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ABSTRACT 61 

Purpose: The present study aimed to investigate the effect of age on circulating pro- and anti-inflammatory 62 

cytokines and growth factors. A secondary aim was to investigate whether a novel sprint interval training (SIT) 63 

intervention (3 x 20 s ‘all out’ static sprints, twice a week for 8 weeks) would affect inflammatory markers in 64 

older men. 65 

Methods: Nine older men (68 [1] years) and eleven younger men (28 [2] years) comprised the younger group. 66 

Aerobic fitness and inflammatory markers were taken at baseline for both groups and following the SIT 67 

intervention for the older group.  68 

Results: Interleukin (IL)-8, vascular endothelial growth factor (VEGF), and monocyte chemoattractant protein-69 

1 (MCP-1) were unchanged for the older and younger groups at baseline (IL-8, p = 0.819; MCP-1, p = 0.248; 70 

VEGF, p = 0.264). Epidermal growth factor (EGF) was greater in the older group compared to the younger 71 

group at baseline (142 [20] pg.mL-1 and 60 [12] pg.mL-1 respectively, p = 0.001, Cohen's d = 1.64). Following 72 

SIT, older men decreased EGF to 100 (12) pg.mL-1 which was similar to that  of young men who did not 73 

undergo training (p = 0.113, Cohen's d = 1.07). 74 

Conclusion: Older aerobically trained men have greater serum EGF than younger aerobically trained men. A 75 

novel SIT intervention in older men can shift circulating EGF towards trained younger concentrations. As lower 76 

EGF has previously been associated with longevity in C. elegans, the manipulative effect of SIT on EGF in 77 

healthy ageing in the human may be of further interest.  78 

 79 
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INTRODUCTION 91 

Human ageing involves a loss of function of multiple physiological systems, including the cardiovascular 92 

system, respiratory system, musculoskeletal system, and immuno-senescence (Rebelo-Marques et al. 2018). 93 

Circulating cytokine dysregulation is well recognised as a consequence of biological ageing (Alvarez-Rodriguez 94 

et al., 2012). The 'inflamm-ageing' hypothesis suggests that chronic ageing is associated with increased reactive 95 

oxygen species and increased basal pro-inflammatory state (Franceschi et al. 2007). Indeed, tumour necrosis 96 

factor alpha (TNFα) is greater in 80-year-olds relative to younger individuals and greater again in centenarians. 97 

Similarly, interleukin (IL)-6 is elevated with increasing age (Bruunsgaard et al. 1999; Baylis et al. 2013; 98 

Kanikowska et al. 2014) while intracellular pro-inflammatory cytokines (including interferon gamma [IFNγ] 99 

and TNFα) are seen to be elevated in T cells of older vs young participants (Zanni et al. 2003). 100 

 101 

The deleterious effects of ageing on immune function are linked to dysregulation of cytokines which are 102 

responsible for the promotion of the pro-ageing senescence-associated secretory phenotype (Coppé et al. 2010). 103 

It has been reported the senescence-associated secretory phenotype is promoted by excess body fat associated 104 

with increased pro-inflammatory adipokines and cytokines, such as IL-6 and IL-8, alongside cytokines such as 105 

monocyte chemoattractant protein-1 (MCP-1), IFNγ, and TNFα (Christiansen et al. 2005; Monzillo et al. 2012; 106 

Sharabiani et al. 2011; Vieira et al. 2009). This is further compounded by decreased anti-inflammatory myokine 107 

expression, which disrupts inflammatory balance, facilitating pathological developments including insulin 108 

resistance, cardiovascular disease, sarcopenia, chronic kidney disease, neurodegenerative disease, and increased 109 

inflamm-ageing of all organs (Muller et al. 2019). Moreover, growth factors, such as vascular endothelial 110 

growth factor (VEGF) and epidermal growth factor (EGF), when overexpressed, facilitate increased 111 

autoimmune diseases activity and tumorigenesis (Dasthangirisaheb et al. 2013; Kasza 2013). Concerning EGF 112 

specifically, Meybosch et al. (2019) noted significant inverse correlations between EGF (normalised for body 113 

surface area) and age, and EGF and body height. There was a notable and dramatic decrease in EGF post-114 

puberty, causing authors to emphasise the importance of EGF in maturation and growth during the early years of 115 

life. What is unknown however, is the influence of physical fitness, physical activity levels, and exercise 116 

training on EGF.  117 

 118 

Interestingly, whilst the ageing process is omnipresent in humans, physical activity can meaningfully attenuate 119 

the development of senescence-associated secretory phenotype (Garatachea et al. 2015). Masters athletes 120 
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possess superior muscle and cardiovascular function relative to untrained age-matched individuals, but still 121 

show decreases in physiological function with increased age, suggesting lifelong exercise can delay, but not 122 

prevent, ageing related changes to physiological systems, including inflammatory cytokine concentrations 123 

(Campbell et al. 2019; Duggal et al. 2018; Elliott et al. 2017; Ganse et al. 2018; Pollock et al. 2015).  124 

 125 

Formalised physical activity, such as aerobic training and resistance training, have been widely researched for 126 

health promoting benefits in older populations (Chodzko-Zajko et al. 2009; Hayes et al. 2015; Hayes and Elliott 127 

2019; Sellami et al. 2019; 2020). Previous reviews have found both aerobic and resistance training to be 128 

effective in attenuating senescence-associated secretory phenotype development (Muller et al. 2019; Sellami et 129 

al. 2018). Further, a review by Muller and colleagues (2019) suggests high intensity interval training (HIIT) also 130 

attenuates the senescence-associated secretory phenotype. Previously described by MacInnis and Gibala (2016), 131 

HIIT utilises periods of high intensity exercise interspersed by lower intensity phases of recovery. Generally, 132 

even with lower training volumes, HIIT produces similar health benefits when compared to classical forms of 133 

aerobic training, and has been deemed time-efficient and enjoyable in various populations (Gibala et al. 2012; 134 

Gillen and Gibala 2014; Hayes et al., 2020; Herbert et al. 2017; Hurst et al., 2018; Ramos et al. 2015; Weston et 135 

al. 2014). Although HIIT is effective in improving physiological function, it has been suggested the perceived 136 

difficulty of performing HIIT coupled with complex prescription may dissuade individuals from adopting HIIT 137 

(Biddle and Batterham 2015; Buchheit and Laursen 2013). Yet, a distinct derivative of HIIT, sprint interval 138 

training (SIT) offers an easier to prescribe exercise format (i.e. 'all-out'). SIT has been described as enjoyable, 139 

tolerable, and easier to prescribe than HIIT, whilst still promoting positive physiological adaptations (MacInnis 140 

and Gibala 2016; Olney et al. 2018; Stork et al. 2018; Thum et al. 2017; Vollard et al. 2017; Vollard and 141 

Metcalfe 2017). Therefore, it is of interest to the field of exercise science and gerontology to investigate the 142 

effects of SIT on immune-modulating cytokines and growth factors (Hwang et al. 2020).  143 

 144 

To separate the effect of ageing from any effect of lifelong inactivity on circulating pro-inflammatory cytokines, 145 

anti-inflammatory cytokines, and growth factors, we aimed to first establish the effect of age on circulating 146 

inflammatory markers and growth factors in well trained young and older men, by comparing these biomarkers 147 

in a cohort of young men, and a cohort of older men who were all aerobically trained. A secondary aim was to 148 

examine the effect of a novel SIT stimuli on older aerobically trained men. It was hypothesised that older men 149 
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would show elevated pro-inflammatory cytokines relative to a young cohort, and SIT would reduce pro-150 

inflammatory cytokine concentrations.  151 

 152 

METHODS 153 

Participants 154 

Two cohorts were recruited for this study, younger (n = 11; 21-34 years of age) and older (n = 9; 63-73 years of 155 

age) men, who regularly participated in a weekly minimum of 150 min.wk-1 of moderate or high intensity 156 

exercise for at least 6 months prior to participating in the study and continued habitual physical activity for the 157 

duration of the study. Participants were free of exercise contraindicating disease or injury as determined by a 158 

Physical Activity Readiness Questionnaire and American College of Sports Medicine pre-exercise participation 159 

screening (Riebe et al. 2015). This study was carried out in accordance with the Declaration of Helsinki and 160 

approved by the University of Cumbria Research Ethics Committee. Written informed consent was obtained 161 

from all participants prior to study commencement and subjects were excluded if they presented with atrial 162 

fibrillation. Descriptive statistics for participants are shown in Table 1, and further described in the results 163 

section. Participants attended all sessions with exercise suitable clothing and footwear. The younger cohort 164 

attended a single test session whilst the older cohort attended two separate testing sessions five days prior to, 165 

and five days after, the final SIT session of the intervention, which was 8 weeks in duration (Fig 1).  166 

 167 
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 168 

Fig 1 Schematic representation of the methodological flow. PPO = peak power output. VO2peak = peak oxygen 169 

uptake 170 

 171 

Blood draws and analysis 172 

Participants arrived at the exercise physiology laboratory between 08.00–11.00 h, following an overnight fast 173 

and having abstained from strenuous physical activity for a minimum of 48 h. Participants were reminded to 174 

maintain standardised conditions prior to each assessment point which included arriving in a hydrated state 175 

having abstained from caffeine and alcohol consumption for 24 h. Following 20 min supine rest, blood was 176 

sampled from the antecubital vein using standard venepuncture method into sterile serum separator vacutainer 177 

tubes (Becton Dickinson, Rutherford, NJ) that were kept at room temperature in the dark, for 30 min, to allow 178 

for clotting, after which samples were centrifuged at 1100 g for 15 min. Serum was then extracted, aliquoted, 179 

and stored at −80°C until subsequent analysis. Blood samples were collected at the same time of day for each 180 
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participant to control for biological variation and minimise inter-participant variation. Blood draws were 181 

completed prior to any exercise testing. 182 

 183 

Anthropometry 184 

Height was measured to the nearest 0.1 cm, and mass to the nearest 0.01 kg using a Seca 286 measuring station 185 

(Birmingham, UK), from which body mass index (BMI) was derived by dividing mass by the square of height 186 

(kg/m2).  187 

 188 

Peak power output (PPO) 189 

PPO was established using the 6 s Herbert test (Herbert et al. 2015b) on an air-braked cycle ergometer 190 

(Wattbike Ltd., Nottingham, UK), which consisted of a maximal 6 s sprint from a standing start.   191 

 192 

Peak oxygen uptake (VO2peak)  193 

At least five min after PPO determination, VO2peak was determined using a Cortex II Metalyser 3B-R2 (Cortex, 194 

Biophysik, Leipzig, Germany). Expiratory airflow was achieved using a volume transducer (Triple V® turbine, 195 

digital) connected to an oxygen (O2) analyser. Expired gases were analysed for O2 with electrochemical cells 196 

and for carbon dioxide CO2 output with an infrared analyser. The Metalyser was calibrated according to 197 

manufacturer's guidelines prior to each test. After a 60 min warm-up period, the O2 and CO2 sensors were 198 

calibrated against environmental air in addition to reference gas of known composition (5% CO2, 15% O2, and 199 

80% N2) with volume calibrated by five inspiratory and expiratory strokes using a 3 L pump. Prior to 200 

determination of VO2peak, a chest strap heart rate monitor was attached to participants' chests, with heart rate 201 

measured continuously throughout the test (Polar F1, Polar, Finland). The cycle ergometer (Wattbike Pro, 202 

Wattbike, UK) was adjusted to manufacturer’s guidance. Saddle height was adjusted relative to the crank 203 

position and the foot was secured to a pedal with straps with participants' knee at almost full extension (~170°). 204 

Participants mounted the cycle ergometer, and a rubber face mask was fitted (Hans Rudolph Inc, USA), which 205 

was attached to the Cortex II Metalyser 3B-R2. VO2 and VCO2 were recorded continuously throughout the test.  206 

Participants completed a 3 min warm-up at an intensity equivalent to ~10% of PPO. Subsequently, participants 207 

cycled at increasing intensity with 25 W increments each min until they reached volitional exhaustion, with 208 

rating of perceived exertion (RPE; 0-10 scale; Borg [1998]) recorded in the last 10 s of each stage. Immediately 209 

following volitional exhaustion, participants had their index finger cleaned using a disinfectant wipe, and then a 210 
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lancet was used to lacerate the fingertip to obtain a blood sample for to measure blood lactate (Lactate Pro 2, 211 

Arkray, Japan). VO2peak was confirmed when participants achieved a minimum of any four of the following 212 

criteria; VO2 plateau, RER ≥1.10, peak heart rate within 10 beats of age predicted maximum and [BLa] ≥8 213 

mmol·L-1, final RPE of ≥9. 214 

 215 

Cytokine array 216 

Cytokine concentrations were quantified in an aliquot of serum utilizing a chip array system (Cytokine array I, 217 

Evidence Investigator, Affinity Biolabs, UK) with a sandwich chemiluminescent immunoassay technique for 218 

epidermal growth factor (EGF), interleukins (IL-1a, -1b, -2, -4, -6, -8, -10), IFN-γ, MCP-1, TNFα, and VEGF. 219 

Method precision and lower/upper limits of sensitivity have been previously reported (Karuppasamy et al. 220 

2011), and quality controls were performed by the manufacturer using three known concentrations for each 221 

cytokine. 222 

 223 

Exercise training 224 

Older participants attended two SIT sessions per week, 72 h apart, as our pilot work suggested older adults 225 

would be suitably recovered from SIT in this timeframe (Yasar et al. 2019). Participants avoided strenuous 226 

physical activity 24 h prior to SIT sessions whilst maintaining habitual physical activity according to self-227 

reporting. Participants warmed up for a period of 3 min at a self-paced intensity by performing static running. 228 

Participants then performed three 20 s static sprints at an ‘all-out’ intensity, interspersed by 3 min self-paced 229 

recovery phases. Following the final sprint, a 3 min self-paced cool down was performed (Fig 2). During all 230 

sprints, participants were instructed to raise their feet to approximately knee height, with loud verbal 231 

encouragement throughout each sprint.  232 

 233 
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234 
Fig 2 Schematic representation of the sprint interval session. Participants performed this session twice weekly 235 

for eight weeks. 236 

 237 

Statistical Analysis 238 

Following confirmation of normality by a D’Agostino & Pearson normality test, cytokine data were examined 239 

by one-way analysis of variance (ANOVA) or Kruskal-Wallis test as appropriate, with post hoc interrogation by 240 

Dunnett’s multiple comparison test (younger as comparison group). Descriptive statistics (younger vs older pre-241 

training) and training effects (older group only) were examined by unpaired t-test or Mann Whitney test as 242 

appropriate. Fisher's exact test tested for dichotomous differences in whether a cytokine was above or below the 243 

minimum level of detection in the older and younger group. Relationships between variables were determined 244 

using Pearson’s product-moment correlation coefficient. Effect size for paired comparisons is reported as 245 

Cohen’s d, interpreted as trivial (<0.20), small (≥0.20-0.49), moderate (≥0.50-0.79), and large (≥0.80). 246 

Parametric data sets are summarised in text as mean and standard deviation (SD) whilst non-parametric are 247 

given as median (upper - lower quartile). Figures are presented as grouped dot plots, as recommended by 248 

Drummond and Vowler (2011). Alpha level was not set dichotomously as significant or non-significant as 249 

recommended by Hurlbert and colleagues (2019). All figures were generated in GraphPad (5.02, GraphPad 250 
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Software, USA) or R (version 3.6.1, [R Core Team (2019)]) utilizing the Hmisc [Harrell et al. 2020] and the 251 

corrplot [Wei et al. 2017] packages.  252 

 253 

RESULTS 254 

Anthropometric and performance measures 255 

At baseline, older men did not differ from younger men in terms of body mass (p = 0.635, Cohen's d = 0.13), 256 

BMI (p = 0.070, Cohen's d = 0.04) resting heart rate BMI (p = 0.517, Cohen's d = 0.30), systolic blood pressure 257 

BMI (p = 0.803, Cohen's d = 0.11), diastolic blood pressure BMI (p = 0.896, Cohen's d = 0.06),  or BMI (p = 258 

0.070, Cohen's d = 0.04). However, older men did exhibit a lower VO2peak (p = 0.004, Cohen's d = 1.48) and 259 

PPO (p < 0.001 Cohen’s d = 4.05; Table 1). The SIT intervention produced a trivial increase in older 260 

participants' BMI (p = 0.039, Cohen's d = 0.12), a small increase in VO2peak (p = 0.268, Cohen's d = 0.23), a 261 

small increase in PPO (p = 0.072, Cohen's d = 0.35), a small decrease in resting heart rate (p = 0.263, Cohen’s d 262 

= 0.40) a trivial reduction in systolic blood pressure (p = 0.701, Cohen's d = 0.13), and a small decrease in 263 

diastolic blood pressure (p = 0.347, Cohen’s d = 0.33). 264 

 265 

Table 1: Participant anthropometric and performance parameters at baseline (young and older pre-training) and 266 

following sprint interval training (SIT; older post-training). Values given as mean (SD). 267 

  Older 

 Young (n = 11) Pre-SIT (n = 9) Post-SIT (n = 9) 

Age (years) 28 (5) 68 (3)* ------ 

BMI (kg.m-2) 23 (2) 23 (3) 24 (3) † 

VO2peak (mL.kg.min-1) 55 (11) 39 (6)* 41 (8) 

PPO (W) 1149 (131) 696 (89)* 727 (76) 

Resting heart rate (b·min-1) 53 (10) 56 (7) 55 (7) 

Systolic blood pressure 

(mmHg) 

127 (10) 129 (16) 126 (14) 

Diastolic blood pressure 

(mmHg) 

77 (8) 77 (10) 77 (10) 
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SIT = sprint interval training, BMI = body mass index, VO2peak = peak oxygen uptake, PPO = peak power 268 

output. * young different to older at the p < 0.05 level, †older pre-SIT different to older post-SIT at the p < 0.05 269 

level. 270 

 271 

Cytokines 272 

Of the 12 cytokines measured by chip array, IL-1a, IL-1b, IL-2, IL-4, IL-6, IL-10, IFN-γ and TNFα were 273 

frequently below the limit of detection of array methodology and thus concentrations are not further reported. 274 

For clarity, we report on cytokines whereby > 75% of samples returned with values above the lower limit of 275 

detection. Ordinal analysis of the data suggests that pro-inflammatory cytokines IL-1a, IL-1b, IL-6 were more 276 

frequently observed in the older cohort, whilst classically anti-inflammatory cytokines IL-2 and IL-10 were 277 

more often observed quantifiable in the younger cohort. However, Fisher's exact test revealed no differences 278 

between younger and older for the frequency of cytokines above or below the limit of detection (Table 2). Pro-279 

inflammatory cytokines IL-8 and MCP-1, and growth factors VEGF and EGF were consistently detected and 280 

further described below. 281 

 282 

Table 2: Cytokine marker state at baseline for young (n = 11) and older (n = 9). Markers were accepted if > 283 

75% of samples returned concentrations > lower limit of detection. P values represent Fisher's exact test for 284 

whether the proportion of cytokine detected was different between the young and older group. 285 

Cytokine Young 

N = 11 

Older 

N = 9 

Lower limit of 

detection (pg.mL-1) 

Accepted 

(y/n) 

P value 

EGF 11 9 2.9 Yes 1.000 

IL-1a 4 5 0.8 No 0.653 

IL-1b 3 4 1.6 No 0.642 

IL-2 3 0 4.8 No 0.218 

IL-4 0 0 6.6 No 1.000 

IL-6 4 6 1.2 No 0.370 

IL-8 10 7 4.9 Yes 0.569 

IL-10 2 0 1.8 No 0.479 

IFN-γ 0 0 3.5 No 1.000 



13 

 

MCP-1 11 9 13.2 Yes 1.000 

TNFα 0 0 4.4 No 1.000 

VEGF 10 9 14.6 Yes 1.000 

 286 

The effect of age and SIT on EGF, IL-8, VEGF and MCP-1, was compared by one-way (condition [younger, 287 

older pre-training, older post-training]) ANOVA. EGF showed an effect of condition (p = 0.002). The effect of 288 

condition was examined post hoc by Dunnett’s multiple comparison test, with the younger condition as the 289 

comparison. Older pre-training EGF was higher compared to the younger group (p = 0.001, Cohen's d = 1.64; 290 

Fig 3), whilst the older post-training values were the same as the younger group (p = 0.113, Cohen's d = 1.07; 291 

younger 60 [12] pg.mL-1, older pre-training 142 [20] pg.mL-1, older post-training 100 [12] pg.mL-1). There was 292 

a large decrease in EGF in the older cohort as a result of SIT (p = 0.101, Cohen's d = 0.87). There was no effect 293 

of group on remaining pro-inflammatory cytokines (IL-8, p = 0.819, Cohen's d = 0.28; younger 9 [3] pg.mL-1, 294 

older pre-training 8 [4] pg.mL-1, older post-training 9 [4] pg.mL-1; MCP-1, p = 0.248, Cohen's d = 0.68; younger 295 

274 [102] pg.mL-1, older pre-training 341 [95] pg.mL-1, older post-training 333 [88] pg.mL-1) or VEGF (p = 296 

0.264, Cohen's d = 0.72; younger 117 [79] pg.mL-1, older pre-training 191 [123] pg.mL-1, older post-training 297 

152 [80] pg.mL-1; Fig 3b-d). When examining the magnitude of effect of training in the older group, there was a 298 

trivial effect of SIT on MCP-1 (n = 9; Cohen's d = 0.09), and a small increase in IL-8 (n = 7; Cohen's d = 0.30) 299 

and a small decrease in VEGF (n = 9; Cohen's d = 0.38). 300 

 301 
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 302 

Fig 3 Cytokine concentrations of young, older pre- and older post-sprint interval training. a) EGF, b) IL-8, c) 303 

VEGF and d) MCP-1. Young shown in black circles, older shown in grey. Red horizontal lines indicate group 304 

means 305 

 306 

Relationships between baseline characteristics and circulating cytokines were examined by Pearson’s correlation 307 

matrix (Fig 4a). Age was strongly and negatively correlated with PPO and VO2peak, and moderately associated 308 

with EGF (Fig 4b). The EGF-PPO relationship was moderate (p = 0.004, r2 = 0.391; Fig 3b), and the EGF-309 

VO2peak relationship was weak (p = 0.162, r2 = 0.106; Fig 4c). 310 
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 311 

Fig 4 Correlations between physiological and cytokine markers. a) Correlation matrix where values indicate r 312 

correlation coefficient and filled squares indicate where p < 0.05. Shading indicates strength of relationship 313 

(blue = positive, red = negative correlation). b) EGF (pg.mL-1) as a function of PPO (W), C) EGF (pg.mL-1) as a 314 
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function of VO2peak (mL.kg.min-1). For both b) and c), linear correlation indicated by red line, 95% confidence 315 

indicated by red dashed lines. Grey circles indicate older, black indicates younger 316 

 317 

DISCUSSION 318 

The primary findings from the present study were 1) baseline EGF was greater in trained older men compared to 319 

younger participants, 2) there was no baseline differences in most (IL-1a, IL-1b, IL-2, IL-6, IL-8, IFN-γ, MCP-320 

1, and TNFα) pro-inflammatory cytokines between trained older men and trained younger men, and 3) we make 321 

the novel observation that EGF was reduced to levels of younger men by a novel 8 week SIT intervention in 322 

trained older men.  323 

 324 

Of the cytokines measured in the present work, only EGF was different between younger and older at baseline. 325 

EGF has a well understood action via the activation of the EGF receptor which is linked to inflammatory 326 

responses in terms of wound healing in mouse model keratinocytes, cellular proliferation, chronic kidney 327 

disease and tumorigenesis in humans, all of which are negative outcomes of ageing (Choi et al. 2018; Kasza 328 

2013; Rayego-Mateos et al. 2018). However, data presented here should not be read as support of EGF as an 329 

activity-independent marker of biological age, as the addition of a novel exercise stimulus reduced EGF 330 

concentration in older participants. Indeed, it has been previously shown that overweight sedentary individuals 331 

possess lower plasma EGF compared to normal weight controls (Accattato et al. 2017). What physiological 332 

effect these alterations in EGF have on healthspan and lifespan can only be speculated at with the data presented 333 

here, but it is interesting to observe that a gain-of-function mutation in the EGF receptor promotes longevity in 334 

the model organism C. elegans, whilst loss-of-function mutations negatively affect longevity (Iwasa et al. 2010; 335 

Rongo 2011; Siddiqui et al. 2012). 336 

 337 

We demonstrated 8 weeks of SIT reduced EGF in SIT-naïve but aerobically trained older men. We are unaware 338 

of other studies that investigate the effect of exercise training (i.e. >1 month) on EGF in older men. However, 339 

Accattato et al. (2017) established a single bout of endurance exercise (20 min run at 70% VO2peak) acutely 340 

suppresses EGF in younger individuals, yet resistance training has been shown to acutely increase EGF in 341 

healthy trained men (Diaz-Castro et al. 2020). Thus, it is clear the type of exercise (resistance vs endurance) 342 

influences EGF response after a period of training as recent studies in C2C12 myotubes have shown that EGF 343 



17 

 

receptor inhibition promotes a slow twitch (oxidative) over a fast-twitch muscle phenotype (Ciano et al., 2019). 344 

Thus, after resistance training, an increase in EGF would be associated with an increase in muscle protein 345 

synthesis and hypertrophy whereas a decrease in EGF after endurance exercise is associated with oxidative 346 

adaptation. The clinical significance of these changes in EGF following exercise training is unclear however. 347 

Whilst greater EGF receptor prevalence is associated with multiple cancer types (Fisher et al., 2018; Gao et al., 348 

2016; Tokunaga et al., 1995), cardiovascular disease (Makki et al., 2013), and in vitro EGF has been shown to 349 

influence cellular proliferation and differentiation rates (included in C2C12 myocytes [Ciano et al., 2019]), it is 350 

difficult to speculate concerning the biological role that post-SIT EGF suppression exerts in older men here.  351 

 352 

Ageing is associated with a fast-to-slow muscle fibre type shift (Brunner et al. 2007; Deschenes 2004), as is 353 

chronic endurance training (Hawley et al. 2014), and this observation is maintained in lifelong endurance trained 354 

older individuals (Dubé et al. 2016). In a cohort of both healthy controls and chronic obstructive pulmonary 355 

disease patients, greater muscle EGF messenger ribonucleic acid (mRNA) expression was associated with fewer 356 

slow twitch muscle fibres and lower VO2peak (Ciano et al. 2019). Interestingly, our data suggest lifelong 357 

endurance training into older age is associated with higher EGF expression than younger adults, yet a relatively 358 

high VO2peak.  The reasonably expected large percentage of slow twitch fibre type expression in our trained older 359 

participants may correlate with higher EGF expression, and the introduction of a ‘fast twitch’ promoting training 360 

stimulus could thus be speculated to induce the witnessed depression in circulating EGF, yet muscle biopsies 361 

would be required to confirm the fibre type shift.  362 

 363 

Ageing is associated with an increased basal expression of circulating pro-inflammatory cytokines (Michaud et 364 

al. 2013). A recent meta-analysis concluded that chronic (at least 4 weeks) aerobic exercise in middle aged and 365 

older individuals decreased pro-inflammatory markers TNFα and IL-6 (Zheng et al. 2019). In addition, low 366 

physical activity levels and high sitting time increase overall risk of death from inflammation-related chronic 367 

disorders in people aged >60 years (Cabanas-Sanchez et al. 2018). In line with this, our results demonstrate that 368 

aerobically trained older men possess low circulating concentrations of several pro-inflammatory cytokines. Our 369 

data are thus in line with the hypothesis that basal inflammation seen in older individuals may be partly 370 

inactivity-induced, and not a result of chronological ageing per se. This is supported by the fact that several of 371 
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the cytokines reported here were below assay limits of detection, our participants did not show the elevated 372 

systemic inflammation typically seen in inactive older populations.  373 

 374 

VEGF is a potent angiogenetic factor (Apte et al. 2019) and is essential for exercise-induced angiogenesis and 375 

subsequent improvements in performance (Wagner et al. 2006). In younger adults, resting VEGF was not 376 

changed following a HIIT intervention of 6 weeks (Żebrowska et al. 2019). VEGF positively associates with age 377 

in adults (Ruggiero et al. 2011) and has previously been reported to be increased in sedentary older individuals 378 

relative to lifelong exercisers, and further increased in sedentary individuals by 6 weeks of HIIT (Grace et al. 379 

2015). We see no difference either in younger vs older trained individuals, or any pre-to-post training effect in 380 

our older population. Thus, any effects of ageing on circulated VEGF may be negated by lifelong exercise 381 

behaviour. In a similar manner MCP-1 positivity associates with age in mice and is elevated in older frail 382 

individuals relative to non-frail age matched controls (Yousefzadeh et al. 2018). As MCP-1 was not elevated in 383 

our cohort of trained older individuals relative to our younger population, this provides further support of the 384 

use of MCP-1 and VEGF as a marker of biological age, however, the addition of an inactive ageing control 385 

group to our model is needed to confirm this.  386 

 387 

Some limitations to our study design should be acknowledged. We specifically sought to examine trained older 388 

individuals, comparing them to trained younger adults to remove any effect of inactivity on ageing. However, 389 

the addition of an inactive older group would have been a useful addition to confirm inactivity-associated ageing 390 

changes in pro-inflammatory cytokines and growth factors that others have reported. Likewise, a young training 391 

group would have provided insight as to whether they possess more plasticity with regards to serum cytokine 392 

concentrations. Additionally, this study did not include women and therefore findings cannot be extrapolated to 393 

women. Having multiple cytokine markers below useful limits of detection was a methodological weakness of 394 

the approach that we have utilised here, and future studies will need to consider the use of high-sensitivity 395 

biochip cytokine arrays, individual ELISA per marker, or the use of multiplex ELISA techniques, however, 396 

these methodological approaches are associated with greater resource commitments. Additionally, the present 397 

study did not verify objectively measured physical activity of participants during the study. Instead, the present 398 

study relied on self-reporting, which is subject to self-reporting bias.   399 

 400 
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In conclusion, here we make novel observations on the state of circulating pro- and anti-inflammatory markers 401 

in trained older individuals. EGF was greater in endurance trained older individuals compared to younger men, 402 

however, the addition of a novel SIT intervention in older men can shift circulating EGF towards trained 403 

younger concentrations. As EGF has previously been associated with longevity in C. elegans, the manipulative 404 

effect of SIT on EGF in healthy ageing in the human may be of further interest.  405 
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