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Abstract 

Ageing is characterized by a progressive decline in immune function known as 

immunosenescence (IS). While the causes of IS are likely to be multi-factorial, an age-

associated accumulation of senescent T-cells and decreased naïve T-cell repertoire are key 

contributors to the phenomenon. On the other hand, there is a growing consensus that physical 

exercise may improve immune response in ageing. However, the optimum training modality 

required to obtain beneficial adaptations in older subjects is lacking. Therefore, we aimed to 

investigate the effects of exercise modality on T-cell phenotypes in older women. 100 women 

(aged ≥65 years) were randomized to either intensive strength training (80% of one-repetition 

maximum (1RM)), strength endurance training (SET, 40% 1RM), or control (stretching 

exercise) for 2-3 times/week during 6 weeks. The T-cell percentages and absolute counts were 

determined using flow cytometry and hematology analyzer. C-reactive protein was measured 

using immunonephelometry. We report for the first time that 6 weeks of SET significantly 

decreased the basal percentage and absolute counts of senescence-prone T-cells, which was 

positively related to the number of training sessions performed. Conceivably, training protocols 

with many repetitions - at a sufficiently high external resistance - might assist the reduction of 

senescence-prone T-cells in older women. 
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Introduction 

Ageing is accompanied by a progressive decline in immune function referred to as 

immunosenescence (IS) (1). Of all the immune compartments, that of the T-cells is among the 

most disturbed (2). With advancing age, naive T-cells are gradually being replaced by highly 

differentiated memory and senescent phenotypes. On the other hand, the thymus gland atrophy 

progresses rapidly until middle age, and only about 15% of functional thymic tissue remains at 

age 50, leading to a further reduction in the naive T-cell repertoire (3). While the potential 

causes of IS are likely to be multi-factorial, a restricted naïve T-cell repertoire in conjunction 

with an age-associated accumulation of senescent T-cells and/or thymic involution are major 

contributors to the phenomenon, which leads to increased susceptibility of older subjects to 

morbidity and mortality. Indeed, clinical evidence indicates that the ability to mount primary 

immune responses against novel antigens declines significantly with age (4), thereby decreasing 

the response to vaccines and increasing the vulnerability of older subjects to often severe 

infectious diseases. This liability is further complicated by the ageing related accumulation of 

senescent T-cells. Senescent T-cells are dysfunctional immune cells, which are viable but 

without division capacity, resist apoptosis, and secrete increased amounts of pro-inflammatory 

substances and matrix degrading enzymes (1,5). In this light, senescent T-cells can disturb the 

extra-cellular matrix, creating a pro-inflammatory micro-environment, favorable for the 

development of cancer (6). More generally, IS has been associated with the increased 

vulnerability of older subjects to inflammation-related conditions, such as cardiovascular 

diseases and cancer (7). In 2015, cardiovascular diseases and cancer were, respectively, the first 

and second most common causes of mortality worldwide (8). With the ageing of the population, 

the number of older adults presenting with IS has risen dramatically over the past decade. 

Therefore, IS in the geriatric population has progressively become a major health concern. 
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There are strong indications that physical exercise in older persons may improve the immune 

response to novel antigenic challenges (9), and prevent or at least slow down the age-related 

decline in immune function (10). Although the underlying mechanisms of exercise-induced 

immune response have not been completely elucidated, it has been demonstrated that regular 

bouts of exercise may improve immune function by lowering inflammation (11-13) via the 

induction of anti-inflammatory cytokines (14) and/or the inhibition of the expression of Toll-

like receptors, with subsequent inhibition of the production of pro-inflammatory cytokines (15). 

Another obvious potential mechanism by which exercise can counteract IS and its associated 

diseases is by decreasing the numbers of senescent T-cells. Physical exercise has been shown 

to induce the mobilization of lymphocytes into the bloodstream (16), followed by a 

lymphocytopenia - whereby the lymphocytes egress to selected peripheral tissues (17) - with a 

subsequent reinforcement of immune surveillance and apoptosis of senescent T-cells (18). In 

this perspective, however, distinction should be made between the exercise-induced acute 

changes (sudden, temporary changes during or immediately following an exercise bout) and the 

long-term effects of exercise (changes in basal levels, when the acute exercise-induced effects 

have been washed out) on the immune response. It is also noteworthy that exercise-induced 

changes in immune response might be different according to the type of physical exercise, 

training load, as well as training modality (19). 

Although the effects of single bouts of acute exercise on immunity have been well investigated 

in both young and older populations (20), studies examining the long-term adaptation effects 

of exercise training in older subjects are sparse (21). Further, research pertaining to resistance 

training - which is very well suited to older persons who are often in diverse challenging 

circumstances  - has been largely unexploited in the context of the ageing immune system. More 

so, the optimum training modality required to obtain a beneficial immune response in older 
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subjects is yet unknown. Therefore, the present study aimed to investigate the impact of 

different resistance training modalities on markers of IS in older women. 

 

Materials and methods 

Participants and study design 

The Senior Project Intensive Training (SPRINT) is an ongoing randomized controlled trial 

conducted by the Frailty in Ageing research department of Vrije Universiteit Brussel to evaluate 

the effects of resistance training at different intensities on the immune system in older persons. 

Recruitment was done by advertisement with flyers through day centers, health insurance 

companies, seniors associations, general practitioners, municipalities and other public places. 

Subjects were excluded when performing currently or within the past 6 months on a regular 

basis physical exercise at higher intensities than habitual daily activity (e.g. fitness classes, 

strengthening exercises, cycling club); when presenting contra-indication for any of the exercise 

interventions; when using corticosteroids; when being unable to understand or execute the 

exercise instructions due to cognitive impairment (mini mental state examination score < 24/30) 

(22) or physical disability. Comorbidity was not an exclusion criterion per se, except for acute 

uncontrolled conditions and/or acute inflammation (C-reactive protein (CRP) ≥ 10mg/L). One 

hundred apparently healthy older women (aged 65 years and over) living independently in the 

community were included in the present study (see Figure 1). The study protocol was approved 

by the local ethics committee in accordance with the Declaration of Helsinki and each 

participant gave a written informed consent. 

 

Health categories and randomization 

Participants were initially classified into health categories (see Table 1) based on a modified 

SENIEUR’s protocol and according to the risk for complications during physical training as 
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described previously (23-25). Thereafter, they were randomly assigned to 6 weeks of either 

intensive strength training (IST), strength-endurance training (SET), or control (CON) (see 

Figure 1). Randomization was stratified for age (65-74 / ≥75 years) and health status (see Table 

1). Group allocation was performed by a researcher, who was blinded for study outcomes and 

allocation sequence. 

 

Training protocol 

The purpose of this study was to evaluate the effects of 6 weeks resistance training – at different 

intensities – compared to control on the composition of blood T-cell subtypes in older women. 

Training took place at the exercise facilities of the Brussels Health Campus of the Vrije 

Universiteit Brussel on Technogym™ (Technogym, Gambettola, Italy) and Matrix® (Matrix, 

Wisconsin, USA) single station cable-type devices (for detailed specifications see 

manufacturers’ websites www.technogym.com and www.world.matrixfitness.com). All 

training sessions were supervised by trained instructors to minimize the risk for injury and to 

make sure the participants used the proper technique and weights and performed the exercise 

throughout the entire range of motion. Each training session, regardless of the allocated training 

group, started with a warm-up of 10 exercises - that included mobility and activating exercises 

for both the upper and lower limbs (such as circular movements with the limbs, but no treadmill 

or cyclo-ergometer) - intended to prepare the joints and muscles for the up-coming exercises. 

Each warm-up exercise was performed without external resistance for a total of 15 repetitions 

per extremity or per exercise, duration of the complete warm-up was approximately 5 to 10 

minutes. Six exercises (seated chest press, seated leg press, seated hip abduction, seated hip 

adduction, seated low row, and seated vertical traction) consisting of intensive sub-maximal 

muscle contractions with both concentric and eccentric components were performed in the IST 

and SET intervention groups. There was no predetermined sequence of the 6 exercises within 

http://www.technogym.com/
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each training session, however, participants were instructed to alter exercises for upper and 

lower limbs. Participants were asked to exercise 2-3 times weekly, with a minimum of 1-day 

interval for recuperation. The exercise protocols for the IST and SET intervention groups were 

designed to be approximately equal in volume (% one-repetition maximum (1RM) - i.e. the 

maximum weight that can be moved once over the whole range of movement - multiplied by 

the number of sets and repetitions). For the IST intervention group, the large muscle groups 

were trained at 3 sets of 10 consecutive repetitions at 80% of 1RM. For the SET intervention 

group, the exercises were designed similarly as for the IST group, but with less intensive muscle 

contractions and a higher number of repetitions (2 sets of 30 consecutive repetitions at 40% of 

1RM). The rest between sets was minimum 1 minute for the IST and SET groups. All exercise 

programs entailed an initial accommodation period of 2 weeks in which the target exercise 

intensity was progressively reached. Every 2 weeks, the individuals’ 1RM was determined and 

exercise loads were adapted accordingly. A minimum of 24 hours of rest (i.e. no training) was 

scheduled before and after a 1RM test. For the 1RM determination the participant starts with a 

warming up of 20 repetitions at 30% of the estimated or previously assessed 1RM. Next, the 

participant is asked to perform 1 repetition at 70% of the estimated or previously assessed 1RM. 

This step is repeated with increasing load until the participant is unable to perform the exercise 

correctly in full range of motion. The 1RM is the highest load at which the participant was able 

to perform the exercise correctly in full range of motion. The load corresponding to 1RM was 

reached in maximum 4 to 5 steps. 

The CON group performed a “placebo” flexibility training consisting of 3 sets of 10 to 12 

sustained (30 sec) passive, static stretching exercises of the large muscle groups (for adherence 

purpose). Stretching exercises act principally by applying mechanical tension on the muscles 

and tendons, leading to improved range of motion (26). Therefore, this type of exercise - mainly 



8 
 

inducing a passive load on the muscles and tendons without muscle contractions or 

cardiovascular challenge - was chosen as a control intervention. 

 

Anthropometric measurements 

Weight was measured using a SECA balance, which was regularly calibrated to the nearest 0,1 

kg. Height was determined using a SECA measuring rod to the nearest 0,1 cm. Body mass index 

was calculated using the measurements of height and weight as weight divided by height 

squared (weight (kg)/ height2 (m2)). 

 

Flow cytometry analysis 

Venous blood specimens were collected before and after 6 weeks (24h-48h after the last training 

session) in the morning for serum (stored at -80°C until analysis) and for EDTA anticoagulated 

blood. Peripheral blood leucocytes were recovered as described previously (27,28). Briefly, 

EDTA blood was exposed to lysis buffer for 10 min. After lysing the red blood cells, the blood 

leucocytes were centrifuged at 2,800 rpm for 4 min at room temperature. Thereafter, the cells 

were isolated, washed twice in PBS containing 1% BSA at 2,800 rpm for 3 min, and re-

suspended in 200µl PBS containing 1% BSA. 

Antibodies were initially titrated to determine the optimal conditions for flow cytometry 

analysis before staining. About 5 × 105 cells were stained with 3 μL each of PE-CY5-labelled 

anti-CD8 (Becton Dickinson, San Jose, CA, USA), PE-CY7-labelled anti-CD3 (Biolegend, San 

Diego, CA, USA), FITC-labelled anti-CD28 (Biolegend, San Diego, CA, USA), and PE-

labelled anti-CD57 (Biolegend, San Diego, CA, USA). After 20 min incubation at room 

temperature in the dark, cells were washed at 2,800 rpm for 3 min, and 500 μL of FACS flow 

solution (Becton Dickinson, San Jose, CA, USA) was added. 
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The labelled samples were analyzed with a Coulter FC 500 flow cytometer (Beckman Coulter, 

Fullerton, CA, USA). Data acquisition was performed using the Coulter CXP software (Epics). 

The lymphocyte subpopulation was gated according to size and granularity in the forward vs. 

side scattergram, thereby excluding dead cells. Fluorescence-minus-one controls were used to 

distinguish positive from negative events and the various lymphocyte clusters were identified 

according to their expression of a combination of surface markers. The expression or non-

expression of CD28 and CD57 are particularly useful in distinguishing between subsets of 

differentiated T-cells. Based on these surface markers, CD8– and CD8+ T-cells were separated 

into four distinct sub-populations including CD28+CD57–, CD28–CD57–, CD28–CD57+ and 

CD28+CD57+. We used the terminologies naive (CD28+CD57–, consisting predominantly of 

naive T-cells and perhaps some early differentiated T-cells), memory (CD28–CD57–), and 

senescence-prone (CD28–CD57+ and CD28+CD57+) phenotypes to define the distinct subsets 

as previously described (27,28). Absolute blood counts were measured using a dual platform 

methodology (flow cytometry and the Cell-Dyn Sapphire hematology analyzer (Abbott 

Diagnostics Division, Santa Clara, CA). 

 

Serum CRP and CMV IgG determination 

CRP was quantified by immunonephelometry using the high sensitivity CRP kit obtained from 

Dade Behring (Marburg GmbH, Germany). For CRP determination, the limit of detection was 

0.175mg/L and the intra-assay and inter-assay coefficients of variation ranged from 3.1% to 

4.4% and from 2.5% to 5.7%, respectively. Since Cytomegalovirus (CMV) sero-status can 

interfere with the impact of exercise on CD8+CD57+ cells, serum levels of CMV IgG were 

measured by a chemiluminescent microparticle immunoassay on the ARCHITECT iSystem 

(Abbott Diagnostics, Abbott Park, Ireland) with an assay sensitivity and specificity of 100% 

and 99%, respectively. Assays were regarded as positive if they had concentrations of 6.0 

arbitrary units (AU)/mL or greater and negative if they had concentrations of less than 6.0 

AU/mL. The detection limit of 6 AU/mL was based on the indications from the manufacturer 
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of the CMV IgG kit. The intra-assay and inter-assay coefficients of variation ranged from 4.39% 

to 5.67% and from 4.87% to 6.17%, respectively. 

 

Statistical Analyses  

Data were tested for normality using the Kolmogorov-Smirnov goodness of fit test. Most of the 

parameters were not normally distributed even after log-transformation and as such, 

nonparametric tests were applied during analysis. The Kruskal-Wallis test was employed to test 

for differences among the intervention groups. When a significant difference was detected, 

pairwise comparisons were performed using the Mann-Whitney U test. Wilcoxon’s Signed 

Rank test was applied for assessing time-effects. Changes after 6 weeks intervention were 

calculated and compared among IST, SET and CON using Kruskal-Wallis test (and Mann-

Whitney U test for post-hoc testing). Associations were explored by Spearman’s rank 

correlation test. Statistical analysis was performed using IBM SPSS version 22.0. Statistical 

significance was set a priori at two-sided p < 0.05. 

 

Results 

The baseline characteristics of the cohort are illustrated in Table 2. As can be seen in the table, 

there was no difference in age, BMI, CRP or CMV IgG among the 3 intervention groups. 

Similarly, no significant difference in the percentage (see Table 2) or absolute counts (see 

Supplementary Table 1) of T-cell phenotypes was noticed among groups. On the other hand, 

we found significant associations between age and the percentage of the highly differentiated 

memory phenotypes in both the CD8+ and CD8– T cell subsets (r = 0.250, p = 0.012 and r = 

0.243, p = 0.015; for CD8+CD28−CD57− and CD8−CD28−CD57−, respectively). Contrary 

wise, an inverse association was found between the proportion of naive cell phenotypes and age 

in both the CD8+ and CD8– T cell pools (r = -0.329, p = 0.001 and r = -0.243, p = 0.015; for 

CD8+CD28+CD57− and CD8−CD28+CD57−, respectively). Regarding the proportion of 
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senescence-prone phenotypes, we noticed a significant increase with age in the CD8– 

compartment (r = 0.261, p = 0.009), and a trend towards an age-related increase in the CD8+ 

compartment (r = 0.174, p = 0.087). 

 

There was a significant decrease in the proportion of CD8+ senescent cells (CD8+CD57+, p = 

0.004), rather due to the CD8+CD28–CD57+ variant (p = 0.004), as CD8+CD28+CD57+ did 

not change significantly. Figure 2 shows the training-induced changes in the percentage of 

senescence-prone cells between baseline and after six weeks training for the different 

intervention groups. Within group analysis revealed a significant training-induced decrease in 

the proportions of the CD8+ senescent phenotypes only in the SET intervention group (all p < 

0.05, see Figure 2). Pairwise group comparisons indicated a significant decrease in the training-

induced changes for CD8+CD57+ and CD8+CD28−CD57+ in the SET intervention group 

compared to the CON group (p=0.036, and p=0.043, respectively). 

 

Regarding the CD8– T-cell compartment, we found a trend towards a decrease in the senescent 

cell phenotype CD8–CD57+ (p=0.060) (mostly due to the CD8–CD28–CD57+ sub-population 

(p=0.067)). Within group analysis revealed a significant training-induced decrease in the 

proportions of the senescent cell only in the SET intervention group (all p < 0.05, see Figure 

2). 

 

For the memory phenotypes, an overall significant increase in the percentage of cells was 

noticed within both the CD8+ and CD8– pools (respectively, p=0.030, and p = 0.014, see Figure 

3). However, no significant changes were observed when investigating the groups separately. 

For the naïve sub-population, no significant difference was observed - within either the CD8+ 

or CD8– T-cell pools - from baseline to post exercise. 
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To understand if the exercise-induced changes in the proportion of T-cell phenotypes are 

reflected in their absolute numbers in peripheral blood, we also analyzed the absolute blood 

counts of the various T-cell subsets. We found a trend for a decrease in the absolute number of 

the CD8+ senescent phenotype CD8+CD57+ (p = 0.057) that was also observed in the 

CD8+CD28–CD57+ subtype (p = 0.066). Within group analysis revealed an exercise-induced 

decrease in the absolute number of all the senescent phenotypes within the CD8+ pool in the 

SET intervention group (all p < 0.05, Figure 4). Also, there was a time by group interaction 

effect for the CD8+CD28–CD57+ subset (p = 0.047), and a trend towards a time by group 

interaction effect for CD8+CD57+ (p = 0.060), with between-group pairwise comparisons 

portraying a significant decrease in the training-induced changes for CD8+CD57+ and 

CD8+CD28–CD57+ subtypes in the SET intervention group compared to the CON group (p = 

0.018 and p = 0.012, respectively). Moreover, the SET group showed a trend towards a decrease 

for CD8+CD28+CD57+ senescent subtype (p = 0.084) compared to the CON group post-

exercise. For the CD8– compartment, we found a trend for the absolute number of CD8–CD57+ 

senescent cells to decrease after exercise compared to pre-exercise counts (p = 0.086). There 

was no significant difference in the absolute number of T-cell subsets in the CD8– compartment 

post-exercise (see Figure 4). Similarly, no significant difference was found for the absolute 

blood counts of the naïve or memory T-cells after exercise relative to pre-exercise counts (see 

Figure 3). 

 

The median (Interquartile range) number of training sessions were 13 (7), 14 (6), and 15 (5) for 

the IST, SET, and CON groups, respectively. There was no significant difference in the number 

of training sessions among the 3 groups. Notably, we observed an overall inverse association 

between the change in both the percentage and the absolute number of the CD8+CD28+CD57+ 
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senescent phenotypes and the number of training sessions performed (r = -0.318; p = 0.002 and 

r = -0.270; p = 0.014 respectively). 

 

Discussion 

Although much effort has been devoted to exploring the impact of exercise on cellular 

senescence, studies pertaining to the long-term adaptation effects of training on immune 

response in older persons are rare. More so, most of the available longitudinal studies that have 

used an aerobic exercise intervention to improve immune responses in older subjects suggest 

that exercise training exerts little or no effect on immune function (21,29-31), leading to the 

misconception that exercise training does not result in major improvement of the senescent 

immune system. Several experimental variables can contribute to the lack of immunological 

responses to physical activity. The most obvious causes are related to the type, frequency, 

duration and intensity of exercise training (32). The current study is the first in older women, 

which has addressed specifically the effect of different resistance training intensities - while 

maintaining the same training volume - on resting T-lymphocyte phenotypes. 

We found that 6 weeks of SET significantly lowered senescence-prone T-cells in older women. 

In an earlier study, Spielmann et al. demonstrated that aerobic fitness was associated with a 

lower age-related accumulation of senescent T-cells in healthy males (33). However, their study 

covered a large age range (18-61 years) and was not focused on older subjects. Also, in older 

persons aged 65 years and over, Silva et al. observed lower proportions of terminally 

differentiated T-cells among moderately trained (i.e. those who played volleyball, basketball, 

or running > 6 km 2-3 times/week) and intensely trained subjects (who trained ≥ 5 times/week, 

in total running > 50 km/week) (34). Notwithstanding, these exercise modalities are less 

practicable by an average older person unlike resistance training, which is more appealing and 

has been reported to be most efficient in promoting specific adaptations in several physiological 
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variables including muscle strength and function, body composition, metabolic and 

cardiovascular health of older subjects (35,36). 

Unlike the moderate-intensity SET, 6 weeks of IST at high-intensity did not influence 

significantly the blood counts of senescence-prone T-cells in older women. This could be 

attributed, at least in part, to exercise intensity-dependent mobilization of T-cells in 

combination with a myokine response during this kind of exercise. Firstly, acute exercise has 

been shown to induce the influx of lymphocytes – preferentially the late stage differentiated 

senescence-like phenotypes (37) - into the bloodstream. This exercise dependent mobilization 

of cells is driven in part by increased shear forces and blood pressure - all of which increase 

with increasing intensity of exercise (38,39). But, most importantly, lymphocytes are mobilized 

through stimulation of their beta-2-adrenergic surface receptors, by hormones released during 

exercise in an exercise intensity-dependent manner (high intensity - higher hormone levels) 

(40). In this perspective, a high intensity exercise can be expected to cause a more important 

mobilization of senescence-prone T-cells into blood than a moderate-intensity exercise (41,42). 

Secondly, after exercise, the cells are egressed into peripheral tissues, followed by their 

exposure to apoptotic stimuli with subsequent apoptosis of a portion of the senescent T-cells 

(17,41). Cell egress from blood is a tightly regulated process where chemokines interact with 

adhesion molecules expressed on leukocyte and endothelial cell membranes (43). 

Notwithstanding, the chemokine IL-8 has been reported to have inhibitory effect on the 

adherence of leukocytes on the endothelial lining and their subsequent emigration through the 

endothelial cell barrier (44,45). In a previous study - using a similar exercise approach - we 

found that the levels of IL-8 increased significantly after resistance training; interestingly, this 

was observed only in the male subjects of the high intensity intervention group (13). However, 

in the present study, we did not investigate chemokines (particularly, MCP-1, Rantes and MIP-

1 alpha) or cortisol which are well known to influence lymphocyte egress from blood into 
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tissues (46). Blood levels of cortisol are known to increase with high intensity exercise and 

cortisol has been proposed to mediate lymphocytopenia. McGuigan et al. (47) reported that 

high intensity resistance exercise at 75% 1RM significantly increased salivary cortisol levels 

while lower intensity resistance exercise at 30% 1RM did not result in any significant change 

in cortisol levels. On the other hand, Dimitrov et al. (48) demonstrated that lymphocytopenia 

following cortisol infusion was restricted to naïve and lymphoid-homing CD8 T-cells, and that 

differentiated effector-memory cells were not affected. Moreover, Bosch et al. (49) showed that 

the frequency of CD8+ T-cells lacking surface expression of CD27 and CD28 was associated 

with higher overnight urinary cortisol secretion. Whether cortisol could have an effect on 

exercise-induced immune adaptations requires further investigation. 

Thirdly, our observation could be related to the oxidative stress associated with the intensity of 

resistance exercise. Goto et al. reported that twelve weeks of cycling at high-intensity increased 

plasma levels of oxidative stress markers whereas cycling at moderate-intensity tended to 

decrease oxidative stress (50). This increase in oxidative stress with high-intensity exercise may 

favor the development of T-cell senescence, considering that activation of the P38 protein 

kinase signaling pathway by excess ROS can drive human T-cell senescence (51). Thus, 

assuming that the response to IST is similar to high-intensity cycling, this type of resistance 

training may be associated with increased T-cell senescence due to oxidative stress, higher 

release of senescent T-cells into the blood stream and diminished egress to peripheral tissues 

(due to higher IL-8 levels) reducing subsequent apoptosis. However, a positive effect after 

longer training periods may not be precluded, and more research is required in this area to 

elucidate the possible role played by the chemokines and oxidative stress in lymphocytes 

following resistance exercise at different intensities. 

Regarding the exercise-induced changes in the memory T-cells, we found a significant increase 

in their proportion after 6 weeks intervention in the entire cohort. Within group analysis 
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revealed a significant training-induced increase only for the IST intervention group. In 

accordance with this finding, Silva et al. reported a higher proportion of highly differentiated 

effector memory cells in elderly with an intense exercise lifestyle, and they concluded that such 

effects may be beneficial for the immune response to known antigens in trained elderly (34). In 

the present study, however, there was no significant difference in the percentage or absolute 

blood counts of the naïve T-cell sub-populations in both the CD8– and CD8+ compartments. 

In support to this observation, Raso et al. (52) found no difference in the absolute blood counts 

of CD4+ or CD8+ T-cells expressing CD28 - a predominantly naïve cell phenotype - in 

sedentary older females (aged 60–77 years) after 12-months of moderate intensity resistance 

training. Similarly, Kapasi et al. (21) found no effect of 32-week endurance and resistance 

exercise in frail elderly subjects (mean(SD) age 87(8) years) on CD28 expression within CD4+ 

or CD8+ T-cells. On the other hand, Shimizu et al. (53) found no change in the number of 

CD4+CD28+ cells, and an increase in the number of CD8+ T-cells expressing CD28 after a 12-

week endurance and resistance exercise in older persons aged 61–76 years. While further 

studies are required to elucidate the effects of resistance exercise on naïve T-cells, a reduction 

in senescent immune cells by itself is anticipated to have positive effects on the levels of 

inflammatory cytokines and related diseases. 

Some studies have demonstrated sex-based differences in responses following exercise, even 

in older subjects (13). Regarding the association between sex and exercise-induced 

catecholamine – a key player in T-cell mobilization - several authors have reported a higher 

prevalence of catecholamine in men than women after exercise (54), though others found no 

sex difference (55) or even an increase in women compared to men (56). More so, reports from 

Grilo et al. in marine models support the existence of sex-differences in physiological responses 

to oxidative stress (57). On the other hand, at an advanced age there are more women than men 

and it is very challenging to recruit enough older male subjects. Taking this into consideration 
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and to avoid sex-related confounding effects in exercise-induced immune changes, it seemed 

sensible to start with women and, based on the findings, to proceed with the male individuals. 

Further research is highly required to elucidate eventual sex differences. 

As expected, our findings support the current knowledge that T-cell repertoire are altered - with 

an expansion of senescent immune cells and a decrease in naïve T-cells - during the course of 

ageing (20,33,41). Indeed, there was a significant association between age and the percentage 

of the highly differentiated memory and senescence-prone phenotypes in both the CD8+ and 

CD8– T-cell compartments. Contrary wise, an inverse association was found between the 

proportion of naive phenotypes and age in both T-cell subsets. This age-dependent shift from 

T-cells exhibiting predominantly naive phenotypes to highly differentiated memory and 

senescent phenotypes might reflect lower numbers of haematopoietic stem cells, thymus 

involution and the influence of cumulative exposure to foreign infectious agents (58).  

 

A factor that may weaken our study is the fact that we did not include a non-exercise control 

group - since participants in the CON group performed stretching exercise - which might have 

masked supplementary benefits resulting from training. On the other hand, this study design 

allowed to control for possible bias due to social interaction and mobility (subjects of the CON 

group came to the exercise center at a similar frequency as those in the SET & IST groups). 

The fact that the reduction in senescence-prone T-cells in the SET group was significantly 

different compared to CON (which showed no change over time), points therefore to 

mechanisms related to the SET resistance training intervention. Also, the authors acknowledge 

the limitation of not having a young control and male groups, which might have provided 

insight into the respective effects of ageing and sex on exercise-induced adaptations of immune 

cells. More so, by using nonparametric statistical methods, it is possible that we lost some 

statistical power in our analyses. Although this study has some limitations, it adds a highly 
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needed element in the current cellular concepts on exercise-induced immune response in older 

women. Thus far, the scant data in this field in older subjects have largely used the classical 

aerobic training, with results showing little or no beneficial long-term effects on immune 

response. Our study addresses a gap in the literature by comparing the effects of strength 

training at different training loads and repetitions on resting T-cell phenotypes. Our observation 

that SET, but not IST, reduces resting senescence-prone T-cell, will act as a guide for future 

experiments concerning T-cell response to exercise in older women. In this context, additional 

T-cell markers (e.g. CD45RA / CCR7 / CD27) might be useful to better define different naive 

and memory T-cell subsets and their response to exercise. Since reports addressing the immune 

response to resistance training in older individuals are lacking, more functional studies are 

highly needed to understand the significance of our observation in the context of 

immunosenescence. This could be done for instance by assessing the effects of SET on vaccine 

responses. Also, questions as to whether senescence-prone cells die or track to the marginal 

pool or tissues should be addressed in future studies.  

Conclusion 

Our results provide evidence that resistance exercise may have an anti-IS effect, once again 

showing the health benefits of resistance training among the aged. We observed that 6 weeks 

of SET, but not IST, significantly reduced senescence-prone T-cells compared to CON. 

Conceivably, training protocols with many repetitions - at a sufficiently high external resistance 

- may favour the reduction of senescence-prone cells in older women. 
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Table 1: Participants’ health status 
Parameter Description * Clinical examples IST (n=31) SET (n=33) CON (n=36) 
Health category      
A A1 Completely healthy; no medication  1 (3.23) 3 (9.09) 1 (2.78) 
   A2 Completely healthy; using only preventive 

medication 
Hormonal replacement 
therapy, aspirin, ... 

1 (3.23) 2 (6.06) 3 (8.33) 

B B1 Functioning normally; presence of stabilized, 
non-cardiovascular disease; absence of 
cardiovascular abnormalities 

Treated hypothyroidism, 
stable diabetes, ... 

14 (45.16) 12 (36.36) 9 (25.00) 

    B2 Functioning normally; using medication with 
cardiovascular effect, no overt cardiovascular 
disease other than normalized arterial 
hypertension 

Arterial hypertension, β 
blocking agent, ... 

12 (38.71) 11 (33.33) 17 (47.22) 

C (history of) cardio-vascular pathology or 
abnormal ECG. 

Bundle branch block, 
angina, CABG, ... 

3 (9.67) 5 (15.16) 6 (16.67) 

D Presenting signs of acute or active disease at the 
moment of examination 

Bronchospasm, swollen 
joints, influenza, ... 

/ / / 

Age category      
65-74    27 (87.10) 28 (84.85) 30 (83.33) 
≥ 75    4 (12.90) 5 (15.15) 6 (16.67) 
Note: The values denote number (percentage). * Status after questioning, physical examination, ECG, and laboratory examination of blood, serum 
& urine; CABG= coronary artery bypass graft; IST= Intensive strength training; SET= Strength endurance training; CON= control.  
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Table 2. Overview of subjects’ characteristics at baseline. 

Parameter IST (n = 31) SET (n = 33) CON (n = 36) p value a 

Age (years) 69.18 (5.12) 69.02 (6.05) 70.31 (5.15) 0.331 

BMI (kg/m2)  26.02 (8.42) 26.23 (4.90) 26.12 (5.94) 0.996  

CRP (mg/l) 1.38 (2.15) 1.30 (1.60) 1.00 (2.08) 0.484  

T-cell subset     

CMV serostatus, n (%)     

       CMV+ 24 (80.00) 19 (59.38) 20 (57.14) 0.113 

       CMV−   6 (20.00) 13 (40.62) 15 (42.86)   

CD8 + T-cell      

   CD8+CD28+CD57− (naïve) 54.20 (27.00) 66.30 (25.50) 60.50 (34.42) 0.304  

   CD8+CD28−CD57− (memory) 28.00 (22.50) 24.70 (17.80) 25.75 (22.45) 0.665  

CD8+CD57+ (SPC) 5.85 (12.40) 5.60 (9.65) 4.00 (12.30) 0.214  

   CD8+CD28−CD57+ (SPC) 5.65 (12.02) 5.20 (9.95) 2.90 (11.70) 0.209  

   CD8+CD28+CD57+(SPC) 0.30 (0.50) 0.20 (0.65) 0.20 (0.60) 0.813  

CD8 – T-cell      

   CD8−CD28+CD57− (naive) 97.00 (5.50) 97.80 (5.55) 98.25 (4.90) 0.751  

   CD8−CD28−CD57− (memory) 1.40 (3.40) 1.20 (4.25) 1.15 (2.80) 0.861  

CD8−CD57+ (SPC) 0.90 (1.80) 0.50 (1.80) 0.20 (1.40) 0.242  

   CD8−CD28−CD57+ (SPC) 0.80 (1.60) 0.40 (1.65) 0.15 (1.30) 0.319  

   CD8−CD28+CD57+ (SPC) 0.10 (0.30) 0.10 (0.10) 0.10 (0.10) 0.533  

Note: The values denote median (Interquartile range). BMI= body mass index; CRP= C- reactive 

protein; SPC= senescence-prone cells; IST= intensive strength training; SET= strength-endurance 

training; CON= control; Phenotype frequencies were expressed as percentages within the CD3+CD8+ 

or CD3+CD8− T-cells; a Results of Kruskal-Wallis test except for  CMV serostatus which employed 

Chi-squared test. 
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Supplementary Table 1: Absolute counts of T-cell phenotypes at baseline.  

T-cell subtype IST (n = 31) SET (n = 33) CON (n = 36) p value a 

     

CD8 + cell      

   CD8+CD28+CD57− (naive) 175 (133) 152 (128) 142 (71) 0.539 

   CD8+CD28−CD57− (memory) 100 (160) 50 (95) 60 (58)  0.199 

   CD8+CD57+ (SPC) 20.11 (35.15) 14.54 (34.05) 7.87 (40.13) 0.152 

   CD8+CD28−CD57+ (SPC) 18.81 (35.09) 13.70 (32.21) 7.43 (40.07) 0.135 

   CD8+CD28+CD57+ (SPC) 0.90 (1.38) 0.71 (1.06) 0.64 (1.49) 0.492 

     

CD8 – cell      

   CD8−CD28+CD57− (naive) 597 (307) 656 (310) 646 (392) 0.730 

   CD8−CD28−CD57− (memory) 10 (30) 10 (30) 10 (20) 0.998 

   CD8−CD57+ (SPC) 4.85 (17.25) 2.65 (11.19) 1.83 (11.68) 0.283 

   CD8−CD28−CD57+ (SPC) 4.01 (10.78) 1.82 (9.94) 1.08 (10.55) 0.389 

   CD8−CD28+CD57+ (SPC) 0.62 (1.46) 0.66 (0.91) 0.65 (1.31) 0.829 

 

Note: The values denote median (Interquartile range) of the absolute number of cells per µL blood; SPC= 

senescence-prone cells; IST= intensive strength training; SET= strength-endurance training; CON= control; a 

Results of Kruskal-Wallis test. 
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LEGEND TO THE FIGURES 

 

Figure 1. Flowchart of study participants 
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Figure 2. Change in the percentage of senescent phenotypes in peripheral blood at 6 weeks 

compared to baseline in the various intervention groups. Data are median values with error 

bars representing  95% confident intervals. IST= intensive strength training; SET= strength 

endurance training; CON= control. Results of Wilcoxon signed-rank test for difference between 

baseline and 6 weeks; *p <0.05,  **p<0.01, decreased significantly after exercise compared to 

baseline. 
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Figure 3. Change in the percentage and absolute cell counts of naive and memory 

phenotypes in peripheral blood at 6 weeks compared to baseline. Data are median values 

with error bars representing 95% confident intervals.  Results of Wilcoxon signed-rank test for 

difference between baseline and 6 weeks; *p <0.05, decreased significantly after exercise 

compared to baseline. 
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Figure 4. Change in the absolute cell counts of senescent phenotypes in peripheral blood 

at 6 weeks compared to baseline in the various intervention groups. Data are median values 

with error bars representing 95% confident intervals. IST= intensive strength training; SET= 

strength endurance training; CON= control. Results of Wilcoxon signed-rank test for difference 

between baseline and 6 weeks; *p <0.05, **p<0.01, decreased significantly after exercise 

compared to baseline. 


