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ABSTRACT Objective: This study aims to examine the levels of brain-derived
neurotrophic factor (BDNF), glial cell line-derived neurotrophic factor (GDNF)
and neurotrophin-3 (NT-3) and brain volumes in shift-working men. Material
and Methods: Forty-nine men who have been working in shifts for at least 1 year
were included in the study. Pittsburgh Sleep Quality Index (PSQI) was used to as-
sess sleep quality, Montreal Cognitive Assessment (MoCA) test and trail making
test (TMT) were used to assess cognitive performance, and Beck Anxiety Inven-
tory (BAI) was used to assess anxiety level. Afterwards, plasma BDNF, GDNF
and NT-3 levels were examined. Brain volume measurement was performed. Re-
sults: Since the PSQI results of shift-working men were above 5, it was deter-
mined that they had “poor sleep quality”. According to the BAI results, 85% of
them had anxiety. Primary-secondary school graduate shift-working men had
lower MoCA value and TMT-A and TMT-B test scores were higher (p<0.05).
Working in shifts for 6 years or more caused a significant decrease in BDNF and
NT-3 levels (p<0.05). According to the correlation analysis results, it was ob-
served that the prefrontal cortex, dorsolateral prefrontal cortex and cerebral cor-
tex in the left lobe of the brain were smaller in elderly shift workers (p<0.05).
Conclusion: There is a decrease in BDNF and NT-3 levels in shift workers of 6
years or more. Some brain regions associated with learning and memory have
been found to be in smaller volumes in older shift workers.

Keywords: Sleep disorders; circadian rhythm; shift work schedule;
neurotrophic factor; neurotrophin-3

OZET Amacg: Bu galismanin amaci, nobetli ¢alisan erkeklerde beyin kokenli no-
rotrofik faktor [brain-derived neurotrophic factor (BDNF)], glial hiicre dizisinden
kaynaklanan norotrofik faktor [glial cell line-derived neurotrophic factor (GDNF)]
ve norotrofin-3 (NT-3) diizeylerinin ve beyin hacimlerinin incelenmesidir. Gereg
ve Yontemler: Caligmaya en az 1 yildir nobetli ¢alisan 49 erkek dahil edilmistir.
Uyku kalitesini degerlendirmek amaciyla Pittsburgh Uyku Kalitesi Indeksi
(PUKI), biligsel performansi degerlendirmek igin Montreal Biligsel Degerlendirme
[Montreal Cognitive Assessment (MoCA)] ve iz siirme testi [trail making test
(TMT)], anksiyete diizeyini degerlendirmek igin Beck Anksiyete Olgegi (BAO)
uygulanmustir. Sonrasinda plazmada BDNF, GDNF ve NT-3 diizeyleri incelen-
mistir. Beyin hacim 6l¢timii yapilmustir. Bulgular: Calismamiz sonuglaria gore
vardiyali ¢alisanlarin PUKI sonuglar1 5°in iizerinde oldugu igin “kotii uyku kali-
tesine” sahip oldugu tespit edilmistir. BAO sonuglarina gore %85’inin anksiye-
teye sahip olduklari goriilmiistiir. ilkokul-ortaokul mezunu vardiyal galisanlarin
MoCA degerinin daha diisiik, TMT-A ve TMT-B testi puanlarinin ise daha yiik-
sek oldugu goriilmistiir (p<0,05). Alt1 y1l ve daha fazla vardiyali ¢alisanlarin
BDNF ve NT-3 diizeylerinin 6nemli diizeyde azaldig1 belirlenmistir (p<0,05). Ko-
relasyon analizi sonuglaria gore ileri yastaki vardiyali ¢aliganlarda beynin sol lo-
bundaki prefrontal korteks, dorsolateral prefrontal korteks ve serebral korteksin
daha kiigiik oldugu goriilmistiir (p<0,05). Sonug¢: Vardiyali ¢alisma sisteminin
uyku bozuklugu ve anksiyeteye neden oldugu tespit edilmistir. Alt1 y1l ve daha
fazla vardiyali galisanlarda BDNF ve NT-3 diizeylerinde azalma oldugu belirlen-
mistir. [leri yas vardiyali ¢alisanlarda 6grenme ve bellek ile iliskili bazi beyin bol-
gelerinin daha kiiiik hacimlerde oldugu tespit edilmistir.

Anahtar Kelimeler: Uyku bozukluklari; sirkadiyen ritim;
vardiyali ¢aligma takvimi; norotrofik faktor; nérotrofin-3
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Shiftwork refers to all kinds of working ar-
rangements other than the traditional 9 am to 5 pm
routine. Approximately 20% of the workforce in our
country works in shifts. The shiftwork system can ad-
versely affect not only one’s sleep but also one’s
overall health.

Sleep is very important for the maintenance of
metabolic homeostasis, neuronal reactivation, and
learning-related synapse formation (synaptic plastic-
ity), and is essential for memory formation. Animal
experiments show that sleep deprivation in rats
causes impairment in cognitive function, especially
in memory and spatial learning.’

Neurotrophins, known as neurotrophic factors,
are a group of polypeptide growth factor families that
affect the proliferation, differentiation, survival and
death of neuronal and non-neuronal cells. It affects
the life, growth and differentiation of the nervous sys-
tem.’

Brain-derived neurotrophic factor (BDNF), glial
cell line-derived neurotrophic factor (GDNF) and neu-
rotrophin-3 (NT-3) are a group of polypeptide growth
factor families. Studies show that neurotrophins are
associated with learning and memory.**

There are studies showing a decrease in neu-
rotrophin levels in sleep disorders. The decrease in
sleep quality due to shift work negatively affects at-
tention and memory, as well as social lives. This can
lead to deterioration of well-being and stress on indi-
viduals.®’

In this study, shift-working men’s sociodemo-
graphic information and information about shiftwork
were obtained and the Pittsburgh Sleep Quality Index
(PSQI) was applied to evaluate sleep quality. Mon-
treal Cognitive Assessment (MoCA) test and trail
making test (TMT) were used to evaluate cognitive
performance, and Beck Anxiety Inventory (BAI) was
used to evaluate anxiety level. It was examined
whether there was a relationship between short and
long-term shift work and PSQI, BAI, MoCA and
TMT. When the literature is examined, there is no
study examining BDNF, GDNF, NT-3 levels and
brain volumes in shift workers. Therefore, this study
aimed to examine shift-working men’s BDNF,
GDNF and NT-3 levels and brain volumes. Our re-
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search was only performed on men to single out the
number of variables, as hormonal changes during
women’s menstrual cycle times can affect neu-
rotrophins.®

I MATERIAL AND METHODS

This research is a prospective observational study.
Forty-nine men between the ages of 22-39, who have
been shift-working for at least 1 year, were included
in the study. Shift-work is based on shifts (minimum
of >4 days/1 month) that only include night work
starting from approximately 4 pm.

According to the duration of shiftwork, those
who work for a short time (1-5 years) (n=25) are de-
fined as Group 1 and those who work for a long time
(over 5 years) (n=24) are defined as Group 2. So-
ciodemographic characteristics and information
about shift work are presented in Table 1.

This study conform with the Declaration of
Helsinki and was approved by our institution’s ethics
committee (with the approval of Kirgehir Ahi Evran
University Faculty of Medicine Clinical Research
Ethics Committee dated April 6, 2021 and numbered

TABLE 1: Sociodemographic characteristics and information
on shiftwork.
n=(%)
Jobs
Soldier, taxi driver, waiter, business technician, 6(12.2)
team leader, transport business technician (other)
Electrical technician (with associate’s degree) 4(8.2)
Electrical technician (vocational high school graduate) 5(10.2)
Nurse, health officer 7(14.3)
Business technician 6(12.2)
Private security 3(6.1)
Police office, police captain 8(16.3)
Cleaning staff 10 (20.4)
Duration of working in shift
(Group 1) Shift workers for 1-5 years 25(51.0)
(Group 2) Shift workers for 6-36 years 24 (49.0)
Age
22-34 17 (34.7)
35-39 16 (32.7)
40 and over 16 (32.7)
Educational status
Primary school-middle school 7(14.3)
High school-associate degree 24 (49.0)
Bachelor’s degree 18 (36.7)
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2021-07/78). Informed consent was obtained from
the patients.

In order to examine plasma BDNF, GDNF and
NT-3 levels, approximately 5 cc of venous blood was
taken into one ethylenediaminetetraacetic acid tube
and centrifuged at 2000-3000 rpm for 20 minutes
within 15 minutes and the separated plasmas were
stored at -80°C until they were operated with kits.
BDNF (pg/mL), GDNF (pg/mL) and NT-3 (pg/mL)
plasma kits (Sunlong Biotech, Hangzhou, China)
were read with Micro-plate Reader (KHB Micro-
plate reader ST-360) at 450 nm.

Magnetic resonance imaging (MRI) is a medical
imaging technique that provides a high-quality exam-
ination of soft tissues. It is used to detect anatomical,
functional and structural changes. In our study, vol-
ume measurement evaluation was made from all cra-
nial MRI. Using the T1-weighted axial image group
on 3 Tesla MRI, the data that can be analyzed with
Matlab 7.10.0 (The MathWorks, Inc. Protected by
U.S. and international patents), one of the MRI pro-
cessing programs, were measured and reported using
volBrain, one of the volume measurement programs.’

The volBrain system gives volume information
of brain-related structures at different scales and right
and left asymmetry ratios. Volume measurement was
performed in more detailed areas with the MriCloud
application, which is a neuroimaging application, for
the appropriate MRIs.!'?

PSQI evaluates the sleep quality of the last
month. It is one of the commonly used tests. It is also
widely used in shift work research. If the total score
obtained from the index is less than 5 and 5, it is de-
fined as “good sleep quality” and if it is above 5, it is
defined as “poor sleep quality”.!! The MoCA was de-
veloped to detect mild cognitive impairment. MoCA
is an effective scale, especially in the early period of
cognitive effect. It is evaluated in 21 or more normal
groups out of 30 points.”> TMT, measures executive
functions such as planning, which help to understand
the skills of focusing and maintaining attention, and
requires visual-spatial processing and motor capabil-
ities. It consists of 2 stages, A and B."* BAI measures
the frequency of anxiety symptoms experienced by
the individual. It has a Likert-type scaling, indicating
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that as the total score increases, the anxiety experi-
enced by the person increases. It contains 21 ques-
tions and lasts about 5-10 minutes. The validity and
reliability of the test were taken.'*

Before starting the study, the sample size was
calculated with the GPower program (v3.1.9.6)
(Heinrich-Heine-Universitesi, Almanya Diisseldorf).
For short-term and long-term shift workers, when 25
people (total 50 people) in each group are included
in the study, it was determined that the work would
end with 80% power size. But one person gave up
being in the study while the study was in progress.
For this reason, 49 people were evaluated. Statistical
analysis of the study, the comparison of the groups
with significant differences as a result of analysis of
variance was performed with Duncan multiple com-
parison test. Spearman correlation coefficient was
used to evaluate the correlation since the data were
not normally distributed according to the Shapiro-
Wilk test. The significance level was taken as p<0.05.

I RESULTS

When we look at the PSQI values in the comparison
made according to the shiftwork time, it is seen that
both Group 1 (7.52+3.65) and Group 2 (8.82+3.22)
have “poor sleep quality” since PSQI results are
above 5. However, there was no statistical signifi-
cance between the two groups (p>0.05).

According to educational status, the PSQI score
of the primary school-middle school group was found
to be significantly lower than the other education lev-
els (Table 2).

In the comparison made according to the dura-
tion of working in shift, it was found that the MoCA
values of Group 1 (23.79+£4.20) were lower than
Group 2 (26.37+2.08) (p=0.010). However, the
MoCA scores of both groups were above 21 and it
was determined that there was no cognitive impair-
ment in the early period of normal cognitive affect.

When we look at the comparisons of the groups
according to the TMT-A scores; the MoCA values
of the TMT-A score >38.82 group (22.25+4.39)
were found to be significantly lower than the
TMT-A<34.83 and 38.83<TMT-A<38.82 groups
(28.88+2.64, 28.5+0.70, respectively) (p=0.002).
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TABLE 2: Results of PSQI, MoCA, BAI, TMT-A and TMT-B by educational status.
Primary school-secondary school High school-associate degree Undergraduate
AM%SD AM£SD AMxSD
Median (minimum-maximum) Median (minimum-maximum) Median (minimum-maximum) p?
PSQl 4.71£3.35° 8.9143.14 8.50+3.31° 0.034
4.0 (0.0-10.0) 9.0 (2.0-14.0) 8.0 (3.0-14.0)
MoCA 20.83+5.342 25.83+2.35 25.543.34 0.023
22.0 (11.0-25.0) 26.0 (21.0-29.0) 27.0 (15.0-29.0)
BAI 8.83+12.332 14.58+10.43b 7.114£6.95°2 0.035
5.0 (0.0-33.0) 14.5 (0.0-35.0) 5.0 (0.0-22.0)
TMT-A 47.24+17.35° 29.22+11.77° 29.56+10.59° 0.030
44.26 (26.18-78.56) 27.26 (14.50-71.52) 27.12 (15.0-50.39)
TMT-B 123.34440.622 81.77+37.04° 57.46+30.37° 0.002
125.8 (64.01-168.0) 71.85(39.28-185.02) 45.83 (26.34-127.17)

a,b,c : There is no significant difference between the averages shown with the same letter in the same line (p>0.05); PSQI: Pittsburgh Sleep Quality Index; MoCA: Montreal Cognitive
Assessment; BAI: Beck Anxiety Inventory; TMT: Trail making test; AM: Arithmetic mean; SD: Standard deviation.

When we look at the comparisons of the groups ac- When we look at the comparison results made
cording to the TMT-B scores; the difference between according to the shift working time, the difference
the TMT-B groups in terms of MoCA values is sta- between the groups in terms of BDNF and NT-3 val-
tistically significant MoCA values of TMT-B<79.36 ues is statistically significant. BDNF and NT-3 levels
group (26.0£2.09) were found to be significantly of Group 1 were found to be higher than Group 2.
higher than 79.36<TMT-B<90.13 and TMT-B>90.13 The GDNF values of Group 1 were higher than
groups (24.33+8.08, 23.26+4.19, respectively) Group 2, but this difference between the groups was
(p=0.027). not statistically significant (Table 3).

According to educational status, the MoCA val- When Spearman rho correlation analysis results
ues of the primary school-secondary school group are examined, a statistically significant negative re-
were found to be significantly lower than the other lationship was found between the duration of work-
education levels. In the comparison according to ed- ing in shift and BDNF (p=-0.333", p=0.019). A
ucational level, TMT-A and TMT-B values of the pri- statistically significant negative correlation was
mary-secondary school group were found to be found between the duration of working in shift and
importantly elevated than other education levels GDNF (p=-0.317", p=0.026).

(Table 2). According to the comparison made in the age

In this study, it was determined that shift work- groups, the BDNF, GDNF and NT-3 values of the
ers have 85% anxiety. Shift workers in our study have participants in the 23-34 age group were found to be
10% severe anxiety, 16% moderate anxiety, 29% importantly elevated than the other age groups (35-39
mild anxiety, and 29% minimal anxiety. In the com- years and 40 years and older) [respectively, 23-34
parison made according to the duration of working in years, 35-39 years and 40 years and older, BDNF
shift, the difference between Group 1 (10.45+10.71) (pg/mL): 29365.38+7445.25, 23959.29+3493.44,
and Group 2 (11.6649.40) was not statistically sig- 25501.619+2853.20, p=0.011; GDNF (pg/mL):
nificant in terms of BAI scores measuring anxiety 2608.14+1458.57, 1569.81+752.42, 1782.89+595.84,
level (p>0.05). p=0.018; NT-3 (pg/mL): 2259.14+1505.56,

According to educational status, BAI values of 1213.86+613.13, 1316.15+479.58, p=0.007].

the high school-associate degree group were found to In this study; gray matter (GM) %, cerebrum
be importantly elevated than the other education lev- (CB), amygdala (AMY), AMY % and accumbens
els (Table 2). (ACC) values were found to be smaller in Group 1
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TABLE 3:

BDNF, GDNF and NT-3 results according to the duration of working in shift.

Group 1
AMSD
Median (minimum-maximum)
28022.95+6409.56
27947 (20436.8-45639.8)
2261.88+1285.67
1957 (1021.2-5551.9)
1912.65+1307.69
1349 (717.3-5423.4)

BDNF (pg/mL)

GDNF (pg/mL)

NT-3 (pg/mL)

Group 2

AMSD
Median (minimum-maximum) p value
24583.85+3723.06 0.0272

23592.45 (19132.5-31229.1)
1726.44+798.84 0.087°
1371 (905-3457.8)

1294.57+681.84 0.012°

1024.25 (670.4-3374.0)

andependent t-test; "Mann-Whitney U test; BDNF: Brain-derived neurotrophic factor; GDNF: Glial cell line-derived neurotrophic factor; NT-3: Neurotrophin-3; AM: Arithmetic mean;

SD: Standard deviation.

when compared with Group 2 (p<0.05). No statistical
significance was found in other brain regions. CB,
AMY, ACC and GM are shown in Figure 1.

When Spearman rho correlation analysis results
are examined, the relationship between the duration
of working in shift and CB is positive and statistically
significant (p=0.387", p=0.032).

Comparison results in age groups; ACC and
ACCY% values of the participants in the 35-39 age
group were found to be significantly higher than other
age groups (22-34 years and 40 years and over) (re-
spectively, 22-34 years, 35-39 years, 40 years and
over, ACC: 0.70+0.16, 0.83+0.13, 0.63%0.09,
p=0.005; ACC%: 0.04+0.01, 0.05+0.01, 0.04=0.008,
p=0.013).

There is a statistically significant negative cor-
relation between age and superior frontal gyrus/pre-
frontal cortex left lobe (SFG.PFC L) (r=-0.715;
0.013), middle frontal gyrus (dorsolateral prefrontal
cortex) left lobe (MFG.DPFC_L) (r=-0.675; 0.023)
and cerebral cortex left lobe (CerebralCortex L)
(r=-0.648; 0.031). CerebralCortex L, SFG_PFC L,
MFG_DPFC_L and ACC are shown in Figure 2.

According to the correlation analysis results,
there is a statistically significant negative correla-
tion between the TMT-A score and frontal left
lobe (Frontal L) (r=-0.864; 0.001), SFG.PFC_L
(r=-0.691; 0.019), MFG.DPFC_L (r=-0.68; 0.021),
CerebralCortex L (r=-0.656; 0.028) and Cerebral
cortex right lobe (CerebralCortex R) (r=-0.609;
0.047). There is a statistically significant negative
correlation between TMT-B score and mammillary
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FIGURE 1: Cerebrum, amygdala, accumbens and gray matter in cranial magne-
tic resonance imaging sagittal image. The image was obtained from the Roieditor
program. In order to show different regions on the same figure, the borders of the
areas are marked by painting.

body left lobe (Mamillary L) (r=-0.664; 0.026) and
mamiller body right lobe (Mamillary R) (r=-0.633;
0.036). CerebralCortex R, CerebralCortex L,
Frontal L, SFG_PFC L, MFG _DPFC_L, Mammil-
lary R, Mammillary L, putamen right lobe (Puta-
men__R), putamen left lobe (Putamen__L) are
shown in Figure 3.

I DISCUSSION

According to the results of our study, working in
shifts negatively affects sleep quality. The PSQI re-
sults obtained show that shift workers have poor sleep
quality. However, the PSQI results of the shift work-
ers for 6 years and more and the PSQI results of the
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[ Cerebral Cortex L
[ SFG_PFC_L

BN MFG_DPFC_L
B Nucleus Accumbens

v n\ j

FIGURE 2: CerebralCortex_L, SFG_PFC_L, MFG_DPFC_L and ACC in cranial
magnetic resonance imaging a.axial, b.sagittal and c.coronal image. The image
was obtained from the Roieditor program. In order to show different regions on
the same figure, the borders of the areas are marked by painting.
CerebralCortex_L: Cerebral cortex left lobe; SFG_PFC_L: Superior frontal
gyrus/prefrontal cortex left lobe; MFG_DPFC_L: Middle frontal gyrus (dorsolateral
prefrontal cortex) left lobe; ACC: Accumbens.

[ Cerebral Cortex_R
[ Cerebral Cortex_L
B Frontal_L

[ SFG_PFC_L

B MFG_DPFC_L
Bl Mammillary_R
Bl Mammillary_L
= Putamen_R

3 putamen_L

A S N Y
FIGURE 3: CerebralCortex_R, CerebralCortex_L, Frontal_L, SFG_PFC_L,
MFG_DPFC_L, Mammillary_R, Mammillary_L, Putamen—R, Putamen—L in cra-
nial magnetic resonance imaging a.axial, b.sagittal and c. coronal image. The
image was obtained from the Roieditor program. In order to show different regions
on the same figure, the borders of the areas are marked by painting.
CerebralCortex_R: Cerebral cortex right lobe; CerebralCortex_L: Cerebral cortex
left lobe; Frontal_L: Frontal left lobe; SFG_PFC_L: Superior frontal gyrus/prefron-
tal cortex left lobe; MFG_DPFC_L: Middle frontal gyrus (dorsolateral prefrontal cor-
tex) left lobe; Mamillary_R: Mamiller body right lobe; Mamillary_L: Mammillary body
left lobe; Putamen—R: Putamen right lobe; Putamen—L: Putamen left lobe.

shift workers for 5 years and less were similar. In the
studies in the literature, it was found that there was a
significant relationship between the working time of
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nurses and PSQI, and it was reported that those work-
ing in shifts of more than 40 hours had worse sleep
quality.” In the study conducted by Giilser et al., it
was reported that sleep quality decreased as the num-
ber of night shifts increased in a month. '

MoCA and TMT tests were used to evaluate
cognitive performance in our study. According to the
results of our study, the MoCA results of shift work-
ers for 6 years or more and those of 5 years or less
were similar. There is no study in the literature ex-
amining the MoCA test results in shift workers, but
when the MoCA results of patients with obstructive
sleep apnea, a sleep disorder, and the healthy group
were compared, it was found that the MoCA values
of the healthy group were statistically significantly
higher.!”

TMT test results were found to be similar to
those of shift workers for 6 years or more and those
of 5 years or less. But, in a study conducted in Swe-
den, it was observed that shift workers performed
worse in TMT for 5 years compared to those working
without shifts.'® Another study is showing that the
time to complete the TMT test is prolonged in case of
increased awake time during sleep hours and inter-
rupted sleep."’

In addition, there are very important opinions in
the light of developing science. For example, there
are important opinions and studies about the fact that
education levels are directly related to cognitive per-
formance, even cognitive reservoir.’ In our study, it
is seen that the MoCA value of the primary school-
secondary school graduates is lower and the TMT-A
and TMT-B scores are higher. These results show us
that primary-secondary school graduate shift work-
ers spend more time focusing and maintaining their
attention and have lower cognitive performance.
Also, according to the results of the study, it was also
determined that shift workers with high TMT-A
scores had low MoCA values, and shift workers with
low TMT-B scores had high MoCA values. There is
no study in the literature examining the education
level of shift workers and the MoCA and TMT test
results, but in a study conducted with 593 people, it
was reported that the risk of developing dementia in
individuals with less than 8 years of education was 2,



Miicahide Biisra BALCIOGLU et al.

Turkiye Klinikleri J Med Sci. 2023;43(1):40-8

2 times higher than those with more education.”! Ac-
cording to the Turkish education system in which
shift workers are included in our study, the education
period is 5 years in primary school, 3 years in sec-
ondary school, 3 years in high school, 2 years in as-
sociate degree and 4 years in undergraduate.

In this study, it is seen that shift work time do
not make a difference in BAI test results. However, a
positive correlation was found between PSQI results
and BAI results of shift workers, and the correlation
value obtained was statistically significant. Psycho-
metric measurements were made between shift work-
ers and day workers for an average of 35 years and
more than 2 years. According to the results of the
study, insomnia, anxiety, depression and hyperactiv-
ity-anxiety levels were reported to be higher in shift
workers.??

According to the results of our study, it was de-
termined that there was a decrease in BDNF, GDNF
and NT-3 levels in shift workers for 6 years or more
compared to 5 years or less. According to the corre-
lation analysis test results, a statistically significant
negative correlation was found between shift work
time and BDNF, GDNF, and NT-3. Working in shifts
for a long time can impair the formation of long term
potentiation (LTP), especially by negatively affect-
ing synaptic plasticity, and thus lead to learning and
memory disorders.

BDNF has been reported to be effective in learn-
ing and memory formation by triggering excitatory
synaptic plasticity with LTP stimulation.”® Studies
have shown that BDNF is related to the regulation of
the rapid eye movement (REM) and non-REM 3 stage,
and chronic sleep deprivation decreases serum BDNF
levels.” The relationship and mechanism of BDNF
with cognitive characteristics have generally been ex-
amined in diseases or brain injuries that definitely af-
fect cognitive functions, almost all of which have low
BDNF plasma levels.” There are studies suggesting
that GDNF and NT-3 are also associated with cogni-
tive functions, including learning and memory.*?%%’

There is no study in the literature on how GDNF
and NT-3 affects cognitive functions in the event of
sleep disturbance or circadian rhythm disturbance.
However, there are important studies on neural re-
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generative effects and studies on its relationship with
diseases involving cognitive processes.**® In this
study, it was found that BDNF, GDNF and NT-3 lev-
els of shift workers aged 23-34 years were higher
than those aged 35-39 years and 40 years and over. In
a study conducted in the literature, the shift duration
and cognitive characteristics of 3,237 people were in-
vestigated. It was determined that cognitive functions
decreased with age and increased with education
level.”

Neuroimaging techniques have been used in
many studies in recent years for anatomical and mor-
phological examination in terms of cognitive func-
tions.*° In our study, it was determined that there was
an increase in the volume of some brain regions with
the increase in shift working time, but in the studies
in the literature, results contrary to our study were ob-
tained. A recent study found that shift workers had
lower left thalamic GM volume on MRI.?! In patients
with severe obstructive sleep apnea syndrome, when
compared to healthy individuals, there was no differ-
ence in the volumes of brain regions in MRI.*> We
think that the reason why the results of our study are
different from the literature may be due to the fact
that the age distribution and education level of the
shift workers in this study are different. However,
there is no study on this subject in the literature.

According to the results of this study, a statis-
tically significant negative correlation was found
between age and SFG.PFC L, MFG.DPFC L and
CerebralCortex L. It is seen that these regions of
the left half of the left brain of elderly shift workers
are smaller. Memory decline with age is associated
with volumetric declines in the medial temporal
lobe regions, which are particularly vulnerable to
age-related shrinkage. Finding a way around and re-
membering the events that occur in a certain envi-
ronment are very important cognitive abilities
associated with the hippocampus and medial tempo-
ral lobes.** Also, it was determined that there was a
negative correlation between some memory-related
brain regions and TMT-A and TMT B scores. Ac-
cordingly, shift workers with higher TMT scores
have smaller these brain regions. This result means
they spend more time focusing and maintaining their
attention. However, there is no study in the literature
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examining the relationship between TMT scores and
volumes in brain regions.

Adequate and timely sleep is essential for
healthy cognitive ageing because it plays an impor-
tant role in reinforcing memories, maintaining cog-
nitive performance. Improving working hours and
conditions in the night and rotating shift workers is
necessary to prevent the negative effects in the long
term. We think that our study will make an important
contribution to the literature since many unstudied is-
sues are discussed and the negative effects that may
occur in shift workers are examined. There is a need
for more research on the subject.

LIMITATIONS

It would be better if this study was carried out with
people living in different cities in a multi-centered
manner, since it would represent a larger number of
people.

I CONCLUSION

PSQI results obtained from our study show that
shift workers have sleep disorders. According to
BAI results, it was determined that most of the shift
workers experienced anxiety. It was observed that
primary-secondary school graduates had lower
MoCA values and higher TMT-A and TMT-B test
scores. It was concluded that the level of education
was effective in cognitive function tests. It was de-
termined that BDNF, GDNF and NT-3 levels, which
are known to be associated with cognitive functions,
were lower in long-term shift workers. When we look

at the brain volumes of shift workers, it was found
that GM %, CB, AMY, AMY % and ACC regions
were larger in long-term shift workers. It was ob-
served that the SFG.PFC, MFG.DPFC and Cerebral-
Cortex in the left lobe of the brain were smaller in the
old age group working in shifts. It was determined
that SFG.PFC_L, Frontal L, MFG.DPFC_L, Cere-
bralCortex of shift workers with high TMT-A score,
and Mamillary R and Mamillary L of shift workers
with high TMT-B score were small.
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