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Abstract: Introduction: Epidemiological observations indicate that stewardesses are exposed to re-
productive and endocrine system disturbances. The aim of the study was to assess of thyroid function
disturbances as well as to identify factors affecting the thyroid function among stewardesses working
both within one time zone and on long-distance flights. Material and methods: The cross-sectional
study covered 103 women aged 23-46. The study group (I) was divided into two subgroups: group
Ia comprising stewardesses flying within one flight zone and group Ib stewardesses working on
long-distance flights. The control group (II) were women of reproductive age who sought medical
assistance due to marital infertility in whom the male factor was found to be responsible for prob-
lems with conception in the course of the diagnostic process. The assessment included: age, BMI,
menstrual cycle regularity, length of work, frequency of flying, thyroid stimulating hormone (TSH)
concentration, level of free thyroxine (fT4), antibodies to thyroglobulin (aTG) and to thyroperoxi-
dase (aTPO), prolactin concentration, sex hormone binding globulin (SHGB) concentration, total
cholesterol, and low density lipoprotein (LDL) fraction. Descriptive methods and inferential statistics
methods were used to compile the data. Results: The difference between the concentrations of TSH in
the study group (2.59 mcIU/mL) and the control group (1.52 mcIU/mL) was statistically significant
(p <0.01). An elevated titer of thyroid antibodies (aTPO and/or aTG) was revealed in 46.3% of stew-
ardesses and in 15.1% of patients from the control group (p < 0.001). Groups Ia and Ib in individual
concentrations were not statistically significant. The frequency of occurrence of an elevated titer of
thyroid antibodies depended on the length of work in the study group (p > 0.05). No statistically
significant difference was found in patients spending up to 60 h a month flying and in patients
spending more than 60 h flying, the percentage of the occurrence of thyroid antibodies was 50% and
43.5, respectively. Conclusions: The occurrence in stewardesses of a higher TSH concentration than in
the control group can signify that stewardesses are burdened with a higher risk of the development
of hypothyroidism in the future. The character of the work of stewardesses (frequency of flying as
well as length of work) does not affect the immunological profile of the thyroid.
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1. Introduction

Shift work has an adverse impact on health [1]. In accordance with the Polish Labor
Code (Art. 151), the night shift is defined as the time covering 8 h between 21:00 and
07:00 while a worker whose work schedule involves every day at least 3 h of work during
the night hours or whose at least ; of the working time in the settlement period falls to
night shift hours is a night shift worker [2]. According to the Main Statistical Office, in
Poland, night shift work is performed by 417,700 women, including flight attendants [3].
Epidemiological studies reveal that shift work can cause, among others, diseases of the
cardiovascular system, sleep disturbances, and breast cancer in women [4,5]. The negative
influence of night shift work on health is linked mainly to the disturbance of the circadian
rhythm disrupting, among others, the secretion of prolactin, cortisol, or the growth hor-
mone [6,7]. The level of the thyroid stimulating hormone (TSH) changes with the circadian
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rhythm and the sleep pattern [8]. The TSH concentration is one of the most sensitive meth-
ods of the evaluation of the thyroid function [9]. Studies evaluating the relation between
thyroid diseases and night shift work are very few.

Research shows that stress connected with the performance of the profession con-
tributes to the development of autoimmune diseases, among others, such as systemic lupus
erythematosus (SLE), rheumatoid arthritis, or Graves-Basedow disease [10,11]. In the case
of flight attendants, the character of work involves, in addition, exposure to prolonged
stress. Studies clearly shows that more stressful part of flight is landing, especially just
before touchdown [12]. The action of prolonged stress can make these women belong to
the risk group for the development of autoimmune diseases.

The aim of the study was to determine the frequency of occurrence of thyroid function
disturbances as well as to assess the influence of the frequency of flying and the length of
work on the development of this disturbance among flight attendants working both within
one time zone (more take-offs and more landings) and on long-distance flights.

2. Material and Methods
2.1. Study Design

The cross-sectional study covered 103 Polish women aged 23—46. The women were
qualified in the Department of Obstetrics and Gynecology, Medical University of Warsaw
and examined in the Department of Gynecological Endocrinology, Medical University
of Warsaw, Poland in the years 2013-2016. Approval for this study was obtained from
the Medical University of Warsaw, Ethics Board (KB/254/2013, 12 November 2013). No-
tification about the study to be conducted was also given to the trade unions of LOT
Polish Airlines and EUROLOT Polish Airlines. Exclusion criteria included use of hormonal
drugs (including contraceptives) up to 6 months prior to the study, use of drugs inducing
the activity of hepatic enzymes which can affect the hormonal economy of the organism,
history of chronic renal insufficiency and liver cirrhosis, and diagnosis of menopause in
women over 40, according to the WHO criteria.

The trade unions gather over five hundred flight attendants. Seventy-four flight
attendants responded to the letter of invitation, forty-three of them qualified for the study.
All patients gave their written informed consent for study participation. The study group
(I) consisted of female flight attendants flying within one time zone as well as those serving
long-distance flights. Qualified for the study were female flight attendants who consented
to take part in the study, were of reproductive age, and worked under the night shift system.
The control group (II) were 60 women of reproductive age who sought medical assistance
due to marital infertility in whom the male factor was found to be responsible for problems
with conception in the course of the diagnostic process. Those women work full time (160 h
per month) in the public sector as clerks. They do not do night shift work and do not report
being exposed to excessive work-related stress.

2.2. Sample Collection and Analysis

The examination was performed in accordance with the protocol for diagnosis of
hormonal disorders at the Department of Gynecological Endocrinology, Medical University
of Warsaw. The blood tests were carried out between the 4th—6th day of the cycle (1st phase
of the cycle). The patients were not examined directly after night shifts. Every woman
came for the examination after a good night’s sleep. The study group was divided into
two subgroups: Group la (n = 17) comprising female flight attendants flying within one
time zone and Group Ib (n = 26) female flight attendants working on long-distance flights.
The assessment included age, BMI, and menstrual cycle regularity. The assessment did
not include smoking, alcohol consumption, physical activity, or dietary habits. The study
design is presented in Figure 1. Menstrual cycles of 25-35 days were adopted as regular.
The frequency of flying was expressed in terms of the number of flying hours a month.
Assessing the influence of the frequency of flying on the development of hormonal distur-
bances, the study group of the female flight attendants was divided into two subgroups:
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women working less than 60 h a month and women working 60 or more hours a month.
Assessing the influence of the length of work on the development of hormonal disturbances
the study group of the female flight attendants was divided into two subgroups: women

working less than 15 years and women working 15 or more years.
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Figure 1. Study design. TSH—thyroid-stimulating hormone; fT4—free thyroxine; aTG—antibodies to thyroglobulin;

aTPO—antibodies to thyroperoxidase; SHGB—sex hormone binding globulin; LDL—low-density lipoprotein.

The thyroid function was determined through the evaluation of the TSH (normal range:
0.35-4.94 mcIU/mL), the level of free thyroxine—fT4 (normal range: 9.01-19.05 pmol/L), the
level of antibodies to thyroglobulin—aTG (normal range: <4.11 IU/mL) and thyroperoxidase—
aTPO (normal range: <5.61 IU/mL). Assessing the potential consequences of thyroid dysfunc-
tion, the prolactin concentration (normal range: 5-35 ng/mL), sex hormone binding globulin
(SHBG) concentration (normal range: 19.8-155.2 nmol/L), total cholesterol (normal range:
115-190 mg/dL) and low density lipoprotein (LDL) fraction (normal range: >115 mg/dL)
was measured at 8 a.m. in 1st phase of the cycle. The TSH and prolactin concentration and
level of antibodies in a blood sample collected from the antecubital vein was assessed with an
automated enzyme-immunoassay and with ELISA method.

2.3. Statistical Analysis

Descriptive methods and inferential statistics methods were used to compile the data.
The randomness of the study sample was examined in terms of the age and length of
work of the patients. To this end, a series of tests was applied checking the hypothesis
that the way in which patients were selected could be deemed random. Knowing the
order in which the patients registered for the study, the randomness of the sample in
terms of age and length of work was confirmed. For the qualitative features the following
characteristics were calculated: arithmetic mean (x), median (Me), standard deviation (SD),
and coefficient of variation (v%). The chi-square independence test was applied to compare
the frequency of the occurrence of individual varieties of features in the study groups
and in the subgroups. Where the expected numbers were lower than 5, Yates correction
was used in the calculation of the value of the chi-square test. Prior to the comparison of
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mean values in the study groups and subgroups, the conformity of the distributions of the
analyzed measurable variables with the normal distribution was checked with the help of
the Shapiro-Wilk test. As the distributions of the majority of the analyzed variables differed
significantly from the normal distribution, the comparison of the mean values was chosen
to be made with the help of the non-parametric test, rather than the parametric test. As the
samples were independent, the Mann-Whitney test was used to compare the mean values.
To study the correlation between the measurable variables, the rank correlation coefficient
was applied due to distributions significantly different from the normal distribution. The
differences between mean values (or frequencies) were found statistically significant when
the calculated value of a relevant test was equal or higher than the critical value from
relevant tables, with an adequate number of the degrees of freedom and the probability of
error p < 0.05.

3. Results

Table 1 shows the characteristics of the study group and the control group, includ-
ing the subgroups of women flying within one time zone and women serving long-
distance flights.

Table 1. The characteristics of the study group and control group, including the subgroups of women flying within one time
zone and women serving long-distance flights. Time of work in air was significantly different between groups Ia and Ib.

Control Group (II) Study Group (I) Group Ia Group Ib
Variable (N = 60) (N =43) 14 (N=17) (N =26) 14
Min Max M +SD Min Max M =+SD Min Max M =+ SD Min Max M =+ SD

Age (years) 23 46 34.0 + 4.09 25 43 347+441 0.203 26 43 34.1+4.26 25 40 35.2+453 0.219

BMI (kg/mz) 17.5 37 2274378 17.5 290 2244271 099 175 28 21.74+2.67 19 29 2284271 0.28

Seniority (years) 6 25 14.3 +£5.06 6 18 13.0+£4.23 6 25 15.2+544 0.084

Time of work in 47 85  646+7.89 47 70 595+680 55 85 679+681 0.001
air (h/month)

Bolded is p < 0.001. Control group (II)~60 women of reproductive age who sought medical assistance due to marital infertility in whom
the male factor was found to be responsible for problems with conception in the course of the diagnostic process; Study group (I)—43
female flight attendants; Group Ia—17 female flight attendants flying within one time zone; Group Ib—26 female flight attendants working

on long-distance flights.

The mean age of the respondents in the control group (II) was 34.0, SD 4.09 years.
Women from the study group (I) were aged 25-43 and the average age was 34.7, SD
4.41 years.

The length of work in the study group ranged from 6 to 25 years. On average, women
worked 14.3 SD 5.06 years. Half of the women studied worked 15 or more years. The
women from the study group spent 47 to 85 h a month flying, on average 64.6 SD 7.89 h,
while half of them spent 65 or more hours a month flying.

Table 2 shows the concentration of TSH and level of fT4 in the groups studied. The
difference between the concentrations of TSH in the study group and the control group
was statistically significant (p < 0.01). A statistically significant difference was also revealed
between Group Ib and the control group (2.75 mclU/mL vs. 1.52 mcIU/mL). The difference
between the level of Ft4 in the study group and the control group was statistically significant
(p < 0.01). A significant difference was also found between Group Ia and the control group
(11.55 pmol/L vs. 13.13 pmol/L) as well as between Group Ib and the control group
(12.01 pmol/L vs. 13.13 pmol/L). Though study group and Group Ib have increased TSH
level and decreased T4 level when compared to control group, levels were in normal range.
The charts of TSH level and fT4 level is presented in Figures 2 and 3.
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Table 2. The concentration of TSH and level of fT4 in the groups studied. Despite the significant differences, the values of
TSH and free T4 were in normal range.

Control Group (II) (N =60)  Study Group (I) (N =43) p Group Ia (N =17) Group Ib (N =26) p
Min Max M £ SD Min Max M=*SD Min Max M+=SD Min Max M=SD
(nTI%I-/IL) 035 410 152+083 062 1356 259+225 0.0037 0.62 436 235+140 0.69 1356 2.75+2.67 0915

fT4 (pmol/L) 9.0 17.08 1313+1.62 1.12 1532 11.83+2.75 0.0044 1.12 1476 1155+3.15 1.33 1532 12.01+£2.51 0.989

Bolded is p < 0.05. Control group (II)—60 women of reproductive age who sought medical assistance due to marital infertility in whom the
male factor was found to be responsible for problems with conception in the course of the diagnostic process; Study group (I)—43 female
flight attendants; Group la—17 female flight attendants flying within one time zone; Group Ib—26 female flight attendants working on
long-distance flights.
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Figure 2. The TSH concentration in the study group and in the control group.
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Figure 3. The T4 level in the study group and in the control group.

The high TSH concentration and the low fT4 concentration, allowing to diagnose
hypothyroidism, was present in two people in the study group (4.7%) while in the control
group no such cases were found.

An elevated titer of thyroid antibodies (aTPO and/or aTG) was revealed in 19 flight
attendants and in 8 patients from the control group (46.3% vs. 15.1%). The difference was
statistically significant (p < 0.001). No statistically significant difference was found in the
occurrence of an elevated titer of aTPO and/or aTG between Groups la and Ib, but it turned
out that these antibodies are found much more frequently in Group of Ib than in Group Ia
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(52% vs. 37.5%). Correlation was examined between the mean concentration of thyroid
antibodies in the study group and the frequency of its occurrence in hyperprolactinemia.
No statistically significant correlation was found. An elevated titer of aTPO and/or aTG
was slightly more common in patients with hyperprolactinemia than in patients with
normal prolactin concentration: 47.4% and 42.9%. The frequency of occurrence of an
elevated titer of thyroid antibodies depended on the length of work in the study group. No
statistically significant correlation was found. Elevated titers of thyroid antibodies were
present with an approximate frequency among flight attendants working longer than 15
years and among the flight attendants working less than 15 years: 45% vs. 47.6%. The
correlation between the frequency of the occurrence of elevated titer of aTPO and/or aTG
and the number of flight hours a month of the flight attendants was studied. No statistically
significant difference was found between patients spending up to 60 h a month flying and
patients spending more than 60 h flying; the percentage of the occurrence of elevated titer
of thyroid antibodies was 50% and 43.5, respectively.

Table 3 shows the SHBG concentration, total cholesterol, and LDL fraction in the study
group and the control group. No statistically significant difference was found between the
groups studied (I, 11, Ia, Ib).

Table 3. The concentrations of the prolactin, SHBG, total cholesterol, and LDL fraction in individual groups.

Control Group (II) (N =60)  Study Group (I) (N = 43) p Group Ia (N =17) Group Ib (N = 26)

Min Max

M+ SD Min Max M+SD Min Max M+SD Min Max M+SD

Prolactin
(ng/mL) 556 1239
8:00 am

22.6 =16.1 1482 6324 354+11.8 <0.001 1597 56.76 33.7+129 1482 6324 363=*£11.2 0425

SHBG

(amol/L) 246 1757

72 £ 36.1 38.1 1649 7135+258 0491 38.1 1222 65.87+£237 413 1649 7464+27 0.154

Total
cholesterol 105 244
(mg/dL)

171.3 £30.3 132 240 176.3£23.5 0.397 140 210 169.5+20.4 132 240  180.5+£24.7 0.133

LDL
fraction 48 173
(mg/dL)

98 +29.9 52 168  98.7+234 0.683 68 142 941+188 52 168 101.74+26 0.238

Bolded is p < 0.001. Control group (I)—60 women of reproductive age who sought medical assistance due to marital infertility in whom the
male factor was found to be responsible for problems with conception in the course of the diagnostic process; Study group (I)—43 female
flight attendants; Group la—17 female flight attendants flying within one time zone; Group Ib—26 female flight attendants working on

long-distance flights.

4. Discussion

Hypothyroidism is one of the most common endocrine diseases. It is defined as growth
in the TSH concentration and decrease in the fT4 concentration. In the general population,
the disease is reported in 0.2-5.3% of people, 8-9 times more frequently in women [13,14].
In the group of patients covered by our study, the occurrence of hypothyroidism was not
higher than in the general population. It was found only in air hostesses working on
long-distance flights and amounted to 4.7%.

The study confirmed the presence of a significantly higher mean TSH concentration in
flight attendants than in the control group (2.59 vs. 1.52). Studies assessing the correlation
between shift work and the TSH level are very few. A similar correlation was found by
So-Hyun Noon and others. They examined the TSH level in 967 women working in a
hospital in Korea, among which 546 did night shifts and 421 only day shifts. They found
that the mean TSH concentration in the women working night shifts was 0.303 mlU/L
higher, this being a significant difference [15]. Due to character of the profession performed,
female flight attendants have several potential factors could cause increased TSH concen-
tration and decreased fT4 concentration. TSH levels exhibit a circadian rhythm with peak
concentration at 2-4 a.m. and trough concentration at 4-8 p.m. [16]. Some studies suggest
that sleep deprivation promotes fluctuations in the TSH circadian rhythm, which increases
the likelihood of the higher TSH levels [17]. Moreover, disturbance of the circadian rhythm
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in women induced changes in the menstrual cycle by modulating the female hormones [18].
Epidemiological evidence suggests a role of estrogen in the pathogenesis of thyroid dis-
ease [19]. Furthermore, night work is associated with nocturnal eating, which may affect
hormonal levels of TSH, insulin, and glucagon [20], so it is possible that such eating habits
could lead to increased TSH level.

Subclinical hypothyroidism is characterized by a normal fT4 concentration and an
elevated TSH level. In the general population, subclinical hypothyroidism is reported in
4-15% of people [21]. The presence of autoantibodies against thyroid peroxidase causes
there to be a 25-50% risk of subclinical hypothyroidism becoming overt hypothyroidism
within 20 years [22]. In the group of flight attendants studied, elevated titer of antibodies
(aTPO and aTG) was obtained in as much as 46.3% of the patients, the majority of them
being women working on long-distance flights. Our study findings did not reveal a
significant influence of the length of work or frequency of flying on the occurrence of an
elevated level of antibodies. The significantly higher TSH concentration in flight attendants
and the elevated titer of antibodies in nearly a half of the patients from the study group can
suggest that flight attendants belong to the high-risk group as regards the development of
hypothyroidism.

Stress induces autoimmune disturbances by modulating the immune response. Re-
search has shown that shift work-related stress contributes to intensifying hyperthyroidism
in the course of Graves—Basedow disease. Works describing correlations between autoim-
mune hypothyroidism and shift work are very few. Magrini and others assessed the level
of TPO and the concentration of TSH in 220 shift workers and 422 day-workers. They
based the diagnosis of autoimmune subclinical hypothyroidism on high aTPO levels and
high TSH concentrations. The thus-defined disease was diagnosed in 8% of people doing
shift work and 4% of people working only day shifts. Increased levels of TPO antibodies
were found in 14% of shift workers against 9% of people working day-shifts [23]. The fact
that our study revealed the presence of an elevated level of TPO and/or TG antibodies in
almost every second patient from the study group seems to suggest that it can be due to
shift work-related stress as well as the very character of the flight attendant’s profession.

5. Conclusions

1. The occurrence in flight attendants of a higher TSH concentration than in the con-
trol group can signify that flight attendants are burdened with a higher risk of the
development of hypothyroidism in the future.

2. The character of the work of flight attendants (frequency of flying as well as length of
work) does not affect the immunological profile of the thyroid.

3. The study findings suggest that the frequent appearance of the elevated aTPO and
aTG levels can be linked to stress and shift work, but further studies are needed to
confirm these results.
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