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ABSTRACT

The goal of the present study was to elucidate the impact of job stress on some biochemical indices of junior resident
doctors at Ain Shams University Hospitals. Forty-eight junior resident doctors at Ain Shams University Hospitals (28
males and 20 females) in four departments (Obstetrics & Gynecology, Neurosurgery, Urology and Cardiolgy) as a case
group and twenty-four non-resident doctors (11 males and 13 females) as a control group were enrolled in the current study.
The choice of departments was on the bases of high job stress according to number of work hours/week. The participants
ranged from 26 to 28 years of age with a mean of 27 years. Serum levels of cortisol, immunoglobulin G (IgG), highly-
sensitive c-reactive protein (CRP-hs), cholesterol (Chol), triglycerides (TG), low-density lipoprotein (LDL) and high-
density lipoprotein (HDL) were estimated for all participants. The results showed that serum cortisol, IgG, CRP-hs, Chol,
TG, and LDL were significantly higher in junior resident doctors, while HDL was significantly lower in junior resident
doctors when compared with junior non-resident doctors. The present study shed light on the health hazards of job stress
due to increasing working hours among junior resident doctors.
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INTRODUCTION

Job stress can be defined as a situation where stressors
(events or conditions in the work environment which have
the capacity to result in stress) and stress responses (the
individual’s responses to a stressor that are deemed
harmful to themselves) are present. The person—
environment fit theory proposes that stress results from
demands (e.g. difficulty of the job) that the person may
not be able to meet’. However, according to Karasek’s job
demands-control model of job stress, the ability to control
one’s working environment is a confounding factor, and
stress is most typically found when low control is
combined with heavy job demands?.

According to the UK Health and Safety Executive, a total
of 13.8 million working days were lost to work-related
stress, depression and anxiety®. Following a staff survey
conducted by the UK Healthcare Commission, 33% of
workers claimed to have felt unwell because of work-
related stress. Furthermore, it was estimated that the job
stress costs £300—£400 million per year*.

Research into job stress in resident doctors working in
hospitals indicates that this phenomenon is alarmingly
widespread®. The first year practicing medicine is
recognized as having high demands (degree of
responsibility and task difficulty)®, low control (decision
authority and skill discretion), high effort (pace of work
and physical and mental load), frequent stressful events’
and novelty.

In general with regard to emotional outcomes®® found that
resident doctors displayed high levels of psychological

distress and psychiatric morbidity as a result of job stress.
Birch et al.® also reported high levels of stress in first year
doctors as indicated by the proportion of doctors scoring
on the anxiety subscale and depression scale.

In a study of 115 post-graduate doctors in their first 3 years
of practicing, not only found that 76% met the criteria for
burnout (a syndrome of depersonalization, emotional
exhaustion, and a sense of low personal accomplishment.)
but that there was also a strong association with burnout
and self-reported suboptimal patient care!*.

The aim of this study was to investigate the insult of job
stress on serum levels of some biochemical indices such as
cortisol, immunoglobulin G (IgG), highly-sensitive C -
reactive protein (CRP-hs), cholesterol (Chol), triglycerides
(TG), high-density lipoprotein (HDL) and low-density
lipoprotein (LDL) in resident doctors at Ain Shams
University Hospitals.

Subjects and Methods

Forty-eight junior resident doctors at Ain Shams
University Hospitals (28 males and 20 females) in four
departments (Obstetrics & Gynecology, Neurosurgery,
Urology and Cardiology) as a case group, and twenty-four
non-resident doctors (11 males and 13 females) as a
control group were participated in the present study.
Choice of departments was on the bases of high job stress
according to number of work hours/week. The participants
ranged from 26 to 28 years of age with a mean of 27 years.
Information was gathered on the participants’ medical
history, and participants were excluded if they had a
history of psychological morbidity. The exclusion criteria
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Table 1: Comparison between the studied groups (case and control) as regards to demographic characteristics

Case (N=48) Control (N=24) Test of sig. P value
Age (years) 26.4+0.7 26.5+0.6 t=1.417 0.161 NS
Weight (Kg) 70.7+10.1 70.3+7.4 t=1.880 0.851 NS
Working hours/week 108.5+15.4 56.0+0.0 t=23.59 <0.001 HS
Sex
Female 20 (41.7%) 13 (54.2%) ¥=1.00 0.316 NS
Male 28 (58.3%) 11 (45.8%)

t=Independent t-test y2=Chi square test NS=Non-significant HS=Highly significant

Table 2: Comparison between the different departments as regards to demographic characteristics

Obstetric & Cardiology Urology Neurosu-

Esl\rliiczglogy (N=12) (N=12) rgery (N=12) Test of sig. P value
Age (years) 26.7+0.4 26.2+0.4 26.6+0.8 26.6+0.6 0.198NS
Weight (Kg) 64.0+13.6 68.5+4.7 75.5+3.7 74.8+10.9 0.011°
Working 125.9+0.3 84.1+0.3 112.140.3 112.040.0 F=5.917  <0.001"
hours/week
Sex
Female 6 (50.0%) 5 (41.7%) 6 (50.0%) 3 (25.0%) ¥?=2.057 0.561NS
Male 6 (50.0%) 7 (58.3%) 6 (50.0%) 9 (75.0%)

F=ANOVA test y2=Chi square test NS=Non-significant S=Significant HS=Highly significant

Table 3: Comparison between the studied groups (case and control) as regards to laboratory investigations

Case (N=48) Control (N=24) Test of sig. P value
Cortisol (ug/dl) 12.645.1 10.5+1.5 t=2.610 0.011°
¥*=0.000 1.000 NS
19G (mg/dl) 1331.9+86.5 1187.3+172.3 t=4.759 <0.001 1S
¥*=0.000 1.000 NS
CRP-hs (mg/l) 2.9+3.0 1.7£0.8 t=2.414 0.019%
¥?=7.200 0.007 8
Cholesterol (mg/dl) 214.2439.1 193.5+47.7 t=2.551 0.030S
¥*=1.125 0.289 NS
Triglycerides (mg/dl) 107.4+38.3 69.3+£13.5 t=6.174 <0.001 1S
¥?=3.273 0.070 NS
HDL (mg/dl) 50.5+7.3 54.547.1 t=2.211 0.030%
v?=1.029 0.310 N
LDL (mg/dl) 146.9+40.1 125.2442.5 t=2.127 0.037 3
¥?=0.000 1.000 NS

t=Independent t-test x2=Chi square test NS=Non-significant S=Significant HS=Highly significant

included regular medication, recreational drug abuse,
smokers or pregnant females. On recruitment, participants
were provided with an information sheet, in addition to
verbal information, to allow time to reflect prior to
participating in this work. The protocol was approved by
the Ethical Committee for medical research of the National
Research Centre, Dokki, Giza, Egypt. Each participant in
the two groups was subjected to full personal, occupational
environmental and medical history with special emphasis
on age, sex, weight, department, working hours/week and
medical questionnaire about general health. Fasting blood
sample was withdrawn from each participant on EDTA
free centrifuge tubes, left to clot and then centrifuged at
1800 xg for separating serum.

Serum cortisol level was measured by ELISA method
according to Check et al.*2, Serum IgG level was estimated

by turbidimetry method?3. CRP-hs level was assayed using
nephelometry’4. Serum cholesterol (Chol) level was
determined by enzymatic method according to Meiattini et
al.’>. Serum triglycerides (TG) level was measured by
enzymatic method according to Fossati and Prencipe?®.
Serum HDL level was estimated by enzymatic method
according to Burstein et al.Y’. Serum LDL level was
quantitified enzymatically according to the method of
Assmann et al 8.

Statistical analysis

The results were computed and statistically analyzed using
SPSS (Statistical Package for the Social Sciences) package
system wversion 17.0. The quantitative results were
expressed as means = standard deviation (Mean £ SD) for
normal distributed results, and as range and median for
quantitative results with skewness. Qualitative results were
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Table 4: Comparison between the different departments as regards to laboratory investigation

Obstetric & Cardiology Urology Neurosurger
?l\}/gix%)logy (N=12) (N=12) y (N=12) Test of sig. P value
Cortisol (ug/dl)  19.7+0.8 5.840.7 11.2+1.1 13.7¢1.0 F=483 <0.001%%
72=0.00 1.000MS
1gG (mgy/dl) 1221.0+36.9 10405+395  1186.5+40.0  1079.5:58.3 F=44.4 <0.001+8
72=0.00 1.000M
CRP-hs (mg/l)  4.8+4.5 1.1#0.7 1.7+0.4 3.9+2.7 F=5.251 <0.001"
1=16.00 <0.001"
HS
Cholesterol 2785+153  172.0+2.5 191.9+2.4 203.1%7.5  F=343 <0.001 77
(mg/dl) ” <0.001
1#=35.20
. . — HS
(Tr:]'g/'é’l‘;e”des 162.0+203  69.945.6 88.1+10.0 1095:80 %2 <0.001
1#=20.57 <0.001+8
HDL (mg/dl) 415%2.7 56.0+4.7 52.045.7 52.56.2 F=18.6 <0.001+8
1=6.26 <0.001+8
LDL (mg/dl) 212.1+147  102.0+6.3 115.8+3.4 127.7¢474  F=365.6 <0.001+8
1#=48.00 <0.001+8

F=ANOVA test y2=Chi square test NS=Non-significant HS=Highly significant

expressed as number (N) and percent (%). The used
statistical tests were independent t-test for comparing the
normal distributed quantitative results between the two
groups and analysis of variance (ANOVA) for more than
two groups. Likelihood ratio was used for comparing the
qualitative results and Pearson's correlation coefficient
was used to find out the statistical associations between the
different quantitative variables. If the SD was more than
25% of the means, the non-parametric measures were used
in form of Mann-Whitney U test for comparing the
quantitative results between two groups, Kruskal Wallis
test was used for comparing the quantitative results
between more than two groups. Statistical analysis was
considered to be significant at P-value <0.05.

Table 5: Correlation between working hours and
weight, serum cortisol, 1gG, CRP-hs, Chol, TG, HDL
and LDL levels in the studied groups.

Case group

r P value
Weight -0.053 0.721 N
Cortisol 0.936 <0.001 "8
IgG 0.636 <0.001 "8
CRP-hs 0.423 0.002 S
Cholesterol 0.813 <0.001 "8
Triglycerides 0.785 <0.001 ™S
HDL -0.285 0.049 8
LDL 0.773 <0.001 "8
r=Pearson correlation NS=Non-significant

S=Significant HS=Highly significant

RESULTS
Table (1) shows that working hours were significantly
higher (P< 0.001) in case group compared to the control

group. Both case and control group were homogenous for
age, weight and gender.

Table (2) shows that working hours were significantly the
highest in Obstetrics & Gynecology department group and
significantly the lowest in Cardiology department.
Different groups were homogenous for age and gender but
not for weight.

Serum cortisol (P =0.011 S), CRP-hs (P = 0.019 S), Chol
(P =0.030 S), and LDL (P = 0.037 S) levels showed
significant increase in case group when compared to the
control group (Table 3). Serum IgG and TG levels revealed
highly significant elevation (P< 0.001 HS) in case group
when compared to the control group. Meanwhile, serum
HDL level showed significant decline (P=0.030 S) in case
group as compared to the control group.

Serum cortisol, 1gG, CRP-hs, Chol, TG and LDL levels
showed the highest significant elevation in Obstetrics &
Gynecology department group while, they showed the
lowest significant elevation in Cardiology department
group (Table 4). However, serum HDL level revealed
highest significant reduction in Obstetrics & Gynecology
department group and the lowest significant reduction in
Cardiology department group (Table 4).

Significant positive correlation was demonstrated between
working hours and serum cortisol level in both control
group r=0.932 and case group r=0.936 and P value in both
groups was <0.001 (HS). Similarly, working hours showed
significant positive correlation with serum IgG level in
both control group r=0.751 and case group r= 0.636 and P
value in both groups was < 0.001 (HS). Also, significant
positive correlation was found between working hours and
serum CRP-hs level in both control group r= 0.427 and
case group r=0.423 and P value in control group was 0.037
(S) and in case group was 0.002 (S). Moreover, working
hours exihibited significant positive correlation with
serum chol level in both control group r= 0.850 and case
group r=0.813 and P value in both groups was <0.001
(HS). Furthermore, working hours revealed significant
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positive correlation with serum TG level in both control
group r=0.939 and case group r =0.785 and P value in both
groups was < 0.001 (HS). Finally, working hours displayed
significant positive correlation with serum LDL level in
control group r=0.848 and case group r=0.773 and P value
in both groups was < 0.001 (HS). In constrat, significant
negative correlation was recorded between working hours
and serum HDL level in both control group and case group
r=- 0.285 and P value in both groups was =0.049 (S)
(Table 5).

DISCUSSION

Junior physicians lack clinical experience, have difficulty
in establishing the doctor—patient-relationship and often
struggle with the administrative demands of their work™.
Medical students and residents tend to be very dedicated to
the demands of their profession and caring for patients?.
However, some of them seem to be overcommitted in a
way that they have difficulties to get away from patient
issues and job demands, suffering from sleeping problems
and neglecting social contacts. Overcommitted and
stressed residents might have more difficulties establishing
a good doctor—patient relationship, a factor which again
contributes to feeling stressed'®. Furthermore, stressed
doctors have a negative influence on the atmosphere at
their workplace; an unfavorable working atmosphere is
again a factor for feeling stressed at work 2.

After a mailed survey of all 404 internal medicine
residency program directors in the USA?, concluded that
nearly all programs in this sample had problem residents,
in whom the most frequently reported difficulties were
insufficient medical knowledge, poor clinical judgment,
and inefficient use of time, with stressors and depression
as the most frequently identified underlying problems.
Young physicians have been reported to have a high level
of chronic stress at work. The proportion of chronically
stressed physicians is remarkably consistent over time?:.
In the current study, working hours were significantly
higher in the case group than the control group.
Additionally, working hours were significantly the highest
in Obstetrics & Gynecology department group and were
significantly the lowest in Cardiology department. These
results are in agreement with those of some studies that
have been shown that historically junior doctors’ training
involved long working hours with little sleep overnight?*
which was recognized to be hazardous to both the doctor’s
and patient’s health?®. The association between long
working hours and illness occurs largely as a result of
stress, as doctors try to maintain performance levels with
increasing fatigue®. Stress results in emotional, behavioral
and psychological reactions, such as anxiety, depression,
increased consumption of alcohol, increased blood
pressure and, in extreme cases, death, through suicide or
cardiovascular disease?’. It has been demonstrated that
shift work is associated with an increased risk of
cardiovascular disease?® which is thought to be due to
alterations in the circadian rhythm, following changes in
the sleep-wake cycle?®. Circadian adjustment takes time,
being most rapid in the first 1-3 days® and during this
period the subject experiences jet lag or desynchronizes.

The most important consequence is a reduced quantity and
quality of sleep®® which has been linked to declines in both
cognitive and psychomotor performance in junior
doctors?,

A study on prolonged duty hours and fatigue among
gynecology and obstetrics residents in Venezuela showed
that professionals, especially males, ingest stimulants, and
that residents in this condition have unacceptably high
rates of fatigue. The author adressed the need for work
schedules that include periods of rest during 12-hour
shifts.

Experimental research has shown that sleep debt
negatively influences the carbohydrate metabolism and
endocrine function, leading to impaired glucose tolerance
and increased serum cortisol levels in the afternoon®?,
Cortisol was significantly higher in the case group
compared to the control group. Cortisol recorded the most
significant increase in Obstetrics & Gynecology
department group and the lowest significant increase in
Cardiology department group. In both the case and control
groups, there was a significant positive correlation
between working hours and serum cortisol level. These
results are in agreement with the results of human and
experimental studies that have been shown that the
individual’s expectation of coping with a stressful work
situation has a great impact on cortisol secretion®. As
when an event or situation is stressful, a cascade of
hormonal changes occurs that appears to work either to
motivate or to support coping with the stressor 34, Almost
type of stress stimulates the hippocampus to activate the
hypothalamus to secrete corticotrophin releasing factor
(CRF), which travels through the hypophysial portal
system to the pituitary, stimulating the secretion of
adrenocorticotropic hormone (ACTH). ACTH then travels
through the systemic circulation to the adrenal cortex,
where it induces release of the glucocorticoid cortisol®. As
the body cycles through prolonged or repeated alarm
reactions, receptors in the hippocampus become
desensitized and damaged (it is unknown if the damage is
permanent), leading to a feed-forward overproduction of
cortisol®®. The study of Fischer et al*” revealed that the
experienced intensive care nurses and physicians have
lower cortisol levels and reactivity than their less-
experienced colleagues.

Many studies found that levels of serum cortisol increased
in cases of stress®%%, In 23 studies that addressing the
association between cortisol in serumand the psychosocial
working environment, nine showed a positive
association’. The psychobiological research postulated
that the pathways by which work stress influences ill
health is mediated by the hypothalamic-pituitary- adrenal
(HPA) axis which regulates the long-term adaptation of
organism to stress. A positive association between the
early morning cortisol levels in high strain subjects has
been reported 4.

The results of the present study revealed that
immunoglobulin G (IgG) showed significant elevation in
the case group when compared with the control group.
Immunoglobulin G (IgG) recorded the most significant
increase in the Obstetrics & Gynecology department group
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and the lowest significant increase in Cardiology
department group. In both the case and the control groups
there was a significant positive correlation between
working hours and serum immunoglobulin G level. These
results are in agreement with those of Theorell et al*? who
suggested that acute job strain increases serum IgG
concentrations. The increase in serum IgG concentrations
has also been found in subjects under academic stress*.
Cross-sectional studies of job stress and immunoglobulins
have been shown that there may be positive associations
between job stress and immunoglobulin G*. For instance,
in a study of teacher stress, objective indicators of work
load such as proportion of weekly lessons in full class
correlated positively with 1gG level in plasma®.
Psychological stress is known to alter the humoral and
cellular immune system by stimulating the cerebral cortex
and hypothalamic-pituitary-adrenal axis “6. That is,
corticotropin-releasing hormone and vasopressin released
from the hypothalamus during the stress lead to the
secretion of adrenocorticotropic hormone from the
pituitary gland and glucocorticoid from the adrenal gland.
Glucocorticoid can cause non-committed type 0 T-helper
cells to transform into type 2 T-helper cells and can inhibit
the development of type 1 T-helper cells, which is related
to the cellular immune system*’. The type 2 T-helper cells
secrete cytokines, which induce the production of
antibodies*®. Thus the increased serum IgG level seen in
the present study may be attributed to such stressors
through the different actions of glucocorticoid on two
different T-helper cells.

Highly-sensitive C - reactive protein (CRP-hs) showed
significant increase in the case group compared to the
control group. CRP-hs recorded the highest significant
elevation in Obstetrics & Gynecology department group
and the lowest significant elevation in Cardiology
department group. In the case and control groups a
significant positive correlation between working hours and
highly-sensitive C - reactive protein (CRP-hs) has been
detedcted. These results agreed well with fewer studies
which have been shown elevated concentrations of CRP in
people with higher job demands*®&%0. Also, a study of
Schnorpfeil et al. > demonstrated a positive association
between job demands and serum CRP levels. Poor social
support appeared to be related to high plasma levels CRP.
These data suggest adverse social work conditions may be
associated with increased inflammation as indicated by
elevated plasma levels of CRPSL,

Acute stressor firstly evokes production of IL-6, which
then signals the liver to synthesize and release C-reactive
protein®2. The acute phase response (APR) is responsive to
stress and one aspect of the APR includes stimulation of
acute phase proteins (APPs) such as C - reactive protein
(CRP) released by the liver®,

In the present study serum cholesterol (Chol) level showed
significant rise in the case group when compared with the
control group. Similar to the above mentioned parameters,
Chol recorded the highest significant elevation in
Obstetrics & Gynecology department group and the lowest
significant increase in Cardiology department group.
Significant positive correlation was detected between

working hours and serum Chol level in both the case and
control groups. These findings are in agreement with the
study that has been demonstrated that men with a high job
demand level showed high total cholesterol levels®. Also,
in the study of Kang et al. > job stress has been found to
be involved in the elevated serum cholesterol levels. It was
suggested that acute lipid stress responsivity may reflect
processes that contribute in the development of raised
blood cholesterol levels®,

In our study, serum triglycerides (TG) level revealed
significant elevation in the case group compared to that in
the control group. Also, TG showed the highest significant
increase in Obstetrics & Gynecology department group
and the lowest significant increase in Cardiology
department group. In both the case and control groups
there was significant positive correlation between working
hours and serum TG level. These findings coincide with
five out of eight studies that demonstrated increased serum
concentrations of triglycerides in shift workers compared
to day workers®. Also, in the study of Kang and his
colleagues, job stress has been shown to be involved in the
elevated serum triglycerides level®®. The epidemiologic
study of Knutsson and Boggild %8 reported that high
triglyceride appears more often in shift workers than in day
workers.

In the current study, low-density lipoprotein (LDL) serum
level showed significant increase in the case group
compared to that in the control group. Serum LDL level
recorded the highest significant elevation in Obstetrics &
Gynecology department group and the lowest significant
elevation in Cardiology department group. In both the case
and control groups there was significant positive
correlation between working hours and LDL serum level.
These results are in agreement with the results of some the
study which reported that greater acute stress lipid
responses predicted higher LDL-C several years later®,

In general, during the periods of stress, the increased
cortisol production facilitates triglycerides synthesis and
stimulates very low density lipoprotein (VLDL) secretion
by the liver®. Another possible explanation for stress-
related changes in blood lipid concentrations is the changes
in hem concentration during stress®® whereby the acute loss
of plasma wvolume within the intravascular space
concentrates the nondiffusible blood constituents and,
thereby, increases blood lipid concentration®®. The third
suggestion for the effect of stress on the plasma level of
lipids is the metabolic effect of catecholamine spillover in
response to acute psychosocial stress. The increased
circulating level of norepinepherine (NE) - induce lipolysis
and release of free fatty acids into the circulation®? which,
in turn, serve as a substrate for the resynthesis of TG and
hepatic production of VLDLS. The increased NE
production is associated with elevated plasma levels of
Chol and LDL®.

The present findings showed that high-density lipoprotein
(HDL) were significantly decreased in the case group
compared to that in the control group. Serum HDL level
showed the most significant reduction in Obstetrics &
Gynecology department group and the lowest significant
decline in Cardiology department group. In the case and
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control groups, significant negative correlation between
working hours and HDL serum level has been detected.
These results agreed well with those of the studies of
Knutsson and Boggild®® and De Backer et al.5 which
reported lower concentrations of HDL plasma level in shift
workers than in day workers. The decreased HDL level
could be explained as a result of the decreasing reverse
cholesterol transport from the blood stream to the liver®,
Some studies reported positive correlation between total
Chol, TG or low-HDL levels and shift work . Also,
number of studies over several decades showed positive
correlation between stress and LDL levels®8&6°,

In conclusion, our study demonstrated that the adverse
effects of increasing working hours on stress hormone,
immune system and lipid profile of resident doctors. The
present findings shed light on the involvement of job stress
in the pathophysiology of immunsupression, inflammation
and hypercholesterolemia among resident doctors.
Threfore, there is a special need for constructing work
schedules that include periods of rest during 12 —hours
shift to modulate the insult of job stress on the public
health.
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