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Advanced Certificate in Physical Therapy for the Elderly

Exercise Physiology for Older Adults

VO2max represents the maximal rate of oxygen consumption measured during incremental exercise; it is
the gold-standard indicator of aerobic capacity. In older adults, VO2max typically declines at a rate of 1% to
2% per year after the sixth decade, reflecting reductions in cardiac output, arterial-venous oxygen
difference, and muscle oxidative capacity. Practical assessment can be performed using a graded treadmill
or cycle ergometer protocol, but submaximal field tests such as the 6-minute walk test (6MWT) and the
Rockport walking test provide feasible alternatives when maximal effort is contraindicated. Understanding
the determinants of VO2max allows therapists to design aerobic programs that progressively challenge the
cardiovascular system while respecting safety limits.

Anaerobic threshold (AT) is the exercise intensity at which lactate begins to accumulate in the blood,
marking the transition from predominantly aerobic metabolism to a greater reliance on anaerobic
glycolysis. For older adults, the AT commonly occurs at a lower percentage of VO2max (approximately 40%-—
50%) compared with younger individuals. Identifying AT through ventilatory equivalents or lactate
measurements guides the prescription of moderate-intensity exercise that stays below the threshold,
thereby minimizing fatigue and the risk of metabolic acidosis. Training at or slightly above AT can improve
the threshold itself, leading to greater endurance for daily activities such as climbing stairs or shopping.

Sarcopenia denotes the age-related loss of skeletal muscle mass and strength. It is a central concept in
exercise physiology for the elderly because it directly influences functional independence. The etiology of
sarcopenia includes reduced motor-unit recruitment, hormonal changes (decreased growth hormone, IGF-1,
testosterone, and estrogen), chronic low-grade inflammation, and impaired protein synthesis. Resistance
training, particularly high-intensity protocols that target both type | and type Il fibers, has been shown to
attenuate sarcopenia by stimulating muscle protein synthesis pathways such as mTOR. Nutrition, especially
adequate leucine intake, synergizes with resistance exercise to maximize hypertrophic responses.

Frailty is a clinical syndrome characterized by decreased reserve and resistance to stressors, resulting in
heightened vulnerability to adverse health outcomes. It encompasses components such as unintentional
weight loss, exhaustion, low physical activity, slowness, and weakness. From a physiological standpoint,
frailty reflects cumulative deficits in neuromuscular, cardiovascular, and metabolic systems. Exercise
interventions that combine aerobic conditioning, resistance training, balance, and flexibility can reverse or
mitigate frailty. The “FITT" principle—frequency, intensity, time, and type—must be individualized, with
initial frequencies of 2-3 days per week and intensities that correspond to 40%-60% of heart rate reserve
(HRR) or perceived exertion of 11-13 on the Borg scale.

MET (metabolic equivalent) is a unit that quantifies the energy cost of physical activities as multiples of
resting metabolic rate. One MET equals approximately 3.5 MLO,kg™"-min™". Activities common to older
adults—such as slow walking (2 MET), gardening (3 MET), or moderate cycling (4-5MET)—can be expressed
in MET-hours to estimate weekly energy expenditure. The American College of Sports Medicine (ACSM)
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recommends at least 150 minutes of moderate-intensity activity (=3-5MET) per week, or 75 minutes of
vigorous-intensity activity (=6 MET), providing a clear framework for prescription.

Lactate threshold is often used interchangeably with anaerobic threshold, but it specifically refers to the
blood lactate concentration at which a steady-state cannot be maintained. In practical terms, the lactate
threshold can be approximated by the point at which the respiratory exchange ratio (RER) exceeds 1.0
During incremental exercise. For older patients, staying below this point ensures that exercise remains
primarily oxidative, reducing the likelihood of excessive fatigue and post-exercise soreness that might
discourage adherence.

Muscle fiber types—type | (slow-twitch) and type Il (fast-twitch)—exhibit distinct metabolic and contractile
properties. Type | fibers are rich in mitochondria, have high oxidative capacity, and support endurance
activities. Type Il fibers are subdivided into Ila (oxidative-glycolytic) and IIx (predominantly glycolytic) and
generate rapid, powerful contractions. Aging is associated with preferential atrophy of type Il fibers, leading
to reduced power and speed. Resistance training that includes high-velocity, low-load movements can
preferentially recruit and stimulate type Il fibers, preserving muscular power essential for tasks such as rising
from a chair or catching oneself during a fall.

Motor unit recruitment follows the size-principle: Smaller motor units (type |) are activated first, followed by
larger units (type ) as force demands increase. In older adults, recruitment may become less efficient due
to loss of motor neurons and altered firing rates. Neuromuscular electrical stimulation (NMES) and
plyometric exercises can enhance recruitment patterns, improving both strength and coordination.

Neuroplasticity refers to the brain’s capacity to reorganize neural pathways in response to training, injury, or
experience. Exercise-induced neuroplasticity is especially relevant for older adults because it supports
cognitive health, balance, and gait. Aerobic activities increase brain-derived neurotrophic factor (BDNF),
promoting synaptic plasticity and potentially slowing age-related cognitive decline. Incorporating dual-task
training—simultaneously performing a cognitive task while walking—leverages neuroplastic mechanisms to
improve functional performance.

Cardiovascular response to exercise includes increases in heart rate, stroke volume, and cardiac output. In
older individuals, maximal heart rate declines (approximately 0.7 Beats-year™"), and the ability to augment
stroke volume is blunted by decreased myocardial compliance. Consequently, heart rate reserve (HRR)
becomes a more reliable indicator of exercise intensity than percentage of maximal heart rate. The formula
HRR = (HRmax—HRrest) x desired intensity + HRrest allows precise dosing of aerobic work.

Heart rate variability (HRV) reflects autonomic modulation of the heart and is a non-invasive marker of
cardiovascular health. Reduced HRYV is associated with higher mortality risk in the elderly. Regular
moderate-intensity aerobic exercise improves HRV by enhancing parasympathetic tone, thereby offering an
additional justification for incorporating consistent cardio sessions into therapeutic programs.

Blood pressure regulation during exercise relies on baroreceptor reflexes, vascular resistance adjustments,
and renal mechanisms. Older adults often experience impaired baroreflex sensitivity, contributing to
orthostatic hypotension. Gradual progression of exercise intensity, adequate hydration, and inclusion of
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postural training (e.G., Slow transitions from sitting to standing) mitigate these risks.

Thermoregulation becomes less efficient with age due to diminished sweat gland activity, altered skin blood
flow, and reduced core temperature set-point. Exercise in hot environments can precipitate heat-related
illnesses. Recommendations include exercising in climate-controlled settings, monitoring perceived exertion,
and ensuring adequate fluid intake. Heat-shock proteins (HSPs) produced during exercise aid cellular
protection, but their expression may be attenuated in the elderly; thus, moderate intensity is preferred to
avoid excessive thermal strain.

Oxidative stress results from an imbalance between reactive oxygen species (ROS) production and
antioxidant defenses. Chronic oxidative stress contributes to sarcopenia, vascular stiffening, and
neurodegeneration. Regular aerobic exercise upregulates endogenous antioxidant enzymes such as
superoxide dismutase (SOD) and glutathione peroxidase, improving the oxidative balance. However,
excessive high-intensity training can transiently increase ROS, underscoring the need for balanced
programming.

Mitochondrial biogenesis is the process by which new mitochondria are formed within cells, enhancing
oxidative capacity. The transcriptional co-activator PGC-1a (peroxisome proliferator-activated receptor
gamma co-activator 1-alpha) is a central regulator; its expression rises in response to endurance training. In
older adults, PGC-1a activation may be blunted, but repeated aerobic sessions (30—45 minutes, 3-5times
per week) can partially restore mitochondrial density, supporting improved endurance and metabolic
health.

Resistance training is a cornerstone for counteracting age-related declines in muscle mass and strength. Key
variables include load (percentage of one-repetition maximum, 1-RM), volume (sets x reps), and rest
intervals. Current evidence supports using loads of 60%-80% of 1-RM for 2-3 sets of 8-12 repetitions,
performed 2-3 times per week. Progressive overload—systematically increasing load, volume, or complexity
—ensures continued adaptation. For frail individuals, starting with resistance bands or body-weight
exercises allows safe exposure before advancing to free weights or machines.

High-intensity interval training (HIIT) involves brief bursts of vigorous activity interspersed with recovery
periods. While traditionally associated with younger athletes, modified HIIT protocols (e.G., 30 Seconds of
brisk walking followed by 90 seconds of slow walking, repeated 8-10 times) have demonstrated
improvements in VO2max and insulin sensitivity in older cohorts, provided medical clearance is obtained
and supervision is maintained.

Low-impact aerobic activities—such as aquatic walking, stationary cycling, and elliptical training—reduce
joint stress while delivering cardiovascular benefits. These modalities are especially valuable for individuals
with osteoarthritis or balance impairments. The aquatic environment also provides hydrostatic pressure,
which can aid venous return and reduce peripheral edema.

Functional training emphasizes movements that replicate daily tasks, improving transferability of gains to
real-life situations. Examples include sit-to-stand repetitions, step-ups onto a low platform, and carrying
light objects while walking. Incorporating multi-joint, multi-plane exercises enhances coordination and
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proprioceptive integration.

Periodization is the systematic planning of training cycles (macro-, meso-, and micro-cycles) to optimize
performance and reduce injury risk. For older adults, a linear periodization model (gradual increase in
intensity with a concurrent decrease in volume) is often appropriate, allowing sufficient recovery. A typical
macro-cycle may span 12-16 weeks, divided into three meso-cycles focusing on endurance, strength, and
power, respectively.

Specificity dictates that adaptations are specific to the type of stimulus applied. To improve gait speed,
treadmill or overground walking at target speeds should be incorporated. To enhance stair-climbing ability,
step-up drills and resisted stair ascent are essential. This principle reinforces the need for targeted exercise
selection based on individual functional goals.

Adaptation refers to the physiological changes that occur in response to repeated exercise stress. In older
adults, adaptation may be slower due to reduced cellular signaling and hormonal responsiveness. Patience
and consistent progression are therefore critical. Monitoring outcomes such as the Timed Up-and-Go (TUG)
test, hand-grip strength, and waist-to-hip ratio provides objective evidence of adaptation.

Catabolism and anabolism describe the breakdown and synthesis of tissue, respectively. Exercise induces a
transient catabolic state, especially after high-intensity sessions, but appropriate nutrition (protein intake of
1.2-1.5Gkg™"-day™") and timing (protein within 30 minutes post-exercise) shift the balance toward
anabolism. Hormonal milieu—particularly the interplay of cortisol (catabolic) and insulin-like growth
factor-1 (anabolic)—influences this process.

Hormonal changes with aging include declines in anabolic hormones (testosterone, estrogen, growth
hormone) and relative increases in catabolic hormones (cortisol). Exercise, especially resistance training, can
transiently elevate testosterone and growth hormone levels, contributing to muscle hypertrophy. Moreover,
aerobic exercise improves insulin sensitivity, mitigating the risk of type 2 diabetes.

Inflammation is characterized by elevated circulating cytokines such as interleukin-6 (IL-6) and C-reactive
protein (CRP). Chronic low-grade inflammation ("inflammaging") accelerates muscle wasting and
cardiovascular disease. Regular moderate-intensity exercise reduces systemic inflammation by decreasing
adipose tissue mass and enhancing anti-inflammatory cytokine production (e.G., IL-10).

Protein synthesis pathways are regulated by the mechanistic target of rapamycin (mTOR) cascade.
Resistance exercise activates mTOR signaling, promoting muscle protein accretion. In older adults, the
mTOR response is attenuated—a phenomenon termed "anabolic resistance." Strategies to overcome
anabolic resistance include higher protein doses per meal (30-40g), inclusion of leucine-rich foods, and
ensuring adequate vitamin D status.

Bone remodeling is influenced by mechanical loading. Weight-bearing activities stimulate osteoblast
activity, increasing bone mineral density (BMD). Resistance training with progressive overload, combined
with impact exercises such as gentle hopping or stair climbing, can counteract age-related bone loss and
reduce fracture risk.

Read online: https://certificates.Isba.org.uk/guides/4022632/exercise- London School of Business and Administration - 22 Jun 2026
physiology-for-older-adults



5, LSBA

LONDON SCHOOL OF BUSINESS
AND ADMINISTRATION

Balance training improves the integration of visual, vestibular, and somatosensory inputs to maintain
postural stability. Exercises such as single-leg stance, tandem walking, and perturbation training enhance
proprioceptive acuity and reactive balance. The incorporation of Tai Chi or yoga provides low-impact,
mind-body approaches that improve both balance and flexibility.

Proprioception refers to the sense of joint position and movement, mediated by mechanoreceptors in
muscles, tendons, and joint capsules. Age-related decline in proprioceptive sensitivity contributes to falls.
Targeted sensorimotor training—using unstable surfaces, balance boards, or closed-chain functional tasks—
can improve proprioceptive feedback and joint stability.

Flexibility is the capacity of muscles and connective tissue to allow joint movement through a full range of
motion. Ageing leads to increased collagen cross-linking, reducing tissue elasticity. Stretching protocols
performed after the warm-up phase, holding each stretch for 30 seconds and repeating 2-3 times, enhance
flexibility and reduce injury risk.

Exercise prescription follows the FITT principle. Frequency typically ranges from 3 to 5 days per week for
aerobic work, 2 to 3 days for resistance training, and daily practice for balance and flexibility. Intensity can
be expressed as a percentage of HRR (40%-60% for moderate intensity), as a rating of perceived exertion
(RPE 11-13), or as a % of 1-RM for strength work (60%—-80%). Time encompasses session duration (30—

60 minutes for aerobic, 20-30 minutes for resistance) and overall weekly volume (150 minutes of moderate
aerobic activity). Type includes modality selection (walking, cycling, resistance bands, functional tasks).
Progression involves gradually increasing one variable while maintaining others, ensuring the stimulus
remains challenging yet safe.

Safety considerations are paramount. Pre-participation screening using tools such as the Physical Activity
Readiness Questionnaire (PAR-Q) identifies contraindications. For individuals with cardiovascular disease,
exercise stress testing may be required. Monitoring vital signs—blood pressure before and after sessions,
heart rate during activity, and oxygen saturation when indicated—helps detect adverse responses. The “talk
test” provides an easy, subjective gauge of intensity; the ability to converse comfortably indicates moderate
intensity, while only brief utterances suggest vigorous effort.

Adherence is a common challenge in older populations. Strategies to improve adherence include goal
setting (SMART goals: Specific, Measurable, Achievable, Relevant, Time-bound), social support (group
classes, family involvement), and enjoyment (varied activities, music). Providing education on the health
benefits of exercise, such as improved glucose control, reduced fall risk, and enhanced mood, reinforces
motivation.

Outcome measures enable objective tracking of progress. The 6-minute walk test assesses aerobic
endurance, with normative values adjusted for age and sex. The Timed Up-and-Go test evaluates functional
mobility; a time >13.5 Seconds often indicates increased fall risk. Hand-grip dynamometry quantifies
muscular strength and correlates with overall health status. Dual-energy X-ray absorptiometry (DXA) scans
measure changes in lean mass and BMD, while blood biomarkers (HbA1c, lipid profile, CRP) provide
metabolic context.
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Exercise-induced fatigue in older adults may stem from reduced glycogen stores, impaired calcium
handling, or central nervous system factors. Adequate carbohydrate intake (3-5g-kg™"-day™") before
prolonged sessions, proper sleep hygiene, and gradual intensity progression mitigate fatigue. Recognizing
the distinction between normal post-exercise soreness and pathological pain is essential; the former
resolves within 48-72 hours, whereas persistent pain warrants medical evaluation.

Recovery strategies include active recovery (low-intensity walking or cycling), stretching, hydration, and
nutrition. Sleep duration of 7-9 hours per night supports hormonal recovery, especially growth hormone
secretion, which peaks during deep sleep. Compression garments may assist venous return after prolonged
standing or lower-limb resistance work.

Psychosocial factors influence the efficacy of exercise programs. Depression, social isolation, and fear of
falling can diminish participation. Incorporating cognitive-behavioral techniques, motivational interviewing,
and community-based resources helps address these barriers. Positive reinforcement and tracking of small
victories reinforce self-efficacy.

Environmental adaptations are necessary for safe exercise. Ensure adequate lighting, remove tripping
hazards, and provide stable flooring. For home-based programs, use chairs with armrests for support, and
consider resistance bands with clear tension markings. Outdoor walking routes should be level, with smooth
surfaces, and weather-appropriate clothing should be worn.

Special populations within the elderly cohort include individuals with Parkinson’s disease, stroke survivors,
and those with chronic obstructive pulmonary disease (COPD). Each condition demands tailored
modifications. For Parkinson'’s disease, cue-based walking drills and high-frequency rhythmic auditory
stimulation improve gait speed. Stroke rehabilitation emphasizes task-specific practice, bilateral training,
and neurofacilitation techniques. COPD patients benefit from interval aerobic training that alternates bouts
of activity with breathing rest, improving dyspnea tolerance.

Technology integration enhances assessment and delivery. Wearable accelerometers quantify daily step
count and intensity, providing feedback for goal adjustment. Tele-rehabilitation platforms enable remote
supervision, video demonstrations, and real-time monitoring of vital signs. Virtual reality (VR) environments
can simulate balance challenges in a safe setting, promoting engagement and motor learning.

Nutrition considerations complement exercise physiology. Adequate protein supports muscle repair;
omega-3 fatty acids possess anti-inflammatory properties and may enhance muscle protein synthesis.
Vitamin D sufficiency (230ng/mL serum 25-OH-D) is linked to better muscle function and fall prevention.
Hydration status, monitored by urine color and frequency, is crucial, especially during heat exposure.

Clinical decision-making integrates assessment findings, comorbidities, and patient preferences. The
"exercise is medicine” paradigm encourages clinicians to prescribe activity as a therapeutic intervention,
documenting dosage, progression, and outcomes in the medical record. Regular re-evaluation (every 4-
6 weeks) allows adjustments based on tolerance, performance changes, and emerging health concerns.

Research trends in exercise physiology for older adults emphasize multimodal interventions that combine
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aerobic, resistance, and balance components. Recent randomized controlled trials demonstrate that
combined training yields greater improvements in functional capacity than single-mode programs.
Emerging evidence on “senolytic” exercise—high-intensity bouts designed to selectively clear senescent
cells—suggests potential for attenuating age-related tissue dysfunction, although further investigation is
required.

Ethical considerations include informed consent, respecting autonomy, and ensuring equitable access to
exercise resources. Programs should be culturally sensitive, offering language-appropriate materials and
accommodating socioeconomic constraints. When prescribing high-intensity or novel modalities, clinicians
must balance potential benefits with the duty to avoid harm.

Future directions anticipate personalized exercise prescriptions based on genetic profiling (e.G., ACE I/D
polymorphism influencing aerobic response) and metabolomic biomarkers. Integration of artificial
intelligence (Al) to analyze large datasets of activity patterns may refine predictive models for fall risk and
functional decline. Nonetheless, the foundational principles of progressive overload, specificity, and safety
remain central to effective exercise physiology for the older adult.

Key takeaways for the practitioner include: Assess baseline aerobic and strength capacity; prioritize
functional tasks; employ the FITT framework with gradual progression; monitor cardiovascular and
metabolic responses; address nutrition and psychosocial barriers; and continually re-evaluate outcomes. By
applying these evidence-based concepts, physical therapists can optimize health, independence, and quality
of life for older adults across diverse settings.
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