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Component and coalesced health risks of the cardiometabolic syndrome (CMS) are commonly reported in
persons with spinal cord injuries (SCls). These CMS hazards are also co-morbid with physical
deconditioning and elevated pro-atherogenic inflammatory cytokines, both of which are common after SCI
and worsen the prognosis for all-cause cardiovascular disease. This article describes a systematic
procedure for individualized CMS risk assessment after SCI, and emphasizes evidence-based and intuition-
centered countermeasures to disease. A unified approach will propose therapeutic lifestyle intervention as a
routine plan for aggressive primary prevention in this risk-susceptible population. Customization of dietary
and exercise plans then follow, identifying shortfalls in diet and activity patterns, and ways in which these
healthy lifestyles can be more substantially embraced by both stakeholders with SCI and their health care
providers. In cases where lifestyle intervention utilizing diet and exercise is unsuccessful in countering risks,
available pharmacotherapies and a preferred therapeutic agent are proposed according to authoritative
standards. The over-arching purpose of the monograph is to create an operational framework in which
existing evidence-based approaches or heuristic modeling becomes best practice. In this way persons with
SCI can lead more active and healthy lives.
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Introduction

The health hazards imposed by all-cause cardiovascular
disease (CVD) and co-morbid endocrine disorders in
persons with spinal cord injuries (SCIs) have been the
subject of considerable clinical concern and research
attention.'™ Although known by various names, the
descriptor “cardiometabolic syndrome” (CMS) has
been adopted to represent a complex array of these
risks, which by evidence-based diagnosis encompass
the five component hazards of central obesity, hypertri-
glyceridemia, low plasma high-density lipoprotein
cholesterol (HDL-C), hypertension, and fasting hyper-
glycemia (Table 1).° Left untreated, these disorders
incite atherosclerotic plaque formation and premature
CVD, and in the process pose a health threat considered
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so menacing that clustering of three or more CMS com-
ponents confers the same health risk as a clinical finding
of extant coronary artery disease.’

Convincing evidence now supports the threat to
persons with SCI for an accelerated trajectory of
CMS.*% Component risks of central obesity, !>
impaired fasting glucose and frank diabetes melli-
tus,’>!% and both fasting dyslipidemia'®!” and exag-
gerated postprandial lipemia'®'® underpin this threat,
and are observed earlier in the lifespan of those with
SCI than in the general population. Although the
described risk profile might appear disheartening for
those sustaining SCI, it thus far fails to include the
disease-accelerating risks of sedentary lifestyle and phys-
ical deconditioning commonly reported after SCI,***-%!
and neglects to consider emerging reports of exaggerated
post-injury inflammatory cytokines now thought to be
instigators of pro-atherogenic activity.”>>* Although
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the latter risks are not formally included among evi-
dence-based CMS component hazards, their discase-
promoting threats are so extensively characterized and
firmly entrenched among key CVD risks that they
warrant attention as legitimate therapeutic targets in
persons with SCI.

Although findings of component risks and risk clus-
tering after SCI might otherwise paint a bleak long-
term heath picture, lifestyle modification, and medical
management of patients with CMS continue to
improve as risk-assessment tools become more
precise® and treatment interventions more effectively
targeted.”® These tools and treatments are typically
tested for population-specific efficacy, thus satisfying
the contemporary focus on evidence-based treatments
as trustworthy standards that drive health care assess-
ment, intervention, and services. It is also prudent to
rely on general population guidelines and best practical
suppositions in cases where population-specific assess-
ment is lacking, especially when lack of aggressive
primary prevention can allay profound health risks
and functional decline. The latter “heuristic”
approaches are based on our intuitive judgments, experi-
ence, and general discovery,’’ and effectively serve
where exhaustive testing of tools and treatments has
yet to be undertaken. That expressed, the current mono-
graph will examine both evidence-based and heuristic
approaches to customized management of CMS in
persons with SCI. When possible the discussion will be
grounded in the evidence-based disease guidelines of
the American Heart Association/National Cholesterol
Education Project Adult Treatment Panel III,*® estab-
lished disease prevention approaches adopting thera-
peutic lifestyle interventions (TLIs) of diet and
exercise, and a last resort adoption of medication as a
disease countermeasure when TLI has failed to
achieve health goals. A paradigm for management of
CMS risk components occurring after SCI is shown
in Fig. 1.
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Figure 1 A paradigm for management of CMS risk
components occurring after SCI.

Need for dietary therapy

The CMS in humans is broadly influenced by dietary
habits and nutritional status. Both may be significantly
altered after SCI due to changes in the metabolic
milieu (e.g. loss of metabolically active tissue), physical
barriers (e.g. access to food shopping and grocery
store shelving), environment (e.g. institutional food),
functional challenges (e.g. difficulties encountered in
preparing food), and social factors (e.g. food provided
as comfort by family/friends).”> As persons with SCI
already live in an “obesogenic environment™° before
sustaining injuries, this reality and other factors
combine to thereafter make healthy nutrition habits all
the more challenging. In order to provide recommen-
dations that address the problematic metabolic milieu
and associated diseases, dietary intakes and resulting
nutritional status of persons with SCI must be identified.
Key nutritional factors affecting the metabolic milieu
include overall caloric intake and macronutrient compo-
sition, the latter focusing on risks imposed by dietary
carbohydrate and fat intake. In addition, cholesterol
overconsumption can have a major impact on lipid pro-
files, and some micronutrients and imprudent alcohol
intake may similarly constitute dietary health risks.

Dietary intake

Total caloric intake

Data reported since 2008 indicate that men with SCI
consume an average of 500-600 fewer kilocalories
than the ~2600 kcal standard for men in the general
population,*!*? whereas caloric intake for women with
SCI is about the same or slightly (~100 kcal) lower
than the typical intake of ~1800 kcal.*"-**3> Previous
studies also report a broader range of caloric restriction
for men (~300-900kcal) for men than women
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(~300 kcal).>** Whether these deficits are sufficient to
offset gender-dependent reductions of caloric expendi-
ture is unknown due to a lack of information on
total caloric expenditure changes following SCI.
Nonetheless, data comparing resting energy expenditure
and average daily caloric ingestion indicate a surplus
intake of ~300-500 kcal per day.>**%3 Although this
excess intake may appear insignificant, even a small
yet sustained caloric surplus will eventually lead to
weight gain, unfavorable lipid profiles, reduced glycemic
control, disease, and increased mortality. No differences
in caloric or macronutrient intake have been identified
for level or completeness of injury, or acute vs. chronic
SCI.3!+33-3440 This observation contrasts earlier studies
that reported low caloric intakes for persons with tetra-
plegia, but not paraplegia.*'*> More precise data on
total caloric expenditure in relation to total energy
expenditure are needed to make specific dietary rec-
ommendations for persons with SCI, and better match-
ing of caloric intake and expenditure should represent a
primary goal of dietary therapy.

Fat and cholesterol intakes

Despite a lower intake of kilocalories, most (not all)*?
studies report that persons with SCI consume levels of
fat that approach or exceed the recommended
level.?1:3234-384044 yplike overall caloric intake, percent
macronutrient intake appears similar in men and
women.*'*4" Saturated fat intakes are also at the high
end of, or beyond the recommended limit (<10% of
total calories,>'3>3%374%  although several studies
reported a decline with duration of injury.***> High fat
intake is commonly associated with weight gain, and par-
ticularly high saturated fat intakes appear to negatively
affect metabolic profiles and chronic disease out-
comes.***” There is also evidence for a direct relationship
between high fat intake and serum triglycerides (TGs) in
persons with SCL* Unlike total and saturated fat
intakes, persons with SCI tend to be below the rec-
ommended limit for cholesterol intake
(<300 mg) 3236374044

Carbohydrate intake

Carbohydrate intake after SCI appears to fall within rec-
ommended ranges of 45-55% total calories according to
recent studies.>'** 334" However, most persons with SCI
are below recommended intakes of fruit and vegetable
servings, and have excess intake of simple carbo-
hydrates. Both are robustly associated with unfavorable
metabolic profiles.*®***® Given these data, it is not
surprising that fiber intakes are low***** even among
women.* 33740 This is of particular relevance to

persons with SCI as fiber consumption has been
related to levels of the cardioprotective high-density
lipoprotein (HDL) cholesterol.*” > However, high-
fiber diets (20-30 g/day) may stimulate undesirable
changes in bowel function that differ from the non-dis-
abled population, which may render high fiber diets
impractical for persons with SCL.**33-** Future studies
will need to determine the best ratio and sources for
simple and complex carbohydrates that satisfy specific
nutrient needs after SCI.

Micronutrients and alcohol
Despite having intake of multivitamin and mineral
supplements that typically rival those of the general
population, low intakes of several micronutrients have
been reported for a significant proportion (i.e. >10%)
of the SCI population. These are summarized in
Table 2, and include vitamins A, Bs, C, D, E, and K,
biotin, calcium, chloride, chromium, copper, folate,
iodine, molybdenum, magnesium, niacin, potassium,
riboflavin, thiamin, and zinc.?!3334:36:424857 Occasional
differences based on gender, injury level, or injury com-
pleteness have been reported, although detailed infor-
mation on this dietary attribute remains scarce.’!**’
Micronutrient status may also be suboptimal in the
acute phase of recovery from injury, but improve over
time.>> Almost all of the above listed micronutrients
have been linked to glycemic and/or lipid profiles,”® !
but a detailed exploration of these deficiencies and their
association with CMS risks of dysglycemia and dyslipide-
mia exceeds the scope of this monograph. In addition,
only a few of these deficiencies have consistently been
reported to be prevalent in persons with SCI over the
last 10 years. The strongest evidence for deficiencies in
a substantial part of the SCI population is available for
vitamin Bs, C, D, E, and biotin.>!3334:36:56

Another dietary component that may have significant
impact on the metabolic milieu is alcohol. Low-to-
moderate levels of daily alcohol intake (< 0-25 g/day)
have been associated with decreased coronary heart
disease, largely due to positive effects on cholesterol pro-
files, particularly elevated HDL.”*"* Although higher for
men than for women, and for people with paraplegia
compared with tetraplegia, overall mean alcohol con-
sumption was reported to be low (<10 mg/day) among
persons with SCIL.*! However, there are several limitations
of self-report data (as used in most studies on alcohol
intake) such as recall bias and underreporting.”>’®
Despite the low reported average, intake heavy drinking
and alcohol abuse are more prevalent in the SCI than
the general population.”””® Although a detailed evalu-
ation of alcohol abuse goes beyond the scope of this
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Table 2 List of micronutrients with at least one study reporting deviations from recommended intake

RDA* (18-50 years)

Micronutrient ~ Study Sample Intake status Female Male
Vitamin A Peiffer et al.*! 17 male, 1 female Average above recommendation 700 ug 900 ug
(18-80 years)
Laven et al.*® 46 male, 5 female 62% deficient
(18-60 years)
Levine et al.®’ 24 male, 9 female Male average intake below
(10-50+ years) recommendation
Moussavi et al.*® 79 male, 31 female 16% below reference range for
(22-82 years) serum levels
Walters et al.%® 63 male, 14 female 92% of males and 57% of females
(19-70+ years) below recommendation
Perret et al.®* 18 male, 6 female Average above recommendation
(22-48 years)
Vitamin B5 Groah et al.?”®! 61 male, 12 female Average below recommendation N/A
(pantothenic (20-73 years)
acid) Perret et al.®* 18 male, 6 female Average below recommendation
(22-48 years)
Vitamin B6 Levine et al.*’ 24 male, 9 female Average above recommendation** 1.3 mg 1.3 mg
(10-50+ years)
Walters et al.®® 63 male, 14 female 24% of males below
(19-70+ years) recommendation
Perret et al.®* 18 male, 6 female Average above recommendation
(22-48 years)
Vitamin C Peiffer et al.*! 17 male, 1 female Average above recommendation 75mg 90 mg
(18-80 years)
Barboriak*? 37 male (average 33 years) Average above recommendation
Laven et al.%® 46 male, 5 female 25% deficient in plasma values
(18-60 years) (2-4wk post-injury only)
Levine et al.*’ 24 male, 9 female Average above recommendation
(10-50+ years)
Moussavi et al.® 79 male, 31 female 37% below reference range for
(22-82 years) serum levels
Tomey et al.® 95 male (20-59 years) 25% below recommendation
Groah et al.?"3! 61 male, 12 female Average above recommendation
(20-73 years)
Walters et al.%® 63 male, 14 female 52% of males, 14% of females
(19-70+ years) below recommendation
Perret et al.®* 18 male, 6 female Average below recommendation for
(22-48 years) males
Vitamin D Groah et al.?"3! 61 male, 12 female Average below recommendation 15 ug 15 ug
(20-73 years)
Perret et al.** 18 male, 6 female Average below recommendation
(22-48 years)
Vitamin E Levine et al.*’ 24 male, 9 female Average below recommendation 15 ug 15 ug
(10-50+ years)
Moussavi et al.>® 79 male, 31 female “Significant proportion” below serum
(22-82 years) reference range (average within
range)
Groah et al.?"3! 61 male, 12 female Average below recommendation
(20-73 years)
Perret et al.®* 18 male, 6 female Average below recommendation
(22-48 years)
Vitamin K Groah et al.?"®! 61 male, 12 female Average recommended intake 90 ug 120 ug
(20-73 years)
Perret et al.®* 18 male, 6 female Average above recommendation
(22-48 years)
Biotin Groah et al.?"3! 61 male, 12 female Average below recommendation N/A
(20-73 years)
Perret et al.®* 18 male, 6 female Average above recommendation
(22-48 years)
Continued
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RDA* (18-50 years)

Micronutrient  Study Sample Intake status Female Male
Calcium Peiffer et al.*' 17 male, 1 female Average at or above 1000 (mg) 1000 (mg)
(18-80 years) recommendation
Levine et al.%” 24 male, 9 female Average below recommendation
(10-50+ years)
Tomey et al.*® 95 male (20-59 years) Average below recommendation
(43% below “safety level”)
Groah et al.?”*! 61 male, 12 female Average below recommendation
(20-73 years)
Perret et al.®* 18 male, 6 female Average at recommendation
(22-48 years)
Chloride Groah et al.?"®! 61 male, 12 female Average below recommendation N/A
(20-73 years)
Chromium Groah et al.?"®! 61 male, 12 female Average below recommendation N/A
(20-73 years)
Copper Laven et al.®® 46 male, 5 female 11% of plasma levels below 900 pg 900 pg
(18-60 years) recommendation
Levine et al.%’ 24 male, 9 female Average above recommendation**
(10-50+ years)
Folate Laven et al.®® 46 male, 5 female Average of plasma levels above 400 pg 400 pg
(18-60 years) recommendation
Levine et al.*’ 24 male, 9 female Average below recommendation
(10-50+ years)
Tomey et al.*® 95 male (20-59 years) 33% below recommendation
Groah et al.?"*! 61 male, 12 female Average below recommendation
(20-73 years) (males only)
Walters et al.® 63 male, 14 female 75-79% below recommendation
(19-70+ years)
Perret et al.®* 18 male, 6 female Average below recommendation
(22-48 years)
lodine Groah et al.?"3! 61 male, 12 female Average below recommendation N/A
(20-73 years)
Iron Peiffer et al.*' 17 male, 1 female Average above recommendation 18 mg 8 mg
(18-80 years)
Tomey et al.®® 95 male (20-59 years) “Nearly everyone” met
recommendation
Groah et al.?"*! 61 male, 12 female Average above recommendation
(20-73 years)
Walters et al.%® 63 male, 14 female Average above recommendation
(19-70+ years)
Perret et al.®* 18 male, 6 female Average below recommendation
(22-48 years)
Molybdenum  Groah et al.?”®' 61 male, 12 female Average below recommendation N/A
(20-73 years)
Magnesium Levine et al.%” 24 male, 9 female Average below recommendation 310-320mg 400-420 mg
(10-50+ years)
Walters et al.%® 63 male, 14 female 89% of males, 71% of females below
(19-70+ years) recommendation
Perret et al.®* 18 male, 6 female Average below recommendation™*
(22-48 years)
Potassium Barboriak*? 37 male (average 33 years) Average below recommendation 4700 mg 4700 mg
Levine et al.%” 24 male, 9 female Average below recommendation
(10-50+ years)
Groah et al.?"*! 61 male, 12 female Average below recommendation
(20-73 years)
Perret et al.** 18 male, 6 female Average below recommendation
(22-48 years)
Thiamin Peiffer et al.*' 17 male, 1 female Average above recommendation 1.1mg 1.3mg
(18-80 years)
Barboriak*? 37 male (average 33 years) Average above recommendation
Laven et al.®® 46 male, 5 female 24% below average
(18-60 years)
Levine et al.®’ 24 male, 9 female Average above recommendation
(10-50+ years)
Walters et al.®® 63 male, 14 female 22% of males, 14% of females
(19-70+ years) deficient
Continued
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Micronutrient  Study Sample

RDA* (18-50 years)

Intake status Female Male

137 24 male, 9 female

(10-50+ years)
61 male, 12 female
(20-73 years)

18 male, 6 female
(22-48 years)

Zinc Levine et a

Groah et al.?”3!

Perret et al.®*

Male average below, females** 8 mg
above recommendation

Male average below***, females
above recommendation

Average below recommendation for
males

11 mg

*RDA (Recommended Daily Intake) Dietary Guidelines for Americans 2010.
**Qriginal article reports it as below recommendation but recommendation is different from USDA 2010.
***Qriginal article reports it as within recommendation but recommendation is different from USDA 2010.

manuscript, clinicians should be aware of SCl-related
risks associated with alcohol abuse such as pain, accep-
tance of injury, life satisfaction, and depression’>’® For
individuals who were already at-risk drinkers prior to
injury, it has been suggested that the early period after
SCI may present a “window of opportunity” for effecting
a change in alcohol abuse.”’

Nutritional recommendations

Dietary patterns resembling those of persons with SCI, i.e.
relying on high levels of fat and simple sugars, are often
associated with dyslipidemia and poor glycemic control.
Dietary recommendations to address these risks are
usually in line with those adopted for the general popu-
lation, and have been reviewed elsewhere.”>’® Specific
recommendations represented by two contemporary
dietary strategies, the Mediterranean-style and dietary
approaches to stop hypertension diets, are summarized
in Fig. 2. Unfortunately, data examining effects of specific
dietary interventions in persons with SCI are very limited.
In patients with chronic SCI, dietary counseling that
adopted recommendations of the American Heart
Association resulted in positive changes in lipid profiles,”
although changes were limited in scope and of question-
able value in altering disease trends. This intervention
employed general nutrition advice such as eating an ade-
quate, varied diet and reducing fat intake (particularly
saturated fats and cholesterol). At the 16-month follow-
up, reductions in Total Cholesterol (TC), low-density
lipoprotein (LDL), and TG were observed, but no
change in HDL. By contrast, a weight-management
intervention consisting of diet, exercise, and behavior
modification classes elicited several favorable changes
in 16 overweight or obese persons with SCL®® These
include reduced caloric, saturated fat, and cholesterol
intake as well as increased fiber intake and weight loss
with preservation of lean tissue mass. However, no sig-
nificant changes in lipid profiles were observed, except
a decrease in HDL. The latter finding is unusual as we
and others have reported positive changes in lipid
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profiles with exercise alone, particularly on HDL levels
(see exercise section), although a reduction of HDL is
not uncommon under conditions of excessive caloric
restriction. Other “holistic” interventions showed also
no changes in lipid profiles.®'*> Future investigation
will need to clarify whether there is a consistently negli-
gible or adverse negative effect on lipid profile with these
types of interventions and if and why they seemingly
differ from exercise only interventions.

Beyond dietary modification alone recent interest has
focused on dietary interventions supplementing with
omega-3 fatty acids (FAs).>>%*#** Six months of omega-
3 FA administration in a cohort of 19 men with SCI
resulted in a 10-fold increase in plasma omega-3 FA
values, but did not affect lipid profile.®> However, the
2.25 g/day of omega-3 FA provided in this study may
have been below the effective supplement dose range,
which has been suggested to be 3-5 g/day.®® Given the
wide variety of proposed beneficial effects of omega-3
FA including lowering of TG, hypertension, and athero-
sclerotic plaque formation,”>*”® future investigations
with more applicable dosing appear warranted.

In summary, despite low caloric intake compared with
the general population, persons with SCI may still experi-
ence a caloric surplus, and select foods containing both
high levels of fat and saturated fat. When combined
with excessive levels of simple carbohydrate and low
fiber intake these dietary choices disfavor a healthy meta-
bolic profile. Randomized controlled trials are needed to
determine whether diet interventions can successfully
modify the undesirable metabolic milieu reported in
persons with SCI, and whether these diets can ameliorate
component hazards of the CMS.

Exercise/physical activity to enhance metabolic
health

Physical activity levels among persons with SCI
Physical activity, exercise, and/or, sport participation
rates are low among persons with SCI. Among 985 wheel-
chair-dependent persons with SCI in the United Kingdom
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Examples

Food Group

Serving

Grains L ] 8

(Whole) NN 1

Whole-wheat breads, pasta, rolls, bagel, cereals,
grits, oatmeal, brown rice, popcorn

1 slice bread; 1 oz dry cerealt
% cup cooked rice, pasta, or cereal¥

Vegetables oy 3

Broccoli, carrots, collards, green beans, green peas,
kale, spinach, squash, tomatoes

1 cup raw leafy vegetable; % cup cut-up
vegetable; % cup vegetable juice

Fruits
VS —

Apples, apricots, bananas, grapes, oranges,
mangoes, melons, pineapples, raisins, berries

1 medium fruit; % cup dried fruit; % cup
frozen/canned fruit; % cup juice

i —— ; 1 ilk rt
Dairy 3 Milk or buttermilk; cheese; regular or frozen yogurt ‘cuD il e
(Fat-free/fLow far) NN > 1% g_;cheese
Fish - 1 - 2 Cod , Salmon, Snapper, Tilapia 1 0z cooked
. aynr i B
Poultry —— '« Select only lean; trim away visible fats; broil, roast, 1 g cooked

{Lean Meat} W <1

or poach; remove skin from poultry

Nuts, Seeds, 3 <1

Almonds, filberts, peanuts (butter), walnuts,
sunflower seeds, kidney beans, lentils, split peas

% cup or 1% o0z nuts; 2 Tbsp peanut butter; 2

[-% Legumes I <1 Tla's"g or % 0z seeds; % cup cooked legumes
g_ Sweets 3« Fruit-flavered gelatin, fruit punch, hard candy, jelly, 1 Tbsp sugar; 1 Tbsp jelly or jam; ¥ cup
T {added sugar) M <1 maple syrup, sorbet and ices, sugar sorbet, gelatin dessert; 1 cup lemonade
(4 . Joi c—3 Soft margarine, vegetable ocils (canola, corn, 1 tsp soft margarine; 1 tsp vegetable ocil; 1
atsand Oils NiA safflower), low-fat mayo, light salad dressing Thsp mayonnaise; 2 Tbsp salad dressing
NiA ? ,
Red Meat 1 CIDASH Diet Beef, pork, (all meats from livestock) 1 oz cooked
Potatoes® o ® Mediterranean Potatoes and sweet potatoes %oz
< Diet
NiA
- y Eges 1eggt
Eggs " EE!
- ’ Use olive oil/rapeseed oil as main added or
. N/A 1
Olive Oil E— (Extra} Virgin Olive O tooking oll
Red Wine "" T 3 average strength red wine 4 gz glass
Sodium 2200 me Salt and processed food <2,300 mg

NiA

0 1 2 3 4 5 6 7 8 9
Servings Per day

Figure 2 Dietary recommendations based on the Mediterranean and DASH diets. Adapted from http://www.nhlbi.nih.gov/health/
health-topics/topics/dash/followdash.html and http://www.patient.co.uk/health/Mediterranean-Diet-Summary-and-Chart.htm.
Note: The Mediterranean-style diets are sometimes considered high in fat content and calories for sedentary populations, although
the fats are generally monounsaturated and not the more atherogenic saturated fats. The DASH diet is usually prescribed for
hypertension management to a greater degree than fat loss, although high intake of fruits and vegetables in the diet may favor the
same weight reduction goals. DASH, Dietary Approaches to Stop Hypertension. *Potatoes and eggs are included in the vegetable
and lean meat groups, respectively, for the DASH diet. {Serving sizes vary between % cup and 1“1 cups, depending on cereal type.
Check the product’s Nutrition Facts label. *Eggs are high in cholesterol, therefore limit egg yolk intake to <4 per week.

injured at least one year, ~63% reported participating in
little (~10%) to no (~53%) weekly sports activity.®
Ginis ez al.° corroborated this low rate of physical inac-
tivity. Among 695 non-ambulatory community-dwelling
Canadians with SCI, 50% reported no leisure time phys-
ical activity (LTPA) in the preceding 3 days.”’ Among
the 50% who engaged in LTPA, median activity time
was 33 minutes per day. Similar SCI-specific information
is not available for the United States. However,
2009-2010 data from a population-based survey of com-
munity dwelling persons in the United States (National
Health Interview Survey) indicated 50% of persons with
a disability report no LTPA in the preceding month.”
Collectively, these data confirm the widespread belief
that physical inactivity is highly prevalent among
persons with SCI.

Physical activity and metabolic health in SCI
Although physical inactivity is rampant among persons
with SCI, a growing body of scientific evidence suggests
a beneficial impact of physical activity on metabolic
health, primarily on fasting lipids. However, little-to-
no research has addressed whether exercise/physical
activity can reduce fat mass and/or attenuate systemic
inflammation among persons with SCI. We have
limited our summary of the possible benefits of physical
activity to studies examining upper extremity exercise.
Although the metabolic benefits of lower extremity
functional electrical stimulation and body weight sup-
ported treadmill training have been evaluated, these
therapies are cost prohibitive, less widely available
than voluntary arm exercise, and are not widely avail-
able for use by persons with SCI.
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Physical activity to improve dyslipidemia and glucose/
insulin homeostasis

Two studies have demonstrated that upper extremity
based, moderate (or greater) intensity exercise per-
formed for 30-45 minutes three times weekly for §-12
weeks effectively improves fasting lipids in persons
with SCI.”** An early study by Hooker et al. °> reported
improved fasting lipids after 8 weeks of moderate inten-
sity wheelchair ergometer propulsion performed three
times weekly for 20 minutes daily. Activity/rest interval
type programs may also be effective in lipid and glyce-
mic management, as de Groot et al.’® demonstrated
that 8 weeks of three times weekly moderate intensity
“interval” training improved fasting lipids and improved
insulin sensitivity. The “intervals” consisted of three
minutes of moderate intensity arm exercise followed
by 2 minutes of rest, repeated for 1 hour, for 36 accumu-
lated minutes of activity, with the goal of maintaining an
intensity at 70-80% of heart rate reserve. An interval-
based approach may be an ideal approach to enable
use of high-intensity exercise among deconditioned
persons with SCI.

Observational studies widely support the findings of
intervention-focused  investigations.  Cross-sectional
studies report more favorable lipid profiles (i.e. higher
HDL, lower TG, and reduced LDL) among persons
with tetraplegia and paraplegia who are habitually
highly active or fit relative to their peers.”>"”%8
Buchholz ez al.”® reported a lower prevalence of insulin
resistance among active than inactive persons with SCI.
Observational data from the Dutch longitudinal study
suggest a favorable relationship between aerobic power,
muscle strength, and HDL, TG, LDL/HDL ratio, and
TC/HDL ratio across rehabilitation and the first year
of discharge from post-injury rehabilitation.'®

SCl/disability-specific physical activity
recommendations

Although an existing body of evidence strongly supports
health benefits of physical activity for persons with SCI,
it remains insufficient to provide a unified recommen-
dation for this specific disability population.'”’ We
thus defer to authoritative recommendations developed
for all persons with a disability (Table 3). Perhaps sur-
prising, the weekly aerobic physical activity and resist-
ance training recommendations to improve health are
the same for adults with and without disabilities. The
U.S. Department of Health and Human services
states, “When adults with disabilities are not able to
meet the Guidelines, they should engage in regular phys-
ical activity according to their abilities and should avoid
inactivity. Adults with disabilities should consult their
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health-care provider about the amounts and types of
physical activity that are appropriate for their abilities.”
The World Health Organization states, “These
recommendations can be valid for adults with disabil-
ities. However, adjustments for each individual based
on their exercise capacity and specific health risks or
limitations may be needed.” At this time, the
Canadian Society for Exercise Physiology does not
provide recommendations for persons with disabilities.
However, recommendations to improve fitness in
persons with SCI have been developed by SCI Action
Canada, a research-medical-community collaborative
effort to advance physical activity participation among
Canadians living with a SCI. Those who developed
these recommendations noted that there was insufficient
evidence to unequivocally conclude that the minimum
recommendation to improve fitness were also sufficient
to reduce CVD risk.'??

To improve global health, the U.S. Department of
Health and Human Services'®® and the Canadian
Society for Exercise Physiology,'® recommend
adults with disabilities in the 18- to 64-year age
range accumulate at least 150 weekly minutes of mod-
erate intensity aerobic physical activity, with bouts of
activity spaced across the week. Alternatively, adults
can accrue 75 weekly minutes of vigorous intensity
aerobic physical activity, or an equivalent combi-
nation of moderate and vigorous activity. Any
“bout” of moderate or vigorous physical activity
lasting 10 minutes or more is counted toward this
weekly total. Each of these authoritative bodies also
recommends resistance training performed at least
twice a week, in addition to the aerobic physical
activity goals. To achieve important fitness benefits,
SCI Action Canada recommends that persons with
SCI should engage in at least 20 minutes of twice-
weekly moderate-to-vigorous intensity aerobic phys-
ical activity, and engage in strength training another
two times a week.'% Importantly, these groups con-
sistently stress that some activity is better than
none, even if weekly goals are not met or the
person’s abilities are limited; activity beyond the
minimum confers additional health benefits; and
that the greatest health benefits occur in those who
transition from an entirely sedentary lifestyle to per-
forming any physical activity whatsoever.

Historically, exercise and physical activity recommen-
dations to improve health have focused on the moderate-
to-vigorous end of the intensity spectrum as an exercise
goal. However, recent recommendations encourage
“avoiding” inactivity in addition to achieving the
target amounts of weekly moderate-to-vigorous



Nash et al. Evidence-based and heuristic approaches for customization of care in cardiometabolic syndrome after SCI

Table 3 U.S. Department of Health and Human Services and the World Health Organization recommended levels of physical activity

for adults aged 18-64 years

Aerobic activity

Total weekly At least 150 minutes (2 hours, 30 minutes)
duration
Duration per Variable, but at least 10 minutes
session
How many days Most days of the week
each week?
Intensity each Moderate
session

Activities that feel somewhat hard, but you
can keep doing them for a while without
getting tired*

Type of activity Any activity which achieves the above

At least 75 minutes (1 hour, 15 minutes)

Variable, but at least 10 minutes

Most days of the week

Vigorous

Activities that make you feel like you are working really hard,
almost at your maximum, and you cannot do these

activities for very long without getting tired*
Any activity which achieves the above

AND

Resistance Training Activity

Number of days
per week

Number of
exercises each

At least 2 days a week

All major muscle groups
If upper and lower body, then 8-10 exercises’

day If just upper body, then 4-5 exercises*, with a focus on shoulder depressors and scapular stabilizers®

For each exercise

At least 1 set of 8-10 repetitions, using enough weight so that you can barely, but safely finish the final few

repetitions

*Intensity description from SCIAction physical activity guidelines for adults with spinal cord injury (http://www.sciactioncanada.ca/

guidelines/).

TTotal number of upper and lower body exercises from American College of Sports Medicine/American Heart Association physical

activity recommendations.®®

*Total number of upper body exercises represents our suggestion and is not drawn from an authoritative source.
SRecommendation to focus on shoulder depressors and scapular stabilizers from the Consortium for Spinal Cord Medicine Clinical

Practice Guideline for Preservation of Upper Limb Function Following Spinal Cord Injury.

aerobic physical activity. The “avoiding” inactivity
recommendation is based on the goal to limit extended
periods of stationary, motionless, e.g. “sedentary”, be-
havior by engaging in very light to light-intensity, non-
exercise, physical activity throughout the day. This rec-
ommendation confers meaningful health benefits to all
persons regardless of current fitness status or total
daily moderate or vigorous physical activity. This para-
digm shift provides a powerful opportunity to enhance
the health of the SCI community. The barriers to limit-
ing stationary, non-movement behavior such as watch-
ing television, sitting at a desk, or surfing the internet,
and alternatively engaging in very light to light activity
including moving around the house or performing basic
daily activities, are much lower than the barriers to
engaging in moderate-to-vigorous physical activity
several times a week. We direct interested readers to
the recent perspective of Manns et al'® for an
in-depth discussion of this paradigm shift, and the impli-
cations for persons with a disability.

Need for medical clearance and/or supervised physical
activity

Health risks associated with physical activity are out-
weighed by benefits for most persons with SCI.'%® A

100

recent evidence-based consensus report defined the
needs for both medical clearance and supervised exer-
cise in clinical populations, including SCL'% For
persons with SCI, they recommend that the following
groups seek medical clearance before becoming more
physically active: (1) persons less than 6 months post-
SCI; (2) persons with established autonomic dysre-
flexia; (3) persons who experience resting or exertional
hypotension; and (4) persons with recurrent or recent
(within the previous 6 months) musculoskeletal injury
that is worsened by physical activity.'’® Once medically
cleared, those who are less than 6 months post-SCI
should exercise in a supervised environment with
trained exercise personnel.'” In cases where medical
clearance has been obtained, the authors provide no
additional guideline for need for supervised physical
activity in cases of autonomic dysreflexia or sympto-
matic hypotension. Individuals with recent or recurrent
musculoskeletal injuries that may be worsened by
physical activity should exercise under supervision of
appropriately trained exercise professionals once
medical clearance is obtained. Finally, persons who
are unaccustomed to vigorous exercise should be
supervised by specially trained personnel when initiat-
ing a vigorous exercise program.'’® The consensus
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document cautions that this recommendation should
not be interpreted as a restriction on participation in
wheelchair sports by persons with chronic SCI.
Instead, those with SCI need only satisfy the pre-
viously identified clearance issues before undertaking
sports participation, and then follow-up as needed
with a qualified exercise professional. Additionally,
the authors of this opinion are moot in describing
how long supervision is indicated once the level of con-
ditioning has improved and adjustment to the demands
of vigorous exercise has occurred.

Customizing a physical activity prescription

Once an individual with SCI has been cleared for phys-
ical activity, the next step is to generate a customized
physical activity prescription. The goal of customization
is to help the person with SCI develop a new, sustainable
pathway to becoming physically active. The targeted
physical activity “behavior” is constant across all
persons with SCI, i.e. avoid inactivity by engaging in as
much light/very light activity as possible; accumulate
150 minutes of moderate intensity activity weekly; and
resistance train twice weekly. The programs will be custo-
mized by the pathway each person will take to increase
their physical activity levels, and consider barriers they
must overcome. Customization of a physical activity pre-
scription requires engaging the individual to jointly
develop a behavior change plan that empowers them to
engage in the appropriate amount of physical activity.
Discussion of behavior change theory, practice, and
applications to improve physical activity among
persons with SCI is beyond the scope of this study.
However, we refer readers to the work of Arbour-
Nicitopoulos, Ginis, and Latimer, who demonstrated
that action-coping planning increased LTPA among
persons with SCI when compared with action planning
alone.'"”” Action planning requires an individual to
declare a priori the type, intensity, duration, days/time,
and locations of the physical activity, e.g. I will propel
my wheelchair (type) at a moderate intensity (intensity)
for 30 minutes (duration) Monday through Friday
(days) after work (time) at the local high school track
(location). Action coping planning includes the action
planning plus « priori identification of potential barriers
and their solution, e.g. if rain disrupts my plan, I will
propel at the local indoor mall instead of the track.

Pharmacotherapeutic approaches to
management of cardiometabolic risks

In most cases, lifestyle therapies incorporating decreased
caloric intake and increased daily caloric expenditure
effectively serve as first-line treatments for CMS.
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However, these approaches may have questionable effec-
tiveness for persons with SCI, as loss of body fat may
require unattainable or unreasonable levels of caloric
restriction,” and as basal and exercise-induced caloric
expenditures are decreased in patients with tetraplegia
because of diminished active muscle mass and adrener-
gic dysfunction accompanying injury above the level of
spinal sympathetic outflow.'*® Severe caloric restriction
may also lower HDL,”"'% making the effort counter-
productive. For those in whom the first-line approaches
of diet and exercise fail to modify CMS component
risks, evidence-based guidelines and current practice
standards recommend pharmacotherapy.®!!°

Weight-loss drugs

With the October 2010 withdrawal of sibutramine from
the European and North American markets, orlistat
(Brand names Alli and Xenical, Brentford, Middlesex,
UK) became the sole drug currently approved for
reduction of body mass. However, the mechanism of
drug action that decreases caloric uptake by inhibiting
intestinal lipase activity sometimes results in steatorrhea
and socially discomforting incontinence.''! No evidence
suggests that the drug is suitable for use by those with a
neurogenic bowel, or would be appropriate for use by
persons with SCI.

Dysglycemia

Candidate drugs to treat dysglycemia after SCI have
been reviewed by Goldberg.''? Six classes of oral medi-
cation are currently approved to treat elevated blood
glucose in people with type 2 diabetes: metformin
(Glucophage, Princeton, NJ; Fortamet, Atlanta, GA
and others), sulfonylureas (Amaryl, Bridgewater, NJ;
Glucotrol, New York, NY and others), thiazolidine-
diones (Avandia, Brentford, Middlesex, UK and
Actos, Deerfield, IL), meglitinides (Starlix, East
Hanover, NJ and Prandin, Princeton, NJ), Dipeptidyl
peptidase-4 inhibitors (Januvia, Whitehouse Station,
NJ, USA and Onglyza, Princeton, NJ), and
Glucagon-like peptide-1 receptor agonists (Byetta, San
Diego, CA and Victoza, Princeton, NJ). Most of the
described drugs lower hemoglobin Alc levels — a surro-
gate for chronic glycemic control — by 0.5-2.0%, which
depending on pre-treatment Alc levels above the
6.5-7% clinical target for those with diabetes mellitus
may require more than one agent. Recent evidence-
based guidelines, including a consensus algorithm for
initiation and adjustment of therapy, identified metfor-
min as a preferred first-line agent for lowering glyce-
mia,'"? as it is less prone to cause hypoglycemia and
water retention than other drugs, and is available in a
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generic formulation that favors cost-effectiveness.''*
Use of other glycemic-lowering therapies such as sulfo-
nylureas and meglitinides are more prone to hypoglyce-
mia, and the alpha-glucosidase inhibitors commonly
cause GI discomfort from gas, both of which make
them less appealing for therapy in those with SCI.
Similarly unattractive are the thiazolidinediones, which
both have black box warnings for congestive heart
disease, and are associated with weight gain. None of
these agents have been subjected to the rigors of ran-
domized controlled trial in persons with SCI, although
no evidence suggests that either benefits or adverse
effects would differ from those reported in the non-dis-
abled population.

Dyslipidemia

Five classes of agents are currently used to treat lipid
disorders occurring in the general population: hydroxy-
methylglutaryl-CoA (HMG-CoA) reductase inhibitors
(“Statins”), niacin (as an extended-release (ER) formu-
lation), fibric acid derivatives (i.e. fibrates), bile—acid
sequestrates, and cholesterol-uptake blockers. Their
expected effects are outlined in Table 4. Another treat-
ment option involves daily high-dose (3.8 g) omega-3
FA for persons primarily having elevated fasting trigly-
ceride levels and an atherogenic lipoprotein pheno-
type.'"> Goldberg''? has described suggested drug
choices and nuances for medication selection in
persons with SCI, and Dyson-Hudson and Nash have
reviewed testing methods and systematic approaches to
Adult Treatment Panel''® ITI-based treatment decision-
making for their need.'!”

Need for intervention on an atherogenic lipid profile
can be determined by NCEP ATP III guidelines,
which base treatment on whether LDL measured in
fasting blood plasma exceeds a criterion target

computed from an array of CVD risk factors and predic-
tions.® In general, an intermediate CVD risk stratifica-
tion may be used to define need for treatment, which
would include individuals having Framingham scores
of 1%-20% in the 10-year event risk category, and
whose LDL-C levels are >130 mg/dl, or >100 mg/dl
in the presence of risk factors including age, hyperten-
sion, and/or cigarette smoking or high-sensitivity C-
reactive protein >3 pg/l. In the general population, indi-
viduals with this profile would likely receive a statin as a
first-line drug, although several shortcomings should be
considered for use of these agents in persons with SCI.
The most widely reported of these limitations involves
myopathy,!'® a term that describes a spectrum of
muscle-related adverse events of myalgia, myositis,
rhabdomyolysis, and asymptomatic increase in concen-
tration of creatine kinase enzyme. In most cases these
adverse events will be related to simple discomfort and
not the more severe nephrotoxic effects of liberated
myocyte components.!'® Simple discomfort can often
be controlled through less aggressive first dosing and, if
needed, more conservative dose escalation.!?® As
myalgia may be related to depletion of coenzyme Qg
(CoQqg), dietary supplementation with CoQ;, has been
suggested as a countermeasure to myalgia, although
without a fully confirmed evidence of benefit.'*! That
said, even simple myalgic effects might be compelling in
persons with SCI who use upper limb function to
sustain routine daily activities, and may require more dili-
gent monitoring to accompany pre-treatment and annual
checks for hepatotoxicity. To date, a randomized con-
trolled trial has not been conducted in persons with SCI
that examines safety, tolerance, and effectiveness of
statin monotherapy.

An alternative to statin drugs for dyslipidemia manage-
ment involves nicotinic acid (niacin) in ER formulation.

Table 4 Candidate drugs for treating dyslipidemia and expected effects on key elements of the lipid profile

Drug class Candidate drugs TG %A  LDL-C %A HDL-C %A
HMG-CoA reductase inhibitors: “Statins” e Atorvastatin (Lipitor, New York, NY) 1 10-30 | 25-55 1 5-15
e Lovastatin (Mevacor, Whitehouse Station, NJ, USA)
e Pravastatin (Pravacol, Princeton, NJ)
e Rasuvastatin (Crestor, Wilmington, DE)
e Simvastatin (Zocor, Whitehouse Station, NJ, USA)
Cholesterol uptake blocker e Ezetimibe (Zetia, Whitehouse Station, NJ, USA) | 5-15 1 15-20 -
Bile-acid sequestrates e Cholestyramine (Questran, Spring Valley, NY) N 10-20 1 20-20 -
e Colesevelam (Welchol, Parsippany, NJ)
e Colestipol (Colestid, New York, NY)
Niacin extended release o Niaspan, Abbott Park, IL, U.S.A. 1 10-30 | 5-25 1 10-35
Fibrates e Tricor (Fenofibrate, Abbott Park, IL) 1 30-50 10-15 15-20
e Lopid (Gemfibrozil, New York, NY)
Omega-3 fat* 130-50 15-15 15-10

*3.8 g daily dose.
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Niacin is an older, inexpensive broad-spectrum drug that
decreases concentrations of all atherogenic plasma lipids/
lipoproteins and is the most effective agent for increasing
HDL-C levels.'?? In crystalline (i.e. intermediate-release)
form, the drug provokes a robust cutaneous flushing,
thus compromising patient tolerance when therapeutically
dosed.'?® However, an ER formulation of niacin (Niaspan,
Abbott Park, Illinois, U.S.A.)* administered with a prosta-
glandin antagonist (i.e. 325 mg Acetylsalicylic Acid;
Aspirin) and gradual dose escalation reduces this discom-
fort."** The therapeutic response to Niacin directly reme-
dies the CMS component risk of low HDL, and thus
addresses low HDL as the most common lipid disorder
sustained by persons with SCL.'#%123

Unlike other candidate drugs for treating SCI-associ-
ated dyslipidemia, ER niacin has been subjected to
RCT in persons with SCI. Nash ez al.'*° performed a
randomized controlled trial enrolling persons with SCI
have low plasma levels of HDL. Forty-eight weeks of
treatment on a dose-escalation schedule showed signifi-
cant increased fasting HDL-C levels by 24.5%,
accompanied by dose-dependent decreases in the global
risk predictor ratios of TC/HDL and LDL/HDL,
LDL levels, and TC levels (Fig. 3). No evidence of sus-
tained hepatotoxicity or hyperglycemia was observed.
Treatment-emergent withdrawals (12.9%) accompanied
flushing (n = 1), hypotension/pre-syncope (n = 1), and
diarrhea (n = 2), although event rates were lower than
those reported for the same agent when treating non-dis-
abled individuals. Although ER niacin use requires dili-
gence in dose escalation, pre-treatment with aspirin to
suppress the flush, and abstention from spicy foods,
alcohol, and hot showers in the immediate pre-treatment
period, its use as a monotherapy is safe, tolerated, and
effective for most persons with chronic tetraplegia,
and we expect also with paraplegia.

30 *
* [ 500 mg
201 ¥ ] 1000 mg
= - B 1500 mg
E'o Il 2000 mg
«
S 0
Q
=104
*
*
*
=20 T

HDL-C LDL-C TC

Figure 3 Dose-dependent responses of subjects with chronic
tetraplegia to extended-release niacin monotherapy *p <0.05,
change % different from all other dosing levels.?®
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Conclusions

A disconcerting number of people with SCI develop
component risks for CMS as they age with their disabil-
ity. These risks coalesce to comprise a frank diagnosis of
the disorder in an alarming number of these individuals.
Evaluation and diagnosis of the CMS now fall within
the framework of an evidence-based clinical pathway
that effectively assesses risk and defines uniform
approaches to both individual risk containment and
overall disease management. Lifestyle intervention
with exercise and diet remains the cornerstone of effec-
tive treatment, and where intervention on CMS once
embraced a “one-size-fits-all” plan, expanded research
has provided population-specific and patient-centric
approaches to both lifestyle and medical management.
Exercise programs now offer greater varieties of enga-
ging exercise that enhance activity, life-satisfaction,
and health, although multi-dimensional barriers to
more substantial participation still need to be sur-
mounted. Customized programs of optimal dietary
control must still be refined, although recognition of
the imprudent dietary habits in this population and
characterization of deficiencies represents an important
first step in CMS risk containment. Behavioral
approaches enhance compliance and benefit derived
from both diet and exercise interventions, and may be
necessary to assure that persons with SCI profit from
their efforts. Evidence suggests that multi-therapy strat-
egies will be needed to control the more challenging of
component risks, such as gain in body mass, which
has far reaching implications for maintenance of daily
function as well as health. In cases where lifestyle
approaches prove inadequate for risk management,
pharmacologic control is now available through a popu-
lation tested drug that is inexpensive and widely avail-
able. These customized tools will likely foster a more
effective health-centered culture for stakeholders with
SCT and their health professionals alike.
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