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Circadian type, chronic fatigue, and serum IgM in the shift
workers of an industrial organization
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Abstract Background: Night shift workers are more vulnerable to immune-related diseases. Immunoglobulin M (IgM) is

~ apotentactivator of complement, and complement has a crucial role in defense against bacterial infections.
Circadian type is known as an effective agent on vulnerability and adaptation with shift work due to non-
compliance with shift stress. The objective of this study was to investigate the correlation of circadian type
and chronic fatigue with the serum concentration of IgM in a group of shift workers.
Materials and Methods: This cross-sectional study was performed in an industrial organization in
Isfahan, Iran. The study population consisted of 221 male employees working at night shifts who were
selected by random cluster sampling. The following questionnaires were used: composite morningness
(Torsvall and Akerstedst), circadian type (Folkard), and chronic fatigue (Barton and colleagues). The serum
concentration of IgM was measured by the nephelometric method. The data were analyzed with the
Pearson coefficient correlation and the path analysis for finding the pattern of the structural equations
to evaluate the direct and indirect relationships between variables, using the SPSS 15 and LISREL 8.5
statistical software.
Results: Significant correlation was documented between morningness, flexibility, languidness, and chronic
fatigue with the serum concentration of IgM (P < 0.01).
Conclusion: The results showed that the shift workers with morningness and languidness experienced
more problems during the working hours due to more tiredness,and had decreased serum concentration
of IgM. Correct management of shift work may attenuate fatigue in workers and also improve many health
issues experienced by the shift workers.
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causes devastating effects on human life in different
DoI: aspects.'! From 2004, a fifth of the labor force works
10.4103/2277-9175.151882 in shifts all around the world.”’ From a biological

perspective, humans have a nature of rhythmic life
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and the circadian system is designed to accept the
active awakening in daylight and having a restful
sleep at night.”® Humans are naturally remain awake
during the day-time. On the other hand, they are
day-direction, and by working at night, the biological
rhythms go out of phase. This factor causes lower
compliance with the requirements and is easily
exposed by way of psychological and physiological
disorders. Acquisition process for the circadian night
is similar to the salmon moving in the opposite
direction of water flow and jumping to the top of the
waterfall.! Spurgeon et al. showed that only 10% of
people enjoy working at night shifts and others handle
it somehow.? The most important issues are the
health and longevity of the shift workers, which are
sacrificed by shift working.'®! Sleeping is essential for
restoration of proteins in the brain and reducing the
stress. Its deprivation is associated with an irregular
circadian rhythm and the same factors may interfere
with the functioning of the body and, in particular, the
activity of the nervous system and the hypothalamic,
pituitary, and adrenal functions.[” The stress related
to the shifts, which occurs due to sleeplessness,
decreases the glucose levels,™ reduces the maximal
activity, limits the power of the individual due to
the decrease of anaerobic power to sustain activity,
and increases the heart’s need for oxygen.® The
continuation of this process would increase agitation
and fatigue during shifts,/'” as well as the risk of
heart and gastrointestinal diseases.l' Studies of
the Cancer International Association have shown
that shift workers are among the high-risk group
for cancer.'? They are more prone to develop several
infectious diseases.™® Immune response parameters
with a circadian organized regular rhythm help in
the compliance of immune response by synthesis
and release of large amounts of melatonin."* In the
process of working at night shifts, the stress due to
sleep deprivation increases the adrenocorticotropin
secretion, and in response to environmental stress
factors, increases the cortisol secretion, which is
regulated by the brain and endocrine responses.n>
Following the positive effects of cortisol, it increases
over the long period, and hence it acts as a mediator of
stress.'™ If the process of sleep deprivation is applied
continuously, the level of cortisol would increase up
to the limit of pharmacological concentrations. In the
short term, it keeps the individual safe; but in the long
term, it would damage the brain due to the prompt
breakdown of fats and proteins and an increase in the
blood sugar, which can be dangerous.®

The increased secretion of cortisol also causes the
atrophy of the lymphoid tissues and down-regulates
the expression of interleukin (IL)-1 and IL-2 receptors
on the T lymphocytes. These events eventually lead to

2

decreased amounts of amino acids, which are essential
for the B cell proliferation and IgM synthesis.!92"
It also decreases the number of B lymphocytes and
production of IgM. This immunoglobulin is an antigen
receptor of naive B lymphocytes, and binds to the
specific antigens and plays an important role in the
elimination of the bacteria entering the bloodstream
through complement activation.!!

By decreasing the serum concentration of IgM,
the individual predisposes to several infectious
diseases, allergies, cancers, and autoimmune
disorders influenced by the psychological conditions.?*
Interferon production by lymphocytes increases during
periods of insomnia and it reduces the capacity of
multi-core white blood cells and natural killer cells
(NKCs).™?¥ Individual differences as effective agents
may be involved in predicting compatibility with
the night work shifts and determine the degree of
vulnerability of the individual.?+2"

Because of the effective physiological changes in the
circadian cycle, people are categorized into two groups,
based on their own activity peak time in the morning
and evening.?® People in morningness group often
wake up at sunrise and go to sleep early at night.
In contrast, those in eveningness group are awake
during the night and are most active late at night.
Their performance is undesirable during the day.?"
Morningness type can evaluate three other factors
of morning orientation, stable sleep pattern, and
strength and power. People who are more flexible in
stable sleep pattern and gain a high score of power
have less damage caused by shift working than
that experienced by others.?8! Personality traits are
associated with chronic fatigue, such as flexibility,
vitality, and eveningness, and predict the physical
and psychological problems.”"! Therefore, night shift
working affects the immune response components, and
it seems that the circadian type of sleeping for working
at the night shift may affect IgM change through
fatigue by significant fluctuations in the biological
rhythms of hormones. This study aimed to investigate
the correlation of circadian type and chronic fatigue
due to shift work with the serum concentration of IgM.

MATERIALS AND METHODS

Subjects

This cross-sectional study was conducted among
male night shift workers in one of the industrial
organizations of Isfahan, the second large city of Iran.
They had to stay awake at night for work. Participants
were selected by random cluster sampling; firstly,
four industrial divisions were chosen among all the
divisions, which were engaged at night shift work.
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Subsequently, 221 healthy workers were selected from
these four divisions, based on the community size.’®”
The sample size was calculated, based on the Krejcie
and Morgan criteria, considering the permissible error
of 5%, the confidence level of 95% and the standard
deviation of the current variable in the community.

Written informed consent was obtained from all
workers to contribute to this study and the study
protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki, as reflected in a
prior approval by the institution’s human research
committee. All workers were notified of their assay
results. Workers were not included if they had
chronic physical and mental illnesses according to
the medical records of the Department of Industrial
Medicine in the previous 6 months, or if they had
used any medication that could have influenced the
immune system (e.g. medications for hypersensitivity
or rheumatologic disorders). In addition, smokers,
those with hypertension, or those who participated
in a working environment with more than 60 db
continuous sound, or reported upper respiratory tract
infection on the day of the visit, were not included
either. Questionnaires were used in order to measure
the variables related to circadian type in the two
components of morningness and eveningness and
chronic fatigue. The divisions were similar in terms
of work rigidity, and workers worked in the technical
division.

Composite morningness questionnaire

It consisted of 13 questions for the evaluating the
individuals’ circadian type. This questionnaire was
introduced by Torsvall and Akerstedt in 1980 to
assess the circadian type. It assesses three aspects of
sleep time (morningness, eveningness, and moderate).
Scores of less than 22 indicate eveningness type,
between 23 and 43 represent the moderate type,
and scores above 44 indicate morningness type. The
reliability coefficient obtained using Cronbach’s alpha
was equal to 0.91.

Circadian type inventory

The inventory consists of 30 questions and has two
subscales of languidness/vigorousness and flexibility/
rigidity. The reliability coefficients calculated using

Cronbach’s alpha were equal to 0.79 for the first factor
and 0.83 for the second factor, respectively.

Chronic fatigue questionnaire

This questionnaire has 10 questions and it has been
normalized for the shift workers by Barton and
colleagues (1995). Response scale for this question
is the 3-point Likert scale (never, sometimes, and
always). Cronbach’s alpha reliability coefficient of 0.84
was obtained for this questionnaire.?"

Measurement of the serum IgM concentration

Blood samples were collected in vacutainer serum
isolation test tubes at the end of the work shift. The
samples were retained at room temperature for 30 min
and then analyzed by the laboratory of the Industrial,
Medicine Unit of the organization. Moreover, the
workers were requested to refrain from smoking before
the blood samples were obtained. Forty microliters
of blood sample was added to 400 ul of diluents
(Minineph IgM buffer, Minineph human IgM Kkit,
product code: ZK012.R, the approximate measuring
range is 0.25-4.00 g/1) in a sample dilution tube (1/11
dilution). Subsequently, 40 ul of Minineph human IgM
antiserum was added to the mixture, which was finally
placed in the instrument for IgM assay. Controls of
same dilution (1/11) using the same diluents were also
prepared for accuracy. The samples were analyzed
by the nephelometry method (using the Behring
nephelometer), based on light scattering after 180 s.
Actual and quantitative concentrations of serum IgM
are shown in Table 1. Data were analyzed using the
Pearson correlation coefficient and path analysis
for the structural equation modeling in Statistical
Package for Social Sciences (SPSS) version 15.0 (SPSS
Inc., Chicago, IL, USA) and LISREL 8.5 (analysis of
linear structural relationships) software.

The proposed model provided for the path analysis
of the variables is depicted in Figure 1. The obtained
standardized coefficients are shown in this model.

RESULTS

The mean and standard deviation (SD) of the age of
the workers were 35.4 + 2.49 (range 29-42) years.

Table 1: Descriptive indicators and correlations between the research variables

Variables Mean (SD) IgM Morningness Flexibility Languidness
IgM 1.287 (0.802) 1 - - -
Morningness 41.967 (7.068) -0.601** 1 - -
Flexibility 36.23 (11.124) 0.379** -0.375** 1 -
Languidness 42.187 (10.098) -0.108 0.125 -0.750** 1
Chronic fatigue 20.413 (9.109) —-0.493** 0.654** -0.343* 0.189*

*P<0.05 and **P<0.01 were considered significant
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Table 1 displays the descriptive indicators and
correlations between the variables. It presents
significant correlations of the serum IgM concentration
with morningness (r = —0.601), flexibility (r = 0.379),
and chronic fatigue (r = —0.493), respectively (P < 0.01).

Table 2 and Figure 1 display three model variables of
morningness, languidness, and flexibility, which had
indirect influence on the serum IgM concentration in
three pathways through chronic fatigue. Among the
three variables, morningness and flexibility had direct
impact on the serum IgM concentration. The depicted
model had the favorable conditions concerning fitting
and fit indices. The Chi-square was equal to 1.56 and
was significant (P < 0.05). On the other hand, Adjusted
of fit good index =0.97, Goodness of fit Index =0.94,
and Root mean squares error approximation =0.03. For
the indexes related to AGFI and GFI, values higher
than 0.9, and for the RMSEA, values lower than 0.06
have been reported favorable. Thus, by considering
the values of model parameters, it could be pointed
out that the final model was an appropriate fit with
the research data.

Table 2 shows that morningness, chronic fatigue,
and flexibility provide 42% of the IgM variance. In
addition, morningness, flexibility, and languidness

show 38% of the chronic fatigue variance. However, the
standard coefficients are significantly representative
of all the indirect effects for the final model. The
results of this study also show that the indirect effects
of morningness, flexibility, and languidness on chronic
fatigue are significant at a level of 0.01%.

Table 3 shows that the standardized coefficients
confirmed the statistical significance of all indirect
effects for the final model. According to the survey
data, most likely, the indirect effects of morningness,
flexibility, and languidness through chronic fatigue
were significant (P < 0.01).

DISCUSSION

This study aimed to investigate the correlation
of circadian type and chronic fatigue due to shift
work with the serum concentration of IgM. Sleep
deprivation due to night shift causes irregular circadian
rhythm and other sudden changes in the body. This
deprivation also causes disturbances in the function
of gastrointestinal tract, circulatory system, central
nervous system (CNS), and brain. These disturbances
lastly affect the immune system function badly, and
thus break the resistance mechanisms against different
diseases and ailments.”®™ What makes this research

Morning ness

Flexibility

Languidness

Figure 1: Theoritical model of the study

Table 2: Standardized coefficients of pathways of the revised and final pattern

Final pathways Non-standard coefficients

Standard error of estimation

Standard coefficients P value R?

Chronic fatigue ~— Serum IgM -0.109 0.007 -0.143 0.002 0.42
Morningness — Serum IgM -0.18 0.006 -0.012 0.051
Flexibility — Serum IgM 0.103 0.003 0.091 0.04
Languidness — Serum IgM -0.012 0.090 -0.026 0.12
Morningness — Chronic fatigue 0.217 0.005 0.36 0.041 0.38
Flexibility — Chronic fatigue 0.251 0.016 -0.249 0.031
Languidness — Chronic fatigue 0.191 0.034 0.117 0.046

R? equals the square of the correlation coefficient between the observed and modeled (predicted) data values. P<0.05 was considered significant. IgM=Immunoglobulin M
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Table 3: Standardized direct and indirect effects of the
fatigue model variables and IgM

Variables Chronic fatigue Serum IgM level
Direct Indirect Total Direct Indirect Total
effects effects effects effects effects effects

Chronic fatigue 0 0 0 -0.143 0 -0.143

Morningness 0.36 0 0.36 -0.012 0.126 -0.138

Flexibility -0.249 0 -0.249 0.091 0.067 0.158

Languidness 0.117 0 0.1177 -0.026 -0.092 -0.118

P<0.05 was considered significant. IgM=Immunoglobulin M

distinct from others is presentation of a fundamental
model, based on the theoretical interpretation,
directed toward the purposes of this study.®%3¥! The
results of pattern-making of the structural equation
and the prediction of suggested research pattern,
confirmed that there was a correlation between the
morningness, flexibility, languidness, and chronic
fatigue with the serum concentration of IgM. We
supposed that in the initial pattern, there was a
correlation between chronic fatigue and the serum
concentration of IgM. In addition, the effects of
the three variables of morningness, flexibility, and
languidness are mediated by chronic fatigue. The
findings of this research model showed that there was
a negative correlation between chronic fatigue and
the serum concentration of IgM. To the best of our
own knowledge, we did not find any similar study in
literature for comparison of our findings. Nevertheless,
the findings of this study agree with the assessment
of other components of the immune system of the shift
workers in other studies.?*36! Morning types during
shift work become more tired, and they find it difficult
to stay awake at night or go to bed late. They are
also more sensitive to the conditions of physical and
social environments/deregulation of circadian type.
Interestingly, their bio-circadian type is normally
prone to prompt response to any stimulus. In other
words, they act swiftly. Morning type is related to the
duration of free dynamics of circadian type changes,
so that duration in the morningness and eveningness
groups is 24.3 and 25.5 hours, respectively. Because
night shift demands delayed phase in the behavior
and circadian type, the long period of free dynamics
(25.5 hours) is more helpful. In addition, adaptation of
morningness to the night shift is less and they become
tired quickly and lose the defense mechanism against
any disorder. !

Shift work deprives the body of sufficient sleep, and
this causes detrimental effects on the endocrine glands,
CNS, and activity of adrenal glands and, consequently,
on the synthesis and release of corticosteroid hormones.
These malfunctions cause more tiredness and also
suppression of the immune system.®738! Morning
and flexibility types are influenced by the genetic
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backgrounds, physiological conditions, changes in the
nervous network function, and uncoordinated function
of superior chiasmatic nucleus during shift work,
which are sensitive to change due to shift work. Thus,
these large numbers of factors prepare them to show
more changes regarding the release of sleep-related
hormones, melatonin and cortisol. Any uncoordinated
and fluctuation in the synthesis and release of these
hormones, which activate some components of the
immune system, decline the production of IgM from the
lymphoid tissues and organs.?” Any change in the sleep
time of morning type causes the hypothalamus nucleus
to change the nervous network of consciousness and,
hence, cannot create a good performance for the shift
workers. Therefore, the first detrimental effect is
rapid exhaustion. During this process, the cortisol
level increases abruptly and then reduces quickly.
This process, in turn, reduces the serum level of IgM.
However, this process postpones the reduction of the
serum concentration of IgM in the eveningness and
flexibility types.[40-43

CONCLUSIONS

This study suggests that the types of morningness,
flexible, and languidness influence the serum
concentration of IgM through the chronic fatigue.
The morningness and languidness groups were facing
more problems during night shifts due to failure of
the immune system function. The model presented
in this research highlights the importance of health
promotion of the night shifts and proper selection of
the shift workers. Thus, it is suggested to check other
personality factors in order to provide the standard
model for shift working.
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