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Abstract
The immune system, the defense mechanism of the body, mainly consists of lymphocytes. The three primary
subtypes of lymphocytes are natural killer cells (NK cells), bone marrow-derived lymphocytes (B-
lymphocytes), and thymus-derived lymphocytes (T-lymphocytes). T-lymphocytes are mostly composed of
CD (cluster of differentiation) cells, such as CD4+ and CD8+ subsets of CD cells. Immunosenescence is the
term for the steady decline of the immune system with aging. There are alterations in the composition of
various types of lymphocytes, especially in CD4 and CD8 T cells. The elderly are more vulnerable to
infections due to immunosenescence, which raises morbidity and mortality rates. Physical exercises are
believed to have the potential to alter immunosenescence and produce positive changes in immune cell
composition.

The extent of exercise-induced immune function changes was different in research studies owing to the
differences in protocols, methodologies, testing procedures, ages, and gender compositions. The impact of
an eight-week balance-based exercise intervention on immune biomarkers is investigated in this case series.
In this case series, two elderly women residing in an institutional setting were exposed to an eight-week-
long balanced-based supervised exercise intervention. The immunological biomarkers CD45, CD3, CD4, and
CD8 were the outcome variables that were assessed. Data on the outcome variables was gathered both before
and after the intervention. Using flow cytometry and single-platform technology, immune biomarkers were
analyzed. Following the intervention, there was a rise in the CD45, CD3, CD4, and CD8 cell counts relative to
the baseline data. The biomarkers showed only slight and statistically non-significant improvements. 
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Introduction
The immune system is the defense mechanism of the body. The primary functions of the immune system are
identification with subsequent destruction of foreign antigens, immunological memory formation, and
tolerance development to antigens inherent to our body [1]. This defensive system of the body consists of
lymphocytes. The main types of lymphocytes are thymus-derived lymphocytes (T-lymphocytes), bone
marrow-derived lymphocytes (B-lymphocytes), and natural killer cells (NK cells). T-lymphocytes lead
cellular immunity, and B-lymphocytes mediate humoral immunity. The cluster of differentiation (CD) cells,
including CD4+ and CD8+, form the majority of T-lymphocytes [1]. CD 45 plays a significant role in T-cell
receptor activation by acting as a signaling gatekeeper [2]. CD4+ T-cells play a key role in the activation of
cells of the innate immune system, cytotoxic T-cells, B-lymphocytes, and suppression of immune reaction
[1]. CD8+ T-cells play a significant role against intracellular pathogens, including viruses and bacteria [3].
Naïve cells denote cells that are active young cells that are not exposed to antigens, and effector memory
cells are those that have been exposed to antigens before.

The mean normal values and percentage of CD4+ lymphocytes in healthy Indian adults were 865 cells/μl
(40.2%), and for CD8+ lymphocytes, were 552 cells/μl (31.3%) and 1.7 for the CD4:CD8 ratio [4]. The normal
CD4 subset cell value found in Chinese adults was 844 ± 247 cells/μl, and the CD8 lymphocyte subset value
was 539 ± 134 cells/μl. The CD4/CD8 ratio found was 1.49 with a standard deviation of 0.57 [5].

There is a progressive deterioration of the immune system related to aging known as immunosenescence.
Immunosenescence makes the elderly susceptible to infections, leading to an increase in morbidity and
mortality. Immunosenescence is caused by multiple factors, like genetic and environmental factors,
unhealthy lifestyles, and long-standing psychological stress. It was reported that there is a quantitative and
qualitative decline in naïve and effector memory CD4 T cells, CD8+, and αβ T-cell subsets as age progresses
in older people. Senescent CD4+ T cells increase at a rate of 10% per decade, and senescent CD8+ T-cells
increase at a rate of 10.2% per decade. Also, there is a progressive reduction of naïve CD4+ T-cells at the rate
of 10% per decade and naïve CD8+ T-cells at the rate of 9.9% per decade [6]. There is an inversion of the
CD4/CD8 ratio (CD4:CD8 ratio <1), shortening of the telomere, and oligoclonal expansion of virus-specific T-

1 1

 
Open Access Case
Report  DOI: 10.7759/cureus.51072

How to cite this article
K V B M, Alagesan J (December 25, 2023) A Case Series Tries to Answer Whether Exercise Positively Influences Immunosenescence. Cureus
15(12): e51072. DOI 10.7759/cureus.51072

https://www.cureus.com/users/523653-binoy-mathew-k-v
https://www.cureus.com/users/539097-jagatheesan-alagesan
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


cells [7,8].

Physical exercise is considered a potential strategy for addressing immunosenescence. Moderate levels of
exercise have a beneficial effect on addressing immunosenescence. Exercise interventions improve T-cell
activity among the elderly. Moderate levels of regular exercise improve immunity by reducing inflammation
and alterations in the composition of young and older immune cells, maintaining thymic mass, enhancing
immunosurveillance, and reducing psychological stress [9]. Aerobic exercise has shown a greater effect on
improving the immune system. The degree to which exercise altered immune function varied between
research studies, which can be attributed to variations in testing procedures, age and gender distribution,
protocols, and methodologies. So, we conducted an eight-week supervised balance-based aerobic exercise
program and evaluated the immunity biomarker changes in two cases in this case series.

Case Presentation
Case series
Two elderly women residing in an institutional setting were included in this case series. Eligibility criteria
were age more than 60 years old, independence in ambulation, and ability to follow oral instructions.
Relevant details of the cases are given below.

Case 1

The first case was an elderly woman, 68 years old, with an average build who had spent the previous four
years in the facility. She took oral hypoglycemic medications on a regular basis due to her diabetes. She wore
corrective glasses since she had a slight visual impairment. She became unsteady when turning, and she
walked extremely cautiously outside. She could barely ascend because of weakness around her knees. She
sits in the commode and stands using the grab grips for support. With a score of 1, she demonstrated a low
level of physical performance on the Short Physical Performance Battery (SPPB). Her Fall Efficacy Scale-
International (FES-I) score of 36 indicated a high level of anxiety about falling, and her Four Square Step
Test (FSST) duration of 33.81 seconds indicated a high fall risk.

Case 2

The second case included an elderly woman of sixty-five years of slender figure who had spent the previous
two years at the facility. Her vision impairment was mild, and she regularly wore corrective glasses. She was
prescribed medication for hypertension, diabetes, and high cholesterol on a regular schedule. With a score
of 7, she demonstrated a modest level of physical performance on the Short Physical Performance Battery
(SPPB). Her fall risk was modest as evidenced by her Four Square Step Test (FSST) time of 10.91 seconds and
her Fall Efficacy Scale-International (FES-I) score of 24, which showed moderate concern about falling.

Informed consent was obtained from the subjects prior to the commencement of the research work.
Institutional ethical clearance was obtained (IEC/2021/5/4). Demographic details were collected from the
subjects. The outcome measures of immunity were immunity biomarkers such as CD45, CD3, CD4, and CD8.
The immunity biomarkers were collected at baseline and after an eight-week exercise intervention. The
supervised, balance-based aerobic exercise intervention of 30-minute duration was provided three times per
week for eight weeks (Figure 1). The exercise program consisted of a five-minute warm-up exercise, followed
by forward walking, backward walking, walking sideward, heel walking, toe walking, and single-leg
balancing with an adequate rest period in between. The exercise program ceased with a five-minute cool-
down exercise.
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FIGURE 1: Subject undergoing balance-based aerobic intervention
program

Analysis of immunity biomarkers was conducted using flow cytometry single-platform technology. The
procedure was conducted with a BD FACS Canto II automated 6-color flow cytometer (BD, Franklin Lakes,
New Jersey, United States) using Canto clinical software (BD, Franklin Lakes, New Jersey, United States).
Specimens were sequentially gated in the order of CD45 leukocyte common antigen, CD3 T-cells, CD4 helper
T-cells, and CD8 suppressor T-cells. The absolute count and individual percentages were determined, along
with the CD4:CD8 ratio as shown in Table 1.
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Cases Immunity Biomarkers Baseline Post Intervention Biological Reference Interval

Case-1 CD45 Absolute 1705 cells/mm3 1786 cells/mm3 1115-4009 cells/mm3

Case-2 CD45 Absolute 1113 cells/mm3 1142 cells/mm3 1115-4009 cells/mm3

Case-1 CD3 T Cells % 59.49% 59.53% 55-81%

Case-2 CD3 T Cells % 69.29% 69.34% 55-81%

Case-1 CD3T Cells Absolute 1014 cells/mm3 1063 cells/mm3 457-3926 cells/mm3

Case-2 CD3T Cells Absolute 771 cells/mm3 779 cells/mm3 457-3926 cells/mm3

Case-1 CD4 Helper T Cells % 37.91% 37.83% 27-51%

Case-2 CD4 Helper T Cells % 39.16% 39.08% 27-51%

Case-1 CD4 Helper T Cells Absolute 647 cells/mm3 676 cells/mm3 448-1611 cells/mm3

Case-2 CD4 Helper T Cells Absolute 436 cells/mm3 451 cells/mm3 448-1611 cells/mm3

Case-1 CD8 Suppressor T Cells % 21.33% 21.01% 20.06-42.52%

Case-2 CD8 Suppressor T Cells % 31.29% 31.23% 20.06-42.52%

Case-1 CD8 Suppressor T Cells Absolute 364 cells/mm3 375 cells/mm3 218-1396 cells/mm3

Case-2 CD8 Suppressor T Cells Absolute 348 cells/mm3 356 cells/mm3 218-1396 cells/mm3

Case-1 CD4:CD8 Ratio 1.78 1.8 0.39-3.02

Case-2 CD4:CD8 Ratio 1.25 1.31 0.39-3.02

TABLE 1: Immunity biomarker analysis results

Discussion
Exercise has shown a significant effect on immunity, as demonstrated by the positive effects on
immunosenescence, cancer, viral infections, and inflammatory diseases [10]. In the current case series, there
was some positive increase in CD45 cells (55 + 39.59 SD) in both cases, suggesting an activation of the
immune process. It was reported that a single session of cardiorespiratory or resistance exercise enhanced
the count of CD45+ cells [11].

There was a minimal increase in the CD3 absolute count (30 + 31.11 SD) and percentage in both cases.
However, the changes found were not statistically significant. A slight decrease in the percentage of CD4
helper T-cells and CD8 suppressor T-cells was found following the intervention. The minimal increase in the
number of CD4 helper cells (22 + 9.89 SD) and CD8 suppressor T-cells (9.5 + 2.12 SD) reported after the
intervention was insignificant. Similar results were reported in a 12-week study of aerobic and resistance
exercise interventions that showed no significant change in CD3+, CD4+, and CD8+ T-cells [12]. In both
cases, there was an increase in the CD4:CD8 ratio, suggesting a proportional prevalence of CD4 helper T-
cells versus CD8 suppressor T-cells after the intervention. Other studies have reported that regular
moderate-intensity exercise lasting less than 60 minutes leads to improvements in immune function [13].
There is an attenuation of age-related deterioration of T-cells, B-cells, and NK cells with regular moderate-
intensity exercise [14]. A randomized controlled trial among cognitively impaired seniors reported
immunomodulation of CD4+ and CD8+ following a year of moderate-intensity exercise [15].

The immune, endocrine, and central nervous systems are closely interlinked. The main mechanism for
positive immune modulation is a catecholamine-induced β-adrenergic receptor (β-AR) signaling in
leukocytes [16]. A theory has been proposed to explain the processes involved in immunity changes in
response to exercise. The three-step process explains how exercise influences the preventive and restorative
mechanisms of T-cell immunosenescence. The first stage involves the mobilization of T-cells at the late
stage of differentiation (senescent T-cells) into peripheral blood during exercise. In the second process,
there is extravasation of T-cells from peripheral and inflamed cells, usually one to two hours after exercising.
Then these cells are exposed to a variety of pro-apoptotic stimuli, leading to the apoptosis or death of these
cells. During the third and final process, the naïve T-cell repertoire then occupies the immune space created
by the destruction of senescent T-cells and boosts the immunity system [6,17-19].

The limitation is that meaningful statistical inferences could not be derived from the case series. An
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experimental study with an adequate sample size is recommended.

Conclusions
A moderate level of exercise was reported as producing positive changes in immunosenescence. The current
case series among institutionalized elderly patients produced a marginal increase in CD45, CD3, CD4, and
CD8 T-cells after exercise intervention for eight weeks. There was a positive modification in the CD4:CD8
ratio. However, the change was minimal and statistically insignificant. The results suggest that a positive
influence on immune biomarkers is possible with a balance-based moderate-intensity aerobic exercise
program of an eight-week duration. Considering the limitations of the case series, randomized controlled
trials with a large sample size are recommended among the elderly to substantiate the positive effect of
physical exercise on immunosenescence.
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