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Globally, hepatitis C virus (HCV) adversely affects patients’ function and their
independent live. However, aerobic exercise may have disease modifying effects. Objective:
The aim of this study was to detect the changes in quality of life, depression, mode and
systemic inflammation in hepatitis C virus patients after aerobic exercises. Material and
Methods: Eighty HCV patients (mean age 43.87 = 4.65 year) participated in the study and
were enrolled into two groups. Group (A) received aerobic exercise on treadmill where,
group (B) received no intervention. Values of Rosenberg Self-Esteem Scale (RSES), Beck
Depression Inventory (BDI), Profile of Mood States (POMS), tumor necrosis factor - alpha
(TNF- o), Interleukin-6 (IL-6), C-reactive protein (CRP), and SF-36 HRQL were taken
before and after the study. Results: There was a significant decrease in mean values of
TNF- ¢, IL-6, CRP, BDI & POMS and increase in the mean values of SF-36 subscale scores,
RSES in group (A) at the end of the study, but the changes in group (B) were not significant.
Also, there were a significant differences between mean levels of the investigated parameters
in group (A) and group (B) at the end of the study. Conclusion: Treadmill walking exercise
training is an effective treatment policy to improve quality of life, systemic inflammation
and psychological wellbeing in HCV patients.

Key words: Aerobic Exercise; Quality of Life; Psychological Wellbeing;
Systemic Inflammation Hepatitis C virus.

Glaobally about many million population
are affect with hepatitisC virus (HCV)*2, whichis
the main cause for hepatic failure and cancer with
their adverse psychiatric complications and poor
quality of lifein HCV patient®. Many psychiatric
symptoms as depression affect about 21-59% of
HCV patients*, however the most commonly used
anti-viral medications of HCV induced depression
in about 17-44% of patients®®. Moreover, this
secondary depression adversely affects HCV
patient’s quality of life’, and the effects of their
antiviral medications®.

* To whom all correspondence should be addressed.
Tel.: +966-569849276;
E-mail: salmuzain@kau.edu.sa

Aerobic exercise training was proved to
be effective and cost-efficient alternative treatment
of anxiety and mood disorders’. Also, exercise
training slow down the progression of cognitive
decline!® %, improves performance on tests of
cognition and psychological wellbeing!?, and
enhance sleep quality®®. However, the available
previous studies involving the impact of exercise
training upon the quality of life, psychological
wellbeing along with systemicinflammationin HCV
islimited in number®,

Exercise is hypothesized to improve
cognition, physical performance, functional ability
and quality of life, but evidenceisscarce, therefore,
theaim of thisstudy wasto measure quality of life,
systemic inflammation and psychological
wellbeing response to aerobic exercisesin hepatitis
C virus patients.



534

MATERIALS AND METHODS

Subjects

Eighty HCV patientswereenrolledinthe
present study; their age ranged from 38-49 year
and were selected from the Internal Medicine
Department at King Abdul Aziz University Hospital
and other Hospitals at Jeddah area. Exclusion
criteriaincluded smokers, subjectswith pulmonary,
cardiac, renal, metabolic and neurol ogical diseases.
Participants were enrolled in two groups; group
(A) received treadmill aerobic exercise training.
However, group (B) received no exercisetraining
for three months. All participants signed an
informed consent.
M easurements
Laboratory Analysis

Blood samples were drained from the
antecubital vein after a 12-h fasting, the blood
samples were centrifuged at 4+ °C (1000 = g for
10 min). Interleukin-6 (IL 6) levelswere analyzed
by “Immulite 2000 immunassay anayzer (Siemens
Hedlthcare Diagnostics, Dearfield, USA). However,
tumor necrosis factor- alpha (TNF-o.) and C-
reactive protein (CRP) levels were measured by
using ELISA kits(R&D Systems, USA) in addition
to ELISA microplate reader (ELX 808; BioTek
Instruments, USA). All other parameters were
perfomed using Hitachi (Elecsys 2010, Roche
Company, Germany). For viral over load
quantitation AmpliPrep/COBAS TagMan (Roche
Company, Germany).
Psychological well-being

Assessment of psychological wellbeing
included measurement of self-esteem and
depression. Self-esteem was evaluated using the
Rosenberg Self-Esteem Scale (RSES), which
included ten items to be answered on afour point
Likert scale. Mood disturbance was measured by
Profile of Mood States (POMYS), it assessed the
transient emotional state by 65 items on a 5-point
Likert scale. This questionnaire evaluated 6
dimensions of mood in order to detect aTotal Mood
Disturbance score. However, depression was
measured using the Beck Depression Inventory
(BDI), a twenty-one item was covered to detect
the total score for measuring the symptoms of
depression?s.
Health-related quality of life (SF-36 HRQL)

Health-related quality of life was
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assessed by SF-36 which includes eight subscales:
Vitality, Bodily Pain, General Health, Physical
Functioning, Social Functioning, Physical Role
Functioning, Emotional Role Functioning, and
Mental Health. The SF-36 is a questionnaire for
detecting the amount of change in their general
health over the past year °.

Measurementsof TNF-o,, 1L-6, CRP, RSES,
BDI, POMS and SF-36 HRQL were done before
the study (pre-test) and after the study (post-test).
Procedures
Thetraininggroup (GroupA)

Patients were submitted to the aerobic
exercise training to complete a 12-week on a
treadmill (Enraf Nonium, Model display panel
Standard, NR 1475.801, Holland). Each session of
physical exercisewasdividedin: 5 minof warmup,
with stretching exercises and circling of members
and body; 30 min of aerobic exercise divided into
row ergometer (15 min) and bicycle ergometer
(15 min).; and 5 min of cold down at the end, with
stretching, flexibility and relaxation exercises,
consisting of five sessions per week. Thetraining
program was performed at 70% of the individual
age-predicted HR _ according to Tanakaet al.".
Thecontrol group (Group B)

Patients maintained their ordinary life
style and received no exercise training.
Statistical analysis

All resultsare shown asmeans+ SD. The
mean values of the investigated parameters
obtained before and after training programin both
groups were compared using paired “t” test.
Independent “t” test was used for the comparison
between the two groups (P<0.05).

RESULTS

The two groups were considered
homogeneousregarding the baseline characteristics
(Tablel). Therewasasignificant decreasein mean
values of TNF-o, IL-6, CRP, Beck Depression
Inventory (BDI) and Profile of Mood States
(POMS) and increasein the mean values of SF-36
subscale scores, Rosenberg Self-Esteem Scale
(RSES) ingroup (A) after treatments (Table 2), but
thechangesin group (B) werenot significant (Table
3).Also, therewere significant differencesbetween
mean levelsof theinvestigated parametersin group
(A) and group (B) at the end of the study (Table 4).
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DISCUSSION

Theresults of the present study indicated
that therewas asignificant decreasein mean values
of Beck Depression Inventory (BDI) and Profile of
Mood States (POMS) in response to aerobic
exercisetrainingin HV C patients. Thereisagrowing
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body of evidenceindicatesthat aerobic exerciseis
an effective and cost-efficient treatment alternative
for a variety of anxiety and mood disorders,
including panic disorder®. Craft found that a
depressed group who undertook aerobic exercise
for nine weeks had significantly higher coping
efficacy than anon-exercise control®®. Inasample

Table 1. Thistableillustrates the baseline characteristics for all the
participants who volunteer to be involved in this study including age,
BMI, renal liver and viral load for both groups

Characteristic Group (A) Group (B) P-value
Age (year) 4465 +5.12 43.93 £ 4.94 0.641
BMI (kg/m?) 24.14 + 3.97 23.78+3.85 0.583
Body weight (kg) 69.21 + 4.56 67.92+5.17 0.164
Height (cm) 164.27 +5.18 163.84 + 4.66 0.472
SBP (mmHg) 12558 + 14.16 122.67 + 12.88 0.074
DBP (mm Hg) 85.12 + 8.36 83.94+8.31 0.183
FPG (mg/dL) 114.22 + 10.61 113.72 + 10.25 0.711
Albumin (gm/dl) 3.47+ 0.79 3.38+ 0.68 0.186
ALT (U/L) 63.58 + 6.84 61.14 + 6.52 0.098
Hb (gmvdl) 12.23+ 2.36 12.15+ 2.18 0.826
HCV viral load (1U/mL) 7.47 +3.21 x 108 7.16 + 3.11 x 10° 0.168

BMI : Body Mass Index; Hb : Hemoglobin;
aminotransferase ;

FPG: Fasting Blood Glucose; ALT : Alanine
SBP: Systolic blood pressure;

DBP: Diastolic blood pressure.

Table 2. Thistable shows the mean value and significance of SF-36 subscale scores,
RSES, BDI, POMS, in only group (A) who were submitted to the aerobic exercise
training for a complete 12-week on atreadmill before and at the end of the study

SF-36 subscale variables Mean +SD P-value
Before After
SF-36: Health transition 276+ 0.73 1.84+0.65 0.016*
SF-36: Physical functioning 75.52 8.76 82.918.41 0.007*
SF-36: Rolefunctioning: Physical 79.42 10.15 85.23 10.83 0.008*
SF-36: Bodily pain 74.54 8.17 70.26 8.10 0.004*
SF-36: General health 72.1211.23 77.88 10.65 0.013*
SF-36: Vitality 57.216.75 68.26 6.43 0.002*
SF-36: Social functioning 86.41 + 9.32 92.11 + 8.97 0.017*
SF-36: Rolefunctioning: Emotional  92.18 + 11.32 85.54+10.71  0.005*
SF-36: Mental health 84.63 +8.34 79.48+ 8.15 0.015*
Self-esteem (RSES) 2247+ 3.27 27.26+ 3.13 0.023*
Depression (BDI) 7.92+3.34 5.17 + 3.16 0.007*
Total mood disturbance (POMS) 24.82 + 4.72 18.26 + 4.53 0.003*
TNF- o (pg/mL) 13.16 £+ 2.85 8.23+ 247 0.004*
IL-6 (pg/mL) 583+ 175 3.12+ 158 0.002*
CRP (mg/L) 425+ 1.16 2.41+0.95 0.006*

RSES: Rosenberg Self-Esteem Scale; BDI: Beck Depression Inventory; POMS: Profile of
Mood States; IL-6:Interleukin-6; TNF-o: tumor necrosis factor-alpha; CRP : C-reactive
protein; (*) indicates a significant difference between the two groups; P < 0.05.
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of 101 healthy older adults randomized to four from pre- to post-treatment revealed that
months of aerobic exercise, a yogalflexibility  depressive symptomswere reduced, especialy in
control group, or wait list, assessment of scores men®. Also, Blumenthal in his study on 156

Table 3. Thistable demnostrates mean value and significance of SF-36 subscale
scores and TNF-o and IL-6 in group (B) before and at the end of the study

SF-36 subscale variables Mean +SD P-value
Before After
SF-36: Health transition 258+ 0.73 271+0.71 0.565
SF-36: Physical functioning 74.23 8.61 73.458.43 0.216
SF-36: Rolefunctioning: Physical 80.16 10.47 80.48 10.21 0.581
SF-36: Bodily pain 73.888.18 74.42 8.11 0.431
SF-36: General health 72.64 10.46 72.36 10.53 0.312
SF-36: Vitality 56.37 6.19 56.44 6.12 0.272
SF-36: Social functioning 87.43+ 10.17 88.14+10.14 0472
SF-36: Rolefunctioning: Emotional ~ 91.76 + 9.83 90.81+9.75 0.411
SF-36: Mental health 83.24+ 7.59 82.72+ 7.41 0.272
Self-esteem (RSES) 22.66 + 3.31 2318+ 3.22 0.261
Depression (BDI) 7.62+ 321 7.15+3.01 0.283
Total mood disturbance (POMS) 24.17 £ 4.26 23.64 £ 4.15 0.211
TNF- o (pg/mL) 12.81+ 2.44 12.32+ 2.16 0.743
IL-6 (pg/mL) 5.47 + 1.69 4.85 + 1.47 0.654
CRP(mg/L) 431+ 1.15 442+ 113 0.518

RSES: Rosenberg Self-Esteem Scale; BDI: Beck Depression Inventory;

POMS: Profile of

Mood States; IL-6:Interleukin-6; TNF-o: tumor necrosis factor-alpha; CRP : C-reactive

protein

Table 4. Thistable shows the mean value and significance of SF-36 subscale scores
and TNF-a., IL-6 in both groups (A) and group (B) at the end of the study

SF-36 subscal e variables Mean £SD P-value
Before After
SF-36: Health transition 1.84+0.65 271+0.71 0.017*
SF-36: Physical functioning 82.918.41 73.458.43 0.005*
SF-36: Rolefunctioning: Physical 85.23 10.83 80.48 10.21 0.008*
SF-36: Bodily pain 70.26 8.10 74.428.11 0.015*
SF-36: General health 77.88 10.65 72.36 10.53 0.009*
SF-36: Vitality 68.26 6.43 56.44 6.12 0.007*
SF-36: Social functioning 92.11+8.97 88.14+10.14  0.008*
SF-36: Rolefunctioning: Emotional  85.54 + 10.71 90.81+9.75 0.009*
SF-36: Mental health 79.48+ 8.15 82.72+ 7.41 0.028*
Self-esteem (RSES) 27.26 +3.13 23.18+3.22 0.027*
Depression (BDI) 517+ 3.16 7.15+3.01 0.025*
Total mood disturbance (POMS) 18.26 + 4.53 23.64+4.15 0.026*
TNF- o (pg/mL) 8.23+ 247 12.32+ 2.16 0.008*
IL-6 (pg/mL) 312+ 158 4.85 + 1.47 0.013*
CRP(mg/L) 241+0.95 442+ 113 0.024*

RSES: Rosenberg Self-Esteem Scale; BDI: Beck Depression Inventory;

POMS: Profile of

Mood States; IL-6:Interleukin-6; TNF-o: tumor necrosis factor-alpha; CRP : C-reactive
protein; (*) indicates a significant difference between the two groups; P < 0.05.
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community dwellers diagnosed with major
depression were randomized to supervised
exercise, medication, or acombination of exercise
and medication. The 16-week exercise treatment
consisted of three weekly sessions of aerobic
activity. By the end of the treatment period, each
of the three treatment groups experienced a
significant reduction in their levels of depression.
Thetreatmentsdid not differ significantly fromone
another in efficacy. These results suggest that
exercise may beaviablealternativeto medication
in the treatment of depression in older adults?.
However, Mota-Pereira and colleagues
conducted astudy a 12 week, home-based exercise
program of 30-45 min/day walks, 5 days/week on
150 individuals with treatment-resistant major
depression, results showed improved depression
and functioning parameters and contributed to
remission of 26% of these patients. Moderate
intensity exercise may be a helpful and effective
adjuvant therapy for treatment-resistant major
depression?,

A number of potential mechanisms may
be responsible for the reductions in depression
associated with physica exercisee.g. physiological
mechanisms hypothesized include the central
monoamine theory (i.e., exercise corrects
dysregulation of the central monoamines believed
to lead to depression), as well as consideration of
the role of the hypothalamic—pituitary—adrenal
(HPA) axis(i.e., some depressed individual sexhibit
HPA hyperactivity in response to stress and
exercise may regulate thisactivity)2,

The results in this study revealed that
serum | L-6 and TNF- oo were significantly decreased
in response to aerobic exercise training in HCV
patients. These findings were consistent with
Goldhammer and colleagues found large (48%;
7.51t0 3.9 mg/L) reductions in serum CRP in 28
elderly coronary heart disease patientsin response
to 12 weeks of aerobic exercisetraining as offered
intypica Phasell cardiac rehabilitation programs®.
In a study by Kohut and colleagues sedentary,
low fit older adults aged >64 yearswererandomi zed
to moderate aerobic exercisetraining (65-80% heart
rate reserve, 3times per week, 30-45min/day) or
flexibility control group for 10 months. Exercisers
had asignificant reductioninserum CRP, IL-6, IL-
18 and TNF- oo when compared to the flexibility
group®. Also, Nicklas and colleagues examined
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the effects of 12 months of moderate walking
training on plasma CRP and IL-6. Four hundred
and twenty four sedentary, over weight/obese
(BMI >28), community-dwelling elderly (70-89
years) were randomized to treatment. The exercise
intervention resulted in asignificant 16% reduction
in IL-6. CRP was 32% lower after exercise”.
Moreover, Ogawa and colleagues found that 12
week of strength training significantly reduced
serum CRP despite having no effect on body weight
or waist circumference®.

The potential mechanisms of exercise
training-induced reductionsininflammationin HCV
patients include loss of adipose tissue which
induced reductions in serum markers of
inflammation?3°, Exercisetraining also increases
vagal tone®, which according to the cholinergic
anti-inflammatory reflex espoused by Tracy, could
lead to reductions in systemic inflammation®.
Acute exercise activates the hypothalamic-
pituitary-adrenal axis and sympathetic nervous
systems. Cortisol is known to have potent anti-
inflammatory effects®*® and catecholamines can
inhibit pro-inflammatory cytokine production®.
Several studies have demonstrated that exercise
training can down regulate toll-like receptor 4,
ligation of which activates pro-inflammatory
cascades®-.

Furthermore, on analyzing the quality of
life changes in response aerobic exercise training
HCV patients. This study has shown asignificant
improvement in the mean val ues of SF-36 subscale
scores. These findings were consistent with
several studies have shown that exercise
intervention might enhance health-related quality
of lifeand psychological well-being®-*. Mahendra
conducted a randomised controlled trial for 3
months follow-up, percentage of participants
exercising < 60 min per week increased in the
exercise group compared with routine care. Exercise
improved levels of physical functioning (SF-36
score) and depression compared with people in
routine care (whose levels worsened). At 24
months, longitudinal analysesof all follow-up data
reveal ed improvementsin exercise group physical
functioning (SF-36) and mobility compared with
routine care®. Also, Schmitz and colleagues
conducted the German National Health Interview
and Examination Survey (GHS) on 7,124 persons,
18-79 years of age. Results revealed that higher

J PURE APPL MICROBIO, 9(1), MARCH 2015.
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levels of physical activity were associated with
higher health-related quality of lifeamong persons
with mental disordersaswell asphysicaly inactive
subjectsreported poorer quality of life™. However,
Bowen and colleagues proved that 12-month
exercise intervention (225 min/week) improved
physical functioning and general health scores
among sedentary postmenopausal women (Vvs.
controls)*, Improved HRQOL was also noted in
another 12-month exercisetria (60 min/day, 3times/
week) among middle-aged adults®®. While,
Imayama and colleagues conducted a study one
middle-aged women (n=100) and men (n=102) were
randomly assigned to either exercise (360 min/week
of moderate-to-vigorous aerobic exercise) or
control and HRQOL (SF-36) were assessed at
baseline and 12 months and proved that thislevel
of exercisemay increase HRQOL among overweight
men™, Similarly, asurvey of European adultsfound
that being physically active (N24 MET-h/week) is
associated with better mental health compared with
being less active (= 24 MET-h/week) [45,46].
Moreover, Hoffmann and colleagues conducted
a study of exercise sessions in a group of 3-5
participants for 1 hour, 3 times per week for 16
weeks. The purpose of thefirst 4 weeksof exercise
is to accustom the participants to exercising
(adaptation exercise). During the next 12 weeks,
the exerciseis designed to achieve an intensity of
70-80% of heart rate reserve. Results proved that
moderate intensity aerobic could improve
cognition, quality of life, physical health and
functional ability in patientswithAD*.

Although the exact mechanism for the
effect of exercises on mental health is still
unknown, several physiological and psychological
mechanisms have been proposed, including
increased feelings of self-efficacy, self-perceptions
of control, reduced emotional strain and
physiological responses to stress, and beneficial
effects on neurotransmitters®. Also, physical
activity may have a trophic effect on the brain,
particularly the hippocampus. For instance,
exercise increases brain-derived neurotrophic
factor (BDNF)*. Exercise appears to stimulate
neurogenesis®, enhance neuronal survival®,
increaseresistanceto brain insults®?® and increase
synaptic plasticity®. Exercise promotes brain
vascularization®®%, mobilizes gene expression
profiles predicted to benefit brain plasticity®.
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Socia contact may be an important mechanism,
and subjects who take regular exercise may, as a
result, get positive feedback from other people and
an increased sense of self-worth®.

CONCLUSON

Treadmill walking exercisetrainingisan
effective treatment policy to improve quality of
life, systemic inflammation and psychological
wellbeingin HCV patients.

ACKNOWLEDGMENTS

Thisproject wasfunded by the Deanship
of Scientific Research (DSR), King Abdulaziz
University, Jeddah, under grant no. (142/497/
D1435). Theauthors, therefore, acknowledge with
thanks DSR technical and financial support.

REFERENCES

1. Yu, M., Chuang, W. Treatment of chronic
hepatitis C in Asiac when East meets West. J
Gastroenterol Hepatol., 2009; 24:336-45.

2. Liu, G.,, M, Yuan Y., Wagner, J., L’Italien, G.,
Langley, P, Kamae, |. The Burden of |lInessfor
Patients with Viral Hepatitis C: Evidence from
a National Survey in Japan. Value in Health.,
2012;5:S65-S71.

3. Marcellin, F, Preau, M., Ravaux, | ., Dellamonica,
P, Spire, B., Carrieri, M. Self-reported fatigue
and depressive symptoms as mainindicators of
the quality of life (QOL) of patients living
withHIV and Hepatitis C: implications for
clinica managementand futureresearch. HIV Clin
Trials., 2007; 8:320-7.

4, Quelhas, R., Lopes, A. Psychiatric problemsin
patients infected with hepatitis C before and
during antiviral treatment with interferon alpha:
areview. Journal of Psychiatric Practice., 20009;
15: 262-281.

5. Schafer, A., Wittchen, H., Seufert, J., Kraus, M.
Methodological approaches in the assessment
of interferon-alfa-induced depression in patients
with chronic hepatitis C-a critical review.
International Journal of Methodsin Psychiatric
Research., 2007; 16: 186—201.

6. Martin-Santos, R., Diez-Quevedo, C., Castellvi,
P, Navinés, R., Miquel, M., Masnou, H., Soler,
A., Ardevol, M., Garcia, F., Galeras, J., Planas,
R., Sola, R. De novo depression and anxiety
disorders and influence on adherence during



10.

11.

12.

13.

14.

15.

16.

17.

18.

EL-KADER & AL-DAHR et a.: AEROBIC EXERCISES IMPROVE QUALITY OF LIFE 539

peginterferon-alpha-2a and ribavirin treatment
in patients with hepatitis C. Alimentary
Pharmacology & Therapeutics., 2008; 27: 257—
265.

Evon, D., Verma, A., Simpson, K., Galanko, J.,
Dougherty, K., Fried, M. Psychiatric symptoms
during interferon treatment for hepatitis C:
experiences from a tertiary care hepatology
centre. Alimentary Pharmacology &
Therapeutics., 2008; 27: 1071-1080.

Lang, J., Melin, P., Ouzan, D., Rotily, M.,
Fontanges, T., Marcellin, P. ,Chousterman, M.,
Cacoub, P. Pegylated interferon-alpha2b plus
ribavirin therapy in patients with hepatitis C
and psychiatric disorders: results of a cohort
study. Antiviral Therapy., 2010; 15: 599-606.
Salmon, P, Effectsof physical exercise on anxiety,
depression, and sensitivity to stress: aunifying
theory. Clinical Psychology Review.,2001; 21:
33-61.

Yu, F., Kolanowski, A., Strumpf, N. Improving
cognition and function through exercise
intervention in Alzheimer’s disease. J Nurs
Scholarsh., 2006; 38: 358-65.

Larson, E. Prospectsfor delaying therising tide
of worldwide, late-life dementias. International
Psychogeriatrics., 2010; 22: 1196-1202.

Vogt, T., Schneider, S., Bruumer, V., Struder, H.
K. Frontal EEG asymmetry: The effects of
sustained walking in the elderly. Neuroscience
Letters., 2010; 485: 134-137.

Benloucif, S., Orbeta, .L, Ortiz, R., Janssen, .,
Finkel, S.I., Bleiberg, J. Morning or evening
activity improves neuropsychological
performance and subjective sleep quality in older
adults. Seep., 2004; 15: 1542-1551.

van Gelder, B., Tijhuis, M., Kalmijn, S.,
Giampaoli, S., Nissinen, A., Kromhout, D.
Physical activity inrelation to cognitive decline
in elderly men: The FINE study. Neurology.,
2004; 28: 2316-2321.

Palmeira, A., Branco, T., Martins, S., Minderico,
C., Silva, M., Vieira, P. Change in body image
and psychological well-being during behavioral
obesity treatment: Associations with weight
loss and maintenance. Body Image., 2010;
7(3):187-193.

Ware, J., Kosinski, M., Gandek, B. SF-36 hedth
survey: manual & interpretation guide. Lincon,
RI: Quality Metric Incorporated., 2000.
Tanaka, H., Monahan, K.D., Seals, D.R. Age-
predicted maximal heart raterevisited. J Am Coll
Cardiol., 2001;37:153-156.

Salmon, P, Effectsof physical exerciseon anxiety,
depression, and sensitivity to stress: aunifying
theory. Clinical Psychology Review., 2001; 21:

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

33-61.

Craft, L.L. Exercise and clinical depression:
examining two psychological mechanisms.
Psychology in Sport and Exercise.,2005; 6: 151—
171.

Blumenthal, JA., Emery, C.F., Madden, D.J,,
George, L.K., Coleman, R.E., Riddle, M.W.
Cardiovascular and behavioral effects of agrobic
exercisetraining in healthy older men and women.
J Gerontol ABiol Sci Med Sci., 1989; 44:M147—
57.

Blumenthal, J.A., Babyak, M., Moore, K.,
Craighead, W.E., Herman, S., Khatri, P. Effects
of exercise training on older adults with major
depression. Arch Intern Med., 1999;159: 2349—
56.

Mota-Pereira, J., Silverio, J., Carvalho, S.,
Ribeiro, J.C., Fonte, D., Ramos, J. Moderate
exercise improves depression parameters in
treatment-resistant patients with major
depressive disorder. J Psychiatr Res., 2011,
45(8):1005-11.

Brosse, A.L., Sheets, E.S., Lett, H.S,,
Blumenthal, J.A. Exercise and the treatment of
clinical depressionin adults: recent findingsand
future directions. Sports Med., 2002;32:741-60.
Barbour, K.A., Blumenthal, J.A. Exercise
training and depression in older adults.
Neurobiology of Aging., 2005; 26S: S119-S123.
Goldhammer, E., Tanchilevitch, A., Maor, .,
Beniamini, Y., Rosenschein, U. ,Sagiv, M.
Exercise training modulates cytokines activity
in coronary heart disease patients. Int J Cardioal.,
2005; 100: 93-99

Kohut, M.L., McCann, D.A., Russell, D.W.,
Konopka, D.N., Cunnick, J.E., Franke, W.D.,
Cadtillo, M.C., Reighard, A.E. ,Vanderah, E.
Aerobic exercise, but not flexibility/resistance
exercise, reduces serum |L-18, CRP, and IL-6
independent of beta-blockers, BMI, and
psychosocia factorsin older adults. Brain Behav
Immun., 2006; 20: 201-209

Nicklas, B.J., Hsu, F.C., Brinkley, T.J., Church,
T., Goodpaster, B.H., Kritchevsky, S.B., Pahor,
M. Exercise training and plasma C-reactive
protein and interleukin-6 in elderly people.
Journal of theAmerican Geriatrics Society.,2008;
56: 2045-2052

Ogawa, K., Sanada, K., Machida, S., Okutsu,
M., Suzuki, K. Resistance exercise training-
induced muscle hypertrophy was associated
with reduction of inflammatory markers in
elderly women. Mediators Inflamm., 2010:
171023

Fried, S.K., Bunkin, D.A., Greenberg, A.S .
Omental and subcutaneous adipose tissues of

J PURE APPL MICROBIO, 9(1), MARCH 2015.



540

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

EL-KADER & AL-DAHR et a.: AEROBIC EXERCISES IMPROVE QUALITY OF LIFE

obese subjects release interleukin-6: depot
difference and regulation by glucocorticoid. J
Clin Endocrinol Metab., 1998;83: 847-850
Harkins, JM., Moustaid-Moussa, N., Chung,
Y.J., Penner, K.M., Pestka, J.J., North, C.M.,
Claycombe, K.J. Expression of interleukin-6is
greater in preadipocytes than in adipocytes of
3T3-L1 cellsand C57BL/6J and ob/ob mice. J
Nutr., 2004; 134: 2673-2677

Routledge, F.S., Campbell, T.S., McFetridge-
Durdle, JA., Bacon S..L. Improvementsin heart
rate variability with exercise therapy. The
Canadianjournal of cardiology., 2010; 26: 303-
312

Tracey ,K.J. Reflex control of immunity. Nat
Rev Immunol.,2009; 9: 418-428

Harbuz, M.S., Chover-Gonzalez, A.J., Jessop
D.S. Hypothalamo-pituitary-adrenal axis and
chronic immune activation. Annals of the New
York Academy of Sciences.,2003; 992: 99-106
Ignatowski, T.A., Gallant, S., Spengler, R.N.
Temporal regulation by adrenergic receptor
stimulation of macrophage (M phi)-derived
tumor necrosis factor (TNF) production post-
LPS challenge. Journal of neuroimmunology.,
1996; 65: 107-117

Flynn, M.G. , McFarlin, B.K. Toll-like receptor
4: link to the anti-inflammatory effects of
exercise? Exercise and sport sciencesreviews.,
2006; 34: 176-181

Takeda, K., Kaisho, T., Akira, S. Toll-like
receptors. Annual review of immunology., 2003;
21: 335-376

Brown, D.W., Balluz, L.S., Heath, G.W.
Associations between recommended levels of
physical activity and health-related quality of
life-Findings from the 2001 Behavioral Risk
Factor Surveillance System (BRFSS) Survey.
Prev Med., 2003; 37:520-8.

Segdl, R., Evans, W., Johnson, D. Structured
exerciseimprovesphysica functioninginwomen
with stages | and Il breast cancer: results of a
randomized controlled trial. J Clin Oncol., 2001;
19: 657-65.

Painter, P, Carlson, L., Carey, S., Paul, SM.,
Myll, J. Physical functioning and health-related
quality-of-life changeswith exercisetrainingin
hemodialysis patients. Am JKidney Dis., 2000;
35: 482-92.

Mahendra, N. Exercise and behavioural
management training improves physical health
and reduces depression in people with
Alzheimer’'s disease. Evidence-based
Healthcare., 2004; 8: 77—79

Schmitz, N., Kruse, J. , Kugler, J. The
association between physical exercises and

J PURE APPL MICROBIO, 9(1), MARCH 2015.

42.

46.

47.

49.

50.

51.

52.

health-related quality of life in subjects with
mental disorders: results from a cross-sectional
survey. Preventive Medicine.,2004; 39 :1200—
1207.

Bowen, D.J., Fesinmeyer, M.D., Yasui, Y.,
Tworoger, S., Ulrich, C.M., Irwin, M.L.,
Rudolph, R.E., LaCroix, K.L., Schwartz, R.R.,
McTiernan, A., 2006. Randomized trial of
exercisein sedentary middle aged women: effects
on quality of life. Int J Behav Nutr Phys Act.,3,
34.

Sorensen, M., Anderssen, S., Hjerman, |., Holme,
I., Ursin, H. The effect of exercise and diet on
mental health and quality of lifein middle-aged
individuals with elevated risk factors for
cardiovascular disease. J. Sports Sci.,1999;17:
369-377.

Imayamal., Alfano C.M., CadmusBertramL.A.,
Wang C., Xiao L., Duggan C., Campbell K.L.,
Foster-Schubert K.E., McTiernan A. Effects of
12-month exercise on health-related quality of
life: arandomized controlled trial. Prev Med.,
2011; 52(5): 344-51.

Abu-Omar, K., Rutten, A., Lehtinen, V. Mental
health and physical activity in the European
Union. Soz. Praventivmed., 2004;49: 301-309.
McAuley, E., Mailey, E.L., Mullen, S.P,, Szabo,
A.N., Wojcicki, T.R., White, SM., Gothe, N.,
Olson, E.A., Kramer, A.F. Growth trajectories
of exercise self-efficacy in older adults: influence
of measures and initial status. Health Psychal.,
2011; 30: 75-83.

Hoffmann, K., Frederiksen, K.S., Sobol, N.A.,
Beyer, N., Vogel, A., Simonsen, A.H., Johannsen,
P, Lolk, A., Terkelsen, O., Cotman, C.W.,
Hasselbalch, S.G., Waldemar, G. Preserving
cognition, quality of life, physical health and
functional ability in Alzheimer’s disease: the
effect of physical exercise (ADEX trial):
rational e and design. Neuroepidemiology., 2013;
41(3-4): 198-207.

Paluska, SA, Schwenk, TL. Physical activity
and mental health: current concepts. Sports Med
2000; 29: 167-80.

Nichal, K., Deeny, S.P, Seif, J., Camaclang, K.,
Cotman, C.W. Exerciseimproves cognition and
hippocampal plasticity in APOE epsilon4 mice.
Alzheimers Dement., 2009; 5:287-94.

van Praag, H., Christie, B.R., Sejnowski, T.J.,
Gage, F.H. Running enhances neurogenesis,
learning, and long-term potentiation in mice.
Proc Natl Acad Sci USA., 1999; 96:13427-31.
Barde, Y.A. Neurotrophins: afamily of proteins
supporting the survival of neurons. Prog Clin
Biol Res., 1994; 390: 45-56.

Stummer, W., Weber, K., Tranmer, B.,



53.

55.

EL-KADER & AL-DAHR et a.: AEROBIC EXERCISES IMPROVE QUALITY OF LIFE 541

Baethmann, A., Kempski, O. Reduced mortality
and brain damage after locomotor activity in
gerbil forebrain ischemia. Stroke., 1994; 25:
1862-9.

Carro, E., Trejo, J.L., Busiguina, S., Torres-
Aleman, |. Circulating insulin-like growth factor
I mediates the protective effects of physical
exerciseagainst braininsultsof different etiology
and anatomy. J Neurosci., 2001; 21: 5678-84.
Lu, B., Chow, A. Neurotrophins and
hippocampal synaptic transmission and
plasticity. J Neurosci Res., 1999; 58: 76-87.
Black, J.E., Isaacs, K.R., Anderson, B.J.,
Alcantara, A.A., Greenough,W.T. Learning
causes synaptogenesis, whereas motor activity
causesangiogenesis, in cerebellar cortex of adult

56.

57.

58.

rats. Proc Natl Acad Sci USA., 1990;87:5568-
72.

Isaacs, K.R., Anderson, B.J., Alcantara, A.A.,
Black, J.E., Greenough, W.T. Exercise and the
brain: angiogenesis in the adult rat cerebellum
after vigorous physical activity and motor skill
learning. J Cereb Blood Flow Metab., 1992; 12:
110-9.

Cotman, C.W., Berchtold, N.C. Exercise: a
behavioral intervention to enhance brain health
and plasticity. Trends Neurosci., 2002; 25: 295-
301.

Greist, J.H., Klein, M.H., Eischens, R.J., Faris,
J., Gurman, A.S., Morgan, W.E. Running as
treatment for depression. Compr Psychiatry.,
1979; 20:41 -54.

J PURE APPL MICROBIO, 9(1), MARCH 2015.



