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Psychological Stress and the Immune System in Female University
Students

Afrah Abdullah Eskandar

Abstract

A wealth of research indicates that psychological stress suppresses various
parameters of immune functions and consequently can cause diseases. Various
studies suggested that acute stress enhances immunity whereas chronic stress
suppresses immune functions. One type of acute psychological stress is
examination stress which presents as a specific condition of anxiety and tension
during examination period. This research studies the effects of examination stress
on the immune system in forty one female university students. Blood samples were
collected and the immune parameters and lipid profile were measured during the
final examination period and during the non final examination period. The analysis
of the results was divided into three sections. In the first section, the results of the
two periods were compared. In the second, section the students of the two periods
were divided into low, intermediate and high stress level groups according to their
scores on the perceived stress questionnaire. In the third section, the students of the
two periods were divided into low and high stress level groups according to the
questionnaire.

In the first section, white blood cells, neutrophils, lymphocytes and cortisol
hormone increased highly significantly in the examination period. The Red blood
cells and IgM antibodies increased significantly, while the IgG antibodies
decreased highly significantly. In the second section, the same trends found in the
first section were also seen here in the examination period with additional
significant increases in monocytes, and eosinophils and no change in the IgM
concentration. In the third section, the differences observed compared to the first
section were a highly significant increase in basophils and no change in the IgM
concentration. In conclusion, this study, especially dependent on section one
without using questionnaire, revealed that acute psychological stress during
examination period enhanced the immunity of the students. It is recommended that
further studies should be carried using a larger sample and using male university
students or high school students.

Vi
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Chapter |

Introduction

1.1 Stress

The word ‘stress’ was first used in its current meaning and became popular
by the Hungarian Canadian experimentalist Hans Selye in 1956 (Chrousos, 2009).
Stress may be defined as a threat to the organism’s homeostasis, reflecting the
need to maintain stability through change, and it may be a physical assault or
emotional burden which activates neuronal, hormonal and behavioral programs to
maintain or restore the homeostasis (Van Houdenhove and Egle, 2004). Another
definition of stress is a feeling that is created when one reacts to particular events.
Stress is the body’s way of rising to a challenge and preparing to meet a tough
situation with focus, strength, stamina, and heightened alertness. Stress results
when something causes the body to behave as if it were under attack (Mitra, 2008).
Psychological stress is usually defined as the experience of negative events or the
perceptions of distress and negative affects that are associated with the inability to

deal with them (Cohen et al, 2001).

Prolonged stress can lead to depression because prolonged elevated cortisol
that results from chronic stress can be associated with serotonin (important

neurotransmitter in mood regulation) dysfunctions that results in depression



(Sharpley, 2009). Life stress, biochemical factors, such as illness infection, certain
drugs and genetic factors, including a family history of depression, may play a role

in some cases of depression (Brigitta, 2002).

Another factor leading to depression and increased stress is sleep
deprivation. As a result of a more demanding life style, the average time available
for nightly sleep is decreasing in humans (Sgoifo et al., 2006). Sleep deprivation
results due to the impact of life stressors, such as increased work load, shift work,
and various other stressors that are induced by modern society and may represent a
serious threat for health. There are different potential harmful effects of sleep

disturbances, one of which is cardiovascular diseases (Sgoifo et al., 2006).

1.1.1 Types of stress

There are two types of stress according to its duration and intensity. The first
type of stress is acute or short-term stress, which is defined as stress that lasts for a
period of minutes to hours in duration. The second type of stress is chronic or
long-term stress, which is defined as stress that persists for several hours per day
for weeks or months (Dhabhar, 2008). The intensity of stress may be known by
levels of stress hormones, neurotransmitters, and other physiologic changes, such
as increases in heart rate and blood pressure, and by the amount of time for which
these changes continue during stress and following the cessation of stress

(Dhabhar, 2008).

Chronic stress suppresses or dysregulates innate and adaptive immune
responses through the suppression of antibody production, leukocyte numbers,
trafficking, and function or changes in the cytokine balance. Chronic stress also

increases susceptibility to skin cancer (Dhabhar, 2008). In contrast to chronic



stress, which is generally harmful, acute stress activates the immune system and
antigen exposure induces a redistribution of circulating immune cells to the organs
of the body (Dhabhar et al., 2010). Acute stress may help to prepare the immune
system for potential challenges, such as wounding or an infection, which may
serve as an early warning signal by the brain and also it induces enhancement of

skin immunity (Dhabhar, 2008).

1.1.2 Stressors

The existence of stress depends on the existence of stressors. Stressors are
environmental, physical, mental, or emotional factors that challenge an
individual’s adaptability or stimulate an individual’s body or mentality (Kai-Wen,
2009). There are two types of stressors, physical stressors (such as exercises,
alcohol abuse, drug abuse, smoking, pain and illness) and psychological stressors
(such as exams, divorce, moving and the death of a loved one) (Whitney and
Rolfes, 2005). Both physical stressors (also known as external stressors) and
psychological stressors (also known as the internal stressors) pose a challenge to
homeostasis (Dhabhar, 2008). Physical stressors lead to the onset of diseases
directly. Psychological stressors are thought to influence the pathogenesis of
physical diseases by causing negative affective states (such as feeling of
depression and anxiety), which in turn exert direct effects on biological processes
or behavioral patterns (such as smoking, decreased exercises and sleep) that

influence the disease risk (Cohen et al., 2007).

1.1.3 Differences between ethnic groups or countries

Job related stress has been steadily increasing for decades in the United

States and other industrial countries. The World Health Organizations (WHO) has



confirmed that work related stress has become a “world-wide epidemic” reaching
far beyond the United States and other industrial countries (Bahrami, 2010). In
1992, The United Nations described work stress as “The Twentieth-Century
Disease”. In 2006, Chinese businessmen experienced an increase in stress levels
by 84%, followed by the Taiwanese who exhibited an 82% increase, Indians 79%,
and Russians 76%. A European survey conducted in the late nineties found that
more than half of the 147 million workers in the European Union complained from
the aggressive deadlines of work, which cause them to experience higher levels of
stress (Bahrami, 2010). An extensive survey among a sample of 15,800 workers
from 15 countries of the European Union, showed that 28% of the workers
suffered from work-related stress, and 20% reported overall fatigue as a work-

related health problem (Kompier et al., 2000).

A study on work stress and racial discrimination among minority ethnic
workers in the United Kingdom showed that a higher percentage of black African—
Caribbean respondents reported high work stress compared to Bangladeshi and
white respondents, and the racial discrimination among black African—Caribbean
respondents was strongly associated with high perceived work stress (Wadsworth

et al., 2007).

Stress and coping models are potentially useful for multicultural research
because they are interested in the effects of social environmental factors on human
functioning. Multicultural models of the stress process include a number of
cultural factors that influence the stress model (Slavin et al., 1991). A multicultural
model of the stress process was used as the basis for exploring ethnic and racial
differences in the life stress process among 103 black, 129 Hispanic, and 105

white students from a multiethnic predominantly minority high school. White

4



adolescents reported more negatively impactful stressful life events than did Black
or Hispanic adolescents (Slavin et al., 1991). Minority status predicted ethnic
(sociological factors such as culture, language and beliefs) and racial (biological
factors such as skin color, eye color) differences independent of socioeconomic
status (Prelow and Guarnaccia, 1997). Results also indicated that racial identity
attitudes were related to the stress associated with experiences of racism at the
cultural and individual level, whereas ethnic identity was not associated to race-
related stress. Ethnic identity did not moderate the relation of racial identity to

race-related stress (Samon and Consuelo, 2006).

1.1.4 The effects of stress on health

Under unstressful conditions, the hypothalamic—pituitary—adrenal (HPA) axis
acts normally and results in normal levels of cortisol, which are important for
normal brain growth and support metabolic activity necessary to maintain general
functioning of the body (Bevans et al., 2008). Under stressful conditions, physical
or psychological stress activates the HPA axis and leads to elevation of cortisol
levels. Although short-term elevations in cortisol levels can be critical for survival
in stressful circumstances, long exposure to elevated cortisol levels can lead to
health risks including muscle atrophy, decreased sensitivity to insulin,
hypertension, cardiovascular disease, impaired growth and tissue repair and
neurological damage. Also, chronic exposure to low levels of cortisol can cause
health risks including asthma, allergies, disorders related to hyperactivity of the

immune system, and neuronal damage (Bevans et al., 2008).



1.1.4.1 Stress and the nervous system

Stress has effects on the learning and memory areas of the brain which result
in long-term problems with learning and memory that have a neurological basis
(Bremner, 2004). The brains of stress patients resemble patients with organic
memory problems (which are caused by physical trauma or diseases) or early
dementia (which is caused by old age). Posttraumatic stress disorder (PTSD)
described as a disorder in which there is accelerated aging, which may include
both an acceleration of the memory deficits that are seen in some of the elderly as
well as an increased risk for stroke, heart disease and diabetes (Bremner, 2004).
Stress also leads to stimulation of arousal and suppression of sleep (Chrousos,
2009). Elevated levels of cortisol lead to depression and feelings of fatigue by

affecting mood (Bremner, 2004).

1.1.4.2 Stress and the cardiovascular system

Stress may cause heart disease directly, by activation of neuroendocrine
responses to stressors that activate the autonomic nervous system which lowers
heart rate variability or by leading to the metabolic syndrome and incidence of
obesity which cause heart diseases. Stress may cause heart disease indirectly,
through unhealthy behaviors that increase the risk of heart disease, such as
smoking, lack of exercise, or excessive alcohol consumption (Chandola et al.,
2008). The stress hormone cortisol adversely affects atherosclerosis leading to
sudden death. Depression is related to stress in many cases, and it has been shown
that patients with depression and heart disease are about five times more likely to
have sudden death relative to patients with heart disease without depression

(Bremner, 2004). Mental stress is reported to induce myocardial ischemia in



patients with coronary artery disease via alterations in both myocardial oxygen
demand and supply (Merz et al., 1993). Chronic fatigue, which is related to stress,
can lead to sudden cardiac death in both healthy people and patients with heart
disease. One form of chronic fatigue is chronic sleep deprivation (Takase et al.,

2004).

1.1.4.3 Stress and obesity

Elevations in cortisol levels have been shown to result in increased
deposition of intraabdominal fat, which is associated with a higher mortality than
obesity in general (Bremner, 2004). Psychological stress causes metabolic
changes, such as an elevated corisol level that causes an increase in the level of
insulin hormone leading to an increase of blood glucose, which subsequently leads
to energy storage in abdominal fat depots. Abdominal obesity may promote

cellular aging and earlier cell senescence (Epel, 2009).

Central components of the stress system are closely linked to brain centers
that control appetite and energy expenditure. Obesity progressively leads to
metabolic complications, such as diabetes, dyslipidemia, hypertension and
cardiovascular disease. Increased intake of processed food, a sedentary lifestyle
and increased psychological stress are characteristics of the modern way of life in
industrialized societies and they are forming an environment that differs
completely from that of our predecessors. Thus, it is not surprising that the rates of
obesity and stress-related complications have been increasing over the past

decades (Kyrou and Tsigos, 2008).



1.1.4.4 Stress and diabetes

There is no evidence that stress causes diabetes. However, stress may
sometimes unmask diabetes, by elevating blood glucose levels. In a research study,
mental stress and physical stress, such as illness or injury, resulted in increasing
blood glucose levels in people of the two types of diabetes. It was found that
controlling stress with relaxation therapy can help these patients (Mitra, 2008).
Stress prevents the release of insulin in people with Type 2 diabetes and reducing
stress may be more helpful for these people. Stress reduction in people with Type
1 diabetes does not have this effect because they do not make insulin, but reducing

stress can help these people to take better care of their health (Mitra, 2008).

1.1.4.5 Stress and immune system

Stress suppresses the immune system and its functions, which can lead to an
increase in the susceptibility to infections and cancer (Bremner, 2004). Stress has
complex effects on the immune system and affects innate and acquired
immunities. Glucocorticoids (a group of steroid hormones that are involved in
carbohydrate, protein, and fat metabolism and have anti-inflammatory properties;
such as cortisol) and catecholamines (a group of amines derived from catechol that
have important physiological effects as neurotransmitters and hormones and
include epinephrine, norepinephrine, and dopamine) influence trafficking and
function of leukocytes, mononuclear phagocytes and dendritic cells and suppress

the secretion of proinflammatory cytokines (Chrousos, 2009).

Psychological stress is also known to increase some allergic, autoimmune,
and inflammatory diseases, which suggests that stress may enhance immune

functions under certain conditions (Dhabhar, 2008). A stress response involves the



release of neurotransmitters and hormones in the body and the response is
generally adaptive in the acute stress and damaged in chronic stress. The body
responds to warning signals that are sent by the brain, preparing the body to deal
with the consequences of stress in the case of acute stress which can affect
immune cells trafficking, maturation, or function in ways that can enhance
immunity and prepare the immune system for challenges (such as wounding or
infection) that may be induced by a stressor (Dhabhar et al., 2010). While acute
stress enhances immune function, chronic stress often suppresses or dysregulates
immune function (Dhabhar, 2008). When the acute stress continues, it will be
converted to chronic stress because of the continuous increases in stress hormones
that resulte in suppression of the immune cells and an increased risk of infections

(Aronson, 2009).

1.1.5 Measurement of stress

There are two approved ways for the measurement of stress, which are
physiological measurements and psychological measurements (Haubenhofer and

Kirchengast, 2007), as described below.

1.1.5.1 Physiological measurements

During stressful conditions the hypothalamic-pituitary-adrenal (HPA) gland
plays an important function in the response. The hypothalamus releases
corticotropin-releasing factor (CRF) during stress, which increases the secretion of
adrenocorticotropin hormone (ACTH) from the anterior pituitary, which in turn
stimulates the production of glucocorticoids which include stress hormones

(cortisol and corticosterone) from the adrenal cortex (Bremner et al., 2003).



Cortisol and corticosterone and their metabolites can be measured in blood,
tissues, urine, saliva and feces. Cortisol is mostly used as an indicator and
biomarker of stress in many stress studies (Bayazit, 2009) and its measurement can
help identify stressors and the efficacy of interventions aimed at reducing stress

(King and Hegadoren, 2002).

1.1.5.1.1 Cortisol

The main glucocorticoid hormone in humans is cortisol, which is a catabolic
hormone secreted from the adrenal cortex in response to psychological and
physical stress (Brownlee et al., 2005). Human cortisol is commonly known as a
‘stress hormone’ due to the increase of cortisol release in response to physiological
or psychological stress (Putman and Roelofs, 2011). Also life events and
difficulties can cause cortisol hypersecretion but not necessarily lead to the
development of depression (Cowen, 2002). The concentration of cortisol in the
blood averages 12 pg/100 ml and about 90% to 95% of the cortisol in the plasma
binds to plasma proteins called cortisol-binding globulin or transcortin and, to a
lesser extent, to albumin. This high degree of binding slows the removal of cortisol
from the plasma and gives it a long half life of 60 to 90 minutes (Guyton and Hall,

2006).

Cortisol has many functions including controlling the metabolism of
proteins, carbohydrates, and fats, and it also has an anti-inflammatory function.
After the incidence of inflammation, the administration of cortisol can reduce
inflammation within hours to a few days and immediately block most of the
factors that increase inflammation (Guyton and Hall, 2006). Also the rate of

healing is increased in the case of cortisol administration, which may be due to the

10



mobilization of amino acids that repair the damaged tissues, the enhanced
glucogenesis that increases glucose available in critical metabolic systems, the
increased amounts of fatty acids available for cellular energy; or due to the effect
of cortisol in inactivating or removing inflammatory products Cortisol has an anti-
inflammatory effect because it blocks the release of histamine (which is produced
by immune cells and acts as a neurotransmitter that activates inflammatory
response) and prevents rupture of lysosomal membranes which leads to the

protection of tissues (Guyton and Hall, 2006).

1.1.5.2 Psychological measurements

Questionnaires are important instruments used to get information about
health, level of body functions in different situations, and level of experienced
stress. Questionnaires are suitable tools for studying the outcomes of a large

population and identifying the differences in these outcomes (O’Connor et al.,

2004).

The number of questionnaires that are interested in health status has
increased over the past decades dramatically. As a result, it is more difficult to
choose the questionnaire that is suitable for use in a particular situation, but
recently a large number of reviews of available questionnaires, which are used to
measure a specific concept in a specific population, have been published (Terwee

et al., 2007).

1.1.5.2.1 The Perceived Stress Questionnaire

Levenstein et al. in 1993 developed the “Perceived Stress Questionnaire”
(PSQ) to assess stress situations on a mainly cognitive and emotional level. The

PSQ aims to overcome some of the difficulties concerning the definition and
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measurement of stress by putting the focus on the individual’s subjective
perception and emotional response (Fliege et al., 2005). With this aim, item
wordings were designed to represent the subjective perspective of the individual
(“You feel. . . ) and the presented stress experiences were intended to be abstract
enough to be applicable to adults of any age, stage of life, sex, or occupation. The
PSQ was properly suitable and qualified for research on stress and illness (Fliege

et al., 2005).

The PSQ was originally published in English and then it was translated into
German and other languages such as Spanish, Swedish and Dutch (Arck et al.,
2001). The German version of the PSQ has been validated and applied in healthy
adults and different clinical populations (Rosenberger et al., 2009). This
questionnaire was developed for use in clinical psychosomatic research. In contrast
to the original version of the PSQ with 30 items and 7 factors (harassment,
overload, irritability, lack of joy, fatigue, worries, tension), an abbreviated German
version comprises 20 items and 4 factors (worries, tension, joy, demands). The
items can be answered with a four point rating scale (1 = almost never, 2 =

sometimes, 3 = often, 4 = usually) (Kocalevent et al., 2007).

1.2 The immune system

The immune system and its functions is one of the greatest wonders of the
human body. It protects from environmental attacks faced from all sources, such as
air, food or the other environmental agents that one is exposed to (Naik, 2003).
The immune system is a network of tissues, cells and molecules, which act
together to protect the body from invading infectious organisms (Staines et al.,

1994). The ability of the human body to resist different types of organisms or
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toxins that can cause damage of its tissues and organs is called immunity (Guyton

and Hall, 2006).

1.2.1 Types of immunity

There are two types of immunity, the innate (natural or non-adaptive)
immunity and the adaptive (acquired or non-natural) immunity and they mainly
differ in the speed and specificity of their reactions. The innate immunity is rapid,
has no memory and lacks specificity. The adaptive immunity is specific, but takes
several days or weeks to develop and has a memory, so that subsequent exposure

leads to a stronger and more rapid response (Parkin and Cohen, 2001).

1.2.1.1 Innate immunity

Innate immunity provides the first and initial protection from a wide variety
of foreign organisms, and it is naturally present (Mendes, et al., 2005). It includes
physical, chemical, and cellular barriers (Parkin and Cohen, 2001). The physical
barriers, such as the skin and mucous membranes lining the respiratory,
gastrointestinal and genitourinary tracts, are the first defensive innate mechanisms
which separate the organism from the environment (Blanco and Garcia, 2008).
Chemical barriers include acids that are secreted by the stomach lining and
enzymes found in mucus, tears, sweat, saliva and urine (Staines et al., 1994). Other
components of innate immunity are the phagocytic cells (neutrophils, monocytes
and macrophages), complement proteins, cytokines, and acute phase proteins,

which provide rapid host defence (Parkin and Cohen, 2001).
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1.2.1.2 Adaptive immunity

Adaptive immunity is induced specifically during infection and disease by
adapting to antigens that cause the disease (Blanco and Garcia, 2008). Antigens
are the substances that induce specific immune reactions and most of them are not

normal constituents of the body (Staines et al., 1994).

There are two types of acquired immunity in the body, humoral immunity
and cellular immunity. Humoral immunity is produced by B cells, which produce
circulating antibodies in the blood plasma that are capable of attacking the foreign
antigens. Cellular immunity, also termed cell-mediated or T-cell immunity, is
achieved through the formation of large numbers of activated T lymphocytes that
are specifically crafted in the lymph nodes and spleen to destroy antigens (Guyton

and Hall, 2006).

1.2.2 Organs of the immune system

Organs of the immune system are divided into two types, primary lymphoid
organs and secondary lymphoid organs, with the lymphatic vessels connecting the
immune organs to the tissues and bloodstream. Primary immune organs are the
sites where lymphocytes are produced, and include fetal liver, thymus and bone
marrow (Guyton and Hall, 2006). Secondary lymphoid organs which include the
spleen and lymph nodes are the sites where B and T cells are crafted and
connected with antigen presenting cells in order to initiate an adaptive immune

response (Ohl et al., 2003).
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1.2.3 Cells and molecules of the immune system

Stem cells of the bone marrow are repeatedly and continuously dividing to
give many daughter cells (Figure 1.1) that are undergoing differentiation processes
to produce lymphoid and myeloid cells that are the common sources of various

types of cells in the blood (Staines et al., 1994).

1.2.3.1 Cells of the lymphoid series

1.2.3.1.1 T lymphocytes

After the formation of T lymphocytes in the bone marrow they migrate to the
thymus gland where they divide rapidly and develop extreme diversity to react
with different specific antigens. Then they leave the thymus and spread through

the blood stream to the tissue of the site of infection (Guyton and Hall, 2006).

T cells can identify infected cells and play effector functions including direct
cytotoxic effects on target cells or inhibiting the growth or survival of the pathogen
by releasing cytokines (Kalia et al., 2006). T cells are considered an important
source of cytokines which play a vital role in regulating adaptive immune

responses (Kristensen et al., 2004).

1.2.3.1.2 B lymphocytes

B lymphocytes are cells of the immune system that express cell surface
receptors called antibodies or immunoglobulins (Ig) which produce an immune
response against specific antigens (LeBien and Tedder, 2008). B lymphocytes are
formed in the liver during mid-fetal life and in the bone marrow during late fetal

life and after birth (Guyton and Hall, 2006).
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Figure 1.1 Cells of the immune system.

(http://en.wikipedia.org/wiki/Haematopoiesis)
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Most antigens stimulate both T and B lymphocytes. T helper cells secrete
specific substances, called lymphokines, which activate the specific B
lymphocytes, which immediately enlarge and form lymphoblasts. Some of these
lymphoblasts differentiate to form plasmablasts, which are precursors of plasma
cells, and a few of the lymphoblasts form new B lymphocytes similar to those
original B cells. After the formation of new B lymphocytes, they circulate
throughout the body to the lymphoid tissue and they remain dormant until
activated once again by the same antigen. Thus, they are called memory cells and

they cause rapid and potent secondary immune response (Guyton and Hall, 2006).

On the surface of B lymphocytes there are antibodies, which trigger adaptive
immune responses and control a series of antigen-independent checkpoints during
B cell development (Meffre, et al., 2000). Antibodies are considered a first line of
defense against antigens and most vaccines work because they stimulate a

protective antibody response (Gray et al., 2007).

Antibodies are glycoproteins secreted by specialized B lymphocytes known
as plasma cells. They are composed of four polypeptide chains with two identical
copies of both a heavy and a light chain that are connected together by disulfide
and non-covalent bonds (Lipman et al., 2005). The antibody can be separated
functionally into variable domains that bind antigens and constant domains that
specify the functions and class of the antibody. There are five main classes of
heavy chain constant domains and each defines one of the 5 classes of antibodies,
which are the IgM, IgG, IgE, IgA, and IgD isotypes (Schroeder and Cavacini,

2010).
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1.2.3.1.2.1 Immunoglobulin M

Immunoglobulin M (IgM) antibodies are the major and first class of
antibodies found in the primary immune response and they are used to diagnose
acute exposure to antigens (Boes, 2000). They are formed early in B-cell
development (Schroeder and Cavacini, 2010) and they are found in the circulation

principally as a pentamer structure (Ehrenstein and Notley, 2010).

IgM antibodies are more polyreactive than other isotypes, thus IgM-bearing
B cells tend to respond quickly to antigens (Schroeder and Cavacini, 2010). IgM
antibodies have an important function in the first line defense against invading
pathogens and in tissue homeostasis because it regulates the removal of cellular
remnants (Binder, 2010). Many studies have found a role for IgM antibodies in the
protection against many viral, bacterial, fungal and parasitic infections (Ehrenstein

and Notley, 2010).

1.2.3.1.2.2 Immunoglobulin G

Immunoglobulin G (1gG) is the predominant class of antibody found in the
body and it constitutes about 75% of the antibodies of the normal healthy person
(Schroeder and Cavacini, 2010; Guyton and Hall, 2006). It has the basic structure

of antibodies and it is the major antibody in blood (Staines et al., 1994).

It has the longest serum half-life of all antibody classes and it is also the most
extensively studied class of antibodies (Schroeder and Cavacini, 2010). 1gG
antibodies are associated with polysaccharide and protein antigens (Pituch-
Noworolska and Btaut-Szlosarczyk, 2010). 1gG antibodies directly contribute to an
immune response, including protection of extravascular compartments from

microorganisms and their toxins and neutralization of toxins and viruses

18



(Schroeder and Cavacini, 2010 and Staines et al., 1994). Due to its presence at the
highest concentration of all antibodies, IgG is the most importance antibody in

most antibody-mediated immune responses (Staines et al., 1994).

1.2.3.1.2.3 Immunoglobulin E

Immunoglobulin E (IgE) is a trace protein and normally forms about less
than 0.001% of total serum antibodies (Anupama et al., 2005). IgE has a very short
half-life and it is found in the blood at very low concentrations that are much lower
than any other antibody. This is because some part of the circulating amount of
IgE is continually removed and destroyed in endosomes (Platts-Mills, 2001). IgE
is biologically active and it binds to high-affinity receptors on the surface of mast
cells and basophils, so that these cells may be extremely sensitive to allergens even
when the concentration of IgE in the blood is very low. In addition, the expression
of the high-affinity receptors is upregulated during allergen-induced rhinitis,
probably by IgE itself. Thus, the concentration of circulating IgE does not
represent its true activity. Also the allergic immune response is comparatively
selective, where IgE antibodies are specific to a chosen group of antigens and not

for a wide range (Platts-Mills, 2001).

IgE antibodies are associated with hypersensitivity, allergic reactions,
parasitic worm infections (Schroeder and Cavacini, 2010) and bronchial asthma in
which the degrees of inflammation and the subsequent severity of airway

obstruction are proportional to the serum IgE levels (Anupama et al., 2005).

1.2.3.1.2.4 Immunoglobulin A

The most abundant antibody isotype on most mucosal surfaces is secretory

immunoglobulin A (SIgA), which is a polypeptide complex that consists of two
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IgA monomers, the connecting J chain, and the secretory component (Snoeck et

al., 2006).

The internal surfaces of the gastrointestinal, respiratory, and genitourinary
tracts represent major sites of potential attack by invading microorganisms. IgA is
the principal antibody isotype that is found in the secretions of these mucosal
surfaces and it acts as an important first line of defence. IgA antibody mediates a
variety of protective functions by interaction with certain receptors and immune
mediators. The importance of this protection is proved by the fact that some
pathogens have evolved mechanisms to face IgA-mediated defence, providing an

opportunity for extensive invasion (Woof and Kerr, 2006).

This abundance of IgA production in the intestinal mucosa depends on
colonization with environmental microbes and is induced by the presence of
commensal intestinal microbes. IgA can also act as a neutralizing antibody to

pathogens and exotoxins (Macpherson et al., 2008).

1.2.3.1.2.5 Immunoglobulin D

Immunoglobulin D (IgD) antibody is found at very low levels in the serum
and it has a short serum half-life due to sensitivity of the molecule to proteolysis.
Because it is not known to participate in the major antibody effector mechanisms,
the function of circulating IgD is unclear. Circulating IgD can react with specific
bacterial proteins independently of the variable regions of the antibody. These
bacterial proteins bind to the constant regions of the IgD, which results in the

stimulation and activation of B-cells (Schroeder and Cavacini, 2010).

Although the functions of IgD are not certain, it is found bound to the

membranes of many B lymphocytes, and several functions have been suggested
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(Vladutiu, 2000) such as it influences lymphocyte functions and has some role in
allergic reactions (Staines et al., 1994). There are many conditions that lead to an
increase (such as smoking and autoimmune diseases) or decrease (such as after
radiotherapy) in the serum IgD levels but they have no practical values (Vladutiu,

2000).

IgD is co-expressed with IgM on the surface of most mature B cells before
antigenic stimulation and it acts as a transmembrane antigen receptor. Secreted
IgD has functions in blood, mucosal secretions and on the surface of innate

immune effector cells such as basophils (Chen and Cerutti, 2011).

1.2.3.2 Cells of the myeloid series

1.2.3.2.1 Leukocytes

The leukocytes, or white blood cells, are the mobile units of the immune
system and they are produced partially in the bone marrow (granulocytes and
monocytes and a few lymphocytes) and partially in the lymph tissue (lymphocytes
and plasma cells). After formation, they travel through the blood to different parts

of the body (Guyton and Hall, 2006).

The role of the white blood cells is to transport to the site of infection and
inflammation to provide a rapid and potent protection against infectious agents
(Guyton and Hall, 2006). Leukocytes contain a nucleus and cytoplasm and they
are divided into five subsets: neutrophil, eosinophil, basophil, monocyte and
lymphocyte (Hiremath et al., 2010). The neutrophil, eosinophil and basophil are

called granulocytes because they contain granules in their cytoplasm.
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1.2.3.2.1.1 Neutrophils

The most abundant leukocytes in humans are neutrophils and they are
essential to innate immunity against invading pathogens (Kobayashi and DelLeo,
2009). The important functions of neutrophils are phagocytosis and direct killing
of invading microorganisms via the production of oxygen intermediates and the
release of lytic enzymes stored in their granules. Neutrophils contribute to the
initiation of inflammation, which is an essential step in the launching of immunity,
by promoting tissue injury and they also have an immunoregulatory role during
microbial infection via the secretion of cytokines and chemokines (McFarlane et

al., 2008).

There is much evidence that show the participation of neutrophils in allergy
in general, especially in asthma. Neutrophil protease enzymes (lastase, cathepsin
G, and proteinase-3) may increase airway inflammation in asthma by the
activation of eosinophils to produce superoxide and neutrophilic cytokines and

chemokines (Monteseirin, 2009).

1.2.3.2.1.2 Eosinophils

Eosinophils normally represent a small percent of circulating leukocytes
(Behm and Ovington, 2000). Eosinophils are formed in the bone marrow and are
released at a low rate into the blood stream. They have in their granules and lipid
bodies potent cytotoxic and proinflammatory agents, and they express receptors
and also produce a large variety of immunologically important molecules (Behm

and Ovington, 2000).

The granules of eosinophils produce a series of cationic toxins which are

able to kill many pathogens, including helminths, protozoa, bacteria, and other
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cells (Gleich, 1993). Eosinophils have roles in host protection against parasites, in
homeostatic function, including developmental biology and innate and adaptive
immunities and also have a role in disease processes, including infections, asthma,

and gastrointestinal disorders (Rothenberg and Hogan, 2006).

1.2.3.2.1.3 Basophils

Basophils are the least abundant leucocytes and they represent only a
small percentage (less than 0.5%) of circulating blood cells under steady state
conditions (Min et al., 2011). Their source of origin is the stem cells of the bone
marrow where they complete their differentiation and development before
transferring to the bloodstream (Arock et al., 2002). They expand rapidly in the
bone marrow as a result of infections and pathogens and they are transferred by the

blood to the sites of inflammation (Min et al., 2011).

Basophils have a short lifespan of about 60 hours during steady state
conditions when the cells are under equilibrium and the concentrations of
substances in and out the cells are not changed. After a helminth infection, they are
quickly mobilized and can be efficiently entered into lymphoid and peripheral
tissues where they exert their effective immune response (Voehringer, 2009).
Basophils are known to have distinct and effective roles in allergic hypersensitivity

reactions (Sullivan and Locksley, 2009).

1.2.3.2.1.4 Monocytes

Monocytes are circulating blood cells that represent about 10% of white
blood cells in humans and they originate and develop in the bone marrow from

stem cells. They are released to the bloodstream as non-dividing cells and their
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half-life is around three days in humans and one day in mice (Yona and Jung,

2010).

Blood monocytes migrate during inflammation from blood to lymphoid and
non-lymphoid tissues due to tissue-derived signals that may caused by infection or
tissue damage (Woollard and Geissmann, 2010). The inflammatory monocytes
differentiate into macrophages at the site of the inflammatory lesion of the infected

tissue (Gordon and Taylor, 2005).

When the immune system activates macrophages, they become more
powerful phagocytes than neutrophils, and they will be able to phagocytize
approximately 100 bacteria and engulf much larger molecules, even whole red
blood cells or malarial parasites, whereas neutrophils are not able to phagocytize
molecules much larger than bacteria. After the digestion of the foreign agent,
macrophages can remove the remnant products and often survive and function for

many months (Guyton and Hall, 2006).

Tissue macrophages have different roles in the maintenance of tissue
homeostasis by the clearance of senescent cells, tissue remodeling, and repairing

and resolving the inflammatory tissues (Yona and Jung, 2010).
1.2.3.2.2 Thrombocytes (Platelets)

The platelet is small disc-shaped, partially refractile, colorless, containing
many organelles but has no nucleus and has many roles (Berger and Toronto,
1970). The normal number of platelets in the circulation of human beings is in the
range of 150,000 to 350,000/mm?® (Berger and Toronto, 1970). They are formed

from megakaryocytes, which are very large cells of the hematopoietic series in the
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bone marrow (Guyton and Hall, 2006). Then, the cytoplasm of the megakaryocyte

subdivides into platelets containing various organelles (Berger and Toronto, 1970).

Blood platelets are very active players in antimicrobial host defense and the
promotion of inflammation and tissue repair, and they also participate in the
hemostasis process (Klinger and Jelkmann, 2002). Platelets are very important in
normal hemostasis to stop blood loss that results from vascular injury by adhering
to sites of injury and attracting other platelets and blood cells to cause blood

clotting (Spencer and Becker, 1997).

1.2.3.2.3 Erythrocytes (Red blood cells)

The most abundant cell type in blood is the erythrocyte. Erythrocytes are
oval in shape and are red in color, which is due to the respiratory globin pigment
know as hemoglobin, which is the most abundant protein in these cells (Morera

and MacKenzie, 2011).

The important roles of erythrocytes are the transport of oxygen and carbon
dioxide and in gas exchange. They also have a role in homeostasis, protecting
against oxidative damage and regulating blood flow distribution in skeletal muscle.
Human erythrocytes may play a role in modulating T cell survival and
proliferation by enhancing cytokine production and induction of the interleukin-2

receptor (IL2R) (Morera and MacKenzie, 2011).

1.2.3.3 Cytokines

Cytokines are a group of secreted polypeptides, which mediate inflammation
and they can be divided into two groups: those induced in acute inflammation and

those involved in chronic inflammation (Feghali and Wright, 1997). One kind of
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cytokines are the interleukins, which are a group of signaling molecules involved
in communication between cells and they are formed and secreted by various types
of cells, especially by cells of the immune system (Rose-John et al., 1992). Some
interleukins are involved in acute inflammation, such as interlukin-1 and
interlukin-6, and some others are involved in chronic inflammation, such as

interlukin-3 and interlukin-10 (Feghali and Wright, 1997).

1.2.3.3.1 Interleukin-6

Interleukin-6 (IL-6) is a multifunctional cytokine which plays an important
role in host defense because it has a wide range of immune and hematopoietic
activities and it has an ability to induce the acute inflammatory response (Simpson
et al., 1997). It also has a central role as a differentiation and growth factor of
hematopoietic precursor cells, B cells, T cells, keratinocytes, neuronal cells,

osteoclasts, and endothelial cells (Peters et al., 1996).

Substantial evidence indicates that IL-6 has pathological roles in various
disease conditions, like inflammatory, autoimmune and malignant diseases
(Kishimoto, 2010). Production of high concentrations of IL-6, which are noticed in
patients with cardiac myxoma, synovial tissues of the joints or multiple lymph
node swellings, can explain the inflammatory symptoms of the patients. The
overproduction of IL-6 leads to the induction of different inflammatory diseases,
such as acne and arthritis, and the de-regulation of IL-6 production is implicated in
causing different diseases, including plasmacytoma/myeloma and some chronic

inflammatory proliferative diseases (Kishimoto, 2010).
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1.3 Lipid profile

1.3.1 Cholesterol

Cholesterol is a sterol substance which is a precursor of other body steroids
and it is found in all body tissues, blood, bile, and fats (Guyton and Hall, 2006).
There are two sources of cholesterol: exogenous cholesterol from the diet that is
absorbed in the small intestine (Lewis, 1959) and endogenous cholesterol, which is
formed in the body by the liver (Guyton and Hall, 2006). Also, all other cells of
the body form at least some cholesterol, which enters in the formation of
membranous structures (Guyton and Hall, 2006). Cholesterol is transported in
lipoproteins and there are two types of cholesterol according to the lipoproteins:
‘bad cholesterol” which transported in low density lipoproteins (LDL) from the
liver to the tissues and ‘good cholesterol’ which is transported in high density

lipoproteins (HDL) from the tissues to the liver (Whitney and Rolfes, 2005).

Cholesterol is an important molecule and it has many functions. It serves as a
basic membrane component, a cofactor for signaling molecules, a source of steroid
hormones formation (Pfrieger, 2003), a protective antioxidant, and it is essential
for transmitting nervous impulses, especially at the level of the synapse (Colpo,
2005). Cholesterol is also important for the synthesis of bile acids, which are
responsible for the absorption of fats, and it is essential in the production of
vitamin D upon exposure to sunlight (Colpo, 2005). Increasing levels of
cholesterol in the blood can lead to harmful effects because it accumulates in
artery walls and causes atherosclerosis, which is responsible for heart attacks and

strokes (Whitney and Rolfes, 2005).
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1.3.2 Triglycerides

Triglycerides (TG), or triacylglycerols (TAG), are the most common form of
fat in the diet and the major storage form of fat in the body. They consist of one
molecule of glycerol connected to three fatty acids (Whitney and Rolfes, 2005).
The triglycerides provide the body with energy needed for the different metabolic
processes and they share this function equally with the carbohydrates. Some lipids,
including cholesterol, phospholipids, and small amounts of triglycerides, enter in
the formation of all cell membranes of the body and to achieve other cellular

functions (Guyton and Hall, 2006).

Hypertriglyceridemia, which is an elevation of the triglycerides levels, is a
common dyslipidemic feature associated with type 2 diabetes and prediabetic
states (Tirosh et al., 2008). The fasting level of triglycerides (> 150 mg/dl, or >
1.70 mmol/l) is one of five accepted criteria (the others are high blood cholesterol,
high blood LDL, low blood HDL and hypertension) for considering individuals at
high risk for cardiovascular disease and type 2 diabetes and some evidence
suggests that fasting triglyceride levels can aid in predicting future type 2 diabetes

(Tirosh et al., 2008).

1.3.3 Low density lipoprotein

Lipoproteins are small particles consisting of triglycerides, cholesterol,
phospholipids, and protein. Their primary function is to transport their lipid
components in the blood, and especially they transport phospholipids and
cholesterol from the liver to the peripheral tissues or from the tissues back to the

liver. Low density lipoproteins are derived from lipoproteins by the removal of
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almost all the triglycerides, leaving a high concentration of cholesterol and a

moderately high concentration of phospholipids (Guyton and Hall, 2006).

Increasing serum LDL levels is a major risk factor of atherosclerosis and
coronary heart disease (Ahmadi et al., 2008). The oxidation of LDL makes it more
atherogenic (Parthasarathy et al., 1992). After the vascular endothelium damage
occurs, circulating monocytes and lipids, especially LDL, accumulate at the site of
injury. Then, monocytes pass the endothelium and enter the intima of the vessel
wall and there they become macrophages, which ingest and oxidize the
accumulated lipoproteins giving the macrophages a foam form. These macrophage
foam cells accumulate on the blood vessel to form a visible fatty plaque which
causes atheroscelorosis (Guyton and Hall, 2006). Oxidation of LDL begins with
the extraction of hydrogen from polyunsaturated fatty acids. Dietary fatty acids
influence the fatty acid composition of LDL and cell membranes. Thus, the
amount and type of fat in the diet may increase the oxidative damage of LDL and

cells (Reaven and Witztum, 1996).

1.3.4 High density lipoprotein

High-density lipoprotein (HDL) is a type of lipoprotein that is composed of a
high concentration of protein (about 50%) but much smaller concentrations of
cholesterol and phospholipids when compared with LDL (Guyton and Hall, 2006).
HDL is also the major lipoprotein which transfers cholesterol from different cells
to the liver for excretion and catabolism by hepatocytes, which secrete cholesterol

into the bile, and they also convert it to the primary bile acids (Miller, 1990).

In addition to cholesterol removal, other potentially antiatherogenic

properties of HDL include inhibition of LDL oxidation, prevention of vascular
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endothelial inflammation, promotion of endothelial nitric oxide production,
promotion of prostacyclin bioavailability, and inhibition of platelet accumulation

and coagulation in the vascular endothelium (Rader, 2006).

1.4 The relationship between stress and the immune system

There is extensive research on the effect of psychological stress on immunity
and many models are utilized to investigate the impact of stress on immune
function, such as bereavement, marital discord, care giving for a relative with a
chronic disease, living with a cancer diagnosis, and academic exams stress

(Agarwal and Marshall, 2001).

Academic examinations are a subject of stress research because they are
predictable, standardized, and they are an example of real-life stressors. Academic
examinations are associated with changes in mental and physical health including
increased anxiety, increased negative mood, and changes in salivary pH, hormone
levels, immune function and wound healing (Stowell, 2003). Studies suggest that
the stress of academic examinations can have a significant effect on a student’s
well-being. Although academic examinations have been used in stress research
since 1914, there has not been adequate discussion and explanation about the

methodological and statistical issues associated with them (Stowell, 2003).

Studies on human and animal models showed that there are interactions
between the central nervous system (CNS), endocrine, and immune systems and
the impacts of various stressors on immunity. These studies demonstrate that
psychological stressors have the ability to change the immune response, which
leads to biological consequences such as impaired wound healing and an increased

susceptibility to infectious diseases (Yang and Glaser, 2002). Clinical observations
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have suggested that exposure to psychosocial stress can result in immune-related
disorders such as viral infections, chronic autoimmune diseases and tumors.
Studies published in the last two decades in the field of psychoneuroimmunology
(PNI) have demonstrated that acute and chronic psychological stress can induce
changes in innate and adaptive immune responses (Kemeny and Schedlowski,

2007).

Studies in the field of psychoneuroimmunology, which focuses on the
interactions among the central nervous system (CNS), the endocrine system and
the immune system, and the impact of these interactions on health (Padgett and
Glaser, 2003), have shown that stress can result in the dysregulation of the immune
system (Yang and Glaser, 2002). The connections between the neuroendocrine
system and immune system provide a regulatory system required for health, but
which in stress can lead to an imbalance of physiology of the body and enhanced-
susceptibility to infection and inflammatory or autoimmune disease (Padgett and

Glaser, 2003).

A wealth of clinical and pre-clinical research indicates that psychological
stress suppresses the innate and adaptive immunities, which can ultimately affect
disease onset and progression, inhibit wound healing, and increase the progression
of cancer (Dhabhar, 2008 and Connor, 2008). Stress may result in cardiovascular
risk and other conditions such as psoriasis and rheumatoid arthritis (Steptoe et al.,
2007). On the other hand, there is evidence demonstrating that in some cases stress
can promote immunity which can affect the progression of autoimmune disease
(Connor, 2008). In general, psychological stress affects the immune system and
predicts the susceptibility to infectious diseases (Marsland et al., 2002). Also, there

are observations that suggest that stress may have bidirectional effects on
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immunity, where it is immunosuppressive in some instances (as explained below)
and immunoenhancing in others. Stress responses can be suppressive or enhancing
of the immunity depending on the duration and intensity of the stressor (Dhabhar,

2008).

In contrast to chronic (long-term) stress that suppresses and dysregulates
innate and acquired immunity, acute (short term) stress exerts a number of
characteristic effects on the human cellular immune system which can promote the
immunity (Dhabhar et al.,, 2010 and Atanackovic et al., 2006). Acute stress
enhances innate immunity and suppresses acquired immunity (Kimura et al., 2005
and Hussain, 2010). Chronic stress may cause physical, behavioral and
neuropsychological effects, such as anxiety, depression, cognitive dysfunction,
cardiovascular diseases, metabolic disorders, such as obesity, and sleep disorders

such as insomnia or excessive daytime sleepiness (Chrousos, 2009).

Segerstrom and Miller (2004) performed a meta-analysis on more than 300
empirical articles describing a relationship between psychological stress and
parameters of the immune system in human participants. They found that acute
stressors were associated with upregulation of some parameters of natural
immunity and downregulation of some functions of specific immunity. Acute
stress (such as exams) tended to suppress cellular immunity while preserving
humoral immunity, while chronic stressors were associated with suppression of

both cellular and humoral immunity.

1.4.1 The relationship between stress and blood cells

Acute stress may lead to changes in the numbers and percentages of white

blood cells and the stress of intense exercise induces increases in the
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concentrations of neutrophils, monocytes and lymphocytes in the blood (Pruett,
2003). In a study done by Segal et al. (2006) on twenty-five medical students,
blood samples were collected from students immediately before an examination to
analyze lymphocyte subpopulation counts, immunoglobulins (IgM, 1gG and IgA)
and phagocytic activity in neutrophils and monocytes. Another blood sample was
collected from the same students in non-stressful situations and the results of the
two blood samples were compared. The results showed no significant differences
for any of the parameters analyzed. The researchers concluded that the
immunologic evaluation of medical school students did not demonstrate an
alteration in the lymphocyte subpopulation count, the phagocytotic response by
monocytes, nor the phagocytosis digestion phase by neutrophils during acute stress

(Segal et al., 2006).

The effect of stress reported in studies on fish, amphibians, reptiles, birds,
mice, rats, rabbits, foxes, horses, non-human primates, and humans is a reduction
in white blood cell numbers. In the first few minutes of stress, leukocyte numbers
are increased but when the stressor is continued, they start to decrease and remain
low for the duration of the stressor. Finally, if the stressor is terminated, leukocyte
numbers are returned to pre-stress levels within a few hours after cessation of
stress. The cessation of stress results in increased numbers of granulocytes, which
do not return to pre-stress levels as rapidly as do lymphocyte and monocyte
numbers. Red blood cell numbers, and hemoglobin, and hematocrit concentrations
do not show any changes. Studies on rodents have shown that stress causes
changes in the white blood cell numbers, which are characterized by a significant
decrease in the numbers and percentages of lymphocytes and monocytes and by an

increase in the numbers and percentages of neutrophils. In contrast to animal
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studies, human studies have shown that stress can increase rather than decrease

blood leukocyte numbers (Dhabhar, 2002; Dhabhar, 2008).

In the study by Kondo and Morimoto in 1996 to determine whether acute
mental stress affects the composition of blood cells or components of the immune
system, they determined blood cell counts and leukocyte differential counts, and
examined lymphocyte subsets, before, during, and after 10 minutes of mental
arithmetic in healthy female students. They found that during mental stress the
absolute numbers of leukocytes and lymphocytes increased significantly but
erythrocyte counts and hemoglobin concentrations remained unchanged during

and after mental stress.

A study done by Patterson et al. (1995) examined the effects of
psychological stress on hemoconcentration in women. Hematologic and
hemodynamic variables were evaluated in women before and after 3 minutes of
psychological stress (speech task). The results showed significant increase in
hematocrit, hemoglobin levels, red and white blood cell counts. Bhatti and Shaikh
(2007) carried a study on changes induced by physiological stress (moderate
exercise) in haematological parameters of 88 healthy male and female students.
Estimation of haemoglobin, total white blood cells count, differential white blood
cells counts, erythrocyte sedimentation rate, and blood pressure were carried out
before and after standard exercise (30 minutes jogging). They concluded that
physiological stress leads to significant increases in total white blood cell counts in

both male and female students.

Jern et al. (1989) investigated the effects of emotional stress on

haematological parameters. The study was carried out on 29 healthy,
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normotensive, non-smoking males aged 20-34 years and blood samples were
collected before, during and after 10 minutes of mental arithmetic. There were
significant increases in peripheral blood cells counts, haemoglobin concentration,
and haematocrit in response to mental stress. The relative increments of leucocyte
(8%) and platelet (3.5%) counts were significantly higher than the increase in
haemoglobin concentration (2%). The increase in erythrocyte count, haemoglobin
concentration, and haematocrit showed significant positive correlations with heart
rate reactivity. The study concluded that emotional stress causes an increase in

leucocyte and platelet counts.

Marita et al., in 2012, studied the effect of noise exposure as a stressor on
biological and biochemical parameters. The study was done on newly trained
tailors, who were exposed to acute noise stress for 7 hours per day. Their blood
cell parameters were determined on the 8" and 24™ day. The researchers observed
significantly increased total leukocyte and platelet counts on the 24™ day while
there were no changes in red blood cell (RBC) counts and hemoglobin (Hb)

concentrations.

A study by Mantur and Murthy (2010) to estimate white blood cell counts in
both the absence and presence of examination stress and to compare pre-
examination results to the results taken during exams on both male and female
students. Results showed significantly higher numbers of all the subsets of
leukocytes (lymphocytes, neutrophils, monocytes, basophils and eosinophils)

during the examination period.

Wei et al., in 2008, studied the characteristic effects of psychological stress

on serum iron and erythropoiesis in rats. Results showed that femoral bone marrow
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iron was significantly decreased, serum iron and hemoglobin were highly

significantly decreased, and RBC counts were significantly decreased.

1.4.2 The relationship between stress and Antibodies

The study done by Segal et al. (2006) on twenty-five medical students,
described above, concluded that there was no alteration in the IgA, IgM and 1gG
serum levels during acute stress. Another study done by Silberman et al. (2003) on
female mice, found that the production of IgG was enhanced after acute stress and

impaired in chronic stress.

The effect of exposure to emotional stress on humoral immune function in
adult male Wistar rats after injection with ovalbumin was studied by Shao et al.
(2003). Emotional stress was induced by randomly giving empty water bottles to
rats trained to drink water at specific times. The results showed that emotional
stress induced a decrease in spleen weight and specific 1gG antibody levels, and
increased levels of epinephrine, norepinephrine and corticosterone. Thus, they
concluded that emotional stress can change immune function, and the sympathetic

nervous system may be involved in this immunomodulation.

Ursin et al. (1984) studied the relationships between two types of stress,
chronic and acute, and plasma immunoglobulins. They found significant
correlations between personality factors and immunoglobulins in the chronic stress
group (all females), but not in the acute stress group (all males). For the chronic
stress group, personality traits correlated negatively with concentrations of IgA
and 1gG, while IgM correlated positively. They concluded that psychological
factors, at least chronic stress, correlate with immune processes and they supported

the concept of the importance for psychological factors in immunological function.
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Vassend and Halvorsen, in 1987, studied the effects of examination stress on
serum concentrations of immunoglobulins in undergraduate students. The levels of
antibodies were measured during, before and after examinations, and a control
group comprised students not taking an examination. The results showed a small
but significant decrease in IgM during stress and no other significant effects on
IgA, 1gG and IgE levels. They demonstrated a significant relationship between
IgM concentrations and psychological variables reflecting acute or chronic
psychological load, while there were no significant correlations between the
psychological variables and IgA, 1gG or IgE. Also the study found,
immunoglobulin levels were not significantly correlated with serum cortisol

concentration.

Another study was done by Jemmott and Magloire (1988) on the relation
between academic stress and social support, and salivary concentrations of
secretory immunoglobulin A (S-1gA). They assayed saliva samples collected from
15 healthy undergraduates five days before their final examination, during their
examination, and 14 days after their last final exam for S-IgA concentrations. The
students rated the university's general psychological climate as being more
stressful during the exam period compared with the two other periods. Students
who reported more adequate social support at the preexam period had consistently
higher S-IgA levels than did their peers reporting less adequate social support.
They concluded that social support enhances health outcomes irrespective of

whether or not the individual is exposed to stressful experiences.

Murphy et al. (2010) carried a study on immune function and academic
pressure before and during a midterm examination period. Undergraduate students

were asked to complete a measure of global stress, the perceived stress scale (PSS-
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10), and to indicate their current level of perceived stress. Students showed
increased salivary cortisol concentrations and also reported greater acute perceived
stress during the examination period compared to the non-examination period.
Additional analyses showed a non-significant increase in the level of S-IgA from
the non-examination period to the examination period. Specific pressure variables
that appeared to contribute to stress regulation during the examination week
included the amount of time spent studying and concern about the impact of
examinations in the future. By demonstrating measures of chronic examination
stress, these findings provide new insight into the complex relationship between

examination stress, cortisol, and immune functioning.

In 1987, Scanlan et al. examined the effect of different rearing conditions
and psychological stress on antibodies levels in rhesus monkey infants. Nursery
monkey infants were subjected to social separations from peer groups at the age of
6 months. Before and after the first and fourth weeks of separation, plasma
samples were collected and tested for IgG and IgM levels. The researchers
detected small but significant decreases in IgG and IgM levels after four days of

separation, and especially on the fourth week.

Maes et al. (1997) examined the effects of academic examination stress on
serum IgA, IgG, and IgM levels in university students a few weeks before and
after a difficult academic examination, and one day before a difficult academic
examination. The students completed the Perceived Stress Scale (PSS) and they
were divided into two groups, high- and low-stress groups, according to their PSS
score. They found that academic examination stress induced significant increases
in serum 1gG and IgM in students with high-stress, but not in these with low-

stress. The stress-induced changes in serum IgA concentrations were significantly
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higher in students with high-stress than in those with low-stress. The stress-
induced changes in serum IgA and IgM were normalized a few weeks after the
stress condition, whereas IgG showed a trend toward normalization. Thus, the
researchers concluded that there are significant positive relationships between the
stress-induced changes measured by the PSS and serum IgA, IgG and IgM and
they suggested that psychological stress was accompanied by changes in the

secretion of serum immunoglobulins.

Endresen et al. (1987) studied nurses in a busy hospital ward and they found
significant relationships between the plasma levels of antibodies and work-related
stress, anxiety, and cognitive defense strategies. Their results indicated that
immunological parameters may be used as an indicator of psychological stress, but

the relationships were complex.

1.4.3 The relationship between stress and Interleukin-6

Kiecolt-Glaser et al. (2003) assessed the relationship between chronic stress
and the proinflammatory cytokine IL-6 production. Their study was carried out on
female and male older adults undergoing a chronic stressor (caregiving for a
spouse with dementia) and another group not undergoing stress (non-caregivers).
The caregivers’ average rate of increase of IL-6 measured across 6 years was about
four times as large as that of non-caregivers. A study was done by Steptoe et al.
(2001) on the influence of acute mental stress on cardiovascular responses and
concentrations of inflammatory cytokines. Blood IL-6 and saliva free cortisol were
measured. The IL-6 concentration increased at 2 hours after the stress tasks, while

no changes in cardiovascular variables or cytokine concentrations were observed
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in the control subjects. This study concluded that inflammatory cytokines

responded to acute mental stress.

In 2003, Kunz-Ebrecht et al. studied the individual differences in cortisol
responses and their associations with proinflammatory cytokines, such as IL-6,
cardiovascular activity, and mental health in healthy middle-aged subjects. They
found that plasma IL-6 was higher in the cortisol non-responder group and they
showed lower heart rate variability than the cortisol responders. The cortisol
responder group experienced more subjective stress during the tasks and reported
more impaired mental health than the non-responders. The study concluded that
individual differences in neuroendocrine stress responsivity, by measuring if the
subjects’ cortisol concentrations increased or not, may have an effect on IL-6, and
that both high and low cortisol stress responsiveness have potentially adverse

effects.

Cohen et al. (1999) assessed the role of psychological stress in the
expression of illness among infected subjects and they tested IL-6 production as a
pathway linking stress to illness. The study was carried out on 55 subjects, who
were experimentally infected with influenza A virus. The researchers found that
higher psychological stress assessed before the viral infection was associated with
greater symptom scores, greater mucus weights, and higher IL-6 nasal lavage
concentrations in response to infection which was consistent with increases in 1L-6
occurring in response to tissue damage associated with illness symptoms. It was
concluded that psychological stress predicted a greater expression of illness and an

increased production of IL-6 in response to an upper respiratory infection.
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A study was done by Starkweather (2007) to determine the influence of the
individual’s level of stress and mood on proinflammatory cytokines. In the study,
older adults (60 to 90 years old) who engage in regular physical activity were
compared to non-exercisers. The participants in the exercise group reported
significant improvements in stress and mood and they also had a significant

decrease in serum IL-6.

1.5 The relationship between stress and cortisol

A study on university medical students (mean age of 21 years) was done by
Shamsdin et al. (2010) to determine the effect of exam stress on serum cortisol
levels. The study showed that exam stress resulted in a significant increase in
cortisol levels. In another study (Weekes et al., 2006) on undergraduate students
undergoing examination stress, researchers observed no significant correlations
between elevations in psychological measures of stress and elevations in cortisol
levels. Thus, no evidence was found to suggest a relationship between
psychological and hormonal levels of stress. The findings of the study suggest the
need to better define and consider the implications of both the specific measures of
stress being used and individual differences in the subject samples in

psychoendocrine studies.

Sadeghi et al. (2007) studied the effects of practical academic exams on
serum ACTH and cortisol concentrations in normal and anxious students based on
their scores on the anxiety standard questionnaire. The results showed that the
stress of examinations significantly increased the levels of serum ACTH and

cortisol in both normal and anxious student with no differences between the two
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groups. Thus, the study concluded that examination stress can increase stress

hormones.

Taylor et al. (2006) carried a study on older depressed and non-depressed
patients at risk of cardiovascular disease (CVD) to compare their cortisol levels
under stress. Results showed that there were no differences in baseline salivary
cortisol levels or diurnal cortisol slopes, but depressed subjects showed
significantly lower cortisol levels during the stress test and less cortisol response to
stress. The researchers concluded that older depressed subjects with elevated risk
for CVD exhibited a hypocortisol response to acute stress and this impaired
cortisol response might lead to chronic inflammation and, in other ways, increase
CVD risk. Burke et al. (2005) examined the association between depression and
cortisol responses to psychological stressors. The study was applied on clinically
depressed and non-depressed men and women with a mean age of 40 years. The
results showed that depressed and non-depressed individuals had similar baseline
and stress cortisol levels, but depressed patients had much higher cortisol levels

during the recovery period than the non-depressed individuals.

Cruess et al. (2000) studied the effects of a cognitive-behavioral stress
management (CBSM) group intervention on serum cortisol levels in women being
treated for stage I or Il breast cancer. Cortisol was measured before and after the
state of the intervention. Intervention participants showed reduced serum cortisol
levels, whereas control subjects experienced no change. The study demonstrated
that stress management can influence physiological parameters such as cortisol

among women with early stage breast cancer.
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A study was done by Baig et al. (2006) to assess and correlate serum cortisol
levels and self-perceived work-related stress among medical doctors working in
emergency departments compared to doctors from non-emergency departments.
Serum cortisol levels were measured in the morning and in the evening and two
questionnaires were used to assess stress levels. Evening cortisol of emergency
doctors was higher than non-emergency doctors and the difference between
morning and evening cortisol was marginally significant. Evening serum cortisol
concentration was significantly associated with the stress questionnaire. The study
concluded that evening serum cortisol levels significantly correlated with work
overload, however, there was marginally significant correlation between morning
and evening serum cortisol difference and the study suggests that emergency

physicians perceive more stress than non-emergency physicians.

Selimuzzaman et al. (2007) studied the effects of surgical stress on serum
levels of cortisol in male patients (ages 18 and 45) undergoing surgical treatment
to find out any differences in hormonal response between elective and emergency
surgical procedures. The mean serum cortisol concentration in elective surgical
cases was almost similar to that of healthy controls, but for the emergency surgical
cases, a significantly increased mean cortisol level was observed. The study
concluded that surgical intervention causes an increase in serum cortisol which

was more marked in emergency cases.

1.6 The relationship between stress and the lipid profile

A study was done on healthy males by Patterson et al. (1993) to examine the
effects of mental stress on serum cholesterol, triglycerides, high-density

lipoprotein (HDL), and low-density lipoprotein (LDL). Blood samples were
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collected and levels of cholesterol, triglycerides, HDL, and LDL were estimated
during a resting baseline, challenging mental arithmetic, and recovery. Results
showed significant increases in cholesterol, triglycerides, LDL, and HDL levels
during the mental arithmetic period and the study demonstrated that changes in
lipid levels during stress resulted from rapid and substantial decrease in plasma
volume that was caused by acute psychological stress. Patterson et al. (1995)
examined the effects of psychological stress on hemoconcentration of blood cells
and lipids in healthy women. Blood samples were collected before and after a
speech task to assess the lipid profile. The results showed significant increases in
total cholesterol, triglycerides, high density lipoprotein cholesterol and low density
lipoprotein cholesterol during stress. The study demonstrated that acute stress can

lead to most stress-induced changes in lipids.

In 2009, Qureshi et al. studied the changes in blood lipids, blood cortisol
haemodynamic parameters during psychological stress in randomly selected males
during stress and non-stress periods. The researchers found a significant increase
in cortisol, systolic and diastolic blood pressures and heart rate during the stress
period with p < 0.001 for each parameter but different blood lipids levels

(cholesterol, LDL, HDL and TG) were detected with different significant levels.

Wattoo et al. in (2010) carried a study to evaluate environmental,
psychological and physiological stresses in female nurses and housewives (ages
25-45 years) and to correlate them with their serum total cholesterol, HDL, LDL
and triglycerides levels. The study showed that housewives had higher levels of
total cholesterol, LDL and triglycerides and lower level HDL compared to nurses.
Environmental, psychological and physiological stresses were significantly higher

in housewives as compared to the nurses. The study demonstrated that there were
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significant relationships between serum lipids levels and the three types of

stresses.

Nayanatara et al. (2012) demonstrated the effect of chronic stress on some
selected physiological, biochemical and lipid parameters in immobilization
stressed and non-stressed rats. Immobilization stress is used to induce both
psychological and physical stress. The results showed a significant increase in
cholesterol, triglycerides and LDL in the stressed group when compared to the non
stressed group but there were no significant changes in HDL levels. The
researchers concluded that chronic immobilization stress causes significant

alterations in the physiological, biochemical and lipid parameters.

Another study was done by Adekunle (2011) on healthy male and female
students to investigate the relationship between academic stress and selected
traditional markers of cardiovascular disorder such as lipids and lipoprotein profile
and apoproteins. Results showed significant increases in total cholesterol,
triglycerides, Apo A and B while there was a reduction in mean concentration of
HDL during the academic stress period when compared with when there was no
academic activity. These results suggested that stress may affect plasma lipids and
lipoproteins. The relationship between examination stress to serum lipid profile
was also studied by Bijlani et al. (1986). The study was done on male medical
students before, near and after examinations and on control volunteers. As
compared to pre-exam levels, total serum cholesterol, LDL and HDL in the
medical students were increased significantly near exams, while control subjects
did not show any significant change in the serum lipid profile. Further serial

measurements revealed that examination-related changes were transient. The study
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found that the response to examination stress may be related to the enhanced

utilization of cholesterol in the adrenal cortex for steroidogenesis.

Researchers (Wattoo et al., 2007) studied the effects of stress on serum total
cholesterol, HDL, and LDL and triglycerides levels among female health visitors
and housewives between ages 25-40 years. Results of the study indicated that
environmental, psychological and physiological stresses were significantly higher
in housewives as compared to the health visitors. The levels of total cholesterol,
LDL and triglycerides were higher in housewives than the health visitors and the
level of HDL was lower in housewives as compared to the health visitors. The
study concluded that the levels of total cholesterol, LDL and triglycerides increase

but HDL levels decrease with the increase in the level of stress.

In 2004, Bacon et al. examined the effects of exercise and mental stress on
lipid and immune reactions in patients with suspected coronary artery disease.
Results showed that levels of total cholesterol, triglycerides, HDL and LDL
increased with exercise, whereas levels of cholesterol and LDL increased with
mental stress. This study provides evidence that exercise and mental stress lead to

increases in lipid in patients with coronary artery disease.

The effects of short-term (mental) psychological stress on serum lipid levels,
hemoconcentration and plasma viscosity in young adults was investigated by
Muldoon et al. (1995). Results showed that the stressed subjects had significant
increases in LDL, and HDL levels as compared to control (unstressed) subjects.
The study provided evidence that exposure to short-term mental stress caused
increases in serum lipid concentrations. The effect of psychological stress on

plasma lipids was studied by McCann et al. (1996) in female and male law
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students at the beginning of a term and before final exams. Perceived stress,
perceived workload, and cortisol increased before examinations. Both LDL and
apolipoprotein B (apo B) increased in men and women while HDL decreased in
women only. Changes in cortisol and changes in LDL and apo B were associated,
suggesting a neuroendocrine component to the effects. These results suggest that
episodic, stressful situations may lead to potentially atherogenic changes in lipid

and lipoprotein concentrations.

Maia et al. (2008) studied serum lipid composition in a sample of Brazilian
police officers, with and without Post-Traumatic Stress Disorder (PTSD), regularly
exposed to potentially traumatic situations. Results demonstrated that officers with
PTSD exhibited significantly higher serum total cholesterol, LDL and triglycerides
levels than those without PTSD. The researchers concluded that the association
between PTSD and abnormal serum lipid profile and a tendency to exhibit higher
BMI may lead to an increased risk for developing metabolic syndrome, a condition
that by itself could account for many of the most serious PTSD-related physical

health problems.

1.7 Aim of the study

The aim of this study is to determine the effect of acute stress of final
examinations on the immune system in healthy female university students of King
Abdulaziz University. This is especially important since this effect is not fully
understood, nor is there a consensus whether it is a suppressive or enhancing
effect. This will be achieved by collecting and analyzing blood samples taken from
subjects at a stress-free time and during the examinations weeks, and by the use of

a questionnaire, filled in by the subjects, designed to assess the level of stress that

47



they are experiencing. The results of the questionnaire and the levels of some
measured stress hormones (cortisol and adrenalin) and the lipid profile will help to
determine the level of stress for each subject, which is then correlated to the
immune system parameters. The results should help establish whether acute stress

affects the immune response, and if so, is it an enhancing or depressing effect.
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Materials and Methods



Chapter Il

Materials and Methods

2.1 Subjects and Anthropometric Measurements

This study was carried out using a total of 41 healthy randomly chosen
Saudi female students (19-26 years old) from King Abdulaziz University, Jeddah,
Saudi Arabia. None of the subjects were pregnant, on medications, or menstruating
at the time of blood collection. Also none of the subjects had any major diseases,
such as diabetes, high blood pressure, blood diseases, anemia, allergies,
immunological diseases and genetic diseases according to their answers on the

guestionnaire about health state.

The parameters were assessed in the group of students on two occasions: at
a stressful period (during the final examinations weeks) and at a stress-free period
(beginning of the term). All subjects filled in a consent form, a general health
form, and the Perceived Stress Questionnaire (PSQ) which is an approved
questionnaire designed to assess the level of stress that a subject is experiencing

(Levenstein et al., 1993).

The weight of each subject was measured at the first and second blood

collections, using a new regular household scale, while the height was measured
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using a fabric measuring tape at the first blood collection only. The waist and hips
circumferences were measured, using a fabric measuring tape, at both blood
collections. The waist was measured at the navel and the hips were measured at the

fullest point.

To assess the body weight of the subjects, three different methods were
used. These were the body mass index (BMI), the waist-to-hip ratio (WHR) and

the waist circumference (WC).

BMI was calculated by dividing the student’s weight by her height squared.
Based on this calculated BMI, the students were divided into five groups, or
categories, as follows: an underweight group (BMI below 18.9), a healthy group
(BMI between 18.9-24.9), an overweight group (BMI from 25-29.9), an obese
group (BMI in the range 30-40) and finally a morbid obesity group (BMI above

40).

The waist-to-hip ratio (WHR) was calculated for each subject. The subjects
were classified into three risk groups: the low risk (WHR < 0.80), moderate risk

(0.81 < WHR <0.85), and high risk (WHR > 0.85) groups.

The waist circumference (WC) classifies subjects into two groups: high
risk group for waist circumferences greater than 88 cm and low risk group for

waist circumferences lower than 88 cm (Rolfes et al. 2006).

2.1.1 Categorizations of Subjects

Subjects (n = 41) of the study were assessed at a stressful time (exam

period) and a non-stressful time or condition (regular lectures, non-exam period).
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The measured parameters were compared in three different ways leading to the

three sections of the results. The sections are:

Section one: Results of the parameters for the two times (or cases) are compared.

Section two: Results of the two cases, stress case and no stress case, are classified
into three categories (low, intermediate, and high stress groups) of perceived stress
based on the total score obtained for each subject using the Perceived Stress
Questionnaire (PSQ) (Levenstein et al., 1993), which is widely used to asses

stress.

Section three: Results of the two cases (stress case and no stress case) are
classified into two categories (low and high stress groups) of perceived stress
based on the total score obtained for each subject using the Perceived Stress

Questionnaire (PSQ) (Levenstein et al., 1993).

2.1.2 Blood Collection

Blood samples were collected into two types of vacutainer tubes. Eethylene
diamine tetra-acetic acid (EDTA) vacutainer tubes were used for whole blood for
differential complete blood counts (CBC), while plain vacutainer tubes were used

for blood serum for the determination of all other parameters.

Blood in plain tubes was centrifuged at 3,000 rpm for 10 minutes to
separate the serum from the blood clot. Subsequently the separated serum was
transferred into eppendorf tubes using a micropipette, and finally stored at -80°C
until the tests were performed. EDTA vacutainer tubes were stored in a container

containing ice for about 4 to 5 hours and then they were transferred to the
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Hematology Lab at King Abdulaziz University Hospital, Jeddah, Saudi Arabia for

CBC analysis.

2.1.3 Parametric Analysis

2.1.3.1 Differential Complete Blood Count

The differential complete blood count (CBC) for each blood sample was
done on a Coulter LH 700 Series (Beckman Coulter Inc., Brea, CA, USA) at the

King Abdulaziz University Hospital, Jeddah, Saudi Arabia.

Principle:

The coulter method counts and measures the size of cells by detecting and
measuring changes in electrical resistance when cells in a conductive liquid pass
through a small aperture. Total red cells, white cells, and platelets counts were
determined by this method. Also the counts of white blood cells subtypes
(neutrophils, lymphocytes, monocytes, eosinophils and basophils) were

determined.

The Coulter LH 700 Series along with the control and calibrator CBC
reagents, CBC cleaning agent, and CBC analysis reagents were used according to

the manufacturer's instructions.

2.1.3.2 Determination of Serum Triglycerides Concentration

The concentrations of serum triglycerides were determined using an in
vitro Flex Reagent Cartridge Kit (Siemens Healthcare Diagnostics Ltd.,

Camberley, UK) and the analysis was performed on the Dimension Clinical

52



Chemistry System RXL max, at the King Abdulaziz University Hospital, Jeddah,

Saudi Arabia.
Principle:

The determination of serum triglycerides concentration is based on an
enzymatic procedure, in which a combination of enzymes is employed. The
samples were incubated with lipoprotein lipase (LPL) which converts triglycerides

to free glycerol and fatty acids as shown below.

LPL
Triglycerides — Glycerol + Fatty Acids

Glycerol kinase (GK) catalyzes the phosphorylation of glycerol by

adenosine-5-triphosphate (ATP) to glycerol-3-phosphate:

GK
Glycerol + ATP ——— Glycerol-3-phosphate + ADP

Glycerol-3-phosphate—oxidase (GPO) then oxidizes glycerol-3-phosphate to

dihydroxyacetone phosphate and hydrogen peroxide (H,O5):

Glycerol-3-phosphate + O, GPO Dihydroxyacetone phosphate + H,0,

Finally, quinonemine was formed from H,0,, aminoantipyrine and 4-

chlorophenol by the catalytic action of peroxidase (POD):

POD
2 H,0, + Aminoantipyrine + 4-chlorophenol — quinoneimine + HCI + 4 H,0

The change in absorbance due to the formation of quinoneimine is directly
proportional to the total amount of glycerol and its precursors in the sample and

was measured using a biochromatic (510, 700 nm) endpoint technique.
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2.1.3.3 Determination of Total Serum Cholesterol Concentration

The concentrations of serum cholesterol were determined using an in vitro
Flex Reagent Cartridge Kit (Siemens Healthcare Diagnostics Ltd., Camberley,
UK) and the analysis was performed on the Dimension Clinical Chemistry System

RXL max, at the King Abdulaziz University Hospital, Jeddah, Saudi Arabia.
Principle:
The hydrolysis of cholesterol esters was catalyzed by cholesterol esterase

(CE) to produce free cholesterol:

CE
Cholesterol esterase — Cholesterol + Fatty Acids

The produced free cholesterol, along with preexisting free cholesterol, was
oxidized in a reaction catalyzed by cholesterol oxidase (CO) to form cholest-4-

ene3-one and hydrogen peroxide:

co
Cholesterol + O, —+ Cholest-4-ene-3-one + H,0,

N, N-diethylaniline-HCL4-aminoantipyrine  (DEA-HCL/AAP)  was
oxidized by hydrogen peroxide (that was formed due the presence of horseradish

peroxidase (HPO)) to produce a chromophore that absorbs at 540 nm:

HFPO
2 H,0O, + DEA.HCI/AAP — Dihydroxyacetone phosphate + H,0,

The absorbance due to the oxidized DEA-HCL/AAP is directly
proportional to the total cholesterol concentration and was measured using a

polychromatic (452, 540, and 700 nm) endpoint technique.
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2.1.3.4 Determination of Serum HDL-Cholesterol Concentration

Serum high-density lipoprotein-cholesterol (HDL-C) concentrations were
determined using an in vitro Flex Reagent Cartridge Kit (Siemens Healthcare
Diagnostics Ltd., Camberley, UK) and the analysis was performed on the
Dimension Clinical Chemistry System RXL max, at the King Abdulaziz

University Hospital, Jeddah, Saudi Arabia.

Principle:

The method for HDL-cholesterol estimation is a two reagents format that
depends on the properties of a unique detergent. The method is based on
accelerating the reaction of cholesterol oxidase (CO) with non-HDL unesterified
cholesterol and dissolving HDL selectively using a specific detergent provided by
the kit. In the first step, non-HDL unesterified cholesterol was subjected to an
enzymatic reaction and the peroxide generated was consumed by a peroxidase
reaction with N, N-bis(4-sulphobutyl)-m-toluidine-disodium salt (DSBmT)

yielding a colorless product by the following reaction:

Accelerator+CO
+DSEmT +Peroxidaze

HDL, LDL, and VLDL, chylomicrons Non-reactive LDL, and

VLDL,Chylomicrons
The second step was using a detergent capable of solubilizing HDL
specifically, cholesterol esterase (CE) and chromagenic coupler to develop color
for the quantitative determination of HDL-C. The absorbance was read at 600 nm
and 700 nm wavelengths. This method might be referred to as the Accelerator

Selective Detergent methodology.
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HDL Specific Detergent

HDL HDL disrupted

Chol—esterase +Chol—oxidase

HDL cholesterol Cholestenone + H>0,

Peroxidase

H,0, + DSBmT + 4-AAP ——— Color development

2.1.3.5 Determination of Serum LDL-Cholesterol

Serum low-density lipoprotein-cholesterol (LDL-C) concentrations were
determined using an in vitro Flex Reagent Cartridge Kit (Siemens Healthcare
Diagnostics Ltd., Camberley, UK) and the analysis was performed on the
Dimension Clinical Chemistry System RXL max, at the King Abdulaziz

University Hospital, Jeddah, Saudi Arabia.

Principle:

The method uses a two reagent format and it depends on the properties of
detergent 1 that is provided by the kit, which solubilizes only non LDL particles in

the following reaction.

Nonsoluble LDL-C, VLDL-C, and HDL-C, Chylomicrons

Datergent 1

— Soluble non-LDL-C (VLDL-C, and HDL-C, Chylomicrons)

The LDL-cholesterol released was consumed by cholesterol esterase and

cholesterol oxidase in a non-color forming reaction:

Chol—Esterase +Chol-oxidaze i
Soluble non-LDL-C Non-color forming
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The remaining LDL particles were solubilized by detergent 2. The soluble
LDL-C was then oxidized by the reaction of cholesterol esterase and cholesterol

oxidase forming cholestenone and hydrogen peroxide (H20,):

Datargent 2

Nonsoluble LDL-C —— Soluble LDL-C

Chol—Esterase +Chol —oxidase

Soluble LDL-C + O, Colestenone + H,O

The color was produced by the enzymatic action of peroxidase on H,O; in
the presence of N, N-bis(4-sulfobutyl)-m-toluidine, disodium salt (DSBmT) and 4-
aminoantipyrine (4-AA). Finally, the color was measured using a bichromatic
(540, 700 nm) endpoint technique, and the color produced is directly proportional

to the amount of LDL-C present in the sample:

Peroxidase

H.,O, + DSBmT + 4-AA ——— Color development

2.1.3.6 Quantitative Determination of Total Serum Cortisol Concentration

The quantitative determination of total serum cortisol concentration was
done using a Monobind Cortisol ELISA Kit (Monobind Inc., Lake Forest, CA,
USA) and the analysis was performed on a Microplate Reader ELX800 (Biotek

Instruments, Winooski, VT, USA) at the King Fahad Center for Medical Research.

The cortisol ELISA kit uses a specific monoclonal anti-cortisol antibody
and contains reagents and materials as follows:
human serum references, cortisol enzyme reagent, cortisol conjugate buffer,
cortisol biotin reagent, streptavidin coated plate, wash solution, substrate A,

substrate B and stop solution.
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Principle:

A specific human monoclonal anti-cortisol is used by the Monobind
cortisol ELISA kit. The construction of a standard curve to determine
concentrations was permitted by the employment of several serum references of

known cortisol concentrations.

The essential reagents required for the enzyme immunoassay include
antibody, enzyme-antigen conjugate and the native antigen. A competition reaction
results between the native antigen and the enzyme-antigen conjugate for a limited
number of antibody binding sites. A stimulation reaction between the biotin
attached to the antibody and the streptavidin immobilized on the microwell occurs.
That affected the separation of the antibody bound fraction after decantation or

aspiration of the reagents.

The enzyme activity in the antibody-bound fraction is inversely
proportional to the native antigen concentration. By utilizing several different
serum references of known antigen concentrations, a dose response curve was

generated from which the antigen (cortisol) concentration can be determined.

2.1.3.7 Qualitative Determination of Serum IgG and IgM Concentrations

The qualitative determination of serum immunoglobulins 1gG, and IgM
concentrations was done by using IgG-CIC and IgM-CIC ELISA kits (DRG
International, Inc. Mountainside, NJ, USA) and the analysis was performed on a
Microplate Reader ELX800 (Biotek Instruments, Winooski, VT, USA) at the King
Fahad Center for Medical Research. Each kit contains the following reagents and

materials:
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incubation buffer, conjugate (peroxidase-conjugate anti-lgG or peroxidase-
conjugate anti-lgM), conjugate buffer, TMB (Tetramethyl benzidine) substrate,

coated microplate and stop solution.

Principle:

An immunoenzymatic colorimetric method was used for the qualitative

determination of serum 1gG and IgM concentrations.

The C3-fixing circulating immune complexes (CIC) that are present in the
samples were first blocked by an anti—C3 antibody immobilized on a microplate.
To quantify 1gG-CIC complexes a specific peroxidase anti-lgG antibody and the
enzyme substrate H,O,-TMB were then employed. Similarly, to quantify IgM-CIC
complexes, a specific peroxidase anti-lgM antibody and the enzyme substrate

H,0,-TMB were then added.

The amounts of formed products, which were measured by reading
absorbances at wavelength 450 nm, are proportional to the levels of solid-phase
IgG-CIC and IgM-CIC complexes. The levels of IgG-CIC and IgM-CIC

complexes are equal to the serum levels of IgG and IgM, respectively.

The absorbance (OD) and the mean OD of controls were needed for the

calculation of standard deviation (SD):

sd = oD sample — Meanl controls

SD1 Controls
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Values of sd less than 2.0 are considered to be negative for significant
levels of the antibody, while values of sd greater than or equal to 2.0 are

considered to be positive for significant levels of the antibody.

2.1.3.8 Quantitative Determination of Serum IgA, IgE and IgD

Concentrations

The quantitative determination of serum IgA, IgE and IgD concentrations
was based on solid phase enzyme-linked immunosorbent assays. The kits used
were: Total Human IgE Assay Kit, and Total Human IgA Assay Kit (both
Diagnostic Automation, Inc., Calabasas, LA, USA); and Total Human IgD Assay
Kit (ALPCO Diagnostics, Salem, NH, USA). The analyses were performed on a
Microplate Reader ELX800 (Biotek Instruments, Winooski, VT, USA) at the King

Fahad Center for Medical Research.

Each kit contains the following reagents and materials: antibody-coated
microtiter wells (with anti-IgA, anti-IgE, or anti-IgD), reference standards, buffer,
enzyme conjugate reagent, TMB substrate, stop solution and wash buffer

concentrate.

Principle:

The assay system utilizes one (anti-1gA, anti-IgE or anti-IgD) antibody for
solid phase (microtiter wells) immobilization and another (horseradish peroxidase-
conjugated anti-IgA, anti-IgE or anti-lgD) antibody in the antibody-enzyme
conjugate solution. The serum was added to the microtiter wells and it was
incubated with the buffer. Then the antibodies present in the serum were combined

with the anti-antibodies on the well. The wells were then washed to remove any
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residual serum, and subsequently the specific (IgA, IgE or IgD) horseradish
peroxidase conjugated antibody was added. The conjugate was bound
immunologically to the antibody in the well, resulting in the antibody molecules
being sandwiched between the solid phase and enzyme-linked antibodies. After
incubation at room temperature, the wells were washed with water to remove
unbound labeled antibodies. A solution of tetramethylbenzidine (TMB) was added
and incubated for 20 min, resulting in the development of color. The color
development was stopped with the addition of stop solution and it was measured
spectrophotometrically at 450 nm. The concentration of the serum antibody is

directly proportional to the color intensity of the test serum.

2.1.3.9 Quantitative Determination of Serum Interleukin-6 Concentration

The quantitative determination of serum interleukin 6 (IL6) concentrations
was done by using the Human Interleukin-6 (Hu IL-6) ELISA Kit (ALPCO
Diagnostics, Salem, NH, USA) and it was performed on Microplate Reader
ELX800 (Biotek Instruments, Winooski, VT, USA) at the King Fahad Center for

Medical Research.

The kit contains the following reagents and materials:

Hu IL-6 standard, standard diluent buffer, Hu IL-6 antibody-coated wells, Hu 1L-6
biotin conjugate, streptavidin-peroxidase or horseradish peroxidase (HRP),
streptavidin-peroxidase (HRP) diluent, wash buffer, stabilized chromogen

Tetramethylbenzidine (TMB), stop solution and plate covers.
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Principle:

A monoclonal antibody specific for Hu IL-6 has been coated onto the wells
of the microtiter plate. Samples, standards of known Hu IL-6 concentrations, and
control specimens were pipetted into the wells, followed by the addition of a
biotinylated monoclonal second antibody. During this incubation, the Hu IL-6
antigen binds simultaneously to the immobilized antibody on one site, and to the

solution phase biotinylated antibody on a second site.

After removal of excess second antibody, streptavidin-peroxidase (HPR)
was added and was bound to the biotinylated antibody. After a second incubation
and washing to remove all the unbound enzyme, a substrate solution was added,
which was acted upon by the bound enzyme to produce color. The intensity of this
colored product is directly proportional to the concentration of Hu IL-6 present in

the original specimen. The color was measured spectrophotometrically at 450 nm.

2.2 Statistical methods

All the reported data were recorded on a worksheet and the statistical program
SPSS-V12 was used to obtain the descriptive and analytical statistics described

below.

2.2.1 Descriptive statistics

The following statistical results were calculated for all parameters: Mean,

Standard deviation (+ SD), and Standard error of the mean (+ SE).
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2.2.2 Analytical statistics

After checking the normality and the homogeneity assumptions for the
parameters of the two dependent samples, it was noted that the assumptions were
satisfied and the paired sample t-test was used for comparing means between two

samples before examination and during examinations.

After testing the normality and the homogeneity assumptions for the three
groups and the two groups, it was noted that the assumptions were satisfied for
some parameters and not satisfied for other parameters. The one way ANOVA test
was used when the normality was satisfied to determine if any significant
differences between groups averages exist and the Kruskal-Wallis test was used
when the normality was not satisfied to find any significant differences between

groups averages.

For the qualitative variables, when significant relationships were found
between two variables, Chi-square test was used if the following assumption was
satisfied (expected frequency for all cells greater than five). But for the qualitative
variables in this research work, the assumption was not satisfied thus, Fisher's-test

was used as appropriate test.

The general results for all tests based on the p-value are shown below:

P >0.05 = Non Significant (NS)

P < 0.05 = Significant (S)

P < 0.01 = Highly Significant (HS)
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Chapter |11

Results

3.1 Section one: Uncategorized comparisons of the two cases

In this section the results for the stress case (n = 41) were compared with
those of the no stress case (n = 41). All results, unless noted otherwise, for this
section were analyzed using the paired samples t-test and the mean, standard
deviation (SD), standard error (SE) and P-value were determined for the

parameters of each case.

3.1.1 The differential complete blood count test

The counts of the total white blood cells (WBCs) and their subtypes
(neutrophils, eosinophils, basophils, lymphocytes and monocytes) were
determined for the two cases, as shown in Table 3.1. Also, red blood cell and
platelet counts along with the hemoglobin concentrations were determined for the

two groups.

Using the paired samples t-test, the results showed a highly significant
increase (P < 0.01) for the total white blood cells, neutrophil, and lymphocyte

counts. Non-significant changes (P > 0.05) are obtained for monocytes,

64



TABLE 3.1 The differential CBC for uncategorized comparisons of the two

cases using paired samples t-test.

Non final examination

Final examination

Parameters period (n =41) period (n =41) P-value
Mean + SD (£ SE) Mean + SD (£ SE)

WBC (10°/pL) 6.59 + 1.93 (+ 0.30) 7.95 + 1.80 (+ 0.28) 0.0001 ™
Neutrophils (10%pL) | 3.60 + 1.39 (+ 0.22) 4.60 + 1.76 (+ 0.27) 0.0001 ™
Lymphocytes (10°/pL]  2.30 £ 0.74 (+ 0.12) 2.65+0.77 (£ 0.12) 0.001
Monocytes (10°/uL) 0.50 + 0.27 (+ 0.04) 0.49 + .21 (+ 0.03) 0.959 \®
Eosinophils (10%pL) |  0.16 + 0.14 (+ 0.02) 0.16 + 0.13 (+ 0.02) 0.881N°
Basophils (10%/pL) 0.02 + 0.04 (+ 0.01) 0.03 + 0.05 (+ 0.01) 0.200 M
RBC (10°/pL) 4.43 +0.60 (+ 0.09) 4.63 + 0.36 (+ 0.06) 0.029 °
HGB (g/dL) 12.35 + 0.31 (+ 0.95) 12.56 + 1.18 (+ 0.18) 0.433N5
PLT (10%pL) 285.15 + 77.51 (+ 12.11) | 295.02 + 70.45 (+ 11.00) | 0.276 "°

HS = highly significant at P-value < 0.01
S = significant at P-value < 0.05
NS = not significant at P-value > 0.05
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eosinophils, basophils, hemoglobin and platelets and a significant increase (P <
0.05) for the red blood cell counts for the stress case compared to the no stress

case.

3.1.2 Serum levels of the lipid profile

As shown in Table 3.2, there are no significant changes (P > 0.05) in the
cholesterol, triglycerides and high density lipoprotein (HDL) concentrations
between the two cases, except for the low density lipoprotein (LDL), which is
slightly (but not significantly, P = 0.053) higher in the stress group compared with

the no stress group.

3.1.3 Serum levels of cortisol and IL-6

Table 3.3 shows a highly significant increase in the mean serum level of
cortisol in the stress case as compared to the no stress case. No significant change

in the serum levels of IL-6 is observed between the two groups.

3.1.4 Serum levels of IgE, IgA, IgD, IgM and IgG antibodies

There are no significant changes (P > 0.05) in the serum levels of IgE, IgA

and IgD between the two cases, as shown in Table 3.4.

Since the results for the serum concentrations of the IgM and IgG
antibodies are qualitative, Fisher's test is used for the analysis of the data. The
results (Table 3.5) show that there was a significant increase (P < 0.05) in IgM
concentration of the stress case as compared to the no stress case, while there is a
highly significant decrease (P < 0.01) in IgG of the stress case as compared to the

No stress case.
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TABLE 3.2 Serum levels of the lipid profile for the uncategorized
comparisons of the two cases using paired samples t-test.

Parameters Non final examination Final examination
(mmol/L) period (n = 41) period (n = 41) P-value
Mean + SD (+ SE) Mean + SD (+ SE)

Cholesterol 4.23 +0.76 (+ 0.12) 425+0.71 (£0.11) | 0.729™
TG 0.70 + 0.27 (+ 0.04) 0.73+0.33(+0.05) | 0357
HDL 1.87 + 0.36 (+ 0.06) 1.89 + 0.36(+ 0.06) | 0.489N°
LDL 2.58 +0.69 (+ 0.11) 2.69 +0.64 (+0.10) | 0.053 N

NS = not significant at P-value > 0.05
* = tends to significance
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TABLE 3.3 Serum levels of cortisol and IL-6 for the uncategorized
comparisons of the two cases using paired samples t-test.

Non final examination

Final examination

Parameters period (n =41) period (n =41) P-value
Mean + SD (£ SE) Mean + SD (£ SE)

Cortisol (ng/dL) | 8.54+4.66 (+0.73) | 12.20+4.62 (+0.72) | 0.001™

IL-6 (pg/mL) 3.30+7.45(+1.24) | 5.07+15.42 (+2.57) | 0.197"®

HS = high significant at P-value < 0.01
NS = not significant at P-value > 0.05
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TABLE 3.4 Serum levels of IgE, IgA and IgD for the uncategorized

comparisons of the two cases using paired samples t-test.

Non final examination

Final examination period

Antibodies period (n=41) (n=41) P-value
Mean + SD (£ SE) Mean + SD (£ SE)

IgE (IU/mL) | 164.29 + 219.03 (+ 34.21) | 180.56 + 212.43 (+ 33.18) | 0.504"°

IgA (pg/dL) 4.19 + 8.69 (+ 1.36) 2.88 + 10.04 (+ 1.57) 0.535N°

IgD (ng/mL) | 47.75 + 60.37 (+ 10.67) 46.32 + 40.78 (+7.21) 0.825 N®

NS = not significant at P-value > 0.05
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TABLE 3.5 Serum levels of IgM and IgG for the uncategorized comparisons

of the two cases using Fisher’s test.

Non final examination Final examination period
period (n=41 (n=41)

Antibodies No. | , No. | , P-value

(mg/dL) No. % of | of %6 of | No. % of | of 0 of

of . non of . non

sig sig. | non sig. | sig sig. | non sig

' sig. ' ' sig. '

IgM 3 7.3% | 38 |927% | 5 |12.2% | 36 |87.8% | 0.035°
19G 8 |195% | 33 [80.5% | 7 |17.1% | 34 |82.9% |0.001"°
HS = high significant at P-value < 0.01

S = significant at P-value < 0.05
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3.2 Section two: Categorized comparisons of the parameters (three categories)

The subjects were categorized using the Perceived Stress Questionnaire
(PSQ) in each of the no examinations period and examinations period individually.
Thus, the subjects were categorized twice producing the three categories for each
of the cases. Categorization into the three groups was according to the total score
of each subject in the questionnaire. Subjects with a total score between 30 and 64
were recognized as the low stress group, subjects with a total score between 65 and
85 were recognized as the intermediate stress group and, finally, subjects with a
total score between 86 and 120 were recognized as part of the high stress group.

Subsequently, the results of the three groups of the two cases were compared.

The examinations period had 41 subjects and this number of subjects was
divided into three groups as follows: low stress group (n = 22, 53.7%),
intermediate stress group (n = 13, 31.7%) and high stress group (n = 6, 14.6%).
The no examinations period also had 41 subjects divided into three groups as
follows: low stress group (n = 22, 53.7%), intermediate stress group (n = 17,

41.5%) and high stress case (n = 2, 4.9%).

For the subjects during the no exam period, the categorization was carried on
the subjects during that period and the results for the parameters were compared
with the results for the same subjects during the exam period, not considering the
categorization obtained for the exam period. This comparison is termed part A in
all involved tables. Similarly, for the subjects during the exam period, as done
above, the categorization was carried on the subjects during that period and the
parameters were compared with the results for the same subjects in the no exam

period, again not considering the categorization there. This comparison is termed
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part B in all involved tables. In both cases the examination period mean
concentrations are compared with the no examination period (control) mean

concentrations.

In this section of results, the paired samples t-test was used to determine the
mean, standard deviation (SD), standard error (SE) and P-value for all the

parameters of each of the groups (categories) within the two cases (periods).

3.2.1 The differential complete blood count test

The counts of the total white blood cells, and their subtypes (neutrophils,
eosinophils, basophils, lymphocytes and monocytes) were determined for the three
groups of the two cases, as shown in Table 3.6.a and Table 3.6.b. Also, red blood
cell and platelet counts along with the hemoglobin concentrations were determined

for the three groups of the two cases, as shown in Table 3.6.c.

Using the paired samples t-test, the results show a highly significant increase
(P < 0.01) in white blood cells of the low and intermediate stress groups of the two
cases, during no final examinations and during final examinations. For white blood
cells of the high stress group during final examinations case there is a significant
increase (P < 0.05) but during no final examinations there is no significant change

(P > 0.05) but the difference tended to a significant increase (P = 0.051).

For neutrophils there is a significant increase (P < 0.05) in the mean counts
of the low and intermediate stress groups of the two cases. As for the high stress
group of the two cases there are no significant changes (P > 0.05) but the

difference tended to significant increase (P = 0.053) during final examinations.
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TABLE 3.6.a The differential complete blood count test results for the
categorized (three groups) comparisons of the two cases using
paired samples t-test.

Group . ; PR ; —
Parameter | of stress Part A: Non final examination period (n =41)
level Mean; + SD (+ SE) | Mean; £ SD (£ SE) P-value
Lo | 6.24+186(:040) | 7.53+186(x040) | 0.005"
WBC Inter. HS
(10°7uL,) TL0o | 722£1.96(x0.47) | 854+169 (x0.41) | 0002
':'3“2 5.00+0.85 (+ 0.60) | 7.50+1.13 (+0.80) | 0.051N"
nLngZ 3.38+1.35(£029) | 429+187(£0.40) | 00148
Neutrophils Inter. s
A0Ly | ne1y | 398+144(:035) | 504+164(040) | 0014
':'ghz 270 +£0.71 (+ 0.50) | 4.35+134(+095) | 0170
nLgV;Z 2.24+0.68 (£0.15) | 2.60+057 (£0.12) | 0.014°
Lymphocytes | Inter. NS
(10°/uL) 101o | 245%0.83(x0.20) | 2744101 (x0.24) | 0.103
'j]'ghz 170+ 0.14 (£ 0.10) | 2.40+0.28 (+0.20) | 0.090 ™
Group - o . _
Parameter | of stress Part B: Final examination period (n = 41)
level Mean; + SD (+ SE) | Mean; + SD (£ SE) P-value
n"g‘gZ 6.60+ 154 (£0.33) | 7.50+1.72(+0.37) | 0.002"
WBC Inter. HS
A0%L) | ne1a | 664%256(:071) | 867+188(£052) | 0.007
':'f% 6.42+2.01(+0.82) | 8.03+162(+0.66) | 0.039°
nLngZ 350+1.33(£0.28) | 4.21+1.86(+040) | 0.011°
Neutrophils Inter. s
(10°uL) (Tila | 3794154(x0.43) | 5154146 (x0.41) | 0.037
. NS*
ﬂ':gé‘ 353+ 147 (+0.60) | 4.83+187(x0.76) | 293
nL‘:"’ZZ 2.35+0.61 (£0.13) | 2.61+0.65(£0.14) | 0.068 "
Lymphocytes | Inter. s
QOLy | net1s | 225+104(2029) | 277£107(:030) | 0024
':'3'16 2204047 (£0.19) | 252+0.36(+0.15) | 0.214MS

HS = high significant at P-value < 0.01
NS = not significant at P-value > 0.05
Mean;= mean during non exams period
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TABLE 3.6.b The differential complete blood count test results for the
categorized (three groups) comparisons of the two cases using
paired samples t-test.

Group _ . A . _
Parameter | of stress Part A: Non final examination period (n = 41)
level Mean; + SD (+ SE) Mean, £ SD (+ SE) | P-value
nLgV;Z 0.43+0.16 (+0.03) | 0.45+0.22 (+0.05) | 0.687"°
Monocytes Inter. NS
(10pL) Nz 17 0.59 +0.36 (+0.09) | 0.55+0.21 (+0.05) | 0.634
':'Sg 0.40 +0.00 (+0.00) | 0.55+0.07 (+0.05) | 0.205"°
nLgV;Z 0.16 +0.14 (+ 0.03) | 0.16+0.11 (+0.02) | 1.000 ™
Eosinophils Inter. NS
(10%uL) Nz 17 0.17+0.13 (£ 0.03) | 0.16 +0.15 (+ 0.04) | 0.826
High No
neo 0.15+0.21(£0.15) | 0.15+021(x0.15) |
nL(:)V;Z 0.02+0.04 (£0.01) | 0.03+0.05(+0.01) | 0.492"
Basophils Inter. NS
(10°/L) Nz 17 0.02+0.04 (£0.01) | 0.04+0.05(+0.01) | 0.431
':'Sg 0.00 +£0.00 (x0.00) | 0.05+0.07 (+0.05) | 0.500"°
Group Part B: Final examination period (n = 41)
Parameter | of stress
level Mean; + SD (+ SE) Mean, + SD (+ SE) | P-value
n"g"é’z 0.53+0.30 (x0.06) | 0.46+0.20 (+£0.04) | 0.305"°
Monocytes Inter. S
(10L) N=13 | 042+024(x0.07) | 056+0.25(x0.07) | 0.022
':':9% 0.52+0.19 (x0.08) | 0.48+0.15(x0.06) | 0.732"°
nLgV;Z 0.18+0.16 (+0.03) | 0.18+0.12 (+0.03) | 1.000"S
Eosinophils Inter. NS
(107/uL) n=13 0.14+0.10 (£ 0.03) | 0.14 +0.15(+0.04) | 1.000
M9 | 015+012(x0.05) | 013+0.10(x0.04) | 0605™
n"‘:"’;z 0.02+0.04 (£0.01) | 0.02+0.04(+0.01) | 1.000"
Basophils Inter. s
(10°L) n=13 | 001£003(x0.01) | 0.04+0.05(+0.01) | 0.040
':'S% 0.03+0.05(+0.02) | 0.05+0.06 (+0.02) | 0.695"

S = significant at P-value < 0.05

NS = not significant at P-value > 0.05

Mean;= mean during non exams period
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TABLE 3.6.c The differential complete blood count test results for the
categorized (three groups) comparisons of the two cases using
paired samples t-test.

Group of Part A: Non final examination period (n =41)
Parameter stress
level Mean; £ SD (+ SE) Mean, = SD (x SE) P-value
nLgV;Z 4.28 +0.74 (+ 0.16) 4.57 +0.30 (+ 0.06) 0.064 N®
RBC Inter. NS
(10°%uL) | n=17 4.62 +0.33 (+ 0.08) 4.69 + 0.45 (+ 0.11) 0.255
':'Sg 4.54 +0.08 (+ 0.06) 4.65 + 0.20 (+ 0.14) 0.405 N®
nLgV;Z 12.13 + 2.48 ( 0.53) 12.64 +1.18 (x0.25) | 0.295"°
HGB Inter. HS
(@/dL) N=17 12.55 + 1.12 (+ 0.27) 12.40 +1.25 (+ 0.30) | 0.002
':'Sg 13.15 + 0. 50 (+ 0.35) 1310 +0.42 (+0.30) | 0.500 NS
I‘IL(Z)V;Z 272.50 + 69.85 (+ 14.89) | 288.14 + 64.41 (+ 13.73) | 0.312 N
PLT Inter. NS
(109uL) n=17 | 307:47%86.60 (£21.00) | 311.12+77.88 (+ 18.89) | 0.706
:"Ehz 234,50 + 27.58 (+ 19.50) | 234.00 + 38.18 (+ 27.00) | 0.958 °
Group of Part B: Final examination period (n = 41)
Parameter stress
level Mean; + SD ( SE) Mean, + SD (= SE) P-value
nLgV;Z 4.48 +0.27 (+ 0.06) 4.64+0.36 (+0.08) | 0.000"
RBC Inter. NS
0%y | n=13 4.33 +1.02 (+ 0.28) 457 +0.44 (+0.12) 0.391
':'f% 4.48 +0.16 (+ 0.06) 4714020 (£0.08) | 0.024°
nLngZ 12.57 + 1.07 (+ 0.23) 12.61+1.15(£0.24) | 0.664N
HGB Inter. NS
(@/dL) n=13 11.75 + 3.16 (+ 0.88) 12.32+1.41 (+0.39) | 0.503
':'3% 12.88 + 0.42 (+ 0.17) 12.93+0.67 (£0.28) | 0.752NS
nLg\gz 276.23 + 62.49 (+ 13.32) | 285.82+61.30 (+ 13.07) | 0.291 ™
PLT Inter. NS
(10%L) | n=13 307.77 + 108.06 (+ 29.97) | 322.92 + 87.26 (+ 24.20) | 0.545
;"3% 268.83 + 40.46 (+16.52) | 268.33 +48.94 (+19.98) | 0.949N®

HS = high significant at P-value < 0.01
NS = not significant at P-value > 0.05

Mean, = mean during exams period
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Table 3.6.a also shows a highly significant increase (P < 0.01) in
lymphocytes of the low stress group during the no final examinations and no
significant changes (P > 0.05) during the final examinations. For lymphocytes of
the intermediate stress group, there is a significant increase (P < 0.05) in
lymphocytes of the final examinations case and no significant changes (P > 0.05)
in lymphocytes of the no final examinations case. Finally, there are no significant

changes (P > 0.05) in lymphocytes of the high stress group of the two cases.

Eosinophils of the three groups of the two cases (Table 3.6.b) shows no
significant changes (P > 0.05) but there is no P-value for eosinophils of the high
stress group of the no final examinations case due to the fact that the standard error
for the two high stress groups is zero. Monocytes and basophils of the
intermediate group of the final examinations case show a significant increase (P <
0.05) but for monocytes and basophils of the other groups of the two cases and of
the intermediate group of no final examinations case there are no significant

changes (P > 0.05).

There is a highly significant increase (P < 0.01) in the red blood cells (Table
3.6.c) of the low stress group of final examinations case and a significant increase
(P < 0.05) in red blood cells of the high stress group of final examinations case.
For other groups of the two cases there are no significant changes (P > 0.05) in red

blood cells.

For hemoglobin there is a highly significant decrease (P < 0.01) in
hemoglobin only for the intermediate group of no final examinations case, while
there are no significant changes (P > 0.05) in hemoglobin for all other groups of

the two cases.
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The results also demonstrate that there are no significant changes (P > 0.05)

in the platelets of the three groups of the two cases.

3.2.2 Serum lipid profile

Table 3.7.a and Table 3.7.b represent the results of the serum levels of the
lipid profile by using the paired samples t-test. The results demonstrate that there
are no significant changes (P > 0.05) between the two cases of the three groups for
the serum levels of cholesterol, triglycerides (TG), low density lipoprotein (LDL),

and low density lipoprotein (LDL).

3.2.3 The serum levels of cortisol and IL-6

Using the paired samples t-test, Table 3.8 demonstrates that there is a highly
significant increase (P < 0.01) in cortisol concentration of the low stress
concentrations of the low and intermediate stress group of no final examinations
case. There are non significant changes (P > 0.05) in the cortisol concentrations
group of the final examinations case and significant increases (P < 0.05) in the of
the intermediate stress group of no final examinations case and of the high stress
group of the two cases. Table 3.8 also shows that there are no significant changes
(P > 0.05) in the IL-6 concentrations of the three stress level groups of the two

cases.
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TABLE 3.7.a The serum levels of lipid profile results for the categorized
(three groups) comparisons of the two cases using paired
samples t-test.

Parameter Gr:)up of Part A: Non final examination period (n = 41)
Stress
(mmol/L) level Mean; + SD (+ SE) | Mean, +SD (+ SE) | P-value
n"g‘g’z 416+081(+0.17) | 4.14+0.71(+0.15) | 0.830™
Cholesterol r:”:telr% 433+073(£0.18) | 4.41+0.73(+0.18) | 0.455"S
?'Ehz 420+0.83(+059) | 4.09+0.35(+0.25) |0.918"
Low NS
ooy | 063%0.19(x004) | 062%0.17(+0.04) | 0.716
TG | 0.76+035(x009) | 0.82+045(0.11) | 0.180"
;"32 0.79+0.21 (+0.15) | 0.88+0.03 (+0.02) | 0.586"°
Parameter | Group of Part B: Final examination period (n = 41)
stress
(mmol/L) level Mean; + SD (+ SE) | Mean, + SD (+ SE) | P-value
nLgV;Z 411+0.82(+0.18) | 4.08+0.72(£0.15) | 0.654 N®
Cholesterol r']”ielg 4.37+067 (£0.19) | 4.42+058 (+0.16) | 0.695"S
:"3% 4.37+0.74 (£ 0.30) | 4.54 +0.842 (+0.34) | 0.594 N®
Low NS
oo, | 064%024(x005) | 063+0.7(+0.04) | 0.770
TG r:”:telré 0.73+0.29 (+0.08) | 0.77+0.37 (+0.10) | 0.660 S
':'3% 0.78 +0.35 (£ 0.14) | 1.04+0.54 (+0.22) | 0.082"°

NS = not significant at P-value > 0.05

Mean, = mean during exams period
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TABLE 3.7.b The serum levels of the lipid profile for the categorized (three
groups) comparisons of the two cases using paired samples t-test.

Parameter ?TUP Part A: Non final examination period (n = 41)
OT Stress
(mmol/L) | = el Mean; + SD (£ SE) | Mean, +SD (+SE) | P-value
nLSVZZ 1.92+0.27 (+0.06) | 1.91+0.28 (+0.06) | 0.775"
HDL r:”:telr% 1.90+0.46 (+0.11) | 1.87+043 (+0.11) | 0.480"
':'3“2 1.56 +0.37 (+0.26) | 1.56 +0.09 (+0.06) | 1.000M°
Low NS
o5y | 247+067(x0.14) | 256+0.64(+0.14) | 0143
LDL r'}”f{'? 270%0.75(+0.18) | 2.84+0.66(£0.16) | 0.162"
:“32 2.79+0.33(+0.23) | 2.82+0.50(+0.35) | 0.967"
Parameter ?VEUD Part B: Final examination period (n = 41)
OT Stress
(mmol/L) | ™ el Mean; + SD (+ SE) | Mean, +SD (+ SE) | P-value
nLgV;Z 1.85+0.32 (+0.07) | 1.86+0.32(x0.07) | 0.765"°
HDL Inter. NS
ool | o1y | L94+034(x010) | 1.86+036(x0.10) | 0.065
':':9% 196+ 054 (£0.22) | 1.97+051(x0.21) | 0.969 "
Low NS
ooy | 249+069(+0.15) | 256+065(x014) | 0341
LDL r:r:elr.g 271+0.75(x0.21) | 2.83+061(x0.17) | 0.252"S
':'f% 2654060 (+0.25) | 2.89+0.65(+0.27) | 0.248MS

NS = not significant at P-value > 0.05
Mean, = mean during exams period
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TABLE 3.8 The serum levels of cortisol and IL-6 results of for the categorized
(three groups) comparisons of the two cases using paired samples t-

test,
Group Part A: Non final examination period (n = 41)
Parameter of stress
level Mean; £ SD (+x SE) | Mean, = SD (+ SE) P-value
nLngZ 9.35+5.40 (+ 1.15) | 13.16 +4.07 (£0.87) | 0.020°
Cortisol Inter. s
wedl) | neiy | 7-95%360(x087) | 1172:487 (£118) | 0.030
':'fhz 4704042 (£0.30) | 5.80+4.52(+3.20) | 0.806
nLgV;Z 4.31+10.20 (+2.34) | 7.59+21.13 (+4.85) | 0.211™
IL-6 Inter. NS
(ogml) | ne1y | 213+138(:036) | 219%140(x0.36) | 0.749
':'Ehz 2.35+021 (+0.15) | 2.60+113(x0.80) | 0.766"S
Group Part B: Final examination period (n = 41)
Parameter of stress
level Mean; + SD (+ SE) | Mean, £ SD (£ SE) P-value
nLgV;Z 8.91 +3.74 (+0.80) | 12.65+3.10 (+0.85) | 0.005 "
Cortisol Inter. NS
(ugdl) | ne13 | 946%639(£177) | 1142£372(x103) | 0364
':'E% 5.20 + 1.03 (£ 0.42) | 12.25+8.24 (+3.36) | 0.090
n"g"ZZ 438 +10.53 (+2.48) | 7.18 +21.80 (+5.14) | 0.309 M
IL-6 Inter. NS
(pgml) | ne13 | 221£102(£028) | 323%253(x070) | 0139
':'3% 2184092 (+0.41) | 2.22+093(x0.42) | 0.953NS

HS = high significant at P-value < 0.01
NS = not significant at P-value > 0.05
Mean, = mean during exams period
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3.2.4 Serum levels of IgE, IgA, IgD, IgM and IgG antibodies

Table 3.9 shows that there are no significant changes (P > 0.05) observed in

the serum levels of IgE, IgA and IgD for the three stress groups of the two cases.

Since the results for the serum concentrations of the IgM and IgG
antibodies were qualitative, thus Fisher's test was used for the analysis of the
data. The results (Table 3.10) show that there is a significant increase (P < 0.05)
for 1gM concentration of the intermediate stress level group of the no
examinations period and no significant change for IgM concentration of the
intermediate stress level group of examinations period. Also there are no
significant changes for IgM concentration of the low stress level group of the two
cases. A highly significant decrease (P < 0.01) is shown for IgG concentrations
of the intermediate stress level group of the two cases, while there are no
significant changes (P > 0.05) for 1gG concentration of the low stress level of the
two cases. There were no P-values for IgM and 1gG concentrations of the high
stress level of the two cases because the percentages of significant of IgM and

IgG concentrations were constant.
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TABLE 3.9 Serum levels of IgE, IgA and IgD for the categorized (three groups)
comparisons of the two cases using paired samples t-test.

Groofup Part A: Non final examination period (n =41)

Parameter stress
level Mean; + SD (z+ SE) Mean, + SD (+ SE) P-value
Low NS
O, | 193.16+24252 (£51.71) | 20578 +214.96 (+ 45.83) | 0.757

" J?r'ﬁl_) r']”:telr% 139.90 + 197.88 (+ 47.99) | 154.78 + 222.15 (+ 53.88) | 0.560 NS
':'zghz 5410 + 67.57 (£ 47.78) | 122.31 + 113.74(+ 80.42) | 0.689 NS
nL(:)\gz 1.89 + 3.72 (+ 0.79) 474+1351(£2.88) | 0.336MS

(u:g%dAL) r']”:telr% 5.41 + 9.38 (+ 2.28) 0.81+1.44 (£035) | 0.057"
;“3“2 19.13 + 27.04 (£ 19.12) 0.03+0.02 (£0.01) | 0.500M
nL:O\gz 53.75 + 70.26 (+ 18.14) 41.98 +36.38 (£ 9.39) | 0.320

(né?rgl_) r:”:telr% 46.17 +54.16 (£ 13.98) | 49.32+44.75 (+11.56) | 0.859 N
:“3“2 14,59 + 5.64 (+ 3.99) 56.47 + 66.00 (+ 46.67) | 0.373 NS
Grc;up Part B: Final examination period (n=41)

Parameter to
Sler\?sf Mean; + SD (+ SE) Mean; + SD (+ SE) P-value
nLgV;Z 159.73 + 238.04 (+ 50.75) | 163.64 + 218.61 (+ 46.61) | 0.917 ™°

IgE

(IU/mL) n'itelré 211.19 £229.69 ( 63.71) | 239.41 + 241,59 (+ 67.01) | 0.518 N
High NS
0% | 79.39+68.65(x1598) | 11513+69.33 (+2830) | 0.358
nL(:)ng 2.80 + 6.98 (+1.49) 4.69+13.53 (+2.88) | 0.564 "

(u:g%L) n”ltelrg' 4.23+7.23 (+ 2.01) 0.66+0.74(+021) | 0.109NS
High NS
O | 9.24+1531 (2 6.25) 1.08+2.33 (095 | 0.244
nL(:)\gz 57.60 £ 77.69 (+ 18.84) | 48.65+47.65(+11.56) | 0.266 M

(né?n?L) n'Telré 43.28 + 33.79 (+10.68) 4533 +30.25 (£ 9.57) | 0.651 M
':'S% 23.19 + 17.80 (+ 7.96) 40.38 + 40.97 (+ 18.32) | 0.506 N

NS = not significant at P-value > 0.05
Mean, = mean during exams period
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TABLE 3.10 Serum levels of IgM and 1gG for the categorized comparisons (three groups) of the two cases using Fisher’s test.

Part A: Non final examination period (n = 41)

Part B: Final examination period (n =41)

Group
Parameters 0
f st Y0 of
(mg/dL) | OFSUESS | No.of | % of | No. of No.of | % of | No.of % of | p.value
|eve| . . . non P'Value . . . ;
sig. sig. | non sig. _ sig. sig. non sig. | non sig.
sig.
Low 1 2.4% 21 51.2% | 0.909™ | 3 7.3% 19 46.3% | 0260NS
IgM Inter. 2 4.9% 15 36.6% | 0.022° 2 4.9% 11 26.8 | 0.154"°
Low 4 9.8% 18 43.9% | 0.338"° 3 7.3% 19 46.3% | 0.117"°
19G Inter. 4 9.8% 13 31.7% | 0.000 " 3 7.3% 10 24.4% | 0.003

HS = high significant at P-value < 0.01
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3.2.5 Comparison of the average of the 3 groups of the two cases at normal

and non-normal distributions for the parameters

In this part the average of the three (low, intermediate, and high) stress
groups for each parameter of the two cases (final examinations and not final
examinations) are compared. Two statistical analyses were used, the ANOVA
test for the parameters with a normal distribution and the Kruskal-Wallis test for

the parameters with a non-normal distribution.

3.2.5.1 Comparison of the average of the 3 groups of the two cases at normal

and non-normal distributions for CBC

Table 3.11 represents the results of the average of white blood cells,
neutrophils, lymphocytes, monocytes, eosinophils, basophils, red blood cells,
platelets counts and hemoglobin concentrations for the three groups of two cases.

The results show no significant changes (P > 0.05) between the two cases.

3.2.5.2 Comparison of the average of the 3 groups of the two cases at normal
and non-normal distributions for lipid profile

Table 3.12 shows the results of the average of cholesterol, triglycerides
(TG), high density lipoproteins (HDL) and low density lipoproteins (LDL)
between the three groups of the two cases. The results show no significant

changes (P > 0.05) in the lipid profile between the two cases.

3.2.5.3 Comparison of the average of the 3 groups of the two cases at normal

and non-normal distributions for cortisol and IL-6

The results of the average of cortisol and IL-6 between the three groups of the

two cases is shown in Table 3.13, and the results demonstrate
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TABLE 3.11 Comparison of the average of the 3 groups of the two cases at
normal and non-normal distributions for the differential complete
blood count test.

Part A: Non final examinations period (n = 41)

Parameter
Type of test Mean SD SE P-value
WBC (10°/uL) ANOVA 6.585 1.932 | 0.302 | 0.145"°
Neutrophils (10°/uL) ANOVA 3.595 1.387 | 0217 | 0.274"®
Lymphocytes (10°/pL) ANOVA 2.298 0741 | 0116 | 0.351™
Monocytes (10°/uL) Kruskal-Wallis | 0.495 0.268 reNSch)I (| 0430 NS
Eosinophils (10°/pL) Kruskal-Wallis | 0.161 0.138 reNSch)I (| 0891 NS
Basophils (10%/uL) Kruskal-Wallis | 0.020 0.040 rengl (| 0371 NS
6 . No NS
RBC (10°/puL) Kruskal-Wallis | 4431 | 0599 | - | 0839
HGB (g/dL) Kruskal-Wallis | 12.354 | 1.951 rel\sl& .| 0654
PLT (10%/uL) ANOVA 285.146 | 77.511 | 12.105| 0.246"°
Parameter Part B: Final examinations period (n = 41)
Type of test Mean SD SE P-value
WBC (10%/pL) ANOVA 7.946 1.798 | 0.281 | 0.176"°
Neutrophils (10%/pL) ANOVA 4.600 1.756 | 0.274 | 0.304"®
Lymphocytes (10°/pL) ANOVA 2.646 0.767 | 0.120 | 0.766™°
Monocytes (10°/uL) ANOVA 0.493 0.211 | 0.033 | 0.358"
. . 3 i No NS
Eosinophils (10°/pL) Kruskal-Wallis 0.159 0.128 result 0.395
Basophils (10%/pL) Kruskal-Wallis | 0.032 0.047 re'\s'ﬁl (| 0373 NS
RBC (10%/pL) ANOVA 4.625 0.364 | 0.057 | 0.726"°
HGB (g/dL) ANOVA 12561 | 1.176 | 0.184 | 0.561™
PLT (10%/uL) ANOVA 295.024 | 70.448 |11.002 | 0.197 N

NS = not significant at P-value > 0.05




TABLE 3.12 Comparison of the average of the 3 groups of the two cases at
normal and non-normal distributions for lipid profile.

Parameter Part A: Non final examinations period (n = 41)
(mmol/L) Type of test Mean SD SE P-value
Cholesterol ANOVA 4230 | 0.759 | 0.119 0.789 S
TG Kruskal-Wallis | 0.691 | 0272 | NO | g470Ms
result
HDL ANOVA 1.891 | 0.357 | 0.056 0.409 NS
LDL ANOVA 2582 | 0.691 | 0.108 0.546 NS
Parameter Part B: Final examinations period (n = 41)
(mmol/L) Type of test Mean SD SE P-value
Cholesterol ANOVA 4252 | 0.705 0.110 0.222 NS
TG Kruskal-Wallis | 0.726 | 0331 | NO | g1o7Ms
result
HDL ANOVA 1.873 | 0.355 | 0.055 0.790 NS
LDL ANOVA 2.691 | 0642 | 0.100 0.354 NS

NS = not significant at P-value > 0.05
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TABLE 3.13 Comparison of the average of the 3 groups of the two cases at
normal and non-normal distributions for cortisol and IL-6.

Part A: Non final examinations period (n = 41)

Parameter
Type of test Mean SD SE P-value
Cortisol (pg/dL) | Kruskal-Wallis | 8542 | 4664 | O | 00428
IL-6 (pg/mL) Kruskal-Wallis | 3224 | 7.064 | O | 0285

Part B: final examinations period (n = 41)

Parameter
Type of test Mean SD SE P-value
Cortisol (ng/dL) ANOVA 12.200 | 4.618 | 0.721 0.760 N°
IL-6 (pg/mL) Kruskal-Wallis | 4883 | 15017 | 0 | 0230

NS = not significant at P-value > 0.05
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significant changes (P < 0.05) in the cortisol concentrations between low
stress group, intermediate stress group and high stress group of the no final

examinations case.

There are no significant differences (P > 0.05) in the cortisol concentrations
of the three groups of the final examinations case. Also, the table shows that
there is no significant differences (P > 0. 05) in IL-6 of the three groups of the

two cases.

3.2.5.4 Comparison of the average of the 3 groups of the two cases at

normal and non-normal distributions for IgE, IgA and IgD

Table 3.14 represents the results of the average of IgE, IgA and IgD of the
three groups of the two cases. The results show no significant differences (P >

0.05) in IgE, 1gA and IgD of the three groups of the two cases.
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TABLE 3.14 Comparison of the average of the 3 groups of the two cases at
normal and non-normal distributions for IgE, IgA and IgD.

Part A: Non final examinations period (n = 41)

Parameter
Type of test Mean SD SE P-value
IgE (IU/mL) | Kruskal-Wallis | 164.291 | 219.029 r;:ﬁ’l ) 0.346
IgA (ug/dL) | Kruskal-Wallis | 4190 | 8687 | NO | 0471M
IgD (ng/mL) | Kruskal-Wallis | 46.636 | 59.762 | MO | 0.482"
Parameter Part B: Final examinations period (n = 41)
Type of test Mean SD SE P-value
IgE (IU/mL) | Kruskal-Wallis | 180.563 | 212.429 r;\slﬁl ) 0.602 N®
IgA (ng/dL) Kruskal-Wallis | 2.882 10.041 reNSSI i 0.610 N®
IgD (ng/mL) ANOVA 42.809 | 40.665 | 6.874 0.972N®

NS = not significant at P-value > 0.05
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3.3 Section three: Categorized comparisons of the parameters (two

categories)

The subjects were categorized using the Perceived Stress Questionnaire
(PSQ) in each of the no examinations period and examinations period
individually. Thus, the subjects were categorized twice (one at each period)
producing the two categories for each of the cases. Categorization into the two
groups was according to the total score of each subject in the questionnaire.
Subjects with a total score below 75 (because 75 was resulted of the subtraction
of the largest total score 120 from the smallest total score 30 and the result was
divided by two then added to the smallest total score (120 — 30 = 90/2 = 45 + 30
= 75) were recognized as the low stress group and subjects with a total score
equal to or more than 75 were recognized as the high stress group. Subsequently,
the results of the two groups of the two cases were compared, with the no final

examination period considered the control.

The examinations period had 41 subjects and this number of subjects was
divided into two groups as follows: low stress group (n = 29, 70.7%) and high
stress group (n = 12, 29.3%). The no examinations period also had 41 subjects
divided into two groups as follows: low stress group (n = 32, 78%) and high or

more than 75 were recognized as the high stress group. stress case (n = 9, 22%).

For the subjects during the no exam period, the categorization was carried
on the subjects during that period and the results for the parameters were
compared with the results for the same subjects during the exam period, not
considering the categorization obtained for the exam period. This comparison is

termed part A in all involved Tables. As for the subjects during the exam period,
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as done above, the categorization was carried on the subjects during that period
and the parameters were compared with the results for the same subjects in the no
exam period, again not considering the categorization there. This comparison is

termed part B in all involved Tables.

Paired samples t-test was used to determine the mean, standard deviation
(SD), standard error (SE) and P-value for each parameter of each of the groups

within the two cases.

3.3.1 The differential complete blood count

The counts of the total white blood cells, and their subtypes (neutrophils,
eosinophils, basophils, lymphocytes and monocytes) were determined for the two
groups of the two cases, as shown in Table 3.15.a and Table 3.15.b. Also, red
blood cell and platelet counts along with the hemoglobin concentrations were

determined for the two groups of the two cases, as shown in Table 3.15.c.

Using the paired samples t-test, the results show a highly significant
increase (P < 0.01) in the white blood cells and neutrophils of the low and high
stress groups of the two cases during no final examinations and during final
examinations. There is a highly significant increase (P < 0.01) for lymphocytes of
low stress group of the two cases during no final examinations and a significant
increasing (P < 0.05) during final examinations and no significant changes (P >
0.05) for lymphocytes of the high stress group of the two cases during no final
examinations and during final examinations but it tended towards a significant

increase during final examinations (P = 0.052).
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TABLE 3.15.a The differential complete blood count test results for the
categorized (two groups) comparisons of the two cases using
paired samples t-test.

Group of Part A: Non final examination period (n = 41)
Parameter stress
level Mean; £ SD (x SE) Mean, = SD (£ SE) | P-value
Low Hs
WEBC Toa, | 6:63t183(x0.32) | 7.89+182(x0.32) | 0.000
3 -
(107/uL) ':':gg 6.42 238 (+0.79) | 8.13+1.81(+0.60) | 0.002 "
. Low 355+1.33(+0.24) | 4.44+178(+0.31) | 0.004"
Neutgophlls n=232 - - - B
(10%/uL) ':'Sg 3.77+1.65 (+0.55) | 5.16+1.65(+0.55) | 0.006 "
Low 2.37+0.72(+0.13) | 2.74+0.69 (+0.12) | 0.004 "
Lympahocytes n=32 - - - B
(10%/nL) r':gg 206+081(+027) | 232+099(+0.33) | 0.162 NS
Group of Part B: Final examination period (n = 41)
Parameter stress
level Mean; + SD (+ SE) | Mean, £ SD (£ SE) | P-value
Low Hs
WEBC (Tog | 651196 (£0.37) | 7.74+169 (x0.31) | 0.001
3 .
(107/uL) nH:'91h2 6.77 +1.92 (+0.56) | 8.46+2.03 (+0.59) | 0.003"S
Low HS
Neutrophils | =29 353+ 1.46 (+0.27) | 4.44+1.82(+0.34) | 0.005
(10%/uL) r?lgi]z 3.75+1.25 (+0.36) | 4.98+1.61(+0.47) | 0.010°
Low 2.26+0.78 (+0.14) | 2.62+0.78 (+0.15) | 0.010°%
Lympahocytes n=29 - - - B
(107/nL) rllgi]z 239+067 (+0.19) | 272+076(x022) | %02

HS = high significant at P-value < 0.01

* = tends to significance
Mean, = mean during exams period

NS = not significant at P-value > 0.05

Mean;= mean during non exams period
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TABLE 3.15.b The differential complete blood count test results for the
categorized (two groups) comparisons of the two cases using
paired samples t-test.

Group Part A: Non final examination period (n = 41)
Parameter | of stress
level Mean; + SD (+ SE) Mean; + SD (+ SE) P-value
Monocytes nLgvi\SIZ 0.50 + 0.29 (+ 0.05) 0.47 + 0.24(+ 0.04) 0.827 M
(10°/pL) High
s 0.48 +0.21 (+ 0.07) 0.51+0.09 (£0.03) | 0.659™
Eosinophils nLgvi\SIZ 0.17 +0.14 (+ 0.03) 0.18 +0.13 (+0.02) | 0.876"™
(10°/pL) High
s 0.12 + 0.11 (+ 0.04) 0.10 £ 0.09 (£ 0.03) | 0.347™
Low NS
Basophils | n=32 0.02 + 0.04 (+ 0.01) 0.03+0.05(+0.01) | 0.211
(10%/nL) ;"Eg 0.02+0.04 (£0.02) | 003+005(*002) | 0.681"
Group Part B: Final examination period (n = 41)
Parameter | of stress
level Mean; + SD (+ SE) Mean; + SD (+ SE) P-value
Monocytes nLgvgg 0.52 + 0.30 (+ 0.06) 0.48+0.22 (+0.04) | 0529™
(10°/uL) High
n=1p | 044%0.17(x0.05) 0.53+0.18 (+0.05) | 0.233"S
Eosinophils Low 0.17 + 0.15 (+ 0.03) 0.16 +0.12 (+0.02) | 0.712™S
3 n=29
(10°/uL) High
N=12 0.15 + .12 (+ 0.03) 0.16 +0.16 (+ 0.05) | 0.809 ™
Low S
Basophils | n=29 0.021 + 0.041 (+ 0.008) | 0.024 + 0.044 (+ 0.008) | 0.010
(107/nL) nngilz 0.02+0.04 (£0.01) | 0.05+005(*002) | 0.052%"

S = significant at P-value < 0.05

* = tends to significance

NS = not significant at P-value > 0.05

Mean;= mean during non exams period

Mean, = mean during exams period
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TABLE 3.15.c The differential complete blood count test results for categorized
(two groups) comparisons of the two cases using paired samples

test.
Group Part A: Non final examination period (n = 41)
Parameter | of stress
level Mean; £ SD (z SE) Mean; + SD (x SE) P-value
Low NS*
RBC =32 4.420 £ 0.666 (+0.118) 4.64 + 0.35 (= 0.06) 0.053
6 -
(10°/uL) ;"Eg 4.470+0.272 (:0.091) | 458+042(x0.14) |0.211"
Low NS
HGB n=32 12.18 + 2.156 (x 0.38) 12.49 +1.22 (£ 0.22) 0.355
(g/dL) :'IST; 1298+ 0.60 (+0.23) | 12.82+104(£035) |0.476M
Low NS
oLT Toay | 289318315 (x14.70) | 298.44 £ 7351 (+ 12.99) | 0.427
3 -
(10°77nL) :"Eg 270.33 + 54.16 (+ 18.05) | 282.89 + 60.54 (+ 20.18) | 0.106 N
Group Part B: Final examination period (n = 41)
Parameter | of stress
level Mean; + SD (+ SE) Mean, + SD (+ SE) P-value
Low
RBC n= 29 4.42 +0.71 (£ 0.13) 4.64 £0.40 (£0.07) |0.077 "
6 -
(QO7nL) 1 FIgh 1 446 £ 0.15 (+ 0.04) 459 +0.28 (£0.08) | 0.039°
Low NS
HGB =29 12.15+2.26 (£ 0.42) 12.45+£1.24 (£ 0.23) 0.421
GfdL) | High | 12854067(2019) | 1283099 (20.29) | 0893
Low NS
oL T Toog | 28462%89.11(+1655) | 295.69 + 75.69 ( 14.06) | 0.378
3 -
(10°/uL) :';9;‘2 286.42 + 40.37 (+ 11.66) | 293.42 +58.82 (+ 16.98) | 0.360

S = significant at P-value < 0.05
* = tends to significance

NS = not significant at P-value > 0.05

Mean;= mean during non exams period

Mean, = mean during exams period
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Table 3.15.b shows no significant changes (P > 0.05) for monocytes and
eosinophils of low and high stress groups of the two cases during no final

examinations and during final examinations.

For basophils the results show no significant changes (P > 0.05) in
basophils of the low and high stress level groups of the two cases during the no
examinations period. As for the final examinations period, there is a significant
increase (P < 0.05) in basophils of the low stress group of the two cases and no
significant change (P > 0.05) in basophils of the low stress group of the two cases

although it tended to a significant increase (P = 0.052).

Table 3.15.c shows no significant changes (P > 0.05) in red blood cells of
the low stress group of the two cases during the no final examinations period and
during the final examinations period, but it tends towards a significant increase (P
= 0.053) during no examinations period. There is a significant increase (P < 0.05)
in red blood cells of high stress group during final examinations period. Also,
there are no significant changes (P > 0.05) in the hemoglobin concentrations and
platelets counts of the low and high stress groups of the two cases during no final

examinations period and final examinations period

3.3.2 Serum lipid profile

Table 3.16 shows the results of the serum levels of the lipid profile by using
the paired samples t-test. The results demonstrate that there are no significant
changes (P > 0.05 ) between the two cases of the two groups for the serum levels
of cholesterol, triglycerides, low density lipoprotein (LDL), and low density

lipoprotein (LDL), except for high stress group of the non final
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TABLE 3.16 The serum levels of the lipid profile for the categorized (two

groups) comparisons of the two cases using paired samples t-test.

Parameter (]?fop Part A: Non final examination period (n =41)
OT stress
( mmol/L) level | Mean; +SD (xSE) | Mean,+SD (+SE) | P-value
LN | 422£078(2012) | 417£065(£0.12) | 04117
Cholesterol H_i h
A 39 427+072(x0.24) | 454+0.85(x0.28) | 0.197"®
nLEV‘3’2 0.66 £0.23 (+0.04) | 0.65+0.23(+0.04) | 0.926"°
TG N
':':gg 0.81+0.39 (+0.13) | 0.99+0.50 (+0.17) | 0.034°
n'-g"é’z 1.86+0.30 (+0.05) | 1.86+0.29 (+0.05) | 0.893NS
HDL :
':'Sg 2.00+0.52(+ 0.173) | 1.93+0.54 (+0.18) | 0.254 "
n'-f"’é’z 2594073 (+0.13) | 2.65+0.65(+x0.12) | 0301
LDL N
':'Sg 254+058 (+0.19) | 2.83+0.63(+0.21) | 0.075"
Group Part B: Final examination period (n =41)
Parameter of stress
level Mean; + SD (+ SE) Mean, + SD (+ SE) P-value
n'-g‘gg 414 +0.77 (+0.14) | 4.14+0.66 (+0.12) | 0.945"
Cholesterol Hiah
. :912 446+0.72 (+0.21) | 453+0.75(x0.21) | 0.717 "
n'-f‘g’g 0.65+0.27 (+0.05) | 0.65+0.23 (+0.04) | 0.919"
TG -
nngfz 0.78+0.27 (+0.08) | 0.92+0.46 (+0.13) | 0.189 "
nLEV;9 1.85+0.30 (£0.06) | 1.82+0.31(+0.06) | 0.415"°
HDL N
rl;llgi]Z 1.99+0.46 (+0.13) | 1.99+0.44 (+0.13) | 0.987 NS
n'-f"g’g 2534068 (+0.13) | 2.62+064(+0.12) | 0100
LDL i
r'jlgi”z 272+073(+021) | 287+064(+019) | 0299

NS = not significant at P-value > 0.05
Mean;= mean during non exams period
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examinations period which shows a highly significant increase (P = 0.034) in the

triglycerides concentration.
3.3.3 The serum levels of cortisol and IL-6

Using the paired samples t-test, Table 3.17 demonstrates that there are
highly significant increases (P < 0.01) in the cortisol concentrations of the low
stress group of the two cases while there are no significant changes (P > 0.05) in
cortisol concentrations of the high stress group of the two cases. Also, there were
non significant changes (P > 0.05) in IL-6 concentration of the high and low
stress groups of the two cases during final examinations case and no final

examinations periods.

3.3.4 Serum levels of IgE, IgA, IgD, IgM and IgG antibodies

In Table 3.18 there are no significant differences (P > 0.05) observed in

serum levels of IgE, IgA and IgD of the two groups of the two cases.

Since the results for the serum concentrations of the IgM and IgG
antibodies are qualitative, Fisher's test was used for the analysis of the data. The
results in Table 3.19 show that there is a significant increase (P < 0.05) for IgM
concentration of the low stress level group of the no examinations period and no
significant changes for IgM concentration of the low stress level group of the
examinations period. A highly significant decrease (P < 0.01) is shown for 1gG
concentration of the low stress level groups of the two cases. There are no P-
values for IgM and IgG concentrations of the high stress levels of the two cases
because the percentages of significant of IgM and IgG concentrations were

constant.
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TABLE 3.17 The serum levels of cortisol and IL-6 for the categorized (two

groups) comparisons of the two cases using paired samples t-test.

Group Part A: Non final examination period (n = 41)
Parameter | of stress
level Mean; £ SD (+x SE) | Mean, = SD (+ SE) P-value
Low HS
Cortisol | nogp | 926£4.98(+088) | 1270390 (£0.69) | 0.006
(ng/dL) ':'Eg 599+ 1.86 (+ 0.62) | 10.41+6.56 (+2.19) | 0.108"
Low NS
IL-6 =32 3.52+842(£1.60) | 5.72+17.48 (£ 3.30) 0.215
(pg/mL.) ':'Eg 250+ 1.75(£062) | 279+176 (x0.62) | 0.378"
Group Part B: Final examination period (n = 41)
Parameter | of stress
level Mean; + SD (+ SE) | Mean; £ SD (£ SE) P-value
Low HS
Cortisol | nepg | 884%3:84(071) | 1207402 (x0.75) | 0.005
(ng/dL) r']tgfz 7.83+6.39 (+1.85) | 12.53+6.02 (+ 1.74) | 0.092 NS
Low NS
IL-6 N =29 3.83+£8.92(£1.78) | 5.90 £ 18.47 (+ 3.69) 0.294
(Po/mb) 1 HIgh 1 2064083 (£0.25) | 3174274(£083) | 0181

HS = high significant at P-value < 0.01
Mean;= mean during non exams period
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TABLE 3.18 Serum levels of IgE, IgA and IgD for the categorized (two groups)
comparisons of the two cases using paired samples t-test.

Group Part A: Non final examination period (n = 41)
Parameter | of stress
level Mean; + SD (= SE) Mean, + SD (+ SE) P-value
o n'-:"‘é"z 197.78 + 237.37 (+ 41.96) | 210.03 + 230.76 (+ 40.79) | 0.960 N°
(IU/mL) ;“gg 45.23+33.07 (+11.02) | 75.81+58.87 (x19.62) | 0.220™
Low NS
IgA =32 3.18 £ 7.23 (£1.28) 3.40 £ 11.31 (+ 2.00) 0.925
(ng/dL) :"gg 7.79+ 12.49 (+ 4.16) 1.03+1.87(x062) | 0139
Low NS
IgD n=32 51.21 £ 66.48 (£ 13.30) 43.66 + 40.92 (£ 8.18) 0.282
(ng/mL) :"Sg 35.39 +30.43 (+ 11.50) | 55.83+41.94 (+15.85) | 0.193 N
Group Part B: Final examination period (n = 41)
Parameter | of stress
level Mean; + SD (+ SE) Mean, + SD (+ SE) P-value
IgE Lo, | 1619723814 (£44.22) | 180.73  226.95 (+ 42.14) | 0549
(1U/mL) rigilz 169.90 + 173.33 (+ 50.04) | 180.15+ 181.63 (+52.43) | 0.786 NS
nLgvgg 3.49 +7.59 (+ 1.41) 363 +11.87 (£2.20) | 0.956™
IgA .
(ng/dL) :'f’lhz 5.89 + 11.10 (+ 3.21) 1.07+168(x049) | 0.159"
Low NS
gD N =29 54.33 £69.73 (+ 14.54) 45.62 + 43.45 (£ 9.06) 0.240
(ng/mL) :'lgi‘z 30.93 + 17.53 (+ 5.84) 48.12+35.32 (+11.77) | 0.184"°

NS = not significant at P-value > 0.05

Mean, = mean during exams period

99

Mean;= mean during non exams period




TABLE 3.19 Serum levels of IgE, 1gA and IgD for the categorized comparisons (two groups) of the two cases using Fisher’s test.

] . N : _ Part B: Final examination period
Group Part A: Non final examination period (n =41) (n = 41)
[0) [0) 0, [0)
Parameters Of stress No. of /0 NO. Of /0 NO. A) NO. Of /0
(mg/dL) level _ No. of _ No.of | p.yalue | Of | No.of | non No. of P-value
sig. non sig.
J sig. : non sig. sig. sig. sig. non sig.
Low 3 7.3% 29 70.7% 0.035 3 5 12.2% 24 58.5% 0.068 NS
IgM )
High 1 2.4% 8 19.5% re':&t 0 0% 12 29.3% No result
Low 6 14.6% 26 63.4% | 0002 | 6 14.6% 23 56.1% 0.003 ™
19G
High 1 2.4% 8 19.5% relgtc;lt 1 2.4% 11 26.8% No result

HS = high significant at P-value < 0.01
S = Significant at P-value < 0.05

NS = not significant at P-value > 0.05
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3.3.5 Comparison of the average of the two stress groups of the two cases at

normal and non-normal distributions for the parameters

In this part the results of the average of the parameters for the low stress
and high stress groups of the two cases (no final examinations case and final
examinations case) are compared. Two statistical analyses were used: the
ANOVA test for the parameters of normal distribution and the Kruskal-Wallis

test for the parameters of non-normal distribution.

3.3.5.1 Comparison of the average of the two stress groups of the two cases

at normal and non-normal distributions for CBC

Table 3.20 demonstrates the average of white blood cells, neutrophils,
lymphocytes, monocytes, eosinophils, basophils, red blood cells, platelets counts,
and hemoglobin concentrations for the low and high stress groups of the two

cases. The results show no significant differences (P > 0.05) between them.

3.3.5.2 Comparison of the average of the two stress groups of the two cases
at normal and non-normal distributions for lipid profile

The results (Table 3.21) of the average of cholesterol, high density
lipoprotein (HDL) and high density lipoprotein (LDL) for the low and high stress
groups of the two cases demonstrate no significant changes (P > 0.05) between

them.
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TABLE 3.20 Comparison of the average of the two stress groups of the two cases
at normal and non-normal distributions for CBC.

Part A: Non final examinations period (n = 41)

Parameter
Type of test Mean SD SE P-value
WBC (10°/uL) ANOVA 6.585 1.932 | 0.302 | 0.778"®
Neutrophils (10%/pL) ANOVA 3.595 1.387 | 0.217 | 0.680"°
Lymphocytes (10°/pL) ANOVA 2.298 0.741 | 0116 | 0.273™
Monocytes (10%uL) | Kruskal-Wallis | 0.495 | 0.268 rel\sl& | o713
Eosinophils (10°/pL) Kruskal-Wallis | 0.161 0.138 re'\slgl (| 0341 NS
Basophils (10*/uL) Kruskal-Wallis | 0.020 | 0.040 re'\slgl (| 0819 NS
RBC (10°/puL) Kruskal-Wallis | 4.431 | 0.599 reNSch)I (| 0705 NS
HGB (g/dL) Kruskal-Wallis | 12.354 | 1.951 reNSSI (| 0549 NS
PLT (10%/uL) ANOVA 285.146 | 77.511 |12.105| 0.523"™°
Parameter Part B: Final examinations period (n = 41)

Type of test Mean SD SE P-value
WBC (10%/pL) ANOVA 7.946 1.798 | 0.281 | 0.246"°
Neutrophils (10%/pL) ANOVA 4.600 1.756 | 0.274 | 0.375"°
Lymphocytes (10°/pL) ANOVA 2.646 0.767 | 0.120 | 0.711"°
Monocytes (10°/uL) ANOVA 0.493 0.211 | 0.033 | 0.536"°
. . 3 . No NS

Eosinophils (10°/uL) Kruskal-Wallis 0.159 0.128 result 0.676
Basophils (10*/uL) Kruskal-Wallis | 0.032 | 0.047 re’:ﬁl (| 0110 NS
RBC (10°/puL) ANOVA 4625 | 0.364 | 0.057 | 0.719"°
HGB (g/dL) ANOVA 12561 | 1.176 | 0.184 | 0.347"°
PLT (10%/uL) ANOVA 295.024 | 70.448 |11.002 | 0.927N°

NS = not significant at P-value > 0.05
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TABLE 3.21 Comparison of the average of the two stress groups of the two
cases at normal and non-normal distributions for lipid profile.

Parameter Part A: Non final examinations period (n = 41)
(mmol/L) Type of test Mean SD SE P-value
Cholesterol ANOVA 4230 | 0.759 | 0.119 0.867 "\
TG Kruskal-Wallis | 0.691 | 0272 | NO | (353Ms
result
HDL ANOVA 1.891 | 0.357 | 0.056 0.292 NS
LDL ANOVA 2582 | 0.691 | 0.108 0.846 NS
Parameter Part B: Final examinations period (n = 41)
(mmol/L) Type of test Mean SD SE P-value
Cholesterol ANOVA 4252 | 0.705 0.110 0.110NS
TG Kruskal-Wallis | 0726 | 0331 | O 0.043°
result
HDL ANOVA 1.873 0.355 0.055 0.173 NS
LDL ANOVA 2.691 0.642 0.100 0.257 NS

NS = not significant at P-value > 0.05
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The results of the average of triglycerides for the two groups of the final
examinations case show significant changes (P < 0.05), but there are no
significant changes (P > 0.05) in the average of triglycerides for the two groups

of the final examinations case.

3.3.5.3 Comparison of the average of the two stress groups of the two cases

at normal and non-normal distributions for cortisol and IL-6

Table 3.22 shows the average of cortisol hormone and IL-6 for the low and
high stress groups of the two cases. The results show no significant changes (P >
0.05) in IL-6 for the two cases. The results of cortisol hormone show significant
changes (P < 0.05) between the two groups of the no final examinations case but
there are no significant changes ( P > 0.05) in the average of cortisol between the

two groups of the final examinations case.

3.3.5.4 Comparison of the average of the two stress groups of the two cases

at normal and non-normal distributions for IgE, IgA and IgD

Table 3.23 demonstrates the average of IgE, IgA and IgD for the low and
high stress groups of the two cases. The results show there are no significant

changes (P > 0.05) for the three antibodies.
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TABLE 3.22 Comparison of the average of the two stress groups of the two cases

at normal and non-normal distributions for cortisol and IL-6.

Part A: Non final examinations period (n = 41)

Parameter

Type of test Mean SD SE P-value
Cortisol (pg/dl) | Kruskal-Wallis 8.542 | 4.664 rel\sll(J)I t 0.047°
IL-6 (pg/mL) | Kruskal-Wallis | 3.224 | 7.164 r;:gl ) 0.290 M

Parameter Part B: final examinations period (n = 41)
Type of test Mean SD SE P-value
Cortisol (ng/dL) ANOVA 12.200 | 4.618 | 0.721 0.776 "
IL-6 (pg/mL) Kruskal-Wallis 4883 | 15.017 rel\sll(jl t 0.340™°

NS = not significant at P-value > 0.05

S =significant at P-value < 0.05
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TABLE 3.23 Comparison of the average of the two stress groups of two cases at
normal and non-normal distributions for IgE, IgA and IgD.

Part A: No final examinations period (n = 41)
Parameter
Type of test Mean SD SE P-value
IgE (IU/mL) | Kruskal-Wallis | 164.291 | 219.029 rel\sll(J)I ) 0.083N°
IgA (ng/dL) | Kruskal-Wallis | 4.190 8.687 rel\sll(J)I ) 0.078\®
IgD (ng/mL) | Kruskal-Wallis | 46.636 | 59.762 re'\s'sl ) 0.725™N°
Parameter Part B: Final examinations period (n = 41)
Type of test Mean SD SE P-value
IgE (IU/mL) | Kruskal-Wallis | 180.563 | 212.429 rel\sll(J)I ) 0.359 N®
IgA (pg/dL) Kruskal-Wallis | 2.882 10.041 I’el\SIl(J)| t 0.390N®
IgD (ng/mL) ANOVA 42.809 | 40.665 6.874 0.957 N

NS = not significant at P-value > 0.05
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CHAPTER IV

Discussion



Chapter VI

Discussion

Under stressful conditions the hypothalamus releases releasing factor,
which activates the anterior lobe of the pituitary gland to secrete
adrenocorticotropin hormone in the blood circulation and when it reaches the
adrenal gland, glucocorticoids, which modulate or regulate the immune response,
are released (Shamsdin et al., 2010). Academic examinations represent one of
the stressful events associated with a lowered immune system function and they
have been used in stress research because they are predictable, standardized, and
discrete examples of real-life stressors (Shamsdin et al., 2010). The research
work presented here is aimed to study the effect of examinations stress on the

immune system of female university students.

The parameters measured for the subjects of the study were assessed at a
stressful time (examinations period) and a non-stressful time or condition
(regular lectures, non-examinations period). The measured parameters were
compared in three different ways. In the first section, parameters for the two
cases (times or periods) were directly compared. In the second section, subjects
for the two cases were classified into three categories (low, intermediate, and

high stress level groups) according to the score obtained by each subject on the
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Perceived Stress Questionnaire. Finally, in the third section, subjects for the two
cases were classified into two categories (low and high stress groups) according

to a cutoff score on the Perceived Stress Questionnaire.

In the first section of the results, highly significant increases are observed
in the counts of total white blood cells (Non-examination period: 6.59 + 1.93,
Examination period: 7.95 * 1.80), neutrophils (from 3.60 + 1.39 to 4.60 + 1.76),
and lymphocytes (from 2.30 £ 0.74 to 2.65 £ 0.77) for the examination readings
compared to the non-examination case (control). In the second section, highly
significant increases for white blood cells counts are found for the two cases for
the low stress level groups of the no examinations case (part A) (from 6.24 +
1.86 to 7.53 £ 1.86) and of the examinations case (part B) (from 6.60 £ 1.54 to
7.50 £ 1.72), for the intermediate stress level groups of the no examinations case
(part A) (from 7.22 £ 1.96 to 8.54 = 1.69), and of the examinations case (part B)
(from 6.64 £ 2.56 to 8.67 + 1.88). A significant increase in the total white blood
cells counts are observed for the high stress level group (from 6.42 + 2.01 to 8.03
+ 1.62) of the examinations case (part B). There was no result for high stress
level group of the no examinations (part A) case because the number of subjects
was very small. For the neutrophile counts, significant increases were found for
the two cases of the low level groups of the no examinations case (part A) (from
3.38 £ 1.35 to 4.29 + 1.87) and of the examinations case (part B) (from 3.50 +
1.33 to 4.21 + 1.86), for the intermediate stress level groups of no examinations
case (part A) (from 3.98 + 1.44 to 5.04 = 1.64), and of the examinations case
(part B) (from 3.79 = 1.54 to 5.15 + 1.46). Also, significant increases were
observed in lymphocytes counts of the no examinations case (part A) for the low

stress level groups (from 2.24 + 0.68 to 2.60 = 0.57) and in the examinations case
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(part B) for the intermediate stress level groups (from 2.25 £ 1.04 to 2.77 £ 1.07),
monocyte counts (from 0.42 + 0.24 to 0.56 + 0.25) and basophile counts (from
0.01 £ 0.03 to 0.04 = 0.05) during the examinations case (part B) for the

intermediate stress level groups.

In the third section, there were highly significant increases for the low
stress level groups of the two cases in the total white blood cells counts of the no
examinations case (part A) (Non-examination period: 6.63 £ 1.83, Examination
period: 7.89 + 1.82) and of the examinations case (part B) (from 6.51 £+ 1.96 to
7.74 = 1.69), and neutrophile counts of the no examinations case (part A) (from
3.55 + 1.33 to 4.44 + 1.78) and of the examinations case (part B) (from 3.53 +
1.46 to 4.44 + 1.82). The high stress level group only showed increases in the
total white blood cells counts of the no examinations case (part A) (from 6.42 +
2.38 to 8.13 = 1.81) and of the examinations case (part B) (from 6.77 + 1.92 to
8.46 + 2.03) and a significant increase in neutrophiles counts (from 3.75 + 1.25
to 4.98 = 1.61) for high stress level groups of the two cases during examinations
case (part B). For lymphocyte counts, there was a highly significant increase in
lymphocyte counts (from 2.37 + 0.72 to 2.74 £+ 0.69) of the two cases for the low
stress level groups during the no examinations case (part A) and a significant
increase in lymphocyte counts (from 2.26 £ 0.78 to 2.62 + 0.78) of the two cases
for the low stress level group during the examinations case (part B). Also, there
was a significant increase in basophile counts (from 0.021 + 0.041 to 0.024 +

0.044) during the examinations case for the low stress level group.

This increase in white blood cells and its subtypes counts may be because
during stress the brain sends signals to reverse the stress reaction leading to the

secretion of stress hormones, which modulate the immunity by increasing
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leukocyte trafficking and this is observed clearly in the results of final
examinations case due to increased intensity of stress. This is similar to the study
of Pruett (2003), which concluded that stress may lead to changes in the numbers
and percentages of white blood cells and the stress of intense exercise induces
increases in the blood concentrations of neutrophils, monocytes and
lymphocytes. In another study (Bhatti and Shaikh, 2007), physiological stress
(exercise stress) leads to significant increases in total white blood cell counts in
both male and female students. On the other hand, the effects of stress which
have been reported in studies on fish, amphibians, reptiles, birds, mice, rats,
rabbits, foxes, horses, non-human primates, and humans showed a reduction in
white blood cells numbers (Dhabhar, 2002). In contrast to animal studies, human
studies have shown that stress can increase rather than decrease blood leukocyte

numbers (Dhabhar, 2008).

In the present study, the results of the first section showed significant
increases in the red blood cells counts (Non-examination period: 4.43 = 0.60,
Examination period: 4.63 £ 0.36) for the examinations case compared to the non-
examinations case. In the second section, there were significant increases in the
red blood cells counts (from 4.48 + 0.16 to 4.71 + 0.20) for the high stress groups
during the examinations case (part B) and a highly significant increases in red
blood cell counts (from 4.48 + 0.27 to 4.64 + 0.36) for the low stress groups
during the examinations case (part B). In the third section, there was a significant
increase in the red blood cell counts (from 4.46 £ 0.15 to 4.59 * 0.28) for the
high stress group during the examinations case (part B). Also, the results showed
a highly significant decrease (from 12.55 + 1.12 to 1240 £ 1.25) in the

hemoglobin concentration for the intermediate group during the no examinations
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case (part A) of the second section while there were no significant changes in

hemoglobin concentrations of the first and third sections.

This increase in red blood cells may be due to the increase of the breathing
rate and heart beat rate during stress, which lead to the production of more
oxygen-carrying red blood cells to get more oxygen. The decrease in the
hemoglobin concentration for the intermediate group during no final
examinations case may be a result of anemia because of the deficiency of iron
which can be as a result of hereditary, loss of blood through heavy menstruation,
or lack of iron in the diet. Researchers have reported that stress can cause a

decrease of serum iron (Wei et al., 2008).

Wei et al in 2008 studied the characteristic effects of psychological stress
on serum iron and erythropoiesis in rats and he found that hemoglobin was
highly significantly decreased (consistent with this study) and red blood cells
count was significantly decreased. Red blood cells numbers, hemoglobin, and
hematocrit do not show decreases like white blood cells numbers (Dhabhar,
2002). Erythrocyte counts and hemoglobin concentrations remained unchanged
during and after mental stress (Kondo and Morimoto, 1996). The effects of
emotional stress on the hematological parameters were the increase in
erythrocyte counts (consistent with this study) and hemoglobin concentrations
(Jern et al., 1989). It was observed that there were only little changes in red
blood cell counts as a result of psychological stress (Venkappa and Vasudeva,
2011). Thus, the variation of red blood cells production as a result of
psychological stress in males and females needs to be further investigated

(Venkappa and Vasudeva, 2011).
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In the current study, cortisol concentration was highly significantly
increased in the first section (Non-examination period: 8.54 + 4.66, Examination
period: 12.20 + 4.62) for the examinations case compared to the control. In the
second section, there were significant increases in the cortisol concentrations
between the two cases during the no examinations case (part A) of the low stress
level group (from 9.35 + 5.40 to 13.16 * 4.07) and of the intermediate stress
level group (from 7.95 + 3.60 to 11.72 + 4.87) and there was a highly significant
increase only in the low stress level group (from 8.91 + 3.74 to 12.65 + 3.10)
between the two cases during the examinations case (part B). In the third section,
there was a highly significant increase in the cortisol concentration only in the
low stress level group between the two cases during the no examinations case
(part A) (from 9.26 + 4.98 to 12.70 + 3.90) and during the examinations case

(part B) (from 8.84 + 3.84 to 12.07 + 4.02).

The increase in the cortisol hormone due to stress is due to the fact that it is
a stress hormone, which is elevated especially during stressful situations. This
increase may be also because the cortisol level is at its highest level in the
morning and at its lowest level a few hours after going to sleep and blood
collection was done in the morning and that may explain the elevation of cortisol
in the two cases. The study done by Shamsdin et al. (2010) to determine the
effect of exam stress on serum cortisol level showed that exam stress resulted in
a significant increase in the cortisol level. Another study done in 2006 by
Weekes et al. on undergraduate students observed no significant correlations
between elevations in psychological measures of stress and elevations in cortisol
levels, thus no evidence was found to suggest a relationship between

psychological and hormonal levels of stress. Therefore, examination stress can
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increase stress hormones in stressful situations, but scores of anxiety standard
questionnaire may be not useful for the determination of subject’s anxious

behavior (Sadeghi et al., 2007).

In the current results, in the first section, there was a significant increase (P
= 0.035) in IgM concentration and a highly significant decrease (P = 0.001) in
IgG concentration for the examination case compared to the non-examinations
case. In the second section, a significant increase (P = 0.022) was observed for
IgM concentration of the intermediate stress level group during the no final
examinations case (part A) and highly significant decreases were observed for
IgG concentration of the intermediate stress level groups during the no final
examinations case (part A) (P = 0.000) and during the final examinations case
(part B) (P = 0.003). In the third section, there was a significant increase (P =
0.035) in IgM concentration of the low stress level group during the no
examinations case (part A) and highly significant decreases in IgG concentration
of the low stress level group during the no examinations case (part A) (P =
0.002) and during the examinations case (part B) (P = 0.003). There were no

significant changes (P > 0.05) in IgE, IgA and IgD for the three sections.

The increase in IgM concentration only may be due to the fact that IgM
antibodies are the major antibodies found in the primary immune response and
thus they have an important function in the first line of defense against invading
pathogens. Another factor may be that the subjects were all healthy and did not

have any infections affecting the immune response.

A study done by Segal, et al. (2006) on twenty-five medical students

concluded that there were no alterations in the IgA, IgM and 1gG serum levels
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during acute stress. Immunoglobulin levels were not significantly correlated with
serum cortisol concentration (Vassend and Halvorsen, 1987). The production of
IgG in mice was enhanced after acute stress and impaired in chronic stress
(Silberman et al., 2003). The effect of exposure to emotional stress on the
humoral immune function of rat induced the decrease in specific
immunoglobulin G antibody level (Shao et al., 2003). The results of the effects
of examination stress on serum concentrations of immunoglobulins on
undergraduate students showed a small but significant decrease in IgM during
the observed period and no other significant correlations between the

psychological variables and IgA, 1gG or IgE (Vassend and Halvorsen, 1987).

The present study showed no significant changes in IL-6 concentration (P >
0.05) for the three sections. Production of IL-6 and other proinflammatory
cytokines can be directly stimulated by depression and other negative emotions
and stressful experiences (Kiecolt-Glaser et al., 2003). Caregivers’ average rate
of increase in IL-6 was about four times as large as that of noncaregivers
(Kiecolt-Glaser et al., 2003). Psychological stress predicted a greater expression
of illness and an increased production of IL-6 in response to an upper respiratory
infection (Cohen et al., 1999). Histochemical studies using rodent and human
tissues have revealed that IL-6 and other cytokines are expressed in neuron cells
within the central nerves system under non-inflammatory conditions in small
quantities, but after infection or stress, they are expressed in much larger
quantities and increased secretion of cytokines is involved in many pathological
processes (Connor and Leonard, 1998). The study done by Starkweather (2007)
to determine the influence of individuals’ level of stress and mood on

proinflammatory cytokines, reported significant improvements in stress, mood,
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and quality of life in the people in the exercise group and they also reported a
significant decrease in serum IL-6. Recent laboratory studies have also shown
that acute psychological stress increases plasma interleukin-6 and fibrinogen

concentrations in healthy individuals (Brydon and Steptoe, 2005).

This study showed no significant changes in lipid profile concentrations (P
> 0.05) of the three sections, contradicting the results of most studies, which
indicate that stress leads to increases in the lipid profile. Housewives are under
more psychological and physiological stress as compared to lady health visitors
and the levels of total cholesterol, low density lipoprotein (LDL) and
triglycerides increased but high density lipoprotein (HDL) decreased with the
increase in the level of stress (Wattoo et al., 2007). The study done by Bacon et
al., (2004) on patients with suspected coronary artery disease provides evidence
that exercise and mental stress lead to increases in lipids (total cholesterol,
triglycerides, HDL and LDL) in patients with coronary artery disease. The
exposure to short-term mental stress caused increases in the LDL, HDL and

cholesterol concentrations in healthy young adults (Muldoon et al., 1995).

The findings in the present study show that the use of the total score on the
Perceived Stress Questionnaire, in the second and third sections, was not useful
and not appropriate for the determination of stress level. This may be due to the
small size of the sample because it can be seen from the results that the highly
significant changes appear usually in the low and intermediate groups
respectively since they contain more numbers of subjects. In addition, another
explanation may be that the questionnaire was not suitable for our society or it

might not have been understood properly by the students. The questionnaire was
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developed on a different society and, thus, for a different way of thinking and

living.
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Chapter V

Conclusion and Recommendations

The findings of this study lead to the conclusion that acute psychological

stress during examination period enhanced the immunity of the students.

It is recommended that further studies should be carried using a larger
sample and different samples may be used, such as male university students,
secondary school students, or one sample of male and female students to
determine if there are gender differences in the response to stress. It is also
recommended to construct a questionnaire that may be more appropriate for the

local population.
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PERCEIVED STRESS QUESTIONNAIRE

Factor I: 41.6% explained variance (rotated solution)—scale
“worries”

X You are afraid for the future

X You have many worries

x Your problems seem to be piling up

You feel lonely or isolated

x You fear you may not manage to attain

your goals

You find yourself in situations of conflict

You are under pressure from other people

You feel discouraged

You feel criticized or judged

x You feel frustrated

You feel you’re doing things because you

have to not because you want to

You feel loaded down with responsibility

You have too many decisions to make

Factor I1: 8.0% explained variance—scale “tension”
You feel tired

x You feel tense

X You feel rested

x You feel mentally exhausted

X You have trouble relaxing

x You feel calm

You are irritable or grouchy

Factor I11: 5.0% explained variance—scale “joy”
x You feel you’re doing things you really like

X You enjoy yourself

x You are lighthearted

x You are full of energy

x You feel safe and protected

Factor 1V: 3.4% explained variance—scale “demands”
x You have too many things to do

X You have enough time for yourself

x You feel under pressure from deadlines

x You feel you’re in a hurry

X You feel that too many demands are being

made on you
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