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SUMMARY
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OBJECTIVE: Workers describe many physical and mental symptoms when working in radiation areas. This study aimed to assess these
symptoms in radiation workers using the Beck Anxiety Inventory (BAI).

METHODS: A total of 42 radiation workers (22 males and 20 females, mean age 347 years) and 47 control subjects (22 males and 27
females, mean age 31# 8 years) who work in non-radiation areas in the hospital were included in the study. All participants anonymously
filled out the Beck Anxiety Inventory (BAI) questionnaire.

RESULTS: The demographic data of workers were not significantly different between groups. In the BAI, the dizzy or lightheaded (p =0.07),
terrified (p= 0.07), unsteady (p=0.02), heart-pounding and racing (p=0.02) items were significantly higher in the radiation-exposed group
compared to the control group. [The BAI score was also significantly higher in the radiation-exposed group (11.1£6.8 vs. 8.7£3.8, p =0.04)

CONCLUSION: These results suggest the possibility that radiation may play a role in the psychometric properties of workers. The effects

of radiation on the health of employees need to be further investigated and understood.
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INTRODUCTION

Radiation is an important part of both the diag-
nosis and treatment management of many diseases
in medicine.

The types of radiation are alpha, beta, gamma, and
x-rays, and one can be exposed to exposed radiation
externally and internally. Ionizing radiation has suf-
ficient energy to affect the atoms in cells and thereby
damage their genetic material (DNA)". If this damage
is not repaired correctly, a cell may die or eventually

become cancerous'. Exposure to radiation can have
acute health effects, such as skin burns, and long-term
health effects, such as cancer and cardiovascular dis-
ease. Radiation effects have been shown by numerous
studies in the literature, particularly in radiotherapy
patients, atomic bomb survivors, and radiation indus-
try workers?.

Anxiety is a very common health problem in every
part of society. Anxiety is seen in all humans, but
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the level of anxiety may change with some triggers.
Although many scales are used in the literature to
determine the level of anxiety, the Beck Anxiety Inven-
tory (BAI) is one of the most commonly used. Since
the test construction by Beck and colleagues in 1988,
it has been employed in numerous empirical studies?.
BAl is used to evaluate patients’ psychological levels of
anxiety. Patients describe how frequently the symp-
toms have been true for them during the past 2 weeks,
including the test day.

The level of job-related stress is determined by
many factors including age, sex, working area, work-
load, working hours, and individual aspects. Anxiety
and stress levels among hospital workers have been
studied in the literature>’. However, there is limited
data on depression and anxiety in radiation workers.

The effects of radiation on depression and anxiety
in radiotherapy patients and seasonal global radiation
differ in the literature®.

Radiotherapy patients have common complaints
such as drowsiness, headache, hand tremor, palpita-
tion, dormancy, general weakness, discomfort, and
flushing on therapy days™™. Although there is no
study available in the literature, in our daily practice
we observe similar symptoms among invasive cardiol-
ogists and radiologists. This observation was the basis
of our study.

This study aimed to compare the anxiety lev-
els among radiation workers and non-radiation
workers using the BAI and to attract attention to
these complaints.

METHODS

This is a two-centered cross-sectional study con-
ducted between June and December 2019 at the Bolu
University Hospital and Kirikkale University Hospital.

A total of 42 radiation workers (38 of them were
interventional cardiologists and catheterization lab
staff, 4 of them were interventional radiologists) and
47 control subjects matched for age and sex working
in non-radiation areas were included in the study.

We received informed consent from each partici-
pant after approval of the study protocol by the Local
Ethics Committees.

All participants filled out a self-reporting ques-
tionnaire; the Beck Anxiety Inventory. There were
21 questions in the test. In these questions, patients
chose one of a total of 4 frequency scales: none, mild,
moderate, severe. Each marked option had a score:

the ‘none’ option was worth O points; ‘mild’, 1 point,
‘moderate’, 2 points; ‘severe’, 3 points. After marking
21 questions in this way, these points were added up
and the total score was in the range of O to 63. Scores
over 25 indicated severe anxiety, those from 16 to 25
indicated moderate anxiety, those from 8 to 15 indi-
cated mild anxiety; those from O to 7 indicated no/
minimal anxiety™.

The presence of hypertension (HT) was considered
when blood pressure was =140/90 mmHg or when
there was the use of antihypertensive drugs. Smoking
was understood as active smoking or a history of >10
years of smoking.

Exclusion criteria were as follows: absent consent,
younger than 18 years old, having cognitive deficits,
neurologic impairment and /or communicative disabil-
ities, history of psychiatric diagnoses, or psychiatric
drug use, and pregnancy.

Radiation workers undergo regular examina-
tions in their institutions including blood tests, eye
examination, dermatological examination, and thy-
roid ultrasound. No employee had a history of radi-
ation accidents.

STATISTICAL ANALYSIS

The quantitative variables were presented as
meant standard deviation (SD), and qualitative vari-
ables were expressed in numbers and percentages.
The differences between independent groups were
analyzed by the Student t-test in the case of normal
distribution. The Chi-Square test was used for the
qualitative variables. Spearman’s correlation anal-
yses were used to assess the correlations of feeling
heart-pounding or racing and unsteady with the radi-
ation exposed group. A p-value < 0.05 was considered
significant. Statistical analysis was carried out using
the SPSS 18.0 Statistical Package Program for Win-
dows (SPSS Inc, Chicago, Illinois, USA).

RESULTS

The final analyses in the present study included 89
workers; there were no significant differences between
the radiation and control groups regarding demographic
characteristics such as age, gender, presence of HT, and
smoking (Table 1). There were 12 (28.6%) doctors, 16
(38.1%) technicians, and 14 (33.3%) nurses in the radi-
ation worker group; in the non-radiation group, there
were 7 (14.9%) doctors, 22 (46.8%) nurses, and 18 (38.3%)
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TABLE 1. DEMOGRAPHIC CHARACTERISTICS AND BAI

SCORE
Baseline characteristics Radiation | Control p
exposed | (N=47)
(N=42)
Age (years) (Mean £SD) 34+7 31+ 8 0.12
Male/female 22/20 22/25 0.60
Hypertension (%) 4(9%) 2 (4%) 0.32
Smoking (%) 16 (38%) | 12(25%) 0.20
Nightshifts (%) 38(90%) |34(72%) | 003
BAI Score (Mean £SD) 11.1+6.8 8.7%3.8 0.04
BAI ltems
Numbness or tingling 21(%50) | 23 (49%) 0.58
Feeling hot 23 (55%) |19 (40%) 0.29
Wobbliness in legs 23 (55%) | 20 (47%) 0.56
Unable to relax 18 (43%) | 22 (47%) 0.32
Fear of the worst happening | 13 (31%) 18 (43%) 0.39
Dizzy or lightheaded 31(66%) |20 (48%) 0.01
Heart-pounding or racing 28 (66%) | 15(32%) 0.02
Unsteady 33(%78) | 25(53%) 0.02
Terrified or afraid 38 (90%) | 35(74%) 0.01
Nervous 30 (71%) | 39 (83%) 017
Feeling of choking 9 (21%) 14 (30%) 0.65
Hands trembling 17 (41%) 20 (43%) 0.88
Shaky or unsteady 8 (19%) 6 (13%) 0.48
Difficulty in breathing 9 (21%) 10 (21%) 0.56
Fear of dying 5(12%) 8 (17%) 0.55
Scared 13 (28%) 12 (29%) 0.36
Indigestion or discomfort in 20 (48%) | 21(66%) 0.26
the abdomen
Faint 8 (17%) 3(7%) omn
Face flushed 20 (48%) | 17 (%36) 0.50
Sweating 20 (48%) |13 (28%) 0.08
Fear of losing control 12 (25%) 8 (19%) 046

Significant at alpha p < 0.05. SD standard deviation

office staff. In the radiation group, 38 (90%) employees
had nightshifts, while 4 (10%) employees did not. In the
control group, 34 (72%) employees had nightshifts, while
13 (18%) employees did not.

Scores on the BAI for radiation and control groups
are also summarized in Table 1. The total BAI score of
the radiation-worker group (11.1£6.8) differed signifi-
cantly from that of the non-radiation-worker group
(8.7£3.8; p=0.04); also, there were significant group
differences for several BAI subscales.

The BAI subscale scores for feeling dizzy or light-
headed (p=0.01), feeling heart-pounding or racing
(p=0.02), feeling unsteady (p=0.02), and feeling ter-
rified or afraid (p=0.01) were significantly higher in
radiation workers than in those without radiation.

There were no significant differences on items
relating to numbness or tingling, feeling hot,

FIGURE 1. IN SPEARMAN'S CORRELATION TEST, THE
HEART-POUNDING OR RACING (R=0.44, P=0.003)
AND UNSTEADY (R=0.34, P=0.022) ITEMS WERE
SIGNIFICANTLY CORRELATED WITH THE RADIATION-
EXPOSED GROUP.
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wobbliness in legs, being unable to relax, fearing the
worst happening, feeling nervous, feeling of choking,
hands trembling, shaky, difficulty in breathing, fear of
dying, scared, indigestion or discomfort in the abdo-
men, faint, face flushed, or sweating.

DISCUSSION

In this study, we examined differences of anxiety
levels using the BAI in working areas with or without
radiation exposure at two university hospitals. We
found that the frequencies of the dizzy or lightheaded,
terrified, unsteady, heart-pounding, and racing items
and the BAI score were significantly higher among
health employees working in radiation areas.

Depression and anxiety are common health prob-
lems in society. The BAI is among the most used
self-rating scales worldwide for measuring anxiety*.

While many studies about job stress or anxiety
have attracted attention, emotional or psychological
events in employees who are exposed to ionizing radi-
ation at work have not been well defined.

Studies show that radiation causes oxidative stress,
sperm/testicular damage, apoptosis, cellular DNA
damage, endocrine changes®. Radiation has effects
on the cardiovascular, hematopoietic, reproductive,
endocrine, nervous, respiratory, and gastrointestinal
sysytems>'®.

It is known that all forms of ionizing radiation
have the potential to produce toxicity in the central
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nervous system, and the mechanisms of neurotoxicity
and neurodegeneration following ionizing radiation
are poorly understood™.

Ionizing radiation disrupts serotonin, norepi-
nephrine, and dopamine neurotransmission, syn-
thesis, and exchange of other neurotransmitters,
which are responsible for the neurochemical effects
of radiation™"®.

Following radiation accidents, the incidence of
stress-related disorders, anxiety, and depression
have been reported to be significantly increased®.
Also, recent studies showed that after an atomic
bombing, the survivors got easily tired, lost interest
in life, had a depressed mood, and were introverted
and even autistic™.

It is known that conventional radiotherapy that
is applied to the temporal bone causes vestibular
dysfunction in approximately 30% of patients, and
the patients perceived dizziness". The mechanism
underlying vestibular dysfunction is cell death in the
vestibular nerve following radiation exposure™. Also,
studies show that the amount of radiation that inter-
ventional cardiologists or radiologists are exposed
to the head area annually is approximately 10 times
higher than the whole-body exposure, and the left
side of the head is exposed two times more than the
right side™.

The conduction system may also be affected by
radiation®. Radiation stimulates the sympathetic
nervous system by increasing beta-adrenergic recep-
tors?. Also, radiation-induced fibrosis can damage the
conduction system?. These may be the mechanisms
underlying the feeling of heart-pounding or racing
in workers.

Feeling terrified and unsteady are some of the
depressive symptoms. It has been shown that in radio-
therapy patients and atomic bomb survivors depres-
sion and depressive symptoms are increased®'**2. In
our current study, these complaints were significantly
higher among healthy employees working in radiation
areas too.

Radiation causes different symptoms in workers.
Since the dose is much less than the dose received in
nuclear accidents, atomic bombing, or radiotherapy
patients, it is more difficult to explain these symptoms

in this group. However, these complaints by health
employees working in radiation areas should be taken
into consideration and should be searched in larger
sized and longer follow-up protocols.

Limitations

There are some limitations to this study. We tried
to choose employees from similar work environ-
ments, though there were some differences between
the working conditions of the two groups. While all
employees in the radiation group worked face to face
and had voice to voice interactions with patients,
some workers in the control group were working
with patients inwards, while others were working in
the office environment. In the control group, doctors,
nurses, and the office staff were selected from the car-
diology unit. Thus, we tried to match a similar working
area, stress, and workload. While the daytime hours
were similar between the two groups, there was a dif-
ference in nightshifts, and this is one of the limitations
of our study.

CONCLUSION

This study carefully suggests that radiation is likely
to be related to some complaints by radiation workers.
In this study, we tried to document the neuropsychi-
atric effects of radiation among occupational workers
using the BAL It is recommended to organize the sys-
tem of long-term neuropsychiatric care and control
programs for radiation workers.
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OBJETIVO: Ao trabalhar em dreas de radiagdo, trabalhadores descrevem muitos sintomas fisicos e mentais. Este estudo teve como objetivo
avaliar esses sintomas em trabalhadores expostos d radiacdo utilizando a Escala de Ansiedade de Beck (BAI - Beck Anxiety Inventory).
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METODOS: Um total de 42 trabalhadores expostos d radiagdo (22 homens e 20 mulheres, com idade média de 34+7 anos) e 47 controles
(22 do sexo masculino e 27 do sexo feminino, com idade média de 318 anos) que trabalham em dreas do hospital sem radia¢do foram
incluidos no estudo. Todos os participantes responderam anonimamente ao questiondrio da BAI.

RESULTADOS: Os dados demogrdficos dos trabalhadores dos dois grupos ndo apresentaram diferencas significativas. Na BAI, os itens
de tonturas ou vertigens (p =0,01), medo (p= 0,07), instabilidade (p=0,02) e batimento cardiaco mais forte e acelerado (p=0,02) foram
significativamente mais elevados no grupo exposto d radiagdo em comparagdo ao grupo de controle. A pontuagdo da BAl também foi
significativamente maior no grupo exposto d radiagdo (11,71 + 6,8 versus 8,7 + 3,8, p = 0,04).

CONCLUSAQ: Esses resultados sugerem a possibilidade de que a radiagdo pode desempenhar um papel importante nas propriedades
psicométricas dos trabalhadores. Os efeitos da radiacdo na satde dos funciondrios precisam ser mais bem investigados e compreendidos.

PALAVRAS-CHAVE: Radiagdo lonizante. Ansiedade. Testes Psicolégicos. Estresse psicoldgico/etiologia. Doengas profissionais.
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