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New findings 10 

 11 

1. What is the topic of this review? This review focuses on how exercise 12 

prehabilitation in cancer care may also confer positive benefits to brain health and 13 

cognitive function, in addition to the domains of physical health that are already 14 

being explored. 15 

 16 

2. What advances does it highlight? It highlights that consideration of patients’ 17 

brain health is overlooked, yet there is a significant and timely opportunity to expand 18 

exercise prehabilitation to measures of brain health, cognitive, and sensory function, 19 

and the mechanisms behind possible benefits. 20 

 21 

 22 

Abstract  23 

 24 

This mini review article presents a novel hypothesis for extending exercise 25 

prehabilitation into the domains of brain health and cognition. Whilst prehabilitation 26 

has been gaining popularity in cancer treatment, conferring significant positive 27 

benefits to numerous physiological indicators, including post-operative infection and 28 

hospital length of stay, the benefits to patients' brain health and cognition are 29 

underexplored. There lies a timely and exciting opportunity in expanding 30 

prehabilitation to target neural and sensory dysfunction in cancer patients. We 31 

review data from healthy adults on the benefits of exercise to brain structure and 32 

function, and cognitive and sensory domains. Finally, we review how exercise could 33 

improve brain health, as well as sensory systems of the body, which are often 34 



 2 

negatively affected by cancer and associated treatment. We also outline further 35 

physiological contexts outside of cancer in which prehabilitation could also benefit 36 

brain health. Through this synthesis, we seek to inspire novel research into 37 

prehabilitation and brain health to further improve patient health and wellbeing. 38 

 39 

 40 

 41 

Exercise prehabilitation and post-surgical health 42 

 43 

An exciting area in physiology research is to use exercise as prehabilitation. 44 

In this article, we present the idea that the benefits of prehabilitation have not yet 45 

been fully realised. Specifically, a novel investigation of how prehabilitation is also 46 

affecting patients’ brain health and cognition is an underexplored avenue that holds 47 

great potential. Whereas rehabilitation takes place after surgery, prehabilitation takes 48 

place before surgery in order to maximise health before surgery and optimise 49 

surgical outcomes1. Surgical outcomes so far have been entirely focused on 50 

changes to physical health, overlooking any cognitive or brain-based changes. Like 51 

running a marathon, surgery is a huge stressor on the human body, and exercise 52 

training in the form of prehabilitation prepares the body for this challenge. 53 

Prehabilitation has been shown to improve cardiorespiratory fitness before cancer 54 

surgery, which improves functional capacity, reduces post-operative complications, 55 

and reduces hospital length of stay2, thus offering patient-centred and wider 56 

economic benefits. Currently, no measures of cognition or brain health are routinely 57 

integrated into prehabilitation evaluation.  58 

The two most frequently studied forms of prehabilitation are exercise and 59 

nutritional interventions. It has been shown that pre-operative exercise increases 60 

fitness before an operation, with several studies observing improvements in 61 

cardiopulmonary exercise test variables (V̇O2 max and anaerobic threshold) and 62 

functional capacity after supervised and unsupervised pre-operative exercise 63 

programmes. Data also indicate that greater fitness before surgery is associated with 64 

faster recovery, following, for example, major abdominal surgery3. Furthermore, 65 

benefits from prehabilitation include reduced hospital length of stay2 and 66 

complications4. The majority of cancers in the UK are diagnosed in the older adult 67 

population (aged 65 years and above). A multitude of different prehabilitation 68 
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intervention types are used, incorporating aerobic and resistance exercise, that are 69 

tailored to the maximum capabilities of the patients, with multimodal approaches 70 

gaining favour2. The most effective form of prehabilitation, however, has yet to be 71 

identified. As such, exercise prehabilitation has been established as a safe and 72 

effective intervention for older adults preparing for surgery. 73 

Prehabilitation programmes are typically only 2-6 weeks long to allow patients 74 

to undergo surgery at the earliest opportunity. There is evidence of improvement in 75 

trials of 2-3 weeks5. Longer programmes of 4 weeks in cardiac, thoracic, GI and 76 

major abdominal have shown improved functional capacity and reduced post-77 

operative complications6. Programmes of 6 weeks have shown improvements in 78 

VO2max and postoperative morbidly7. The dose of exercise required to improve 79 

brain function in a chemotherapy cohort is not known, which is why this manuscript is 80 

timely and significant. Similar to prehabilitation exercise interventions, research in 81 

the area of high intensity interval training (HIIT)8 has shown that as little as six 82 

sessions of HIT (10 × 60-s cycling bouts eliciting ∼90% maximal heart rate, 83 

interspersed with 60 s rest) over 2 weeks can elicit metabolic improvements in 84 

physiology, specifically increases in mitochondrial function.  85 

 86 

 87 

Exercise and brain structure 88 

 89 

What is even more exciting about exercise prehabilitation is that we 90 

hypothesise that it has more to give. In this piece, we share our view that the full 91 

benefits of prehabilitation have not yet been fully realised, and this timely, emerging 92 

area has great potential to impact physiology in several different directions. 93 

Specifically, there exists great benefit to the brain following prehabilitation, which 94 

could maximise the impact of prehabilitation on patient outcomes and mitigate 95 

cognitive dysfunction. Whilst using prehabilitation to specifically optimise ‘brain 96 

fitness’ prior to a stressor to the brain is a relatively new idea, the general benefits of 97 

exercise to brain health are well-established.  98 

Chronic exercise increases growth factors in the blood, which collectively 99 

improve neuroplasticity. These include Brain-Derived Neurotrophic Factor (BDNF) 100 

and Vascular Endothelial Growth Factor (VEGF). Data indicate that BDNF in healthy 101 

older adults can be upregulated by moderate intensity endurance training9. BDNF is 102 
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a neurotrophin that plays an important role in synaptic plasticity, neuronal survival, 103 

differentiation and neuronal growth. Moreover, BDNF is strongly linked to cognitive 104 

function. Exercise-induced neuroplasticity can be evaluated by observing changes in 105 

cerebral grey matter, measured through Magnetic Resonance Imaging. Increased 106 

grey matter indicates positive neural changes, and offers important insights into how 107 

exercise influences brain structure. Research in mice has demonstrated that 108 

voluntary aerobic training enhances hippocampal neurogenesis, long-term 109 

potentiation, and learning10. These effects likely result from exercise-induced 110 

upregulation of neurotrophic factors, such as BDNF.  111 

In humans, aerobic training in cognitively normal older adults has also been 112 

shown to increase hippocampal volume, which indeed correlates with increased 113 

BDNF11. Individuals with cognitive decline may be more sensitive to exercise-114 

induced increases in hippocampal neuroplasticity relative to cognitively healthy 115 

individuals. Nonetheless, in cognitively healthy individuals, the effects of aerobic 116 

training are numerous, with increases in whole-brain and regional (e.g., frontal, 117 

temporal, and cingulate) grey matter volumes12. A range of neurobiological 118 

adaptations may underpin such grey matter increases, including synaptogenesis, 119 

axonal sprouting, dendritic branching/arborisation, and angiogenesis. Therefore, the 120 

positive effects of exercise-induced neuroplasticity in clinical and non-clinical groups 121 

are wide-ranging, with evidence of whole-brain and regional increases in grey matter, 122 

likely catalysed by upregulation of neurotrophins such as BDNF. This is in addition to 123 

increases in white matter volume, greater connectivity within the nervous system, 124 

and the formation of new blood vessels that increase cerebral blood flow. Thus, 125 

exercise improves brain health and function through a variety of physiological 126 

mechanisms, in both clinical and non-clinical groups.  127 

Whilst there are data to show that exercise can improve markers of 128 

neuroplasticity13,14, the ‘dose’ of exercise required to impact brain structure in a 129 

chemotherapy cohort is not known, which is why this manuscript is timely and 130 

significant as it presents another exciting area for exploration. Meta-analysis15 131 

indicates reliable evidence that both acute and regular exercise have a significant 132 

impact on BDNF levels in healthy adults. Evidence suggests that a single session of 133 

exercise increases BDNF levels (exercise types were predominantly aerobic and 134 

included a range of exercise types, including rowing, running, cycling, at a range of 135 

different intensities from moderate through to exhaustion15). Moreover, regular 136 
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exercise (ranging from 2 to 24 weeks, and again across a variety of different 137 

exercise types and intensities, predominantly aerobic and moderate intensity15) 138 

intensifies the extent of acute effects, increasing BDNF responsivity, relative to those 139 

completing acute exercise alone. Programs of regular exercise were also found to 140 

impact resting BDNF levels15. These data suggest that each episode of exercise 141 

could be considered a “dose” of BDNF activity, and over time, the size of the “dose” 142 

can be enhanced by regular exercise. This means that as well as demonstrating 143 

subtle increases in resting BDNF, individuals engaged in a regular exercise 144 

programme can episodically ‘top-up’ their BDNF doses. Aerobic training appears to 145 

most consistently modulate BDNF, but limited evidence directly comparing aerobic vs 146 

strength training BDNF certainly presents an area for future study. 147 

 148 

 149 

Exercise and cognitive function 150 

 151 

Exercise-induced changes to brain structure are also linked to changes in 152 

brain function, i.e., cognition. Domains of executive function and memory have been 153 

extensively documented in prior investigations into the effect of exercise on cognition 154 

because such cognitive domains are particularly sensitive to age-related declines 155 

and neurodegenerative processes. Following exercise training, data indicate that 156 

there is consistent improvement in executive functioning. Executive function skills 157 

help us plan, focus attention, and switch tasks. We rely on executive function skills 158 

extensively in day-to-day life, as they enable us to cook dinner safely whilst also 159 

listening to how our spouse’s day was. Improvements in executive function have 160 

important implications for healthy ageing given the central role of executive functions 161 

in behaviours relevant to functional independence.   162 

Exercise-induced improvements in executive function are likely brought about 163 

by neuroplastic adaptations in the prefrontal cortex16, which subserves executive 164 

function. Such skills deteriorate with healthy ageing, and deterioration is accelerated 165 

in individuals with Alzheimer’s disease. Changes in memory function, particularly 166 

episodic memory that is dependent upon the hippocampus, is common in healthy 167 

ageing, as well as in pathological ageing (e.g., Alzheimer’s disease). Research 168 

suggests that exercise has a positive effect on episodic memory, although effects are 169 

not consistently replicated across meta-analyses17. One reason for this disparity may 170 
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relate to variations in how memory is tested and operationalised in different studies. 171 

Therefore, findings of exercise-driven neuroplasticity in the hippocampus in the 172 

context of healthy ageing suggests this area as ripe for further research and 173 

development to better understand the precise nature of exercise-induced 174 

neurobiological adaptations in memory and how this presents behaviourally. 175 

 176 

 177 

Exercise prehabilitation to ameliorate chemotherapy-induced cognitive 178 

dysfunction  179 

 180 

We hypothesise that exercise prehabilitation to target neurobiological 181 

adaptations in prefrontal cortex for neuroprotection and optimisation of brain fitness 182 

prior to chemotherapy treatment holds huge promise in reducing cognitive 183 

dysfunction following chemotherapy.  Chemotherapy-induced neurotoxicity may 184 

affect any neuron in the body, both directly (direct interaction with the cell body and 185 

neurites) or indirectly (due to glial damage, inflammation and other mechanisms) and 186 

may thus cause many different symptoms affecting the quality of life of patients 187 

undergoing anti-cancer treatment. Neurotoxicity affecting the brain results in ‘chemo 188 

brain’, defined by the National Cancer Institute as “A term commonly used to 189 

describe thinking and memory problems that a patient with cancer may have before, 190 

during, or after cancer treatment. Signs and symptoms of chemo brain include 191 

disorganized behaviour or thinking, confusion, memory loss, and trouble 192 

concentrating, paying attention, learning, and making decisions.”  193 

It is uncertain how many people with cancer experience cognitive dysfunction 194 

following cancer treatment. Research indicates that up to 75% of people experience 195 

cognitive changes during treatment, and up to 35% have symptoms after 196 

treatment18. With over 2 million cancer survivors in the UK, these data are staggering 197 

and indicate that interventions and support for cognitive dysfunction are of 198 

paramount importance. In breast cancer, for example, data indicate that survivors 199 

who have been treated with adjuvant chemotherapy experience long-term cognitive 200 

deficits that significantly reduce quality of life19. Such individuals show altered brain 201 

structure and function compared with patients who were not treated with 202 

chemotherapy, suggesting a pattern of diffuse brain injury that may underpin 203 

cognitive deficits.  204 
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In particular, the most common cognitive dysfunction experienced among 205 

breast cancer survivors is impairment in abilities associated with executive function, 206 

such as problems with working memory, cognitive flexibility, multitasking, planning, 207 

and attention20. In line with this, structural and functional brain imaging has indicated 208 

changes to the prefrontal cortex, which subserves executive function19. Whilst priority 209 

should be on cancer survival, the effects of chemotherapy treatment on quality of life 210 

are incredibly concerning and extend disease-related disability21. Indeed, a key focus 211 

should be on extending patients’ health span in line with life span, supporting 212 

workplace productivity and healthy ageing. With 80% of breast cancers occurring in 213 

women aged 50 years and above22, combined with increasing retirement age, 214 

cognitive dysfunction in breast cancer patients will have significant negative 215 

consequences for workplace performance and daily living21, which in turn will 216 

negatively impact psychological wellbeing. Many women show continued 217 

neurobiological and cognitive deficits at 10 to 20 years follow-up post-treatment.  218 

Given the known benefits of exercise to brain health and cognition outlined 219 

above, exercise prehabilitation presents an ideal intervention to ameliorate cognitive 220 

dysfunction following chemotherapy and holds significant promise in improving long-221 

term quality of life for cancer survivors. This is not just in the context of breast 222 

cancer, and will apply to chemotherapy and radiotherapy treatments associated with 223 

an extensive array of cancer types. As such, exercise prehabilitation should be a 224 

priority for cancer patients, and markers of cognitive status included in standard care 225 

to ensure timely identification of impairment and targeted support. 226 

 227 

Exercise prehabilitation to ameliorate chemotherapy-induced sensory 228 

dysfunction  229 

 230 

As well as central dysfunction observed via brain structure and cognitive 231 

processing, chemotherapy can also cause dysfunction in sensory systems, also 232 

linked to inflammation and neurotoxicity. As such, we also hypothesise that exercise 233 

prehabilitation may reduce, for example, the ototoxic effects of chemotherapy on the 234 

hearing system. Indeed, platinum-based chemotherapy drugs are ototoxic, meaning 235 

they cause damage to the hair cells in the ear leading to hearing loss23. The most 236 

ototoxic chemotherapy drug is cisplatin, which is used to treat testicular, ovarian, 237 

lung, bladder, head & neck, oesophageal, cervical, and stomach cancers. Whilst 238 
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these cancer types can be aggressive, and may be managed rather than “cured”, 239 

these cancers are indeed ones where there may be most benefit from prehabilitation, 240 

as the negative effects of treatment are more sustained. 241 

Platinum-based chemotherapy agents cause oxidative stress and cell death in 242 

cochlear cells in the ear, which leads to permanent damage in the hearing system. 243 

Research indicates that ototoxicity-induced hearing loss is linked to excessive 244 

generation of reactive oxygen species (ROS) in cells of the cochlea. Such excessive 245 

generation of ROS could lead to cochlear inflammation, suggesting the use of anti-246 

inflammatory agents for treatment of hearing loss. However, it is also well-247 

established that exercise can reduce the whole-body inflammatory response by e.g. 248 

reducing pro-inflammatory cytokines, such as C-reactive protein, IL-6, and regulating 249 

oxidative stress24. The mechanisms of exercise’s protective effects are somewhat 250 

elusive but may be anti-inflammatory (IL-6) derived. IL-6 production from leukocytes 251 

drives tumorigenesis, yet IL-6 production from skeletal muscle during exercise 252 

improves insulin sensitivity, promotes anti-inflammatory cytokine production, and 253 

prevents DNA damage25, collectively offering an “anti-cancer” effect18.  254 

The pro-inflammatory activity resulting from platinum-based chemotherapy 255 

may lead to ototoxic cell death of cochlear hair cells, causing hearing loss. But 256 

critically, we hypothesise that the anti-inflammatory effects of exercise prehabilitation 257 

prior to and during chemotherapy could blunt the extent of sensory dysfunction 258 

arising from inflammation, i.e. reducing ototoxicity and supporting hearing function 259 

during cancer treatment, which has never been tested. This hypothesis could also be 260 

extended to chemotherapy-induced dysfunction in other sensory systems affected by 261 

inflammation. As such, our hypotheses have wide-ranging possibilities for improving 262 

quality of life in cancer patients. We assert that exercise prehabilitation could 263 

catalyse changes that not only improve post-surgical outcomes, but could also lead 264 

to a cascade of positive implications for sensory and cognitive dysfunction caused by 265 

chemotherapy, and by extension, radiotherapy.    266 

 267 

Future directions 268 

  269 

There are many types of cancer where we hypothesise prehabilitation could 270 

benefit cognition and brain health. Cancers treated with collections of drugs with 271 

documented side-effects on the brain, for example patients treated with platinums, 272 
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anthracyclines, taxanes, antimetabolites, and hormonal therapies, would also be 273 

good avenues to explore therapeutic benefit. Blood cancer such as chronic 274 

leukaemia and multiple myelomas could potentially benefit. Similarly, low-grade non-275 

Hodgkin lymphomas or metastatic cancers including breast, prostate, ovarian, and 276 

colorectal cancers could benefit. There are some cancers where prehabilitation may 277 

have little benefit, and typically these would be where the performance status of a 278 

patient is so low that it’s difficult to conduct any exercise. However, these patients 279 

could still benefit from potentially bed-focused interventions, such as the use of 280 

passive exercise. 281 

Further, whilst we have focused on the extensive physiological benefits of 282 

exercise prehabilitation on neural, cognitive, and sensory function to improve cancer 283 

patients’ future quality of life, the promise of prehabilitation does not lie solely within 284 

the field of cancer research. Any clinical (or non-clinical) context where cognitive 285 

function may be disrupted due to pharmaceutical side effects, such as hormone 286 

therapy, anticholinergics, or antidepressant medications, could theoretically benefit 287 

from exercise prehabilitation in advance of starting such medication. Similarly, 288 

instances where neuroplasticity is required to support brain repair or learning in 289 

response to a medical implant, such as a prosthetic limb or cochlear implant, could 290 

theoretically benefit from exercise prehabilitation. These are just a small number of 291 

additional circumstances where exercise prehabilitation could be implemented 292 

before a known stressor to the brain. In this way, prehabilitation could be used to 293 

optimise brain fitness and maximise the neural environment for cognitive function 294 

and/or novel learning, in order for the brain to respond more effectively when 295 

presented with such brain stressors. In our opinion, future research should explore 296 

much more widely the benefits of exercise prehabilitation to the brain and cognitive 297 

function, to fully unlock the utility of exercise prehabilitation for healthier futures.    298 

 299 
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