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Abstract

Background: Time change (which can lead to sleep duration decrements) can lead to brain dysfunction if
repeated. In the present study, cognitive functions of the volunteers were evaluated before and after the time
changes in Tehran.

Methods: Eleven, voluntary healthy persons (21+2 year old) were evaluated for their cognitive functions
including sustain attention, reaction time, and mental fatigue twenty-one days before the time changes and
thirty-eight days after time change using PASAT software. In addition, plasma cortisol level was measured
before and after the time changes.

Results: After the time changes salivary cortisol concentration increase, but general mental health was decreased.
Sustain attention was shortened after time change which was significantly different compared with before the
time changes. Reaction time was increased after the time changes in comparison with the before the time
changes, but was not statistically significant. In addition, mental fatigue was increased after the time changes.

Conclusion: It seems that time change may reduce brain cognitive functions which are manifested by general
mental health, sustain attention reduction, reaction time as well as mental fatigue.
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1. Introduction

Since the circadian rhythms of the activities of the body were identified, this question has always interested the
scientists: how changes in these rhythms can affect the brain and body function? (Rusak & Zucker, 1979). Since
living in industrial societies has to be according to some rules and these rules are defined according to the needs
of the society, the discussion about shifting work and its effects on people’s lives has been one of the concerns of
the governments (Rutenfranz et al., 1977). Perhaps the main issue in this regard is related to sleeplessness and its
side effects on the workers of the companies who have to do shift work (Reid & Abbott, 2015). The research in
this regard has been expanded due to the invention of the jet airplanes and occurrence of a phenomenon called jet
lag in passengers who have to travel by these airplanes for long duration’s and their daily time is affected by long
distance travel (Chapman et al., 2012). Several studies have shown that this phenomenon is caused by the
activities of neurons, which are sensitive to light in the suprachiasmatic nucleus hypothalamus, which secret
melatonin hormone when the coming light to eyes decreases and makes the activity cycle in these neurons get
activated and eventually led to decrease or increase the body’s activities (Ferrell & Chiang, 2015). According to
cellular-molecular mechanism studies have shown that among bipolar neurons, which are in charge of
transferring messages from retina to brain, there are neurons that are stimulated by light and transfer their
messages through retina-hypothalamus pathway to the suprachiasmatic nucleus of the hypothalamus. In this
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nucleus these neurons secret vasoactive intestinal peptide on the glands and stimulate the neurons of this nucleus
which release melatonin into the hypothalamus pituitary portal vein. For this reason, if for any reason the
light-dark cycle is disturbed by changing the amount of light which gets into the eyes, it will eventually led to
changes in the activity of suprachiasmatic nucleus and changes in the secretion of melatonin. Besides that, these
changes will lead to changes in circadian rhythm activities of neuron systems and glands and this in return will
cause stress in people (Lucas et al., 2012). This stress is considered as a chronic stress in people who have to
travel long distances with ultra sound airplanes or the people who have to do shift work and it may led to
different changes in the brain activity (Mate et al., 2014). Various studies have shown that chronic stress
stimulates the hypothalamus-pituitary- adrenal axis (HPA) and increase the cortisol concentration in the blood
continuously and chronically (Asalgoo et al., 2015; Bahari et al., 2015; McEwen et al., 1999; Salehi et al., 2015).
This led to stimulation of cortisol receptors in some parts of the brain, where there is a large number of cortisol
receptors (McEwen et al., 2013). This continuous stimulation activates the brain’s glutamate system and this
system will stimulate N-Methyl-D-Aspartate (NMDA) receptors and cause excessive entrance of calcium ions
into the cells (Lupien & Lepage, 2001; Bahari et al., 2014). The increases in the entrance of calcium ions in a
short period by stimulation of different channels duplicate of different genes and increase the activity of kinase
enzymes (Eslamizade et al., 2015; Lupien & Lepage, 2001). These activities will show themselves in the form of
Long-Term-Potentiation (LTP) or other forms of synapsis forming and increase in the number and volume of
dendritic spines in the target tissues. Furthermore, when the stimulation time increases and calcium ions enter
into the cells excessively through NMDA, the activity of the enzymes, which mostly have a role in apoptosis
becomes functional and led to the destruction of cytoskeleton, decrease in the number and size of the dendritic
spines and decrease in the volume and number of synapses (Lupien & Lepage, 2001). Studies have shown that
hippocampus as an important brain structure has a role in memory (Ferrell & Chiang, 2015; Lupien & Lepage,
2001; Meftahi et al., 2014; Meftahi et al., 2015). Stress in the short time, by quickly increasing cortisol
concentration, increases cognitive abilities such as memory. But, studies have indicated that memory’s capability
is decreased when exposed to chronic stress (Lupien, 2005). Thus, it seems that the chronic stress, not only
decreases the memory, but also it will cause problems in mental processes related to the memory, such as
decision making, responding, the ability to integrate different sensory inputs and different kinds of memory
(Wolkowitz et al., 2004; Ghodrat et al., 2014; Husseini et al., 2016).

The paced auditory serial addition test (PASAT) is one of the most often used tests by neuropsychologists, for the
evaluation of awareness processing of patients. This test is one of the tools to evaluate the role of short-term
memory and attention in which the stimulant is provided through vision or hearing. PASAT test was used for the
first time by Sampson and Gronwall (Tombaugh et al., 2006). They believed that this test measures the speed of
information processing. However, nowadays this test is used to measure multiple functional areas of the brain
because carrying out this test includes the complete and the successful function of cognitive functions especially
the ones which are related to attention and awareness. Also, PASAT test has illustrated good psychometric
features such as a high-level of inner compatibility and test validity-test-retest (Tombaugh et al., 2006). PASAT
test is designed to evaluate the effects of brain damages on the cognitive function of the brain in the patients with
a wide range of neural-psychological disorders such as multiple sclerosis (MS), brain damages caused by
accident, chronic tiredness syndrome, tuberculosis, hypoglycemia and depression (Vollmer et al., 2015). Since,
in this study time change has been considered as a stress pattern which in the long time can disturb the
intellectual capacity, through the application of PASAT test, changes in cognitive function such as attention,
mental tiredness, and general health are investigated in the individuals who volunteered for the study, before and
after changes in working hours in Tehran city. Also, cortisol salivary concentration was investigated in these
individuals as the most important stress hormone (W. E. Bunney & B. G. Bunneym, 2000).

2. Materials and Method
2.1 Subjects

Eleven male individuals with the age range of 21-23 years volunteered and took part in the study after they were
examined by a psychiatrist and a neurologist. None of the participants had any background problems with their
hearing, vision and speaking, they did not use any sort of special medicine (apart from acetaminophen and other
common sedatives) and they were non-smokers. They were also tested for their hearing ability. The average
weight of these individuals was 75+0/8kg and their average height was 172+5cm. Their level of education was a
diploma. Apart from a change in working hours, there were not any other disturbing factors. All of the
participants had the advantage of free insurance in experimental days. Their nutrition was also similar.
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2.2 Experimental Procedures

After training these individuals on the 27th of February, 2014 at 1-3 pm (before the time changes to spring time,
one hour; which occur annually) they were tested by PASAT. On the 27th of April, 2014 they were again tested
at 1-3 pm (after the time changes to spring time). From all the individual saliva samples were taken to measure
the amount of salivary cortisol (Reid & Abbott, 2015).

PASAT which was carried out in this experiment was as follows: In this experiment 61 numbers from one to nine
were presented to the participants randomly with the time gap of three seconds. The participants had to add up
the two last consecutive numbers and give the total (of the two numbers) before the new numbers were presented.
During each experimental part participants would give some correct responses and these correct responses (the
accuracy of responses) for each range would be compared before and after the time changes (Tombaugh, 2006).
Also, the average of responding time (the speed of responding), the longest range of correct responses
(continuous attention) and the longest range of wrong responses (mental fatigue) were tested in this experiment
(Tombaugh, 2006). To evaluate salivary cortisol, cortisol ELISA KIT, (Diagnostics Biochem Canada Inc.) was
used. Sample saliva from the participants were collected in falcon tubes with the capacity of 10 ml and stored in
the freezer under-20 centigrade before the PASAT started. On the day of the experiment first the samples were
melted in the normal room temperature and after centrifuging with the rotation of 3000 for five minutes, 20
microliter of each sample was separated for the test.

2.3 Data Analysis

The data are indicated by average standard deviation (MeantSEM). The Paired-test was used to identify
significant between-group. A value of P<0.05 was considered as significant.

3. Results
3.1 The Effects of Time Change in Salivary Cortisol Concentration

In this part of the study, the amounts of cortisol in the collected saliva samples were measured by applying the
ELISA method. The results showed that the amount of plasma saliva before and after the time changes had a
meaningful difference (t,0=2.24, P<0.01) Figure 1. Pearson correlation test revealed that the ? for before the time
changes was 0.83 and for after time change was 0.698.
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Figure 1. Salivary cortisol concentration in volunteers before and after time change. As it is illustrated, time
changes increased cortisol salivary concentration

Source: Data is shown as mean+SEM of salivary cortisol, ***P<0.001 different between the groups.

3.2 The Effects of Time Change in General Mental Health

The result of general mental health before and after time change is shown in Figure 2. The general mental health
(the number of correct responses) was significantly higher before the time changes than after the time changes,
(tc=1.78, P<0.01, Figure 2). Pearson correlation test revealed that the r* for before the time changes was 0.83
and for after time change was 0.698.
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Figure 2. General mental health differences in volunteers before and after time change. General mental health

(the number of correct responses) in volunteers before the time changes was significantly higher than that after
the time changes

Source: Data is shown as mean+SEM of global mental health, *P<0.05 different between the groups.

3.3 The Effects of Time Change on Reaction Time

The results gained from PASAT indicated that the speed of responding in individuals after the time changes in
comparison to before the time changes decreased, but this difference is not meaningful from a statistical point of
view. (t,0=0.80, P<0.01, Figure 3). Pearson correlation test revealed that the 1? for before the time changes was
0.901 and for after time change was 0.71.
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Figure 3. Reaction time changes before and after time change in the volunteers. Reaction time was not

statistically significant different before and after the time changes

Source: Data is shown as mean+SEM of reaction time; there was no significant difference between the groups.

3.4 The Effects of Time Change on Sustained Attention

As it was mentioned before, in PASAT the longest correct response serial was considered as a criterion for
continuous attention. The results showed that continuous attention in participants after time change decreased
considerably in comparison before the time changes (working hours), (t;0=2.07, P<0.05, Figure 4). Pearson
correlation test revealed that the 1* for before the time changes was 0.86 and for after time change was 0.801.
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Figure 4. Change in sustained attention in the volunteers before and after time change. Sustained attention was
significantly higher before than that of after the time changes

Source: Data is shown as mean+SEM of sustained attention, *P<0.05 different between the groups.

3.5 The Effects of Time Change on Mental Fatigue

In PASAT the longest wrong response serial was considered as a criterion for mental tiredness. The results
indicated that the individuals after time change had more mental fatigue, (t,=2.976, P<0.01, Figure 5). Pearson
correlation test revealed that the r* for before the time changes was 0.95 and for after time change was 0.73.
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Figure 5. Mental fatigue comparison before and after time change in the volunteers. Mental fatigue was
significantly lower before the time changes compared to the after the time changes

Source: Data is shown as mean+SEM of mental fatigue. ** P<0.01 different between the groups.

4. Discussion

The effects of the time change on biological indicators in human beings are known. The studies in this area
indicate that time change can cause the disturbance of the balance between genes, proteins, the activity of
endocrine glands and eventually brain’s cognitive activities such as memory and learning (Mate et al., 2014; W.
E. Bunney & B. G. Bunneym, 2000; Wyatt et al., 1999). For different reasons such as economical motives and
others, changes in working hours are carried out by many countries (Rutenfranz et al., 1977).
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Our study is done by applying PASAT test, which is fairly efficient software for the analysis of cognitive
function of the brain. In this study, the volunteers were low (n=11), and it may be questioned that the results
would change if the sample size became greater, but the parameters in which were measured in the present study
were quantitative and therefore, the effect of small sample size would be diminished. Also, PASAT software
methods and ELISA method which was used in this study were sensitive enough to identify minor differences in
the experiments. It showed that the general cognitive functions of the brain after time change decrease and this
decrease is in accordance with the increase of cortisol salivary concentration of the participants. Chronic stress-a
kind of stress, which happening more than once or is suggested for a long time (McEwen & Morrison, 2013) or
after repetitive injection of glucocorticoid- decreases the cognitive skills such as verbal memory (Lupien &
Lepage, 2001). This reduction is related to the direct effect of glucocorticoid on the reduction of the number and
volume of dendritic spines in special sections of the brain such as hippocampus. Plasma concentration of
glucocorticoid after chronic stress increases and this reduces the volume of the brain, especially in the
hippocampus (McEwen & Morrison, 2013). This is indicated as a reason for reduction of memory in animals and
human beings which for a long time are exposed to chronic stress. Although in this study the different kinds of
memory are not analyzed, but probably the memories of the participants following the increase of salivary
cortisol have been disturbed. It may be argued that the salivary cortisol concentration could increase following
other kinds of stress and cannot be directly related to the time change factor. We can say that many studies have
been carried out which show that time change increases stress hormones for a long time in individuals. Also,
changes in working hours in workers of the factories which apply shift work policy can cause an increase in
plasma cortisol and for this reason changing shifts and changing sleeping time is considered a stress factor
(Rutenfranz et al., 1977).

In this study general mental health of the participants before changing working hours were better than after it
was changed. It seems that changes in working hours, affects the general mental health and can be harmful for
cognitive functions. General mental health is one of the most important signs of correct mental function. It shows
that there is a connection between the different parts of the nervous system related to cognitive functions such as
memory, learning and fluent verbal abilities (McEwen & Morrison, 2013). Since these connections in the
nervous system are designed for coordinated operations in a process and are reasonably vital, any factor which
can disturb this connection and reduces its efficiency can affect the output (in this study the output was the
number of correct answers). Stress hormones such as cortisol, damage these connections and reduce the function
of brain such as memory, learning and judgment (Miller, 2000). Considering the increase of salivary cortisol
concentration in the individuals after time change-which means an increase in plasma concentration- the
reduction in the efficiency of mental performance in individuals after time change, is understandable.

In the next part of the study the speed of answering the questions were not meaningfully different before and
after the time changes. Even though there was a relative decrease in answering after the time changes. It has to
be said that the speed of answering is directly related to verbal skills and if an individual has acquired these skills,
changing them with chronic stress is not so easy. This is because verbal skills have been developed gradually and
to some extent are independent of stress conditions of an individual and therefore they are less affected by
environmental factors (Maheu et al., 2005). In this study the participants showed more focused attention before
than after the time changes, which means that a change in working hours can lead to reduce the capability of the
brain in pursuing a target.

The amount of mental tiredness in the participants before the time changes was much less than when the working
hours changed. Mental tiredness is measured by counting the number of wrong answers (Tombaugh, 2006). An
increase in the number of wrong answers means that the brain has not been able to focus enough and produce
accurate and acceptable answers (Tombaugh, 2006). Circadian disturbance can contribute to cognitive damages.
For instance, a mouse model of circadian interruption shows cognitive inflexibility and shrinkage of dendrites in
the prefrontal cortex (McEwen & Morrison, 2013). Moreover, it was shown that short-recovery crews had
impaired performance in a psychomotor task, reacting more slowly and with more errors when compared to a
long-recovery crew (Karatsoreos et al., 2011).

It is well known that stress, damage frontal and hippocampal functions through the release of cortisol and
influence on attention processing. Sanger et al., (2014) showed that stress impairs the intention-based attentional
allocation and leading to a strong distractibility during attentional information selection (Sanger et al., 2014).
Thus, changes in working hours could induce stress system function and increasing the cortisol may reduce
neuronal function and decrease attention processing. In the previous studies it has been recognized that stress
reduced decision making ability in animals and human and could disturb different kinds of memory (Lupien et
al., 2005; Miller, 2000). Since the scores gained by the participants before the time changes have been better than
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the scores they gained after the time changes, it seems that the time change has had negative effects (at least) on
the performance of the brain.

5. Conclusion

In conclusion, this study by applying an accurate and fairly simple cognitive test and by using an important
hormone criterion to stress showed that changes in working hours can act as a stress stimulus and at least it can
disturb part of brain’s cognitive function. An action which at first may seem unimportant, but if this phenomenon
happens to millions of people who are under time change influence, it will not present a desirable vision.
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