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Abstract

Background: Aging is characterized with immunosenescence associated with a hyper-inflammatory state, characterized by elevated circulating levels of pro-inflammatory mediators. Physical exercise is a potential strategy for improving the immune system
dysfunction and chronic inflammation that accompanies aging. However, there is a need to differentiate between aerobic and
resistance exercise training regarding human immune system and systemic inflammation among the elderly Saudi population.
Objective: The aim of this study was to compare the impact of 6 months of aerobic versus resisted exercise training on inflammatory cytokines and immune system response among elderly.
Material and methods: Sixty previously sedentary elderly subjects participated in this study, their age ranged from 61- 66 years.
All Subjects were randomly assigned to supervised aerobic exercise intervention group (group A, n=40) or resistance exercise
group (group B, n=40). Number of CD3+,CD4+,CD8+ T cells count and CD4/CD8 ratio were quantified, IL-6, TNF-α and
IL10 were measured before and after 6 months, at the end of the study.
Results: The mean values of CD3+, CD4+ and CD8+ T cells count and IL-10 were significantly increased, whereas the mean
values of CD4/CD8 ratio,IL-6 and TNF-α were significantly decreased in group (A) and group (B). Also; there were significant
differences between mean levels of the investigated parameters in group (A) and group (B) after treatment.
Conclusion: The current study provides evidence that aerobic exercise is more appropriate in modulating the immune system
and inflammatory markers among the elderly population.
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Introduction
Human aging is associated with a progressive decline in
the function of the immune system, which is commonly
referred to as immunosenescence. The adaptive arm of
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the immune system (i.e., T-cells, B-cells and their products) appears to diminish most with increasing age1. This
is characterized by poor vaccine efficacy, increased incidence of opportunistic infections, and high morbidity
and mortality among the elderly2.
Inflamm-aging was initially described as an increase in circulating concentrations of classically pro-inflammatory
cytokines. However, there are many complex alterations
in adaptive and innate immunity that also influence the
secretion of anti-inflammatory and pro-resolving cytokines3. With regard to systemic inflammation, elevated
circulating levels of the acute phase protein C-reactive
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protein (CRP) and cytokines, such as tumor necrosis factor alpha (TNF-α) and interleukin 6 (IL-6), have been
found in elderly individuals4. Inflammation is considered
to play a role in disease development and prognosis5, and
high levels of inflammatory markers are associated with
an increased risk of development of cardiovascular disease and cancer6,7.

resistance training on the immune parameters of healthy
elderly subjects28,29. However, published data is still controversial as resistance exercise training has failed to affect immune function in the elderly20,30.

As there is limitation in studies reporting the differences
between the benefits of aerobic and resistance exercises
on immune system response and systemic inflammation
Regular exercise is associated with decreased incidence of among elderly Saudi subjects. The aim of this study was
different types of chronic diseases. Part of the protec- to compare the impact of 6 months of aerobic versus
tive effect of exercise is related to changes in immune resisted exercise training on inflammatory cytokines and
function, which may improve various aspects of wound immune system response among Saudi elderly.
healing, including macrophage polarization and functional status. Regular exercise has also been documented to Patients and methods
be associated with reduced cancer risk and delayed tumor Subjects
progression8. Exercise training interventions in previous- Sixty sedentary Saudi elderly volunteers; their age ranged
ly sedentary elderly individuals have been shown to en- from 61 to 67 years, recruited from the community. They
hance T-cell proliferative capacity9,10.
were considered sedentary if they had not performed
exercise of 15 minutes duration more than 2 times per
Physical exercise is effective in reducing (or ameliorate) the week for the previous 6 months. Subjects were excludrisk of age-associated diseases. In fact, there is evidence ed if they smoked, if they were taking any medications
supporting the involvement of inflammatory mechanisms (i.e. aspirin, anti-inflammatory drugs, anti-depressants)
with the beneficial effects of physical exercise, such as de- known to affect immune function, if they had any recent
crease in age-associated immune senescence11, increase in (less than 3 months) surgery, infection, or vaccination, or
innate immune function12 and decrease in chronic inflam- if they reported a previous history of cancer, arthritis, or
mation13. It has also been reported that exercise training/ immune disorders. All subjects were cleared for participhysical activity are able to modulate the circulating levels pation by their personal physician, reported willingness
of not only frequently measured cytokines such as IL-6 to be randomly assigned to treatment conditions, and
and TNF-α, but also other less frequently investigated cy- agreed not to participate in exercise outside the study. No
attempts were made to control dietary intake. Subjects
tokines14-16.
were randomized to either an aerobic exercise intervenAerobic exercise has been largely employed, but more tion group (group A) or resistance exercise intervention
recently, resistance exercise has been suggested, especial- group (group B). Both groups participated in the exercise
ly for the elderly population, because of its better effect intervention conducted 3 times per week for 6 months
on the functional capacity to perform activities of dai- (starting in April–June and ending in October–Decemly living regardless of health status17,18. Aerobic and re- ber). Exercise sessions were supervised and monitored by
sistance exercise training has been recommended as an trained exercise specialists. The CONSORT diagram outanti-inflammatory therapy19-21. Subsequently, aerobic and lining the details of the screening, run-in and randomizaresistance exercise have also been suggested to counter tion phases of the study and reasons for participant eximmunosenescence22-24. some research on aerobic exer- clusion is illustrated in figure (1). Informed consent was
cise training has suggested improvements in the immune obtained from all participants. This study was approved
system for elderly subjects25-27 and others find effects of by the Scientific Research Ethical Committee, Faculty of
Applied Medical Sciences at King Abdulaziz University.
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Figure (1): Subjects screening and recruitment CONSORT diagram.
Measurements
Laboratory analysis was performed by independent assessors who were blinded to group assignment and not involved in the routine treatment of the patients, however
the following measurements were taken before the study
and after 6 months at the end of the study:
A. Inflammatory cytokines: Blood samples were
drained from the antecubital vein after a 12-hour fasting,
the blood samples were centrifuged at + 4 °C (1000 = g for
10 min). Interleukin-6 (IL-6) and Interleukin-10(IL-10)
levels were analyzed by “Immulite 2000”immunassay analyzer (Siemens Healthcare Diagnostics, Deerfield, USA).
However, tumor necrosis factor-alpha (TNF-α) was measured by ELISA kits (ELX 50) in addition to ELISA microplate reader (ELX 808; BioTek Instruments, USA).
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B. Flow cytometry analysis: The human leukocyte
differentiation antigens CD3, CD4 and CD8 (Beckman
Coulter, Marseille, France) Five microliters of appropriate monoclonal antibody was added to 50 µL of a wholeblood sample and incubated for 15 minutes at room temperature. Thereafter, the erythrocytes were lysed with 125
µL of a lysing solution, OptiLyse C, for 10 minutes. The
reaction was stopped by the addition of 250 µL phosphate-buffered saline. The samples were analyzed by flow
cytometry using Cytomics FC 500 and CXP software
(Beckman Coulter).The leukocyte subsets were defined
by forward- and side-scatter pattern. The negative control
value was determined by a fluorescence background and
antibody-nonspecific staining.

122

Procedures
A. Aerobic exercise training program: Patients in
group (A) were submitted to a 40 min aerobic session
on a treadmill (the initial, 5-minute warm-up phase performed on the treadmill at a low load, each training session lasted 30 minutes and ended with 5-minute recovery
and relaxation phase) either walking or running, based on
heart rate, until the target heart rate was reached, according to American College of Sport Medicine guidelines.
The program began with 10 min of stretching and was
conducted using the maximal heart rate index (HRmax)
estimated by: 220-age. First 3 months = 60–70% of HRmax, second 3 months = 70–80% of HRmax31.
B. Resistance exercise training: Patients in group (B)
were submitted to a 40 min session of resistance training.
The program began with 10 min of stretching and was
conducted with exercises done on nine resistance machines. The resistance machines used were: chest press,
bicep curl, triceps extension, lower back, abdominals,
leg press, leg curl and leg extension. Subjects performed

three sets of 8–12 repetitions, with 60 s of rest between
each set. Resistance was increased by five pounds after
the subject was able to complete three sets of eight repetitions on three consecutive days. Subjects were trained
using between 60 and 80% of their one maximal repetition weight (1-RM)32.
Statistical analysis
The mean values of the investigated parameters obtained
before and after three months in 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 homogeneous regarding the demographic variables (table 1). The mean age of
the group (A) was 66.43 ± 3.71years, and the mean age of
group (B) was 65.96 ± 3.42 years. There were no significant differences in age, weight, height, body mass index
(BMI), systolic blood pressure, diastolic blood pressure,
and maximal heart rate (HRmax) between both groups.

Table 1: Baseline characteristics of study participants.
Characteristic
Age (years)
Weight (kg)
Height (m)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
HRmax(beat/min)

Group (A)
66.43 ± 3.71
71.15 ± 6.28
1.67± 0.08
24.13 ± 3.64
131.61 ± 9.27
84.22 ± 4.31
155.58 ± 10.25

Group (B)
65. 96 ±3.42
68.22 ± 7.53
1.70 ± 0.07
23.21 ± 3.12
129.45±10.33
83.31 ± 4.61
152.91 ± 11.47

Significance
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HRmax: Maximum heart rate.

There was a 32.7% , 31.8% , 32.1%, 21.9%, 33.7% and
24.3% reduction in mean values of TNF-α, IL-6, CD3
count, CD4 count, CD8 count and CD4/CD8 ratio respectively in addition to 28.4% increase in IL-10 of the
training group (table 2). While, there was a 3.5%, 3.3%,
4.9%, 2.9%, 3.7% and 3.4% increase in mean values of
the same variables and 3.8% increase in IL-10 in the
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control group. The mean values of TNF-α, IL-6, CD3
count, CD4 count, CD8 count and CD4/CD8 ratio decreased significantly in addition to significant increase in
the mean value of the IL-10 in the training group, however the results of the control group were not significant
(table 3). Also, there were significant differences between
both groups at the end of the study (table 4).
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Table 2: Mean value and significance of TNF-α, IL-6, IL-10, CD3 count,

CD4 count, CD8 count and CD4/CD8 ratio in group (A)
before and at the end of the study.

TNFα(pg/mL)
IL6(pg/mL)
IL10(pg/ml)
CD3 cell
count (109/L)
CD4 cell
count (109/L)
CD8 cell
count (109/L)
CD4/CD8 ratio

Mean + SD

Post

tvalue

Significance

4.77 ± 1.62*

3.21 ± 1.34

6.27

P <0.05

2.58 ± 0.93*

1.76 ± 0.81

5.45

P <0.05

5.94 ± 1.25

7.63 ± 1.32

6.91

P <0.05

1.93 ± 0.87*

1.31 ± 0.75

5.24

P<0.05

1.41 ± 0.92*

1.10 ± 0.78

6.15

P <0.05

0.86 ± 0.33*

0.57 ± 0.26

5.14

P <0.05

1.52 ± 0.86*

1.15 ± 0.71

5.23

P <0.05

Pre

TNF-α: tumor necrosis factor – alpha; IL-6: Interleukin-6; IL-10: Interleukin-10; (*) indicates a significant difference
between the two groups, P < 0.05.

Table 3: Mean value and significance of TNF-α, IL-6, IL-10, CD3 count,

CD4 count, CD8 count and CD4/CD8 ratio in group (B) before
and at the end of the study.
Mean + SD

TNFα(pg/mL)
IL6 (pg/mL)
IL10 (pg/ml)
CD3
count(109/L)
CD4
count(109/L)
CD8
count(109/L)
CD4/CD8 ratio

Pre
4.56 ± 1.43

Post
4.72 ± 1.57

tvalue
0.94

2.40 ± 0.87

2.48 ± 0.92

0.76

P>0.05

6.36 ± 1.43

6.19 ± 1.36

1.12

P>0.05

1.82 ± 0.85

1.91 ± 0.86

1.35 ± 0.84

1.39 ± 0.87

0.65

P>0.05

0.81 ± 0.30

0.84 ± 0.33

0.71

P>0.05

1.48 ± 0.91

1.53 ± 0.86

0.88

P>0.05

TNF-α: tumor necrosis factor – alpha; IL-6: Interleukin-6; IL-10: Interleukin-10.
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0.82

Significance
P>0.05

P>0.05
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Table 4: Mean value and significance of TNF-α, IL-6, IL-10, CD3 count,

CD4 count, CD8 count and CD4/CD8 ratio in group (A)
and group (B) at the end of the study.

TNFα(pg/mL)
IL6 (pg/mL)
IL10 (pg/ml)
CD3
count(109/L)
CD4
count(109/L)
CD8
count(109/L)
CD4/CD8 ratio

Mean + SD
Group (A)
Group (B)
4.56 ± 1.43*
4.72 ± 1.57
2.40 ± 0.87*

2.48 ± 0.92

6.36 ± 1.43*

6.19 ± 1.36

1.82 ± 0.85*

1.91 ± 0.86

1.35 ± 0.84*

1.39 ± 0.87

0.81 ± 0.30*

0.84 ± 0.33

1.48 ± 0.91*

1.53 ± 0.86

tvalue
6.71
5.80
7.23
5.82
6.77
5.61
5.74

Significance
P <0.05
P <0.05
P <0.05
P <0.05
P <0.05
P <0.05
P <0.05

TNF-α: tumor necrosis factor – alpha; IL-6: Interleukin-6; IL-10: Interleukin-10; (*) indicates a significant
difference between the two groups, P < 0.05.

Discussion
With aging, the immune system undergoes a remodeling
process termed immunosenescence33. There is good evidence corroborating the use of exercise as a strategy to
ameliorate physiological age-associated changes as well as
an adjuvant strategy in the disease therapy34. In general,
aerobic exercise has been largely employed, but more recently, resistance exercise has been suggested, especially for the elderly population, because of its better effect
on the functional capacity to perform activities of daily
living regardless of health status35,36. Subsequently, aerobic and resistance exercise have also been suggested to
counter immunosenescence37,38.

The results of this study showed that after six months,
the number of lymphocytes cells (CD3, CD4 and CD8)
more significantly increased and CD4/CD8 ratio more
significantly decreased in group(A) taking aerobic exercises as compared to group(B) taking resisted exercises. Cell
numbers are expected to decrease due to aging process.
This finding is consistent with other studies, while other
contradicting studies have made different observations.
As our results agreed with Peeri and colleagues who enrolled 40 healthy aged males in a 6 months aerobic exercise training program and noticed that the number of
CD4 and CD8 cells significantly increased after aerobic
exercise training along with increased values of VO2max39.

To the best of our knowledge, this is the first comparative
study between aerobic and resistance exercises addressing inflammatory and immunological parameters among
elderly subjects after 6 months of training. We observed
significant increase in values of immune system parameters and significant reduction in values of systemic inflammation markers after 6 months of both aerobic and
resistance training in addition there were significant differences between both types of exercise training where
aerobic exercise gained more remarkable effects.

Although some research on aerobic exercise training has
suggested improvements in the immune system for elderly subjects40-42. There are three randomized prospective
trials of exercise and immune function that have been
conducted in previously sedentary elderly humans43-45.
Unfortunately, these studies have included small subject
numbers and these were followed up over a short duration (usually 3 months or less). While, Crist et al. found
that basal natural killer cell function was 33% higher in
seven women who engaged in a 16 week aerobic exer-
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cise training program at 50% of heart rate reserve when
compared to seven women who did not. However, this
finding is difficult to interpret because pre-intervention
measures were not taken43, where Nieman et al. found
that a 3 month moderate aerobic exercise program (60%
of heart rate reserve) failed to significantly increase natural killer cell cytotoxicity, T lymphocyte mitogenesis,
natural killer cell or T cell subsets in previously sedentary women. These authors suggested that this 3 month
period may have been too brief to significantly alter immune function44. In addition, Woods et al. also didn’t
find changes in the cellular immunity parameters such as
lymphoproliferative responses and NK cell activity of elderly subjects undergoing 6 months of moderate aerobic
exercise training45. Kapasi et al. had a small but significant
increase in CD8+ (5%) cells in frail, elderly, nursing home
residents after 8 weeks of an aerobic and resistance exercise program that was subsequently lost when evaluated
at 32 weeks46.

The mechanism of immune system improvement due
to physical activities is not clearly understood, but one
of the factors considered is the increase in free radicals
production57,58. Oxygen consumption increases up to 10
folds during exercise and so the number of free radicals
increases dramatically. Thus, the immune system acquires
more capacity to combat harmful free radicals available
in blood, production of anti-oxidant enzymes such as
superoxide dismutase, catalase and glutathione peroxides
increases, this process leads to the adjustment of antioxidant enzymes performances, cell-mediated immune
response and increase in the numbers of CD4 and CD8
cells57. Decrease in sympathetic system performance and
β adrenergic receptors sensitivity due to aging may be
compensated by moderate exercise and increase in secretion of catecholamine and stimulation of spleen59, lymphatic nodes, and thymus and lymphatic cells with proliferation of T-cells and CD4 and CD8. Stimulation of β
adrenergic receptors may result in CAMP activation and
production of lymphocytes60,61. Positive changes in Th1
On the other hand, the effect of resistance training on to Th2 ratio has also been mentioned as an effective reimmune function in the elderly has been investigated in sponse due to sport activities62.
a limited number of studies. Most of them found that
8–12 weeks of resistance training programs had minimal Our results demonstrate that both aerobic and resistance
effects on resting inflammatory, innate, or acquired im- exercise training causes a decrease in TNF-α, IL-6 and
mune parameters, as assessed by analysis of peripheral CRP levels, in addition to increase in IL-10 level which
blood47-50. However, Raso et al. proved that a 12-month suggests that exercise training can reduce inflammation in
moderate resistance training program increases muscle elderly individuals with more significant changes followstrength, but it does not change immune phenotypic and ing aerobic exercise training. Several studies have shown
functional parameters of 42 healthy sedentary elderly that moderate physical exercise promotes the modulation
women51. Also, McFarlin et al. have shown that resting of inflammation63-65. Several large cohort studies have
natural killer cells increases as a result of a vigorous re- found a relationship between self-reported physical acsistance training program in elderly women52. Moreover, tivity levels and systemic markers of inflammation: highMiles et al. investigated different intensities of resistance er levels of physical activity are coupled to lower levels
training in young women, and concluded that anaer- of circulating inflammatory markers in elderly individuobic intensity is associated with increased strength and als66-68. Regarding the aerobic exercise training, our results
workload but not with changes in T cell proliferation re- agreed with Nicklas et al., who showed that regular aerosponses53. This is also consistent with studies that have bic exercise training was efficient in lowering IL-6 levels
shown a lack of improvement in immune function with even without weight loss69. Also, Santos and colleagues
high-intensity exercises54,55. Moreover, Rall et al. found had twenty-two male, sedentary, healthy, elderly volunthat 3 months of progressive resistance strength training teers perform moderate aerobic exercise training for 60
that resulted in a 36% increase in strength did not induce min/day, 3 days/week for 24 weeks and concluded that 6
changes in leukocyte subsets, cytokine production, lym- months of aerobic exercise training can improve sleep in
phocyte proliferation or the delayed-type hypersensitivity the elderly via anti-inflammatory effect of aerobic trainresponse to a battery of antigens56.
ing which modifies cytokine profiles (reduced IL-6 and
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TNF-α and increased IL-10)70. However, Kohut et al.
reported that 10-months of aerobic, but not resistance
exercise, significantly reduces serum inflammatory mediators in older adults71. In addition, Bote et al. demonstrated that 8-months (2 sessions/week, 60-min/session)
of aquatic-based exercise training tempered neutrophil
activation (chemotaxis) and decreased systemic levels
of IL-8 and noradrenalin compared to controls72. On
the other hand, our results regarding resistance exercise
training agreed with White et al., who found alterations
in the biomarkers of inflammation after 8 weeks of resistance training in individuals with multiple sclerosis73.
Where, Prestes et al.performed resistance training for 16
weeks in elderly sedentary and found reductions in the
levels of IL-6 after training74. Moreover, our results confirmed that aerobic exercise training is more appropriate
to modify the inflammatory markers among elderly and
this agreed with Ploeger et al. who reported that moderate aerobic exercise training has been recommended as an
anti-inflammatory therapy75.
The three possible mechanisms of exercise anti-inflammatory effects include reduction in visceral fat mass76; reduction in the circulating numbers of pro-inflammatory
monocytes77 and an increase in the circulating numbers
of regulatory T cells78. Moreover, Hong and colleagues
show that cardiorespiratory fitness is associated with reduced low grade inflammation which may in part be mediated by enhancing the ability of immune cells to suppress inflammatory responses via adrenergic receptors79.
The present study has important strengths and limitations. The major strength is the supervised nature of
the study. Supervising physical activity removes the need
to question compliance or to rely on food and activity
questionnaires. Further, all exercise sessions were supervised and adherence to the activities was essentially
100%. Moreover, the study was randomized; hence, we
can extrapolate adherence to the general population. On
the other hand, the major limitations is only elderly subjects where enrolled in the study, so the value of this
study only related to women in this age group, in addition, a small sample size in both groups may limit the
possibility of generalization of the findings in the present
study. Finally, within the limit of this study, aerobic exercise is more appropriate in modulating immune system
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and inflammatory markers among the elderly population.
Further researches are needed to explore the impact of
weight reduction on quality of life and other biochemical
parameters among elderly subjects.
Conclusion
The current study provides evidence that aerobic exercise
is more appropriate in modulatong immune system and
inflammatory markers and among elderly population.
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