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Sarcopenia (from the Greek sarx, flesh, and penia, poverty) is defined by the European Working
Group on Sarcopenia in Older People (EWGSOP2, 2019) as a progressive and generalized skeletal
muscle disorder involving the accelerated loss of muscle mass and function that is associated with
increased adverse outcomes including falls, functional decline, frailty, and death. It is distinct from but
related to:

* Dynapenia: Loss of muscle strength without necessarily significant loss of muscle mass

» Cachexia: Muscle wasting secondary to acute illness or chronic disease

* Frailty: A broader syndrome of physiological reserve depletion, of which sarcopenia is a major

component
* Malnutrition-associated muscle loss: Driven primarily by inadequate caloric or protein intake

The prevalence of sarcopenia increases dramatically with age:

Age Group Estimated Prevalence
60-70 years 5-13%

70-80 years 11-20%

80+ years 30-50%

Nursing home residents Up to 68%

After age 30, adults lose approximately 3—8% of muscle mass per decade, with the rate accelerating
to 1-2% per year after age 60. Muscle strength declines even faster — roughly 1.5-3% per year after
age 60.

Sarcopenia is associated with profound clinical consequences:
* Falls and fractures: 2—-3x increased risk
* Functional disability: Difficulty with activities of daily living (ADLS)
* Institutionalization: Higher rates of nursing home placement
* Metabolic consequences: Insulin resistance, increased adiposity, type 2 diabetes risk
* Immune dysfunction: Skeletal muscle acts as a reservoir for glutamine, critical for immune cells
* Prolonged hospitalization: Slower recovery from iliness or surgery
* Increased mortality: Independent predictor of all-cause and cardiovascular mortality

Pathophysiology and Mechanisms

Muscle homeostasis depends on a balance between protein synthesis (anabolism) and protein
breakdown (catabolism). Aging disrupts this balance through multiple interconnected mechanisms:

Anabolic Resistance: Aged muscle demonstrates reduced sensitivity to anabolic stimuli, particularly:
* Dietary protein and essential amino acids

* Insulin-like growth factor 1 (IGF-1)
* Mechanical loading from resistance exercise

Enhanced Catabolism: Accelerated protein breakdown is driven by:
* Ubiquitin-proteasome pathway upregulation
» Autophagy dysregulation (both insufficient and excessive autophagy contribute)
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* Calpain-mediated myofibrillar protein degradation

Several hormonal shifts in aging directly impair muscle mass maintenance:

Hormone Age-Related Change Muscle Effect

Testosterone | 1-2%l/year (men) after age 30  Reduced protein synthesis, satellite cell activity

Estrogen Sharp | at menopause Increased inflammation, altered fat-muscle ratio

Growth Hormone (GH) | 14% per decade Reduced IGF-1 production

IGF-1 | with age Decreased mTORC1 signaling, reduced muscle hypertrophy
DHEA | 2-3%lyear after age 25 Reduced androgenic support for muscle

Cortisol 1 with age and stress Promotes muscle protein catabolism

Insulin Impaired sensitivity with age Reduced amino acid uptake into muscle

Neurological Factors
* Motor unit remodeling: Loss of alpha motor neurons in the spinal cord reduces the number of
functional motor units innervating muscle fibers
* Denervation-reinnervation cycles: Surviving motor neurons reinnervate orphaned muscle
fibers, leading to fiber type grouping and eventually fiber loss
* Reduced neuromuscular drive: Impaired central nervous system recruitment of motor units

Mitochondrial Dysfunction
Aging muscle exhibits:
* Reduced mitochondrial biogenesis (decreased PGC-1a activity)
* Accumulation of mitochondrial DNA mutations
* Increased reactive oxygen species (ROS) production
* Decreased mitochondrial quality control (impaired mitophagy)
This leads to reduced cellular energy production, increased oxidative stress, and accelerated myocyte
apoptosis.

Chronic Low-Grade Inflammation ("Inflammaging”)
Systemic elevations in pro-inflammatory cytokines — particularly IL-6, TNF-a, and IL-13 — that
accompany aging ("inflammaging") promote:

* Activation of the NF-kB pathway in muscle (catabolic)

* Inhibition of mMTORC1 signaling (reduced synthesis)

* Increased proteolytic enzyme expression

Satellite Cell Dysfunction

Satellite cells are muscle stem cells essential for repair and regeneration. With aging:
* Number and proliferative capacity of satellite cells decline
* Altered niche signaling (Wnt, Notch pathways) impairs satellite cell activation
* Regenerative capacity after injury is substantially reduced

Screening and Diagnosis

The EWGSOP2 framework stages sarcopenia as:
1. Probable Sarcopenia: Low muscle strength (detected first — considered the primary indicator)
2. Confirmed Sarcopenia: Low muscle strength + low muscle quantity/quality
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3. Severe Sarcopenia: Low muscle strength + low quantity/quality + low physical performance

Muscle Strength:
* Handgrip Strength (dynamometry): Most widely used; thresholds < 27 kg (men) and < 16 kg

(women)
* Chair Stand Test: 5 repetitions > 15 seconds suggests weakness

Muscle Quantity and Quality:
* Dual-energy X-ray Absorptiometry (DXA): Reference standard for appendicular lean mass
index (ALMI)
* Bioelectrical Impedance Analysis (BIA): Practical clinical tool; less accurate than DXA
* CT and MRI: Gold standard for muscle cross-sectional area; high cost limits routine use
* Ultrasound: Emerging bedside tool for muscle thickness and architecture

Physical Performance:
+ Short Physical Performance Battery (SPPB): Score < 8/12 indicates low performance

* Usual Gait Speed: < 0.8 m/s is a key threshold
* Timed Up and Go (TUG): > 20 seconds suggests severe limitation
* 400m Walk Test: Completion time > 6 minutes signals impairment

Physical Activity and Exercise

Exercise is the most evidence-based, effective, and accessible intervention for preventing and
reversing sarcopenia. A comprehensive program addresses multiple fithess components.

Resistance Training (Strength Training)
Resistance training (RT) is the cornerstone of sarcopenia prevention and treatment.
Mechanisms of benefit:

* Activates mTORC1 signaling — increased muscle protein synthesis

« Stimulates satellite cell proliferation and myogenesis

* Counteracts anabolic resistance (sensitizes muscle to protein ingestion)

* Improves motor unit recruitment and neuromuscular efficiency

* Increases bone mineral density (synergistic with muscle gain)
Modalities:

* Free weights (dumbbells, barbells, kettlebells)
Machine-based resistance equipment

Resistance bands and tubing

Body weight exercises (push-ups, squats, step-ups)
Aquatic resistance training (suitable for those with joint pain)

Aerobic Exercise
While aerobic exercise alone does not build muscle mass significantly, it provides critical
complementary benefits:

* Improves mitochondrial biogenesis (via PGC-1a) in muscle

* Reduces chronic inflammation

* Improves insulin sensitivity (enhances nutrient delivery to muscle)

* Maintains cardiovascular health enabling greater intensity in other activities
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High-Intensity Interval Training (HIIT)

Emerging evidence supports modified HIIT protocols for older adults:
* Produces superior improvements in VO,max compared to moderate continuous exercise
» Stimulates greater mitochondrial adaptations
* Protocols must be individualized with appropriate work-rest ratios (e.g., 30s on / 90s off)

Balance and Functional Training
Critical for fall prevention and translating strength gains to daily function:
* Single-leg stands, tandem stance, heel-to-toe walking
* Tai Chi: Substantially reduces fall risk (30—50% reduction); improves postural control and
confidence
* Yoga: Improves flexibility, balance, and mind-muscle awareness

Reducing Sedentary Behavior
Even among those who exercise, prolonged sitting accelerates muscle loss through distinct
mechanisms:
* Interrupting sitting with brief activity bouts (2—5 min per 30 min of sitting) reduces metabolic
impairment
» Standing desks and activity monitors may help
» Targeting < 8 hours of sedentary time per day is a reasonable goal

Exercise Safety Considerations
* Medical clearance recommended for previously sedentary adults or those with cardiac,
pulmonary, or orthopedic conditions
*  Warm-up (5—-10 min) and cool-down essential
* Proper technique is paramount to prevent injury — supervised initiation recommended
* Progressive overload must be gradual in deconditioned individuals

Nutritional Strategies

Protein is the most critical dietary factor in muscle preservation. Current evidence strongly supports
higher-than-standard protein intake in older adults.

Protein Distribution:
Protein synthesis requires a leucine "threshold" (~2—3 g leucine per meal). Older adults demonstrate
anabolic resistance, requiring larger per-meal doses:

* Aim for 25-40 g of high-quality protein per meal across 3—4 daily eating occasions

* Avoid the common pattern of high protein at dinner and low at breakfast/lunch

Protein Timing:
* Post-exercise protein: Consuming 20—40 g of high-quality protein within 30—60 minutes post-
exercise maximizes muscle protein synthesis response
* Pre-sleep protein: 40 g of casein protein before sleep improves overnight protein synthesis and
recovery

Protein Quality and Leucine Content
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Not all proteins are equal. Leucine is the primary mTORC1-activating amino acid and the principal
trigger for muscle protein synthesis. Best dietary protein sources:
* Animal sources: Lean meats (chicken, turkey, beef, pork), fish and seafood, eggs, dairy (Greek
yogurt, cottage cheese, milk, cheese), whey protein supplements
* Plant-based sources: Soy/edamame, legumes (lentils, chickpeas), quinoa, tofu, tempeh, seitan
— Note: plant proteins generally require larger quantities and/or complementation to achieve
equivalent anabolic response

Essential Amino Acid (EAA) Supplementation
* - EAA supplementation (6—15 g/day) including leucine can overcome anabolic resistance when
whole protein intake is insufficient
» - Particularly useful in those with poor appetite, dental problems, or difficulty chewing
* - HMB (B-hydroxy B-methylbutyrate), a leucine metabolite, at 3 g/day has shown modest
benefit in some trials, especially in bed-ridden or malnourished elderly

Vitamin D
Vitamin D is critical for both muscle and bone health:
» Vitamin D receptors are present in skeletal muscle; deficiency impairs muscle protein synthesis
and myocyte differentiation
* Low vitamin D levels (< 50 nmol/L = 20 ng/mL) are associated with greater sarcopenia
prevalence, falls, and fractures
* Recommended supplementation: 800—2000 1U/day of vitamin D_ in deficient or at-risk
individuals (serum 25-OH vitamin D < 75 nmol/L)
* Combination with calcium (1000-1200 mg/day from diet + supplement) synergistically reduces
fall and fracture risk

Dietary vitamin D sources (often insufficient alone in older adults):
» Fatty fish (salmon, mackerel, sardines): 600-1000 1U per 100g
* Fortified dairy, plant milks, and cereals
* Egg yolks: ~40 IU per yolk
* Sun exposure: 10—-30 minutes of midday sun (limited in northern latitudes and darker skin
tones)

Omega-3 Fatty Acids

Omega-3 polyunsaturated fatty acids (PUFAs) — particularly EPA and DHA — have emerging
evidence for:

* Reducing inflammaging (lowering IL-6, TNF-a)
* Enhancing muscle protein synthesis in response to amino acids
* Improving muscle cell membrane fluidity and insulin sensitivity

Creatine
Creatine monohydrate is one of the most well-researched ergogenic supplements:
* Mechanism: Increases phosphocreatine stores in muscle — improved ATP resynthesis during
high-intensity efforts
» Benefits in older adults: Augments the muscle mass and strength gains from resistance
training when used in combination
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* Dosing: 3-5 g/day (no loading phase required in older adults; avoids gastrointestinal side
effects)

« Safety: Well-tolerated in older adults; mild renal monitoring recommended in those with pre-
existing kidney disease

Caloric Adequacy and Anti-Inflammatory Diet

» Caloric adequacy: Chronic energy deficit accelerates muscle protein catabolism; older adults
should not pursue aggressive caloric restriction without medical supervision

* Mediterranean Diet: Strongly supported by evidence for reducing inflammaging, improving
muscle mass, and reducing sarcopenia risk — emphasizes vegetables, fruits, whole grains,
legumes, fish, olive oil, and moderate dairy

» Dietary patterns to limit: Ultra-processed foods (pro-inflammatory), excessive alcohol (impairs
protein synthesis, increases falls risk), high-sodium processed foods

Lifestyle Habits and Behavioral Modifications

Sleep Optimization

Sleep is a critical anabolic period for muscle recovery:
* The maijority of growth hormone secretion occurs during slow-wave (deep) sleep
» Sleep deprivation (< 6 hours/night) increases cortisol and promotes muscle catabolism
* Poor sleep impairs exercise performance and recovery, reducing training adaptations

Smoking Cessation
Tobacco smoking is an independent risk factor for sarcopenia:
* Impairs blood flow and oxygen delivery to muscle
* Increases systemic inflammation and oxidative stress
* Reduces appetite, often leading to nutritional deficits
* Smoking cessation at any age produces measurable health benefits

Alcohol Moderation
* Alcohol directly inhibits muscle protein synthesis (via mTOR pathway suppression)
* Chronic heavy use causes alcoholic myopathy, a severe muscle-wasting condition
» Limit to < 1 drink/day (women) and < 2 drinks/day (men), with alcohol-free days

Stress Management
Chronic psychological stress elevates cortisol chronically:
* Cortisol is a potent catabolic hormone — it breaks down muscle protein for gluconeogenesis
* Mind-body practices with evidence: Mindfulness-Based Stress Reduction (MBSR), meditation,
yoga, progressive muscle relaxation, time in nature
» Social connection is also protective: loneliness correlates with accelerated physical decline

Hydration
* Muscle tissue is approximately 75% water; dehydration impairs muscular performance and
recovery

* Older adults have reduced thirst sensation — proactive hydration is critical
+ Target: Approximately 30—35 mL/kg body weight/day (higher in hot climates or with exercise)
» Electrolyte balance (sodium, potassium, magnesium) is also essential for muscle function
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Social and Community Engagement
* Group exercise classes improve adherence and provide social stimulation

* Senior fitness programs (e.g., SilverSneakers in the U.S.) combine physical and social benefits
* Occupational engagement and purposeful activity maintain physical function

Monitoring and Self-Tracking
* Regular weighing, grip strength self-assessment, and functional tests (chair stand test) allow

early detection of decline
* Wearable activity monitors (pedometers, smartwatches) increase daily step counts and reduce

sedentary behavior
* Target: 2 7,000-8,000 steps/day as a minimum physical activity goal

© All rights reserved, Orange County Science Institute, 2026



