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ABSTRACT ... gmqlrk@yahoo.com.pk  Objective: This study was a part of our major work, which was
being conducted on haematological variations and haemodynamic changes among different study groups
,selected from medical students (2001-2003) in order to interpret and establish a base line for understanding the
physiological facts related to such variations and their co-relationship under stress. Design: In this study the
participants were subjected to mental stress during degree examination for the analysis of changes in blood
cholesterol, namely Total Cholesterol (TC), Low Density Lipoprotein Cholesterol (LDL-C), and High Density
Lipoprotein Cholesterol (HDLC) in relation with heart rate (HR), pulse rate (PR) , systolic & diastolic blood
pressure ( SBP & DBP) responses. Venous blood samples were collected from the students in fasting condition
along with estimation of all those cardiovascular responses during both, the stress period of examination & non-
stress period of one and half month rest given to them, when there was no such serious academic activity.
Results: The means and standard deviations of differences of stress and non stress conditions for all
cholesterols and cardiovascular observations were evaluated by method of paired sample design. For the level
of significance those results were analyzed by student’s -test and 95% confidence interval. Conclusion: It is
concluded that the variations in TC, LDLC and HLD-C may be due to haemoconcentration under acute mental
stress given to the subjects. As the findings were observed in the fasting group of the subjects, so such related
facts regarding mechanisms affecting the variables of the cholesterols in relation with haemodynamic under
stress changes have been discussed. However further studies may also be needed.
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INTRODUCTION

There is substantial evidence that psychological stress
enhances risk for coronary artery disease . It is well1-2

established that acute stress elevates blood pressure3

and chronic stress may give rise to hypertension ,4-5

which is a major risk factor for coronary heart
disease. Mental stress may also increase serum lipids6-
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, but some observations are on the record that7

significant co-relationship of the acute and chronic
stress was not apparent for TC, LDLC and HDLC .8

It has also been seen that postprandial changes in the
serum cholesterols were not significantly effected by
mental stress  and even there is no influence of9

negative life changes on serum cholesterol in such
situations . Although acute and chronic stress have10

been shown to raise serum lipids and are also
associated with clinical coronary disease but the
mechanisms by which stress contributes to alterations
in lipid levels are not fully known. Only various
pathways involving hormones and diet--etc have
been implicated . 11

The possibility that the stress affects plasma lipid
concentrations has been the subject of recent
investigation . In this regard, for elucidating of12

possible relation in between psychological stress and
cardiovascular disease, further studies about the
effect of mental stress on haematological factors, like
lipid profile, plasma coagulation, fibrinolytic system,
peripheral blood cells and haemodynamic changes"
are needed . In this connection to determine13-14

whether psychological stress contributes to variability
in serum cholesterols like, TC, LDLC and HDLC in
relation with haemodynamic activities for
concomitant changes in health behaviors, the effects
of acute stress during degree examination on these
parameters were examined in medical students.

MATERIALS & METHODS

Male medical students (n= 58) were included in this
study and they were selected from 1st and 2nd year
MBBS at CMC-Larkana. They were divided into
groups according to the examination schedule. The
purpose of study was explained to all participants
before the examination started. They were instructed
to avoid heavy exercise and also they were restricted
to take any medication on one day before and on the
day of sampling. All were placed in fasting condition
up to the end of sampling. 

The selection of subjects was based on their well
being and consent was also taken from them for
collecting blood samples at both times, at the

commence of their annual examination for stress
study and after the rest given to them for the control
study. Before collecting the samples, all-important
information related to the study were recorded in the
proforma and the questionnaires were also filled by
them designed for the purpose. The modified version
of the questionnaires of  Speilberger, the State Trait
Anxiety Inventory (STAI) (Gruber & Beauchamp,
1978) to determine pre-task anxiety levels was
applied.  The subjects had also completed post-exam
questionnaire packet contained another STAI to
determine post-exam levels of anxiety during the
study of non-stress period after a resting period of
one and half month given to them. The participants
were examined for their physical well being. The
systolic and diastolic blood pressures, the heart and
pulse rates were estimated at the time of both
sampling. In addition to the filling of questionnaire,
the estimated changes in the haemodynamic
parameters among the medical students were also
used for assessment of stress level. Thus three stress
assessment tools were used to assess the stress level.
The students, showing presence of stress as per result
of any two of all those three used tools, were
included in the study. 

The blood samples collected in labeled centrifuge
tubes (without addition of anti-coagulant) were left
for half-hour to allow the formation of clot. The
centrifugation was carried out to separate serum from
blood and then the serum samples were drawn
carefully & were transferred into sterilized bottles
already labeled. The LDLand HDL cholesterol
experiments were performed by Kit CHOD-PAP
methods, using Diagnostica Merk KGaA-64271
Darmstadt, Germany, while TC by Merckotest of
E.Merck, Posttach 4119,D-6100 Darmstadt.

The spectrophotometer machine made by Interlabs
instruments of Bausch and Lomb USA, namely the
spectron-21 was used. The standard containing
standard concentration of parameter-chemical and
other necessary reagents were available in the kits.
Three solutions, namely the sample, the standard and
the blank were prepared from serum, standard
chemical and reagent, respectively as per Kit method

http://www.wabash.edu/depart/psych/Archives/Social/Westerhold_6-23-96/article.htm
http://www.wabash.edu/depart/psych/Archives/Social/Westerhold_6-23-96/article.htm
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applied.

Zero level on spectron-21 was adjusted to measure
each cholesterol by using its blank solution separately
under specific wavelength of light intensity of that
cholesterol according to the kit method. Then the
absorbance levels of sample and standard solutions
were determined separately and concerned
parameter’s level was calculated by the formula, given
below:

RESULTS & OBSERVATIONS

The findings of all three cholesterols (TC, LDLC and
HDLC) and all four haemodynamic parameters (HR,
PR, SBP and DBP) were evaluated during both
conditions of mental stress and non-stress periods as
given in Table I. 

05Table-I. Variables of cholesterol and haemodynamic changes expressed as mean±t  during stress and control

periods in male medical students. Numbers of observations are given in parenthesis*

Variable Stress Period  (n = 58) Control Period (n = 58)

Heart Rate (beats/minute) 82.465 ± 2.276 71.482 ± 1.446

Systolic –BP (mm Hg) 136.982 ± 2.989 123.448 ± 2.189

Diastolic-BP (mm Hg) 85.00 ± 1.704 75.948 ± 1.676

Total Cholesterol (mg / dl) 162.602 ± 4.148 161.206 ± 3.996

LDL-Cholesterol ( mg / dl) 82.499 ± 3.956 81.482 ± 3.716

HDL-Cholesterol ( mg / dl) 43.033 ± 2.562 42.12 ± 2.454

* “Mean ± t.05Se” of each variable is calculated as 95% confidence interval of mean in both conditions, the stress and rest respectively.

Table-II.  Showing statistical analysis of differences in between stress* and control observations for cholesterol with

paired student’s t-test and P-level significance in male students (n = 58).

Statistical analysis Cholesterol

TC LDL-C HDL-C

Mean of difference 1.386 mg/dl

Stand: deviation of difference 4.941 mg/dl 3.40 mg/dl 0.301  mg/dl

Test statistic of difference 2.154 2.28 2.311

P level significance P<0.05 P<0.05 P<0.05

* Percentage increments during stress for:

1. Total Cholesterol (TC) = 0.87%. 

2. LDL-Cholesterol (LDL-C) = 0.25%.  3. HDL- Cholesterol (HDL-C) = 2.15%.

There was  equal significant evidence (P<0.05) for all
three cholesterols to say that all cholesterols were
increased,  with different percentage increments in
TC ( 0.87%),  in LDL-C(1.25%), and in HDL-
C(2.15%) at the time of mental stress of degree

examination (Table-II) . The means and standard
deviations of differences in between the stress and
non stress conditions for TC, LDLC, and HDLC
observations were statistically evaluated by paired
sample design. Their respective means were used for
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the comparison  of stress and non stress samples
under the  student’s paired t-test and 95% confidence

interval for level of significance (Table: II).

Table-III.  Statistical analysis of differences in between stress* & and control observations for the haemodynamic

changes with paired student’s t-test and P-level significance in male students (n = 58).

Statistical analysis Haemodynamical changes 

HR SBP DBP

Mean of difference 10.983 beats/min 13.534 mmHg 9.052 mmHg

Stand: deviation of difference 6.228 beats/min 8.786 mmHg 6.718 mmHg

Test statistic of difference 13.442 11.738 10.261

P level significance P<0.001 P<0.001 P<0.001

* Percentage increments during stress in:

1. Heart Rate (HR) =15.36%

2. Systolic-BP (SBP) =10.96%

3. Diastolic-BP (DBP) =11.88%

Table-IV. Statistical analysis for co-relationship in between cholesterols and haemodynamic parameters with

student’s t-test and p-level significance in male students (n=58).

Parameters Statistical analysis 

Co-relation co-efficient(r) t-statistic  Value (ts) P level  Significance (P)

TC

HR 0.497 6.79 P<0.0001

SBP 0.304 3.25 P<0.001

DBP 0.196 1.94 P<0.042

LDL-C

HR 0.563 8,86 P<0.0001

SBP 0.323 3.34 P<0.001

DBP 0.201 2.47 P<0.49

HDL-C

HR 0.502 7.98 P<0.0001

SBP 0.376 3.68 P<0.001

DBP 0.289 2.57 P<0.05

Similar processes of the statistics were applied for
HR, SBP and DBP findings. It was observed that all
those three haemodynamic parameters were increased
during mental stress. The p-values for level of
significance and percentage increments of HR
(15.36%), SBP (10.96%), and DBP (11.88%) during
mental stress along with their standard deviations and
t-values were also evaluated as shown in Table III. 

While the Table-IV  shows the co-relationship of
cholesterol variations with haemodynamic changes.
There is evidence to conclude that the correlation of
TC, LDL-C and HDL-C with HR is highly significant
and respective P-value detected was less than 0.0001
(P< 0.0001), while correlation of all cholesterols with
SBP and DBP was significant (P< 0.0001) and nearly
significant, respectively. The correlation co-efficient
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of those co-relative data are given in the Table IV. 

DISCUSSION

Various studies have been conducted to examine TC,
LDLC and HDLC under different stresses. Some of
those studies have shown the increase in TC, LDL-C
and HDL-C , while no change or even decrease in15-17

the lipoproteins were observed by some other
studies .  In case of increments the changes have9,10,18

been attributed to the effect of epinephrine on
lipoprotein lipase, hepatic lipase and hormone
sensitive activities . Which in turn increase fatty19-21

acid efflux from adipose tissue , providing the liver22

with substrate for triacylglycerol synthesis and VLDL
production .23

In the present study all the three cholesterols were
increased highly significantly (P<0.05) during stress.
Our findings were in agreement with previous
works , in which TC, LDLC and HDLC were also16,24

observed at higher level (significantly) during stress.
In those studies the blood samples were also taken in
morning under fasting condition from students
during stress and non stress periods as we had it in
our present study. Both stress and epinephrine
infusion raised not only the TC, LDLC and HDLC
but also raise Very Low Density Lipoprotein
Cholesterol (VLDLC) , Very High Density
Lipoprotein Cholesterol (VHDLC) and Apoprotein-
B concentration, while the comparable increases
during control session were not observed .25

The association between serum lipid levels and the
cardiovascular reactivity to laboratory stressors has
been reported , but such findings were not fully26

discussed. So those were not applicable of
interpretations and evaluation or the mechanism
analysis. Probably due to the reason that, the
investigators have conducted most stress related
studies in the presence of acute exposure to
experimental stress in the laboratories . It has also27

been seen that associations were completely absent in
young age group during acute mental stress but
indeed it existed for stronger cardiac responsitivity
with cholesterol in relatively older males, suggested
age & sex dependency association . 26

Actually no studies have compared the effects of
acute and chronic stressors on lipid responsitivity in
the same individuals , and the stress induced lipid8

changes in blood have not been clearly elucidated by
physiological and behavioral mechanisms . Stresses6

not only increase the blood pressure but also increase
the blood viscosity and raise the haematocrit value of
the blood in humans . The stressed subjects28-29

showed significant reduction in plasma volume and
increase in plasma viscosity compared with controls ,1

probably due to increased peripheral capillary
filtration, which in turn may be due to the
vasoconstriction as a part of hamodynamic reactivity
to emotional stress . Some of investigators argued30-31

that the increase in concentration of circulating
l i p o p r o t e i n s  w e r e  b e c a u s e  o f  t h i s
haemoconcentration due to vascular fluid shifts .1,30,32

CONCLUSION

The TC, LDL-C and HDL-C in present study were
significantly increased during stress period, which
may be due to haemoconcentration under acute
(short-term) stress given to the subjects. The co-
relationship of variations in TC, LDLC and HDLC
had been observed with haemodynamic changes in
the present study. As the correlation of cholesterols
with HR was highly significant , so the raised findings
of the cholesterols may be due to the inotropic
effects and increased force of contraction of the heart
pumping under acute stress in fasting condition. All
such factors under stress in turn may cause increase
in cardiac out put leading to the haemo
concentration, which needs further evaluation.
However, it is difficult to evaluate the exact
mechanism regarding such changes due to the non
availability of hormonal observations in our present
study. Also, a thorough comparative study of the
lipoprotein cholesterol in serum under acute and
chronic stress may be needed in this regard. 
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