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ABSTRACT
: [XTSE This study aims to evaluate the effect of Stress Inoculation Training (SIT) on Heart Rate Variability
Received: 26 Feb 2021 (HRV), salivary cortisol and psychological complications (anxiety, stress and depression) after Coronary
Accepted: 19 Jul 2021 ¢ Artery Bypass Graft (CABG) surgery.
Available Online: 01 Jan 2022 WIEGEE SR EEREE This is a quasi-experimental study with a pretest/posttest/follow-up phase. The

study population consists of all patients who had underwent CABG surgery and referred to the Cardiac
Rehab center of Tehran Heart Hospital in Iran. Of these, 30 patients were selected using a random sam-
pling method and divided into two intervention and control groups. The instruments were a cortisol salvia
ELISA kit, a HRV monitor, and the 21-item Depression, Anxiety and Stress Scale. The intervention group
received SIT at 10 sessions of 90 minutes.

TS The results of multivariate analysis of covariance showed a significant difference in depression
(P<0.001), anxiety (P<0.001), stress (P<0.001), salivary cortisol level (P<0.001) and HRV (P<0.001) between
the two groups. The mean HRV was significantly higher in the intervention group than in the control
group. In other variables, the mean scores were lower in the intervention group than in the control group.
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rate variability, Salivary [ZITITERT Reduced negative emotions following SIT plays an important role in preventing the severe

cortisol, psychological i complications of heart disease. Interventions based on the SIT method are recommended for patients
complications © with heart disease.

Extended Abstract studies indicate an increase in psychological problems,

especially depression and anxiety among patients as clini-

Introduction cal outcomes [1, 4]. These psychological disorders are

common in patients with heart disease, especially those

eart disease is one of the most common received CABG surgery, with a prevalence rate of 25-55%

diseases in the world and is still the lead- [7]. Depression is three times more common in patients

ing cause of death in various countries [ 1]. with coronary heart disease than in normal people, as it is

A large number of coronary heart disease a risk factor for cardiovascular diseases and can increases

cases that do not respond to drug therapy the prevalence and mortality rates in patients [8]. Recent
require Coronary Artery Bypass Graft meta-analysis studies have shown that depressive symp-

(CABG) surgery [2]. In Iran, CABG surgery has been toms are associated with an increased risk of cardiac event
conducted in 60% of heart disease cases [3]. Numerous in these patients; the presence of depressive symptoms af-
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ter myocardial infarction is associated with an increased
risk of subsequent heart attack and relative risk [1]. The
coronary heart disease death rate increases in patients with
increasing depression [6]. The studies show that depres-
sion, and especially severe depression, predicts the wors-
ening of prognosis in patients with coronary heart disease.

Anxiety is another most common psychological disor-
der in patients with coronary heart disease [2]. It includes
feelings of insecurity, helplessness and arousal in these
patients, and is usually defined as a diffuse and vague
sense of fear [8]. If it left untreated, it can increase the
likelihood of next cardiac event [9]. Its prevalence is 60%
higher in heart disease patients than in normal people. In
a meta-analysis study, anxiety was reported to be an inde-
pendent risk factor for heart attack [9]. In various studies,
the level of anxiety after CABG surgery is estimated to be
24.7%-40% and in Iran, about 65% of patients experience
it after surgical and medical interventions [ 10]. Anxiety is
known as a disturbing factor in the treatment process [11]
and the patients undergoing CABG surgery can experi-
ence anxiety for various reasons such as severe chest pain,
fatigue, and fear of death or disability, which can lead to
increased postoperative pain [12], increased need for the
use of painkillers, delayed postoperative recovery, rapid
breathing with decreasing depth, incidence of pulmonary
complications, decreased postoperative activity, increased
thrombosis and intestinal dysfunction, increased risk of
infection, and decreased immune response [4].

Studies have shown that physical and mental stress is a
factor in the release of various glucocorticoid hormones
by activating the Hypothalamic-Pituitary-Adrenal (HPA)
axis and catecholamines (through the sympathetic ner-
vous system) [10]. Elevated cortisol levels indicates to be
in a stressful situation and are associated with increased
anxiety and especially severe clinical depression [13].
Therefore, reducing these psychological problems can
improve a person’s health by adjusting the HPA axis [12].
Stress, whether physical or mental, causes changes in
heart function and the secretion of stress hormones [15].
Increased heart rate and hormonal changes can have dan-
gerous physiological effects on the nervous and cardio-
vascular systems [ 14]. These psychological problems can
cause heart rate instability in patients with heart disease
and changes in the degree of psycho-physiological coor-
dination of Heart Rate Variability (HRV) [13]. The psy-
cho-physiological coordination of HRV is a non-invasive,
practical and reproducible indicator of the function and
activity of the autonomic nervous system, and indicates a
time interval between consecutive heartbeats in response
to environmental changes. It is associated with the risk
of cardiovascular disease [13]. Emotional imbalance in
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patients with heart disease is seen as increased baroreflex
sensitivity and decreased HRV. Low psycho-physiolog-
ical coordination of HRV doubles the risk of mortality
in these patients [12]. Depressed patients with or with-
out coronary heart disease show decreased psychological
coordination of HRV. This decrease seems to be related
to the severity of depression. Patients with both coronary
heart disease and depression show a greater reduction in
HRV than patients with only one of these two diseases
[13].

Emotional regulation by cognitive-behavioral ap-
proaches is an effective method for increasing the psy-
cho-physiological coordination of HRV and decreasing
salivary cortisol [17]. One of the most effective cognitive-
behavioral approaches for this purpose is Stress Inocula-
tion Training (SIT) developed by Meichenbaum, which
combines some of the best elements of behavioral and
cognitive therapy [18]. The basic principle in SIT is to
pay attention to the process of thinking, feeling, and be-
havior, and considers the impact on others as a basic pre-
requisite for changing a behavior and directly emphasizes
the thoughts, feelings, perception and daily life of people
[20]. Meichenbaum has proposed three stages for SIT: (a)
the conceptualization stage, when the therapist talks with
the patient about stress [19], (b) the skill acquisition and
rehearsal stage, where the therapist works on cognitive
and behavioral skills of patients using different methods
such new information, cognitive reconstruction, chang-
ing negative self-talk to positive self-talk, behavioral ef-
fort for relaxation, assertiveness, and self-confidence to
deal with stressful situations [21], and (c) Application and
follow-through stage, where the patients learn to apply
stress reduction techniques to practice the skills learned
in real life [22].

Strickland et al. in a study on the effectiveness of SIT
on the quality of life in patients with acute coronary syn-
drome, showed that the SIT improves the quality of life
of these patients by the reduction of anxiety, depression
and perceived stress and increasing coping strategies to
reduce systolic blood pressure [23, 25]. In this therapeutic
approach, patients are encouraged to assess the relation-
ship between their negative spontaneous thoughts and
feelings of depression, and use behaviors resulted from
negative spontaneous thoughts as a criterion for assess-
ing the validity of these thoughts and correct their self-
talk [19]. The difference between this study and previous
studies was in the number of training sessions, the use of
a 3-month follow-up and assessment of HPA axis activity
using saliva cortisol and HRV.
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Materials and Methods

This is a quasi-experimental study with pretest/post-
test /follow-up design. The study population consists of
patients with CABG surgery referred to the Cardiac Re-
hab center of Tehran Heart Hospital in Iran. Sample size
based on p, experimental group, control group, variable
response variance, significance level and test power, 25
patients were randomly selected and placed in the ex-
perimental group (immunization against stress) and the
control group. Inclusion criteria were: Having a history
of CABG surgery, age <70 years, literacy, no primary or
secondary cognitive impairment based on patients’ medi-
cal records, and ability to communicate. Exclusion crite-
ria were: unwillingness to continue participation, absence
or not attending the training sessions.

Saliva cortisol test was used to assess cortisol levels in
saliva. For collecting saliva samples, the spitting method
was used [25]. Samples were immediately transferred to
the laboratory after collecting. Given that cortisol has a
rhythm that is affected by sleep, sampling time was the
same at all stages (pretest and posttest phases). In this re-
gard, the effect of circadian rhythm on hormonal secretion
was controlled. The saliva samples were kept frozen at
-23 © C until performing test. To measure salivary cortisol
levels, a cortisol saliva ELISA kit (52611-RE, IBL Com-
pany, Germany) with a sensitivity of 0.03 micrograms per
deciliter were used.

The 21-item Depression, Anxiety and Stress Scale
(DASS-21) was used to measure depression, anxiety and
stress of patients. The acceptable validity and reliability of
this questionnaire on Iranian samples have been already
reported [26]. Besharat (2005) reported the Cronbach’s
alpha coefficients of Persian DASS-21 as 0.87 for depres-
sion subscale, 0.85 for anxiety subscale, 0.89 for stress
subscale, and 0.91 for the overall scale in general popula-
tion, and 0.89, 0.91, 0.87, and 0.93 in clinical population,
respectively. They assessed concurrent validity, conver-
gent validity and diagnostic validity of Persian DASS-
21 in comparison with the Beck Depression Scale, Beck
Anxiety Scale, Positive and Negative Affective Schedule,
and Depression Scale, Anxiety and Stress (DASS-21) in
clinical and general populations. Their results showed a
positive and significant correlation between the scores of
subjects in the subscales of depression, anxiety and stress
with the scores of mentioned questionnaires. There is a
significant negative correlation between negative emo-
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tions (0.44-0.58, P<0.0001) and positive emotions (0.41-
0.58, P<0.001). These results confirm the concurrent,
convergent and diagnostic validity of the Persian DASS-
21.

For assessment of psycho-physiological coordination of
HRY, the first step was the R-wave detection in the ECG
signals. After determining the exact location of R waves,
the signal of HRV was obtained by calculating the time
intervals between two consecutive R waves. To evaluate
the function of the autonomic nervous system, the number
of fluctuations in RR interval was analyzed by an elec-
trocardiogram [2]. According to the frequency parameters
of the HRV, High Frequency (HF) waves (0.5-0.15 Hz)
mainly reflect the activity of the parasympathetic nerve,
Low Frequency (LF) waves (0.04-0.15 Hz) mainly reflect
the activity of sympathetic nerve as well as regression
in parasympathetic nerve activity, and Total Power (TP)
waves (0.04-0.5 Hz) indicate the general activity of the au-
tonomic nerves. Compared to other clinical cardiac reflex
tests, this method can assess the function of the autonomic
nervous system better with more sensitivity [27]. To mea-
sure HRV, the Fast Fourier Transform (FFT) frequency
axis was used to detect changes at different frequencies.
Each participant was asked to lie down for 15 minutes to
monitor your heartbeat in a quiet and dimly lit room. The
resting heart rate was then monitored by a Holter monitor
for 10 minutes. Then, the spectral analysis was performed
on spontaneous changes in heart rate and the results were
used to calculate the frequency range of HRV parameters
in software. Patients with non-sinus rhythm (having atrial
fibrillation) were excluded from the study, because the
HRYV in these individuals could not be measured.

The SIT was presented at 10 sessions based on Meichen-
baum’s approach. In these sessions, we described the role
of SIT in controlling stress and reducing relapse and dis-
ease progression and discussed about cognitive errors,
challenges with negative stresses, negative thoughts, fa-
miliarity with internal dialogue , the role of negative in-
ternal dialogue in stress creation, use of positive internal
dialogues instead of negative internal dialogue, the use of
attention techniques, expressing the importance and ne-
cessity of problem solving, and training problem solving
skills. In the final session, we reviewed the skills taught
in previous sessions. In the sessions, the barriers and dif-
ficulties in performing skills in everyday life were empha-
sized. At the end, DASS-21 was completed again by the
patients, their HRV was monitored, and salivary cortisol
samples were collected.
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Table 1. Objectives and content of intervention based on SIT method

Sessions Objectives Contents
Conceptualization and explanation of Acquaintance, explanation about stress, its causes and factors, explanation about
1 stress, its symptoms and consequenc-  cortisol level and its effect on the cardiovascular system, and motivating to follow up
es, and positive mental image the sessions
. Practicing relaxation based on Jacobson’s muscle relaxation technique and explana-
2 Muscle relaxation . .
tion of its effects
Discussing about the role of thoughts in creating stress and stress-related diseases,
3 Cognitive restructuring identifying irrational thoughts and discussing about their role in causing stress, anxi-
ety and depression
. . Familiarity with the characteristics of negati If-talk and practice for trapping them
4 e S amiliarity wi e characteristics of nega Ve, self-talk and p_actlce or trapping the
and practicing Jacobson’s 7-step relaxation
. . Teaching coping skills and replacing thoughts, discussing about the role of these cop-
5 Coping skills . L . .
ing skills in the management of stress, anxiety and depression
6 Self-auidance Evaluating the unconsciousness of self-mediated situations, the conditions for its
g creation, its effect on the emotions, and the role of these emotions in cardiac health
7 Cor}centratlon 'and attention tech- Practical training, and practicing concentration and being in the present moment
niques, and time Management
Problem-solving skills an rtive- .. S . o - - e
8 clelaee gnsesss A R Practicing problem solving in practical situations and gaining skills in social situations
Interpersonal skills, role playing and L e . .
9 P » Fole playing Self-regulation in social situations and practicing Jacobson 4-step relaxation
self-control skills
10 Follow-up and applying skills Subjective review, facing real-life events, practicing learned skills, receiving feedback

Data were analyzed using Multivariate ANCOVA.

Results

Thirty patients participated in this study, of whom 66.81%
were male and 33.19% female. Most of them were at the
age range of 60-69 years (45.7%) and minority of them
were at the age range of 40-49 years (15.8%). Moreover,
89.3% of them were married and 92.8% were unemployed.
In Table 2, the mean level of salivary cortisol, HRV, anxi-
ety, stress and depression at pretest, posttest, and follow-up
phases in both groups are presented. As can be seen, there
was no significant difference in demographic and clinical
variables at baseline between the two groups, but the post-
test and follow-up scores of HRV, Cortisol, depression,
stress and anxiety were significantly different. The results
of box’s M test showed that the significance level was 0.1,
indicating that the homogeneity of the variance-covariance
matrix was observed in the study groups (p> 0.05). The re-
sults of Levene’s test for the post-test scores of dependent
variables reported the equality of variances (p>0.05). The
results of Wilk’s lambda test showed a significant differ-
ence between the two groups in at least one of the variables
(F=0.640). In assessing the effect of group on dependent
variables, after controlling the effects of covariates (pre-
test scores), results showed that six dependent variables of
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stress, anxiety, depression, HRV and cortisol level were sig-
nificantly affected by the group cognitive-behavioral ther-
apy based on SIT method (F=2.056, P=0.001, 1>=0.702).
The multivariate analysis of covariance was conducted to
examine whether each dependent variable is affected by
the independent variable. According to its results presented
in Table 4, there was a significant difference between the
two groups in terms of study variables (P<0.05). The ef-
fect of SIT on stress (F=202.640, ms=110.1064, 1>=0.882);
Anxiety (F=8 0 7.204, ms=295.695, 1*=0.833); Depres-
sion (F=924/6 1, ms=130/762, 1*=0.696); HRV (F=2.258,
ms=048/0, n?= 0.077); Cortisol (F=72.747, ms=0.317,
1?>=0.728) was significant. The SIT had the greatest effect
on stress (n?=0.794), anxiety (1*=0.833) and cortisol level
(m=0.181).

As can be seen from Table 4, results of pairwise com-
parison using Bonferroni test showed that there were
significant differences between the two groups in psy-
chological (stress, anxiety, depression) and physiologi-
cal (HRYV, cortisol level) variables (P<0.001). In other
words, the SIT had a significant effect on reducing
stress, anxiety, depression, cortisol and increasing HRV
and this effectiveness was statistically significant.

Discussion
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Table 2. Descriptive statistics of study variables in two study groups

January 2022. Vol 28. Issue 1

Mean+SD
Variables Groups
Pre-test Post-test Follow-up
Stress Intervention 21.64+22.57 10.33+23.26 18.9+21.73
Control 2.56+2.12 2.43+2.08 2.52+2.74
Anxiet Intervention 16.4+£18.95 6.46116.2 5.8+14.33
¥ Control 3.81+3.39 2.0343.52 1.97+2.25
Depression Intervention 19.66+19.92 8.93+10.66 18.93+18.9
P Control 4.,59+3.92 2.874+2.43 3.2142.52
Cortisol level Intervention 0.276+0.258 0.131+0.338 0.142+0.271
Control 0.115+0.087 0.0550.074 0.048+0.107
HRV Intervention 0.069+0.078 0.156+0.054 0.101+0.074
Control 0.042+0.044 0.114+0.172 0.0810.05

The results of this study showed that, after a 10 sessions
of intervention by the SIT method, there was a significant
difference between the intervention and control groups in
salivary cortisol level, HRV, anxiety, stress and depression.
Regarding the effect of SIT on depression in the interven-
tion group, our finding is consistent with the results of Liou
et al. [28]. Regarding the effect of SIT on the HRV, our
result is consistent with the findings of Nishith et al. [29].

Reduction of patients’ depression by the skills they
learned, can help them deal with chronic heart disease in a
new way and able to test their previous beliefs in stressful
situations. These beliefs can increase a person’s self-effi-
cacy. When patients feel that they can control their living
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environment after surgery, they can make environmental
changes and review successful experiences which can in-
crease their ability in managing stressful situations. This
positive inner perception of patients can help them man-
age their grief. By the SIT method, the patient changes
from a person who need comfort and relaxation to have
mental and physical health to a person who achieves these
goals. It will be born and generalized to other life situa-
tions And this positive inner perception of people man-
ages the emotion of grief following the feeling of losing
health. In this treatment, the mental path of the patients
changes from someone who must be provided with com-
fort and relaxation in order to be able to enjoy a calm
mental and physical health, to a person who also achieves

Table Results of ANCOVA for assessing the effectiveness of SIT on dependent variables

Sources Dependent variable Sum of Squares Mean Square F Sig. Partial Eta Squared
Stress 1064.110 1064.110 202.640 0.001 0.882
Anxiety 695.295 695.295 204.807 0.001 0.833
Depression 762.130 762.130 61.924 0.001 0.696
Groups
HRV 0.048 0.048 2.258 0.001 0.077
Cortisol level 0.317 0.317 72.447 0.001 0.728
Stress 141.783 27 5.251
Anxiety 139.024 27 5.149
Depression 332.302 27 12.307
Error
HRV 0.579 27 0.021
Cortisol 0.118 27 0.004
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Table 4. Results of pairwise comparison for dependent variables

Variables Group 1 Group 2 Mean difference SD Sig
Stress Intervention Control -11.916 0.837 0.001
Anxiety Intervention Control -9.632 0.829 0.001
Depression Intervention Control -10.086 1.282 0.001
HRV Intervention Control -0.008 0.053 0.001
Cortisol Intervention Control -0.206 0.024 0.001
uarterly of

these goals. On the other hand, participating in a group
therapy cause patients to experience the positive results
of social relationships; by not seeing themselves as be-
ing alone, and with the help of others, they find out more
about the issues discussed in the group, including the dis-
ease and its perception, and can benefit from the positive
results of the intervention sessions in real life by using the
learning skills to address problems in everyday life.

The effect of SIT on increasing the HRV study was
based on sympathetic and parasympathetic nerve activi-
ties. Relaxation exercises in the training program could
increase the balance of sympathetic and parasympathetic
nerves activities which affected the respiration and heart
rates and reduced tachycardia. These relaxation exercises
could suppress sympathetic activity and led to vagal stim-
ulation and increased parasympathetic activity. The main
mechanism of these changes is the presence of pressure
receptors on the arterial wall, which stimulates the vagus
and reduces sympathetic activity. These receptors cause
the heart rate to return to normal rate through parasym-
pathetic and sympathetic stimulations. Respiration rate
is also one of the main and influential factors that affect
the functioning of the autonomic nervous system in vari-
ous organs, such as the heart. Heart rate usually increases
when inhaling and decreases when exhaling. The main
effect of respiration rate is realized through vagal activity.
When a person experiences a sense of muscle relaxation,
vagal activity increases which, in turn, reduces respiration
and heart rates, and increases psychological coordination
of HRV. A deep or longer relaxation has a better effect
on this coordination. Therefore, the SIT reduces the heart
rate and increase HRV by affecting the respiratory rate.
According to the results, both study groups were able to
increase the variability of HRV heart rate in the post-test
phase, but there was no significant difference between
them (P<0.05).

he Horizon of Medical Sciences

Conclusion

The SIT can reduce anxiety, stress and depression and
severe complications of heart disease. Interventions based
on SIT are recommended for patients with heart disease. In
this study, participants were the patients who had CBAG
surgery which limits the generalizability of the findings to
all patients with heart disease. In future studies, the SIT
should be presented separately for patients with different
types of heart disease and its effectiveness be compared
between different groups. Moreover, the study of variables
such as personality traits, self-efficacy and social support
in assessing the effect of SIT is recommended.
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3. Hypothalamic—Pituitary—Adrenal Axis (HPA)
4. Heart Rate Variability (HRV)
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6. Depression Scale, Anxiety and Stress (DASS-21)

5. Spitting
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