.20-0.70) 0.002 - -

thyroxin, and increased antithyroid peroxidase (anti-TPO)
antibodies [34]. Accordingly, sleep disorder can suppress
immune response through negatively affecting the physio-
logical functioning and circadian rhythms in the endocrine
system [35]. On the other hand, other researchers reported
an association between subclinical hypothyroidism and poor
sleep quality [36]. This may suggest the presence of reverse
causation in the associations detected by the current study.
However, regarding the fact that we specifically asked for the
status of the participants from their life well (years) before
the occurrence of the first symptoms, reverse causation is
highly improbable.

Of the limitations of the present study is the potential of
recall bias as at the start of the interview we insisted that
all questions regard the status of the participants during the
normal life before diagnosis of the disease. However, we
believe that the status of the interested conditions are easily
and reliably memorable [5]. Another limitation of our study
was the difficulty of accessing patients and controls. The
problem was addressed with using the national health regis-
try database and the help of health nurses in the health cent-
ers with which the participants were registered. Finally, the
study design prevents us from making any causal inference
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and further studies with ability to explore causal associations
are recommended before making any practical application

of the results.

Conclusion

This case—control study suggested that stressful life and
short-temperedness raise the risk of TC. We also reported
that quality sleep might protect individuals from develop-
ing TC. Due to the importance of the role of quality sleep
in health and chronic diseases, implementation of effective
programs for affected individuals is highly recommended.
We believe helping and training individuals to have a qual-
ity sleep, especially among high-risk individuals or even
patients, is a potentially good step toward prevention and
better prognosis of TC cancer. However, it is necessary to
implement more studies to evaluate the effect of interven-
tions to reduce stress in life and to control short-tempered-
ness and sleep disorders in reducing the risk of different
types of cancer including TC.
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