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Learning Objectives

At the conclusion of this presentation, the participant will be able to:

1. Improve confidence in applying the ATP III guidelines for treatment 

decisions identifying target values for LDL cholesterol.

2. Apply strategies to reduce risk of CHD by incorporating target 

values for LDL particle size and non-HDL cholesterol levels into 

treatment decisions.

3. Recognize metabolic & lifestyle factors that would be expected to 

heighten risk for coronary heart disease (CHD) in persons with SCI.

4. Attain a fuller appreciation of CHD risk by identification of  the 

prevalence of conventional risk factors and stratification of risk for 

intervention in the SCI population.

5. Identify a noninvasive modality to assess CHD.



Cardiovascular Disease 

Mortality in Persons Aging 

with SCI
Genitourinary complications

43% of SCI-related deaths in the 1940s

and 1950s.

Genitourinary mortality

10% of cases in the 1980s and 1990s.

CVD is a frequent cause of death:

46% among persons surviving 30 years

post-injury 35% among those older than 60

years

Whiteneck G. Learning from empirical

observations

In Perspectives on Aging with Spinal Cord



What are the guidelines for treatment decisions?

Why may persons with SCI be at increased CV risk?

Are there any studies that have stratified SCI

populations for  CHD risk based on evidenced-based 

guidelines?

Are there studies that have assessed underlying 

CHD based on conventional risk factors?

Questions to be 

Addressed



National Cholesterol Education Program (NCEP)

Expert Panel on Detection, Evaluation and Treatment

Of High Blood Cholesterol in Adults

» 1988 Adult Treatment Panel (ATP) I

» 1993 ATP II

» 2001 ATP III

2004 Implications of Recent Clinical Trials for the 

National Cholesterol Education Program Adult 

Treatment Panel III Guidelines

Over the years, the “target values” for LDL cholesterol

have become more conservative.

Guidelines for Assessment of Risk 

for CHD



Major Risk Factors for 

CHD

• Cigarette Smoking

• Hypertension (>140/90 mm Hg or on 

anti-hypertensive medications

• Low HDL cholesterol (<40 mg/dL)

• Family history of premature CHD 

(male first degree relative < 55 

years; female first-degree relative 

< 65 years)

• Age (men > 45 years; women > 55 

years)



ATP III: Risk Categories & LDL-
C Goals

Risk Category

CHD and CHD 

risk 

equivalents

(10-year risk 

>20%)

≥2 risk factors

(10-year risk 

≤20%)

0-1 risk 

factor*

*Almost all people with 0-1 risk factor have a 10-year risk <10%; 

thus, Framingham risk calculations are not necessary.

Expert Panel on Detection, Evaluation, and Treatment of 

High Blood Cholesterol in Adults. JAMA. 2001;285:2486-2497. NLEC
2002, www.lipidhealth.org

LDL-C Goal (mg/dL)

<100

<130

<160



Serum HDL Cholesterol Levels 

in the ATP III Stratification 

of Risk for CHD

HDL cholesterol has a dual 

function:

(1) Counted as a Major Risk Factor 

that serves to modify LDL goals

(2) Used to estimate the 10-year 

risk for developing CHD (using the 
Framingham risk scoring system)



Updates to the NCEP 

Guidelines
For High and Very High Risk Patients

• For high-risk patients, the recommended LDL-cholesterol goal remains 

at < 100 mg/dL but an LDL-cholesterol goal of < 70 mg/dL is a reasonable

clinical strategy for persons considered to be at extremely high risk.

• If baseline LDL-cholesterol is > 100 mg/dL, pharmacological therapy is

indicated in addition to therapeutic lifestyle change.

• If baseline LDL-cholesterol  is < 100 mg/dL in a very high-risk patient,

initiation of pharmacotherapy is a therapeutic option.

For Moderate Risk Patients

• For moderately high-risk patients, the LDL-cholesterol remains < 130 mg/dL

although a goal of < 100 mg/dL is a therapeutic option with pharmacological

therapy.

Grundy SM, et al. Implications of recent clinical trials for the National Cholesterol 

Education Program Adult Treatment Panel III guidelines. Circulation. 110:227



Executive Summary of the Third Report of 

the National Cholesterol Education 

Program (NCEP) Expert Panel on Detection, 

Evaluation, and Treatment of High Blood 

Cholesterol in Adults (Adult Treatment 

Panel III) JAMA 2001; 285:2486-2497.
The intensity of risk reduction therapy 

should be adjusted to a person’s absolute 

risk of CHD (primary prevention) or of having 

another acute coronary event (secondary 

prevention).

ATP III guidelines are no substitute for 

clinical judgment, which must ultimately 

determine the appropriate treatment for each 

individual.
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SCI and Increased Risk for CV

Conventional Risk Factors

» Metabolic Abnormalities

Carbohydrate

Lipid

» Hypertension (paraplegia)

Emerging Risk Factors

» Insulin Resistance

» Proinflammatory State

» Prothrombotic State
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Oral Glucose Tolerance 

in Veterans with or 

without SCI

Bauman et al. Metabolism. 43: 749-756, 1994



Persons with SCI who have the greatest 

neurological deficits have the lowest

levels of activity, the greatest muscle loss, 

and the highest relative adiposity.

Is the risk of developing abnormalities in 

carbohydrate metabolism (and associated

insulin resistance ) greater in those

with complete tetraplegia?  

Relationship of Glucose 

Tolerance to Neurological 

Deficit in Persons with SCI



Oral Glucose Tolerance by Neurological 

Deficit
Complete Tetraplegia

Incomplete Tetraplegia

Complete Paraplegia

Incomplete Paraplegia

DM

IGT

NL

n = 15

27%

n = 28

50%

n = 13

23%

n = 14

56%n = 6

24%

n = 5

20%

n =  25

69%

n = 64

76%

n = 6

17 %

n = 5

14 %

n = 5

6 %

n = 15

18 %



Frequency of Impaired Glucose Tolerance or

Diabetes Mellitus by Neurological Deficit

Neurological Subgroup

Complete Tetra

Incomplete Tetra

Complete Para

Incomplete Para

Percent

73*

44

24

31

*2
(6)=36.9, p<0.0001



Frequency of 

Hyperinsulinemia

Group

Tetra

Para

Percent

53*

37

*2(2)=5.09, 
p<0.05

Bauman et al., Spinal Cord. 37:765-771, 1999
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LDL Cholesterol:   

SCI and Non SCI Veterans

20 40 60 80 100 120 140 160 180 200 220

LDL (mg/dL)

0

5

10

15

20

25

30

35

40

45

119 34

121 33

NonSCI

SCI



0

10 20 30 40 50 60 70 80 90 100 110

HDL (mg/dL)

10

20

30

40

50

60

70

80

90

51 13

38 12

NonSCI

SCI

HDL Cholesterol:   

SCI and NonSCI Veterans



HDL as a Risk Factor in Persons with SCI
Decreased plasma HDL cholesterol

Elevated Total Cholesterol to HDL ratio

HDL cholesterol < 40 mg/dL: 63% 
HDL cholesterol < 35 mg/dL: 44%
HDL cholesterol < 30 mg/dL: 19%

Bauman et al., Spinal Cord, 1998
Bauman et al.,  Metabolism, 1994
Bauman et al., Spinal Cord, 1999
Bauman et al., Topics in Spinal Cord Injury Rehab, 2008
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Protective Effect of HDL 

Cholesterol

• Reverse cholesterol 

transport

• Anti-oxidant

• Anti-inflammatory

• Direct vascular

• Anti-platelet

• Anti-coagulant



Bauman et al. Metab. 43:749-756, 1994.

Even relatively small increases in insulin sensitivity  

may be associated with higher serum HDL cholesterol 

levels.
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At the same LDL cholesterol 

concentration

Up to 70%

More Particles

Small 

LDL

Large 

LDL

Cholesterol

Balance

100 mg/dL 100 mg/dL

Impact of LDL Size



LDL particles interact at the artery wall 

to initiate 

and promote atherosclerosis

Penetration

Macrophage uptake

Retention 

due to 

binding to 

extracellul

ar matrix

oxidation

VESSEL 

LUMEN
Endothelial 

Cells

Small LDL

ARTERIAL 

INTIMA

Large LDL

FOAM 

CELL
PLAQUE

Smaller LDL are more atherogenic than larger 

LDL cholesterol particles.



A Few of the Metabolic Defects 

Associated with Small, Dense LDL 

Particles

1.Overproduction of VLDL in the liver

2.Reduced fatty acid trapping and 

retention by adipose tissue

3.Decreased removal of postprandial 

triglyceride-rich lipoproteins



Lowering LDL cholesterol concentration 

is well  established to reduce risk of 

primary or secondary CHD events. 

» The residual risk after  conventional 

lipid reduction must be achieved. This 

requires management of:

● LDL lipid particle number (size)

● non-HDL cholesterol: Non-HDL-C = 
Total C minus HDL-C

(Non-HDL-C = LDL-c +IDL-c +VLDL+c + 

chyomicrons)

● Low (≤ 40 mg/dL) and very low HDL 

cholesterol

● High triglycerides

Defining Additional CHD Risk



It should be recognized that:

» LDL lipid particle number may be 

stratified into categories of 

increasing CHD risk similar to risk 

stratification for increases in total 

cholesterol concentration.

» Non-HDL cholesterol should be no more 

than 30 mg/dl above the target value 

for LDL cholesterol.

Defining Additional CHD Risk



Low HDL Cholesterol:

A Biomarker for Residual CHD 

Risk 
Patients with low baseline HDL 

cholesterol 

values (≤ 35 mg/dL) had a higher 5-

year risk of 

major vascular events than did 

patients with 

high HDL values (≥ 42.5 mg/dL),

regardless

of treatment group.

(meta-analysis comprising > 90,000 



Develop Strategies to Lower LDL 

Cholesterol and Raise HDL 

Cholesterol
The effect of statins on HDL-C varies: 

Rosuvastain & pitavastatin appear of 

greater efficacy to raise HDL-C than 

that of atorvastatin, pravastatin, and 

simvastatin.

Adding a second agent to statin therapy 

to raise HDL-C is an attractive option 

that may be considered in individual 

cases. (Clinical trials in the general 

population are underway to test the 

efficacy to prevent vascular events of 

such an approach.)
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» Prothrombotic State
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Percent of Subjects by 

SCI Group and FPI 
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Percent of Subjects by SCI 

Group and 2-Hr Insulin 

Category
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Effects of Spinal Cord Injury 

on the 

Determinants of Insulin 

Resistance

Muscle mass ↓

Fat mass ↑

Activity ↓
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BMI

NL         18.5-24.9

Overwt  25.0-29.9

Obese     >30.0



Total Body Percent Lean Tissue & 

Age: 

Able-Bodied vs. SCI

Spungen et al., J Appl Physiol. 95:2398-2407, 2003.
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Bauman et al., Metab. 43:749-756, 1994.

» Controlling for body weight, VO2 max was 

significantly predictive of Si (r=0.88, p=0.0015).

» Even relatively small increases in exercise capacity 

(VO2max) may be associated with improved insulin 

sensitivity.



Metabolic Syndrome

Lipid Abnormalities

Insulin 

Resistance

Diabetes Mellitus

Hypertension

Obesity
Genetic

Predisposition

Atherosclerosis

Hyperinsuline

mia



SCI and Increased Risk for CV

Conventional Risk Factors

» Metabolic Abnormalities

Carbohydrate

Lipid

» Hypertension (paraplegia)

Emerging Risk Factors

» Insulin Resistance

» Proinflammatory State

» Prothrombotic State



Proinflammatory State

Huang CC, et al. Association of C-reactive protein and insulin

resistance in patients with chronic spinal cord injury. J Rehabil

Med. 40: 819-822; 2008.

Subjects:   42 with SCI > 6 months

Results:    ● 18 subjects (43%) had CRP > 3 mg/L.

● C-reactive protein & insulin resistance (r=0.77)

● NS: para vs. tetra or complete vs. incomplete lesions

Gibson AE, et al. C-reactive protein in adults with chronic spinal cord

injury: increased chronic inflammation in tetraplegia vs. paraplegia. 

Spinal Cord. 46: 616-621, 2008.

Subjects:   69 with chronic SCI

Results:   ● High CRP (>3 mg/L) was associated with greater waist 

circumference, BMI, & %fat mass  

● CPR was 74% higher in tetra vs. para (4.3±3.0 vs. 2.5

Liang H, et al. Elevated C-reactive protein associated with decreased 

high-density lipoprotein cholesterol in men with spinal cord injury. 

Arch Phys Med Rehabil. 89: 36-41, 2008.

Subjects:   129 with chronic SCI matched with AB controls (NHNES)

Results:   ● Men with SCI were more likely to have high CRP (>3 mg/L) (OR = 2.29; 

95% CI 1.33-3.95) and low HDL chol (< 40 mg/dL) (OR =1.81; 95% CI 1.01
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Carbohydrate

Lipid

» Hypertension (paraplegia)

Emerging Risk Factors

» Insulin Resistance

» Proinflammatory State

» Prothrombotic State



Prothrombotic State

SCI versus control platelets:

ŷrelease of PDRF by aggregation

ŷplatelet-stimulated thrombin generation

Ź high-affinity PGI2 platelet receptors

Ź insulin-induced nitric oxide synthesis

Presence of a PGI2 receptor-specific antibody in SCI plasma

Khan B, et al. Nonconventional hemostatic risk factors for coronary heart 

disease in individuals with spinal cord injury. Spinal Cord. 49:858



What are the guidelines for treatment decisions?

Why may persons with SCI be at increased CV risk?

Are there any studies that have stratified SCI

populations for CHD risk based on evidenced-based 

guidelines?

Are there studies that have assessed underlying 

CHD based on conventional risk factors?

Questions to be 

Addressed



Subjects: 

41 subjects with paraplegia 

• ASIA A & B: T6 to L1

• Age: 34 11 years

• Duration of Injury: 6.2 3.7 years

Main Outcome Measure: 

% of subjects qualifying for intervention 

• Based on ATP III guidelines

Nash MS, et al. A guideline driven 

assessment of need for cardiovascular 

disease risk intervention in persons 

with chronic paraplegia. Arch Phys Med 

Rehabil. 88:751-757, 2007



Results: 

63% of subjects qualified for intervention

76% had HDL cholesterol <40 mg/dL

About 1/3 had hypertension

34% had the metabolic syndrome

Conclusion: 

A high percentage of young, healthy 

persons with SCI are at risk for CVD 

& qualify for lipid-lowering intervention

Nash MS, et al. Arch Phys Med Rehabil. 88:751-757, 2007



Subjects: 

224 subjects with paraplegia 

• ASIA A & B: T6 to L1

• Age: 49 15 years

• Duration of injury: 17 3 years

Objective

To assign risk to determine target LDL

for therapeutic intervention.

Bauman, et al. Risk Assessment for 

Coronary Heart Disease in a Veteran 

Population with Spinal Cord Injury. 

Topics in Spinal Cord Inj Rehabil. 

12:35-53, 2007.



Table 3

Ten-Year Risk Assessment

Bauman WA, et al. Topics in Spinal Cord Inj Rehabil. 12:35-
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CHD based on conventional risk factors?

Questions to be 

Addressed



Orakzai SH, et al. Measurement of coronary artery

calcification by electron beam computerized tomography

in persons with chronic spinal cord injury: evidence

for increased atherosclerotic burden. Spinal Cord. 2007

Subjects:

» 91 persons (76 men & 15 women) with chronic SCI 

matched 3:1 for age, gender, ethnicity & risk factors for CHD

Conclusions:

» Patients with SCI have greater atherosclerotic burden than 

able-bodied controls. This finding is beyond that explained 

by the traditional risk factors for CHD.

Results: 

» The mean calcium score of the SCI group was significantly

greater than the control group (75±218 versus 28±104, P<0.001)

» The prevalence of any CAC score was greater in 

the SCI population than the control population,

51 versus 39% (P<0.05).



Take Away Message
Know the cardiovascular risk of 

your patients by the 

determination of:

» Conventional risk factors 

for CHD

» Non-HDL cholesterol

» Magnitude of HDL depression

» Emerging risk factors

» Consider performing diagnostic    

imaging studies (noninvasive or 
invasive)

» Treat appropriately using an 



Reaching New Heights

“Cool” Jill”

“Indiana” Greg
Lady Ann“Captain” Bill

“Chatty” Chris
“Mountainman” Chris



Obtaining CME Credit 

ÅIf you would like to receive CME credit 

for this activity, please visit:

http://www.pesgce.com/PVAsummit2011/

ÅThis information can also be found in the Summit 

2011 Program on page 8.


