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A new and brighter day. Same old, same old.

“When you come to the fork in the road, take it.”
Lawrence Berra

Data supporting an urgency to act and a plan for action

To be discussed…



The Pandemic of 
Cardioendocrine Disease

• Prevalence trajectories that 
exceed those reflecting 
worldwide pandemics of 
communicable diseases

Prevalence Region

20% USA

18% Among US adolescents

37% Brazil

25% Europe

22-39% India

21-37% Middle East – Northern Africa

‘Same old, same old’ consequences – and costs

2-fold risk of all-cause, hard-endpoint CVD -
MI, stroke, sudden death

5-fold risk of T2DM

3-fold risk of colon cancer mortality

1.9-2.6 risk ratio for breast cancer

3.4 odds ratio for chronic kidney disease

Associated with liver disease, sleep-disordered
breathing, and erectile dysfunctionGrundy 2005

All Likely 
Underdiagnosed



World Report on Disability 
http://www.gpdd-online.org

• More than one billion people in the world live with some 
form of disability…

• Prevalence is on the rise…
• Aging and chronic disease is a special problem…
• Diabetes and cardiovascular disease are among the most 

concerning of conditions noted in the ’Report’…
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Traditional Component Risks

Cardiometabolic Syndrome
Cardiometabolic Risk

Factors

Non-Traditional Component
Risks

Genetics
Prothromotic State
Proatherogenic State

Age
Family History
Gender
Hypertension
Hypercholesterolemia
Type II Diabetes
Tobacco Use

Abdominal Obesity
Insulin Resistance / Type II Diabetes
Hypertension
Hypertriglyceridemia
Low High-Density Lipoproteinemia

o Physical deconditioning
o Nutritional deficiency
o Pro-inflammatory state

MAJOR

Fasting 
Dyslipidemias

o Post-prandial hypertriglyceridemia

A pro-thrombotic and pro-inflammatory metabolic disorder characterized by coalescing of 
five risk factors that hasten all-cause atherogenic disease…



Risk Factor Defining Level

Abdominal Obesity
Waist Circumference

• >102 cm (>40 in) ♂
• > 88 cm (>35 in) ♀

Fasting Triglycerides • ≥ 150 mg/dL

Fasting High-density 
Lipoprotein 
Cholesterol

• < 40 mg/dL ♂
• < 50 mg/dL ♀

[Pre]Hypertension • ≥ 130 / ≥ 85

Insulin Resistance/ 
Impaired Fasting 
Glucose

• ≥ 110 mg/dL

Low HDL
50-60%

Obesity/
Overweight

30-70%

Insulin 
Resistance –

Diabetes

20-36%

Components Risks of the Cardiometabolic Syndrome:
AHA Guidelines Designate Any 3 of the Following:

World Health Organization; ≥100 mg/dL 

Nash, M.S. and JL Bilzon. Guideline Approaches for Cardioendocrine Disease 
Surveillance and Treatment Following Spinal Cord Injury. In: Sadowsky C. (Ed.) Spinal 
Cord Injury Rehabilitation, Current Physical Medicine and Rehabilitation Reports; DOI: 
10.1007/s40141-018-0203-z2018.

SCI



Any 3 or more component 
hazards confer a risk equal to:

1. Extant coronary disease –
whether or not coronary 
disease is present, or 

2. A frank diagnosis of Type2 
Diabetes, whether or not 
diabetes is diagnosed.

• Multiple interrelated risk factors constitute a ‘syndrome’.
• Multiple independent risk factors are known to worsen disease prognosis.
• Credible evidence now indicates that any single major risk factor almost imposes the 

same risks as the “Syndrome” 

The Cardiometabolic Syndrome as a ‘Syndrome’



• Obesity and insulin resistance are the greatest risks: generally co-morbid

• Consider postprandial hypertriglyceridemia secondary to sarcopenic 
obesity as serious

• CMD-associated cardiocirculatory deficits and residual secondary 
impairments in persons with disability will render more challenging every 
aspect of daily activity, productivity, health, life quality, and 
independence.

• The CMD definitions are a sterile, dichotomous calculus, and omit 
population characteristics, needs, and considerations. Risk assessment 
that doesn’t consider the population-specific risk , isn’t risk 
assessment….it’s a math problem.
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Only in a math problem 
can you be asked to 

buy 60 cantaloupes and 
no one asks what the 
heck is wrong with 

you?!

Special Considerations for CMD Risk Determination 
After SCI

Nash, MS, SL Groah, DR Gater, TA Dyson-Hudson, JA Lieberman, J Myers, S Sabharwal, AJ Taylor. 
Identification and Management of Cardiometabolic Risk after Spinal Cord Injury: Clinical Practice 
Guideline for Health Care Providers. Top Spinal Cord Inj Rehabil 24(4):379–423, 2018. 



NIDILRR SCIMS Modular Grant: 
Are we “Tooled” to Manage Cardiometabolic Health Disparities?

• n= 97 ♂and ♀ aged 18-63 years with all-cause SCI/D (C4-L1, AIS A-
D) ≤ 2 months post-SCI

• 37% qualified for a diagnosis of CMD, although no medications 
indicated ongoing treatment for obesity, dyslipidemia, or 
diabetes/insulin resistance.

• 84% were overweight/obese by SCI population-specific criteria
• 44% were insulin resistant based upon AHA rules or HOMA v2.
• 55% were dyslipidemic
• Only 8/240 risk hazards we identified had been shared by health 

care professionals; obesity (1), Insulin resistance /diabetes (3), 
and hypertension (4).

• One subject asserted she was a diabetic and another 
hypertensive, but neither report was accurate.

• Spaulding Rehabilitation Hospital, 
Boston, MA; 

• University of Miami Miller School 
of Medicine, Miami, FL;

• Thomas Jefferson University 
Hospital and Magee 
Rehabilitation Hospital, 
Philadelphia, PA

• The Ohio State University Wexner
Medical Center, Columbus, OH;

• Rancho Los Amigos National 
Rehabilitation Center, Downey, CA

NIDILRR SCIMS Grant #90SI5023; Nash, PI

Solinsky R, Betancourt L, Schmidt-Read M, Kupfer M, Owens M, Schwab 
JM, Dusseau II NB, Szlachcic Y, Sutherland L, Taylor JA, Nash MS. Acute 
Spinal Cord Injury is Associated with Prevalent Cardiometabolic Risk 
Factors. Archives of Physical Medicine and Rehabilitation. 2021 May 29.



Clinical Practice Guidelines:
Identification and Management 
of Cardiometabolic Risk after SCI

An Evidence-Based Clinical Practice Guideline
Paralyzed Veterans of America

Consortium for Spinal Cord Medicine
Mark S. Nash, Ph.D., FACSM, FASIA Chair

Suzanne L. Groah, M.D., MSPH, Vice-Chair
David R. Gater, M.D., Ph.D., M.S.

Jesse A. Lieberman, M.D., MSPH, FAHA
Jonathan Myers, Ph.D., FAACVPR, FACSM, FACC, FAHA

Trevor A. Dyson-Hudson, M.D.
Sunil Sabharwal, M.D.

Allen J. Taylor, M.D. FACC, FAHA

• Nash MS, Groah SL, Gater DR, Dyson-Hudson TA, Lieberman JA, Myers J, Sabharwal S, 
Taylor AJ. Identification and management of cardiometabolic risk after spinal cord injury. The 
Journal of Spinal Cord Medicine. 2019 Sep 3;42(5):643-77.

• https://www.pva.org/CMSPages/GetFile.aspx?guid=f3c29b7e-e201-4392-b241-9933dc620e40



• Weaver et al., 2007
• Using population-adjusted BMI’s 68% of 7959 

veterans with SCI/D were overweight/obese
• Nash et al., 2016

• Using population-adjusted BMI’s 83.1% of 379 non-
veterans with SCI/D were overweight/obese.

• 32% of subjects qualified for a guideline diagnosis 
of CMD

SCI Population Prevalence of Overweight/Obesity and Insulin 
Resistance: A Significant Guideline Concern



Evidence for an Exaggerated Post-Prandial Lipemia in Chronic 
Paraplegia: Muscle as a “Sink” for Blood-Borne Triglycerides

Nash M, DeGroot J, Martinez-Arizala A, Mendez, AJ. J Spinal Cord Med. 2005
Emmons, Garber, Cirnigliaro, et al. J Am Coll Nutr, 2010

Ellenbroek, Kressler, Cowan, Burns, Mendez, Palermo, Nash. J Spinal Cord Med, 2015

1 2 3 4 5 6

Excessive blood-borne triglycerides 
oxidized to triglyceride-rich lipoproteins



Accelerated Cardiometabolic Risks and Extant Atherosclerotic Disease 
in a Model of Spinal Cord Injury: Effects of an Anti-Inflammatory NF-kB 
inhibitor (Salsalate) in ApoE Knockout (C57BL/6  ApoE-/-) Mice

Bigford GE, Szeto A, Kimball J, Herderick EE, Mendez AJ, Nash MS. 
Cardiometabolic risks and atherosclerotic disease in ApoE knockout 
mice: Effect of spinal cord injury and Salsalate anti-inflammatory 
pharmacotherapy. Plos One. 2021 Feb 24;16(2):e0246601. 



• Muscle atrophy
• Imprudent nutrition

• Hypercaloric diet relative to daily need
• Nutrition high in total fat (43% of kcal) and saturated fats

• Sedentary lifestyle either adopted, or imposed by SCI
• Pro-inflammatory atherogenic risk
• Functional sympathectomy accompanying injury above the 

levels of adrenal (at T6) or sympathetic (at T1) outflow.
• Age, gender, stress, genetics, susceptible endocannabinoid 

system, habit strength, loneliness, depression, environment, 
pre-morbid conditions, access to healthcare, caregivers and 
social relationships, and finances.

• Levine, Nash, Aronica. Paraplegia, 1992.
• Groah and Nash. J Spinal Cord Med,  2009.
• Kressler, Cowan, Bigford, and Nash. Phys Med 

Rehabil Clin North Am, 2014.
• Bigford and Nash. Top Spinal Cord Inj Rehabil 

2017.

Modifiable and Non (or Quasi)-Modifiable CMD Risk After SCI



Modified National Cholesterol Education Project (NCEP) Adult 
Treatment Panel (ATP) III Guidelines: A Sequential Algorithm 
for Customized Management of Cardiometabolic Disease

1. Eliminate Drugs and Biologicals that worsen the CMD risk profile

2. Undertake Nutritional Modification

3. Incorporate Exercise

4. Consider Pharmacotherapy

5. Consider Bariatric Surgery Last Resort



Realistic Thinking for ‘Lifestyle Intervention’ – as Opposed 
to Either Nutrition or Exercise as Monotherapies                      

“ Lifestyle changes last about 2 weeks, 
and are soluble in alcohol…”

Mark Twain

• Conventional wisdom says you can’t 
‘out-run’ an imprudent diet to 
achieve CMD control. Conversely…

• Nutrition doesn’t provide all the 
benefits of exercise conditioning and 
attributes of fitness.



What are the options for Lifestyle Interventions 
in Individuals with Ambulatory Disabilities?

• 27 National Academic Medical Centers of the Diabetes 
Prevention Program used an LI of:

• 10,000 steps/day
• Mediterranean-style nutrition
• Behavioral Integration

• The DSMB ended the study before reaching endpoints 
and fast-tracked publication of trial end-points.

• Primary Finding: A 7% reduction in body mass with LI 
reduced the risk for Type-2 diabetes by 58%, and was 
more effective than Metformin monotherapy. Ten year 
follow-up?

• The program benefits are durable and cost-effective, 
and amenable to modification for community-based, 
YMCA, race-specific, cross-cultural, socioeconomically 
challenged, and faith-based subpopulations. 

Question: What’s the Ten-year follow-up?



What Do We Know About Effects of SCI on Nutritional 
Habits? Exercise Metabolism?

• Excessive in calories and saturated fat
• Worsened by lower metabolic rates associated with 

injures above T1 (i.e., functional sympathectomy)
• Overfeeding begins during rehabilitation and often 

becomes habit: Weight gain is greatest in months 2-
7 post-SCI

• Combination strategies of exercise and nutrition are 
needed for weight and cardiometabolic disease 
management

20

< 1000 kcal/day
Cowan and Nash. Disability Rehabil, 2010.

Nash, Jacobs, Johnson, Field-Fote. 
J Spinal Cord Med, 2004

McMillan, Freeman, Bellman; Jacobs; Nash. Energetic and Hemodynamic Response to 
Electrical Stimulation Cycling in Persons with Paralysis. MSSE 49(5S):630, MAY 2017.



Fitness Deficits After SCI and TBI

• Persons with SCI occupy the lowest segment of the human fitness continuum 
(Dearwater, 1986).

• Physical deconditioning commonly follows initial injury and often never recovers 
to pre-injury levels.

• The population is aging, which worsens the already poor fitness prognosis.
• Deconditioning poses medical, psychological, financial, caregiver, and societal 

challenges that can be reduced through positive health behaviors. 

Nash M.S, DR Gater. Cardiometabolic Disease and Dysfunction Following Spinal Cord Injury: Origins and Guideline-Based 
Countermeasures. Phys Med Clin N Am 31(3):415-36, 2020.

Nash, M.S. and J.L. Bilzon. Guideline Approaches for Cardioendocrine Disease Surveillance and Treatment Following Spinal Cord
Injury. In: Sadowsky C. (Ed.) Spinal Cord Injury Rehabilitation, Current Physical Medicine and Rehabilitation Reports (Springer 

Publishing), Current Physical Medicine and Rehabilitation Reports (2018) 6:264–276. 



The ‘Best’ Exercise Prescription 

• Safe
• Improves strength, anaerobic power, 

endurance, and flexibility
• Achieves musculoskeletal balance,

while sparing shoulder pain and upper
extremity decline

• Improves “function”
• Enhance task performance and ease of 

ADLs
• Improve homeostatic functions (i.e., 

orthostatic hypotension)
• Addresses CVD risk and cardiometabolic 

secondary complications 
• Generates interest and compliance

This is sooo  
much fun!



Fitness Norms and Guidelines 
for Aerobic and Strength 
Conditioning after SCI

• Nash and Bilzon. In Spinal Cord Medicine (In Press) Kirshblum and 
Lin, [Eds], 2018.

• Simmons, Kressler, Nash. Arch Phys Med Rehabil, 2014.
• Martin Ginis, et al. Spinal Cord, 2018.
• Nash, Groah, Gater, et al. Top SCI Rehabil, 2018.

• SCI Action Canada
• World Health Organization
• U.S. DHHS (General Disabilities)
• APTA Physical Fitness for Special 

Populations Series
• NCHPAD
• American College of Sports Medicine
• PVA – Consortium for SCI Medicine



Caveat: What Do The Guidelines ‘Guide’, and how “Guiding” 
are they?

• Fitness acquisition?
• Yes

• Fitness acquisition for all attributes of fitness? 
• Probably not…what about anaerobic power?

• Dyslipidemia countermeasure? 
• Maybe, if sufficiently intense…

• All-cause CVD prevention, i.e., hard outcomes on MI, CVA, and sudden death? 
• Who knows? Never been tested…

• Dysglycemia and insulin resistance?
• Likely…low hanging fruit.

• Functional (i.e., ADL) decline? 
• Not necessarily, because function isn’t just a property of ‘fitness’, it’s also skill.



Circuit Resistance Training Adapted for Persons with SCI

• 6 Resistance Maneuvers

• 10 repetitions; 6 Second lifts; 3 
seconds concentric, 3 seconds 
eccentric

• Interposed periods of arm spinning after 
every 2 resistance maneuvers

• Maneuver changes within 10 seconds

• Repeat 3 times ≈ 43 minutes
Moser, Nash, Perry, LaPerriere, Goldberg. Effects of Aerobic 
Circuit Training on Adolescents with Well-Controlled Insulin-
Dependent Diabetes Mellitus. Arch Phys Med Rehabil, 1998.



Circuit Resistance Training: Paraplegia



Effects of CRT on Peak Arm Endurance and 
Anaerobic Power of Subjects with 
Paraplegia (mean + s.d.)

Pre-Training Post-Training % Δ p

VO2 peak (L.min-1) 1.45 +/- 0.22 1.88 +/- 0.31 + 29.7 <0.01

Time to Fatigue (sec) 624 +/- 195 816 +/- 223 + 30.8 <0.01

Peak Power (Watts) 379 +/- 58 401 +/- 72 + 5.8 <0.05

Mean Power (Watts) 254 +/- 43 276 +/- 50 + 8.7 <0.05

Jacobs, Nash, Rusinowski. Med Sci Sports Exerc, 2001.



CRT Effects on Isoinertial One Repetition (1-RM) Maximal 
Strength in Subjects with Paraplegia (lb.)

Maneuver Month 0 1 2 3 % Change

Shoulder Press 166.3 217.7 227.4 235 + 41.3 **     

Horizontal Row 190.5 206.1 233.0 238.3 + 25.1 **       

Horizontal Flexion 135.3 138.6 159.3 164.4 + 25.5 **

Elbow Flexion 46.8 50.0 53.2 53.3 + 13.8 *          

Latissimus Pulldown 137.7 152.3 168.6 177.7 + 29.0 **          

Dips 142.3 152.3 161.7 167.9 + 18.0 **

*   p< 0.05 
** p< 0.01

Jacobs, Nash, Rusinowski. Med Sci Sports Exerc, 2001.



The “Middle-Aged” Circuit: Effects Of CRT On Monthly
Changes In One Repetition Maximal Strength

Latissimus
pulldow n Horizontal

row Triceps
press Horizontal

butterf ly Overhead
Press Biceps curl

Pre-Training

Week 4

Week 8
Week 12

Week 16

0

50

100

150

200

250

Test Week

Pre-Training
Week 4
Week 8
Week 12
Week 16

Maneuver Change (%)
Overhead Press 38.6*
Horizontal Row 59.7*
Horizontal Butterfly 41.6*
Biceps Curl 41.4*
Latissimus Pulldown 38.6* 
Triceps Press 44.0*

* p< 0.01

Nash, van de Ven, van Elk, Johnson.  Arch Phys Med Rehabil, 2007.


CRT on 1RM

		Latissimus pulldown		Latissimus pulldown		Latissimus pulldown		Latissimus pulldown		Latissimus pulldown

		Horizontal row		Horizontal row		Horizontal row		Horizontal row		Horizontal row

		Triceps press		Triceps press		Triceps press		Triceps press		Triceps press

		Horizontal butterfly		Horizontal butterfly		Horizontal butterfly		Horizontal butterfly		Horizontal butterfly

		Overhead Press		Overhead Press		Overhead Press		Overhead Press		Overhead Press

		Biceps curl		Biceps curl		Biceps curl		Biceps curl		Biceps curl



Pre-Training

Week 4

Week 8

Week 12

Week 16

Test Week

137.8

165.8

179

190

191

130.9

159.9

182

197

209

129.9

147.4

175

186

187

127.8

142.2

160

172

181

105

114.8

132

143

150

61.1

67.7

75

79.9

86.4



CRT metabolism graph

		Pre-Training		0.45		0.45

		Post-Training		0.54		0.54



VO2 peak (L/min)

Effects of CRT on peak metabolism

1.68

1.85



data

		

		Variables		Pre-Training		Post-Training		Change (%) P

		VO2 peak		1.68		1.85		9.9

		SD		0.45		0.54

		Maneuver		Pre-Training		Week 4		Week 8		Week 12		Week 16		Change (%)

		Latissimus pulldown		137.8		165.8		179		190		191		27.8

		Horizontal row		130.9		159.9		182		197		209		37.3

		Triceps press		129.9		147.4		175		186		187		30.6

		Horizontal butterfly		127.8		142.2		160		172		181		29.2

		Overhead Press		105		114.8		132		143		150		30.4

		Biceps curl		61.1		67.7		75		79.9		86.4		29.2





effects of CRT 1 RM

		Latissimus pulldown		Latissimus pulldown		Latissimus pulldown		Latissimus pulldown		Latissimus pulldown

		Horizontal row		Horizontal row		Horizontal row		Horizontal row		Horizontal row

		Triceps press		Triceps press		Triceps press		Triceps press		Triceps press



Pre-Training

Week 4

Week 8

Week 12

Week 16

Effects of CRT on 1 RM

137.8

165.8

179

190

191

130.9

159.9

182

197

209

129.9

147.4

175

186

187
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Effects of CRT on Shoulder Pain in “Middle-Aged” 
Persons with Paraplegia: An Inclusion Criterion

WUSPI Scores

Pre-Training 32.8 ± 23.5

Post-Training             5.0 ± 7.7 *

* p< 0.01

Nash, van de Ven, van Elk, Johnson. Arch Phys Med Rehabil, 2007.



Effects of CRT on Lipid Profiles of “Middle-aged” Persons
with Paraplegia (mean ± s.d., n=9)

Pre Post Change

TC (mg/dL) 183 ± 25.9 167 ± 32.7 * - 16.4%
HDL-C (mg/dL) 40.5 ± 5.3 44.9 ± 5.6 * +  9.8%
LDL-C (mg/dL) 118 ± 22.2 88 ± 22.7 * - 25.9%

TC:HDL Ratio 4.5 ± 1.1 3.7 ± 0.7 * - 0.8 Unit
50th % 23rd %

* p< 0.05

Nash, et al. J Spinal Cord Med 2007.



Circuit Resistance Training Adapted
for Persons with C5-C7 Tetraplegia

32



Resistance-Endurance Conditioning Exercise 
Improves Fasting and Postprandial Lipids, and
Glycemic Regulation in 11 Men with Tetraplegia

• Lowered the TC:HDL ratio by 7%.

• Improved insulin sensitivity (HOMA v2.) by 
28%

• Improved postprandial (AUC) triglycerides 
(52%), glucose (83%), and insulin (23%).

• Lowered 2-hour post-load glucose by  27%. 

With the addition of 24g of whey protein 
powder immediately before exercise and 

another 24g within 1-hour of exercise

Kressler, Jacobs, Burns, Betancourt, Nash. Effects of Circuit Resistance Training and Timely Protein 
Supplementation on Exercise-Induced Fat Oxidation in Tetraplegic Adults. Top Spinal Cord Inj Rehabil, 2014.



Exercise induced benefits may be augmented by 
appropriate dietary and feeding manipulations (From a few slides ago)



Effects of an Exercise/Nutrition Behavioral Lifestyle Intervention 
on Cardiometabolic Component Risks in Persons with Chronic 
SCI(n=6)

Study Timepoint

Cardiometabolic Risk 
Factor Baseline 6 Month – Intense 

Supervision
12 Month – Minimal 

Supervision % Change

Body Mass (g) 108.9 (42.2) 98.7 (35.4) 97.6 (34.8) - 10.4

Fasting Glucose (mg/dL) 117.0 (18.2) 101.0 (19.7) 105.7 (14.4) - 9.7

HOMA-IR (v.2) 4.6 (1.3) 2.9 (0.6) 3.0 (1.4) - 35.3

HDL (mg/dL) 33 (2.6) 37 (2.6) 38 (2.0) + 15.2

TG (mg/dL) 164.7 (37.4) 118.0 (69.9) 123.3 (64.5) - 25.1



• Lower the intensity to a safe and tolerable level
• Some physical activity may be better than none
• The benefits of physical activity go beyond cardioendocrine disease…and 

consider the possibility for different thresholds for benefit on various outcomes.
• Many benefits of physical activity inure to those who are in the low-moderate 

fitness range.
-or-

• Don’t undertake physical activity at all!
• Modify the molecular expression of muscle protein and muscle composition

What can be done in cases where a disability precludes use 
of intensive Lifestyle Interventions?



• Myostatin (growth differentiation 
factor 8, GDF-8 Gene Superfamily) is a 
myokine, a protein produced and 
released by myocytes that acts on 
muscle cells' autocrine function to 
inhibit myogenesis: muscle cell growth 
and differentiation. 

Signaling Pathway for Muscle Protein SynthesisMyostatin Signaling: A Countermeasure to Sarcopenic Obesity
Belgian Blue; Mstn-/Mstn-

McPherron, et al, Nature 1997



Pharmacological Inhibition of Myostatin with SRK-015 Improves Key 
Characteristics of Muscle Pathology in a Severe Contusion Model of SCI 

Target engagement of SR-015 in Gastrocnemius, Soleus, and Serum.

Representative Soleus 
muscle masses from 
sham, control (2 types), 
and SRK-015-treated 
mice (C57BL/6). 
n=8/group)

Bigford GE, Dietrich WD, Webster M, Donovan A, and MS Nash. Pharmacological Inhibition of Myostatin in a Contusion 
Model of Spinal Cord Injury. J Neurotrauma 34 (13): A75, 2017. DOI: 10.1089/neu.2017.29011.abstracts

Bigford GE, A Donovan, M Webster, WD Dietrich, and MS Nash. Selective myostatin inhibition spares sublesional muscle mass and
myopenia-related dysfunction following severe spinal cord contusion in mice. J Neurotrauma (In Press, September 2021).



Effects of SRK-015 on C57 Blk/6 Mice 
with Severe Contusion SCI

Effects of SR-015 on caloric 
expenditure derived from  
testing in metabolic chambers. 
(n=8/group)

Effects of Myostatin inhibition by SR-015 on total body mass and lean body 
mass with experimental SCI and Controls. (n=8/group)



Effects of Myostatin Inhibition (SRK-015) on Skeletal Muscle 
following Severe Spinal Cord Contusion



Phase 3 Human Testing of SRK-015 Targeted for Children with 
SMA

W81XWH1810775
Award Mechanism: Department of Defense Health 
Program, Congressionally Directed Medical 
Research Programs, Spinal Cord Injury

Selective Pharmacological Inhibition of Myostatin 
with SRK-015P in a Contusion Model of SCI: 
Effects on Obesity, Muscle, and Cardioendocrine 
Pathology



Naturally Occurring Lipophilic Pentacyclic Triterpenoid -
Ursolic Acid (UA)

• Low toxicity herb found in apples, rosemary, and thyme. 
• UA enhances insulin- and IGF-mediated phosphorylation 

of AKT, S6K1 and FOXO1 in skeletal muscle.
• UA inhibits skeletal muscle atrophy associated with 

denervation and induces skeletal muscle hypertrophy in 
the absence of an atrophy stimulus. 

• UA augments muscle strength and stimulates mTOR-C1 
signaling in skeletal muscle.



motor 
coordination, 
balance and 
motor learning



Conclusions and a Goal Verification Check!

 The Cardiometabolic Syndrome has been defined.
 We’ve defined the depth and breadth of the ‘CMD problem’ after SCI.
 Data has been presented that warns of the failure to act:
 Consequences that adversely impact the activity, life satisfaction, 

productivity, health, and independence of patients and their caregivers.
 We know what works for some, i.e., Lifestyle Intervention, but maybe not yet 

for all. Exercise likely plays a critical, yet perhaps not exclusive role in this 
process. Nutrition and behavioral intervention must not be overlooked!

 New methods are being developed that extend our range, and better serve all 
with disabilities and impairments.

 End with a Berra-ism
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