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Following spinal cord injury (SCI), individuals are at high risk for obesity and several chronic cardiometabolic disorders due
to a deterioration in body composition, hypometabolic rate, and endometabolic dysregulation. Countermeasures to the
consequences of an SCl include adopting a healthy diet that provides adequate nutrition to maintain good body habitus and
cardiometabolic health. A proper diet for individuals with SCI should distribute carbohydrates, protein, and fat to optimize a
lower energy intake requirement and should stress foods with low caloric yet high nutrient density. The purpose of this article
is to present available evidence on how nutritional status after SCI should advance future research to further develop SCI-
specific guidelines for total energy intake, as it relates to percent carbohydrates, protein, fat, and all vitamins and minerals,
that take into consideration the adaptations after SCI. Key words: caloric intake calories, carbohydrates, dietary intake, fat,
macronutrients, micronutrients, nutrition, protein, spinal cord injury

Introduction

Obesity, a worldwide public health concern,
is a metabolic disorder characterized by the
accumulation of adipose tissue.”” Following a
spinal cord injury (SCI), the changes in body
composition and endometabolic milieu contribute
to a significant decrease in total daily energy
expenditure and often lead to an accumulation of
adipose tissue, referred to as neurogenic obesity.?
Neurogenic obesity is a known risk factor for
type 2 diabetes mellitus,'” dyslipidemia,®*!!
hypertension,'"* systemic inflammation,“"*"” and
cardiometabolic syndrome (CMS).>'>'”22 The CMS
reported in ~23% of the US adult population®
is well below the prevalence in adults with SCI
that ranges from 31% to 72%, depending on the
number of possible risk factors included in the
definition.**** Regardless of the criteria used to
identify CMS, addressing the component risk
factors can be an effective approach to improving
health. Although the component risk factors for
CMS do not include physical deconditioning
or excessive caloric intake, it is still considered
a central factor in the development obesity and
obesity-related comorbidities.**

The purpose of this article is to review the
existing data on nutritional intake and status after
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SCI with a primary focus on persons with acute
(<1 year since injury) and chronic (=1 year since
injury) SCL' We describe current dietary intake
profiles and our understanding of nutritional status
as it relates to the advancement of future research.

Nutritional Status After SCI

Neurogenic obesity partly results from an
imbalance between energy consumed and energy
expended.! In a venerable work by Todhunter,”
nutritional status was defined as a persons health
as it is influenced by the intake and expenditure of
nutrients. The Food and Agriculture Organization
further defines nutritional status as “..the
physiological state of an individual, which results
from the relationship between nutrient intake
and requirements and from the body’s ability to
digest, absorb and use these nutrients. The term
malnutrition indicates a bad nutritional status.™
According to the World Health Organization,
malnutrition includes deficiencies, excesses, or
imbalances in an individual’s energy intake and/or
nutrients.’ Malnutrition is not only present with a
cachexic state or condition, but it can coexist with
obesity as undernutrition.”> Worldwide, people are
consuming food and drink that are more energy-
dense, while engaging in sedentary activities and

Top Spinal Cord Inj Rehabil 2021;27(1):100-108
© 2021 American Spinal Injury Association
www.asia-spinalinjury.org

doi: 10.46292/s¢i20-00031



less exercise and physical activity. Nutritional
deficiencies are multifactorial and common after
SCI, such that nutritional status is dependent
on several factors including dietary habits, food
selection and availability, injury-induced changes,
and comorbidities (e.g., hypertension, insulin
resistance, etc.).

Dietary habits and food selection are influenced
by environmental factors, including but not limited
to transportation barriers to and from the grocery
store, barriers within the stores (e.g., aisle width,
shelving height and stability, access to refrigerated
and frozen cases, etc.); difficulties preparing meals in
kitchens constructed for the nondisabled population
(e.g. counter, stovetop, refrigerator/freezer, and/
or microwave heights); and meals prepared by
caregivers, family, or friends (e.g., food provided as
comfort). Culture (e.g., religion, ethnicity/race) and
geographic location (e.g., available cuisine in local
grocery stores and restaurants) are additional factors
that may impact dietary habits and food selection.
Healthy food choices are typically more expensive
($1.48/day) compared to eating an unhealthy diet,*
harder to locate and access in grocery stores, and
require preparation that individuals with SCI may
have difficulty completing due to neurological
impairment of the limbs, mobility restrictions,
inaccessible kitchen appliances, and the need
for assistance. The financial, access, and food
preparation limitations may lead to a heavy reliance
on store-bought, prepared, and/or precooked
snacks and meals, some of which may have a high
amount of simple sugars and saturated fat. Other
factors, such as pain, education, psychosocial
health, nutritional knowledge, socioeconomic
status, and family and marital status, also influence
dietary choices and therefore nutritional status.***

Neurogenic obesity is associated with significant
sarcopenia, especially in the lower extremities.’*?*
Substantial muscle atrophy, especially that involving
muscle contractile proteins, depletes the available
protein resources needed for healing pressure
injuries.” Poor nutrition status is an established
risk factor for pressure injuries that have an SCI-
specific global pooled prevalence of over 30% and
an incidence of 2.2 person-years.*> While total
body protein needs may appear diminished in
SCI, pressure injuries rapidly deplete the limited
protein reserves as the body tries to heal the wound,
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generating a rapid transition to protein malnutrition.
Prealbumin (also known as transthyretin) and
albumin have historically been used as markers of
protein nutrition and nutritional status, respectively,
but fell into disfavor in 2012 when the Academy of
Nutrition and Dietetics and the American Society
for Parenteral and Enteral Nutrition discouraged
their use as “sole” indicators of undernutrition due
to their susceptibility to systemic inflammation.*
Rather, this consensus panel on adult malnutrition
recommended the identification of >2 of the
following six characteristics for a malnutrition
diagnosis: insufficient caloric intake, weight loss,
loss of muscle mass, loss of subcutaneous tissue,
localized or generalized fluid accumulation that
may sometimes mask weight loss, and diminished
functional status as measured by handgrip
strength.* Nutrition-Focused Physical Exams are
also encouraged and performed by a dietitian to
assess for specific characteristics for malnutrition,
such as loss of muscle/fat mass and edema. More
recent international guidelines from Global
Leadership Initiative on Malnutrition (GLIM) have
adopted a combined approach that incorporates
at least one phenotypic (nonvolitional weight loss,
low body mass index, or reduced muscle mass)
and one etiologic indicator (reduced food intake,
assimilation or disease burden, or inflammatory
condition).** Determination of reduced muscle
mass in persons with SCI is best accomplished
with dual-energy x-ray absorptiometry to yield
fat-free mass; an index of fat-free mass <17 kg/m?
for men or <15 kg/m?* for women is considered
“reduced muscle mass”* The GLIM has revitalized
the utilization of prealbumin as a contributing
element to monitor undernutrition in conjunction
with C-reactive protein <15 mg/dL; above that level,
prealbumin is not interpretable.**” Prealbumin as
a sole nutritional marker for malnutrition remains
controversial; however, recent evidence suggests
it can complement other parameters such as
clinical history and anthropometrics to assess and
monitor undernutrition.* The loss of metabolically
active tissue below the level of injury, alterations
in endometabolic physiology, environmental and
physical barriers, and psychosocial factors further
contribute to the suboptimal dietetics, poor body
habitus, and CMS risk in persons with SCIL*
Future research is needed to validate appropriate
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parameters of protein health established for
nondisabled persons in individuals with SCL

Dietary restriction is widely regarded to be
a universal mechanism for prolonging lifespan,
reducing obesity, and improving cardiometabolic
health in several populations.™® However,
dietary restriction can result in the imbalance of
macronutrients, thereby contributing to an already
malnourished state after an SCI. To understand the
implications of dietary restriction in persons with
SCI, we must first assess their overall caloric intake
and distinguish the percent total calories derived
from carbohydrate, protein, and fat.

Total energy intake

The available literature indicates that energy
intake in persons with SCI ranges from 1250 to
2112 kcal/day,*7*¢* although this is contingent on
the frequency and reporting accuracy of the dietary
recall questionnaires used to asses caloric intake.”*%*
Several studies have reported that persons with
SCI consume similar or fewer calories than the
nondisabled population (1800 to 2600 kcal/
day).>*”**%* Nightingale et al.** presented evidence
that the average energy intake in persons with
chronic motor complete paraplegia was 1742 kcal/
day. Groah et al.*> and Sabour et al.”® reported low
energy intake for community-dwelling individuals
with chronic tetraplegia compared to paraplegia.
Barboriak et al.? noted similar findings among
individuals with acute injuries. Farkas et al.”
recently reported differences in caloric intake by
level of injury where persons with chronic motor
complete tetraplegia consumed a significantly
greater amount of calories than persons with
chronic motor complete paraplegia. The differences
in the aforementioned studies may be because
Farkas et al.”” adjusted caloric intake to bodyweight,
thereby accounting for body composition, which is
significantly different by level of injury.?”*76>¢

Evidence comparing metabolic rate and total
caloric intake demonstrates an excess of 300 to 500
kcal/day in persons with chronic SCL.***% Farkas
et al.® reported that pooled resting metabolic rate
and total energy intake were 1492 kcal/day and
1876 kcal/day, respectively. Although the difference
in energy need and consumption may at first seem
insignificant, when sustained it will ultimately lead

to the accumulation of body adipose tissue, resulting
in adiposity and an increased risk of dyslipidemia,
impaired glucose tolerance, insulin resistance,
hypertension, and systemic inflammation."’
Conversely, a reduction of approximately 500 kcal/
day will result in gradual fat loss of approximately 1
pound/week that over time amounts to a significant
loss of body fat (weight).

Macronutrient intake: Carbohydrate, protein, and fat
Carbohydrate intake

Several studies indicate that the consumption
of fruits and vegetables is below the recommended
intake for persons with SCI°"**7% in their place,
simple carbohydrates are frequently consumed.
Perretand Stoffel-Kurt,” Waltersetal.,””and Edwards
et al.** reported that carbohydrates made up a large
percentage (44% to 53%) of the total energy intake
in the SCI population. Groah et al.>> demonstrated
that men and women with paraplegia and men
with tetraplegia consumed a greater amount of
carbohydrates than the Centers for Disease Control
and Prevention recommended daily value. Sabour
et al.”® identified that time since injury, education,
and sex were significant predictors for carbohydrate
intake in persons with SCI.*® A recent meta-analysis
reported that total carbohydrate ingestion in the
chronic SCI population exceeded US Department
of Agriculture (USDA) 2015-2020 dietary
guidelines of 520 kcal/day by over 400 kcal/day.*®
Data from Farkas et al.?® suggest that over 50% of
total calories consumed by persons with chronic
SCI may come from carbohydrates. The current
USDA guidelines recommend that carbohydrates
make up 45% to 65% of an individual’s total daily
calories when consuming 2000 kcal per day. Within
the USDA guidelines, the recommendations do
not factor in the anatomical and physiological
changes that occur as a result of neurological injury
and must be interpreted with caution for persons
with SCI. Alternatively, Gorgey et al.* identified a
standard diet protocol where dietary carbohydrates
comprised 45% of the total daily calories. The
authors suggested that this dietary composition
may help maintain body composition and
cardiometabolic profiles in persons with chronic
SCI. This warrants further investigation.



With regard to fiber intake, several studies
have identified that fiber intake in persons
with SCI is low, independent of sex and injury
characteristics.?>¢2%5758772 Of note, Levine et al.*
reported that dietary fiber in males with SCI was a
third less than the average intake in the nondisabled
population. Farkas et al.?® quantified fiber intake
in the population with chronic SCI as 17 g/day, a
value that is below USDA guidelines (22 to 34 g/
day), although above the Academy of Nutrition and
Dietetics Evidence Analysis Library (ANDEAL)
recommendations of 15 g/day”> ANDEAL also
recommends increasing fiber consumption up to
30 g/day as tolerated following SCI; however, they
declare that this is based on weak, conditional
evidence.” Diets high in dietary fibers (>20 g/day)
can create unfavorable changes in neurogenic bowel
that do not occur in the nondisabled population,
such as fecal impaction, chronic constipation,
ununiform stool, and long transit time.”>”*

Protein intake

With regard to protein, ingestion of this
macronutrient for persons with SCI has been
shown to be within, or exceed, the nondisabled
recommended dally Values.25,26,28,51,53,57,58,60,69—71,75—77
Farkas et al.,”” Gorgey et al.,” and Nightingale et
al.®® reported that 17% to 19% of the total daily
energy intake came from protein for persons with
SCI. Farkas et al.”” demonstrated consumption of
protein was 251 kcal/day (62.7 g/day) for persons
with paraplegia and 286 kcal/day (71.5 g/day) for
persons with tetraplegia; this represented 18% and
17% of their total daily caloric intake, respectively.
In another study by Farkas et al.,® the authors
determined protein intake for individuals with
chronic SCI surpassed the USDA guidelines of 184
to 224 kcal/day and represented 17% of their
total daily intake. According to ANDEAL
recommendations, persons with SCI in the
rehabilitation (acute and subacute) phase or
community living (chronic) phase of their injury,
need 0.8 g to 1.0 g of protein/kg of bodyweight
per day for maintenance of protein status in the
absence of pressure ulcers or infection.” Rodriguez
et al.”®” reported that ingestion of 2 to 2.4 g of
protein/kg of bodyweight per day was not enough
to achieve a positive nitrogen balance (intake of
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nitrogen through protein consumption is greater
than its excretion) following the acute SCI period.
The authors noted that nitrogen balance was not
altered, and 11 out of 12 persons with SCI surpassed
the recommended allowance of 2g of protein/kg of
ideal bodyweight per day.”>*

Fat intake

Studies have demonstrated that individuals with
SCI ingest levels of dietary fat that approach or
surpass recommended guidelines.?2831586470-72,81,82
Several studies have reported that fat intake
accounted for 34% to 40% of the ingested calories in
persons with SCI, above the recommended amount
of 30% but characteristic of a typical American
diet.?#*"*$070 Data from Farkas et al.”* indicated that
fat intake of persons with chronic SCI was 663 kcal/
day, which was within the USDA recommended
ranges of 400 to 875 kcal of fat/day. However, the
review paper did not account for the USDA sex- and
age-specific ranges for fat intake because of limited
power. Saturated fat intake in persons with SCI is
close to the limit or exceeds the recommended daily
amount. %878 When comparing level of injury
and sex, Groah et al.” reported saturated fat intake
was greatest for a male tetraplegia group (~11.9%),
followed by males with paraplegia (10.9%), females
with paraplegia (9.9%), and one woman with
tetraplegia (9.6%).” Multiple studies indicated that
saturated fat consumption was higher in persons
with SCI than the maximum of 10%, 7%, and
10% recommended by the National Cholesterol
Education Program, American Heart Association,
and USDA, respectively.>’** The recent Paralyzed
Veterans of America Clinical Practice Guidelines on
Identification and Management of Cardiometabolic
Risk after SCI (PVA Guidelines)"® further limit
the recommended saturated fat intake for persons
with SCI to 5% to 6% of total caloric intake due
to body composition alterations after SCI and
the mismatch in caloric intake and expenditure.
The PVA Guidelines’ limitation of saturated fat is
justified given the significant reduction in energy
expenditure and energy need after SCI.>*

Alcohol intake

Available literature indicates that ingestion
of alcohol is high among individuals with a new
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SCL® tetraplegia,* traumatic SCL* and chronic
SCL®% but many studies measuring it report low
consumption.”**% Nightingale et al.*° reported that
3% of the daily caloric intake came from alcohol in
men with paraplegia. Groah et al.”® reported that
mean alcohol consumption was under 10 g/day (70
kcal/day) among persons with SCI but differed by
sex (men: 6.43 g/day vs women: 2.24 g/day). Stigma
can be associated with the consumption of alcohol
and may result in participants underreporting the
true amount. Additional research is needed to assess
alcohol consumption in persons with SCI.

Future Perspectives

To date, much of the nutritional research
following SCI is primarily concerned with the
“status” of individual macronutrients, with
proponents of carbohydrate, fat, and protein each
taking center stage in the attempt to understand
epidemic rates of obesity and CMS and dietary
solutions for their etiology, treatment, and
prevention. There is, however, an increasing amount
of evidence that, rather than macronutrients
acting individually, it is their interactive effects
(their balance) that are more important for health
and comorbidity prevention.”*®% Research has
emerged that the balance of protein to nonprotein
(e.g., carbohydrates and fat) energy is significantly
important in nutritional status, influencing total
caloric intake, body habitus, gut microbes, function
of the immune system, and obesity and CMS risk.*
A change in the nutritional environment that dilutes
dietary protein with carbohydrates and fat promotes
overconsumption and fat storage, enhancing the
risk for potential weight gain.***° Targeting the
ratio of protein to fat and protein to carbohydrate
represents a novel dietary modification for many
persons with SCI that warrants investigation to
ameliorate rates of obesity and CMS.

Compared to their individual effects, combined
diet and exercise is best to mitigate the adverse
effects of neurogenic obesity and cardiometabolic
dysfunction after SCL> However, barriers limit

exercise and physical activity in persons with SCI.*!
Given the barriers to exercise, research focused on
dietary intervention may provide alarge-scale “cure”
to the cardiometabolic secondary complications
that occur after SCI. Currently, limited data
are available from randomized controlled trials
assessing the effects of different dietary
interventions, such as the Mediterranean or DASH
(Dietary Approaches to Stop Hypertension) diets,
on post-SCI physique and health.'®

Conclusion

In summary, unhealthy diets and poor nutrition
are among the top risk factors for obesity and
diet-related comorbidities (e.g., type 2 diabetes
mellitus, cardiovascular disease).® SCI is
associated with alterations in body composition,
endometabolic complications, and malnutrition
that are also cause for severe comorbidities.
Although authoritative guidelines for nondisabled
individuals provide dietary recommendations,
they are likely inappropriate (i.e., underestimated
or overestimated) for individuals with SCI because
of reduced metabolic requirements,****"*** gut
dysmotility,”>* and sympathetic nervous system
dysfunction.”” The PVA Guidelines are currently
the strongest evidence-based dietary guidelines
for individuals with SCI. Because several factors
(injury characteristics, demographic parameters,
accessibility, etc.) influence nutritional status
after SCI, an emphasis should be placed on an
individualized approach to nutrition assessment,
diagnosis, intervention, monitoring, and evaluation.
Future research should begin to explore the
interactive effects of macronutrients rather than the
absolute consumption of each macronutrient (i.e.,
nutrient intake) and how dietary intervention alone
can improve rates of obesity and CMS in persons
with SCI.

Conflicts of Interest

The authors declare no conflicts of interest.



Dietetics After SCI 105

REFERENCES

1.

. Manns PJ,

Farkas GJ, Gater DR. Neurogenic obesity and systemic
inflammation following spinal cord injury: a review. J
Spinal Cord Med. 2018;41(4):378-387.

Farkas GJ, Pitot MA, Gater Jr DR. A systematic review
of the accuracy of estimated and measured resting
metabolic rate in chronic spinal cord injury. Int J Sport
Nutr Exerc Metab. 2019;29(5):548-558.

Farkas GJ, Gater DR. Energy expenditure and nutrition
in neurogenic obesity following spinal cord injury. J
Phys Med Rehabil. 2020;2(1):11-13.

Bauman WA, Spungen AM. Disorders of carbohydrate
and lipid metabolism in veterans with paraplegia or
quadriplegia: a model of premature aging. Metabolism.
1994;43(6):749-756.

Bauman WA, Spungen AM. Carbohydrate and
lipid metabolism in chronic spinal cord injury.
J Spinal Cord Med. 2001;24(4):266-277. doi:
10.1080/10790268.2001.11753584

Gater DR, Farkas GJ, Berg AS, Castillo C. Prevalence of
metabolic syndrome in veterans with spinal cord injury.
J Spinal Cord Med. 2018;42(1):86-93.

LaVela SL, Weaver FM, Goldstein B, et al. Diabetes
mellitus in individuals with spinal cord injury or disorder.
J Spinal Cord Med. 2006;29:387-395.

Bauman WA, Adkins RH, Spungen AM, Kemp BJ,
Waters RL. The effect of residual neurological deficit
oil serum lipoproteins in individuals with chronic spinal
cord injury. Spinal Cord. 1998;36(1):13-17.

Libin A, Tinsley EA, Nash MS, et al. Cardiometabolic
risk clustering in spinal cord injury: results of
exploratory factor analysis. Top Spinal Cord Inj Rehabil.
2013;19(3):183-94. doi: 10.1310/sci1903-183

. Vichiansiri R, Saengsuwan J, Manimmanakorn N,

Patpiya S, Arayawichanon P, Samerduen K, Poosiripinyo
E. The prevalence of dyslipidemia in patients
with spinal cord lesion in Thailand. Cholesterol.
2012;2012:847462. doi: 10.1155/2012/847462

. Schmid A, Kndebber J, Vogt S, et al. Lipid profiles

of persons with paraplegia and tetraplegia: sex
differences. J Spinal Cord Med. 2008;31(3):285-289.

. Bauman WA, Spungen AM. Metabolic changes in

persons after spinal cord injury. Phys Med Rehabil Clin
North Am. 2000;11(1):109-140.

. Groah SL, Weitzenkamp D, Sett P, Soni B, Savic G. The

relationship between neurological level of injury and
symptomatic cardiovascular disease risk in the aging
spinal injured. Spinal Cord. 2001;39(6):310-7. doi:
10.1038/sj.sc.3101162

. Gibson AE, Buchholz AC, Martin Ginis KA. C-Reactive

protein in adults with chronic spinal cord injury:
increased chronic inflammation in tetraplegia vs
paraplegia. Spinal Cord. 2008;46(9):616-21. doi:
10.1038/5¢.2008.32

McCubbin JA, Williams DP Fitness,
inflammation, and the metabolic syndrome in men with

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

paraplegia. Arch Phys Med Rehabil. 2005;86:1176-
1181. doi: 10.1016/j.apmr.2004.11.020

Wang TD, Wang YH, Huang TS, Su TC, Pan SL, Chen
SY. Circulating levels of markers of inflammation and
endothelial activation are increased in men with chronic
spinal cord injury. Taiwan yi zhi. 2007;106(11):919-
928. doi: 10.1016/50929-6646(08)60062-5
Maruyama Y, Mizuguchi M, Yaginuma T, et al. Serum
leptin, abdominal obesity and the metabolic syndrome
in individuals with chronic spinal cord injury. Spinal
Cord. 2008;46:494-499. doi: 10.1038/sj.sc.3102171

. Nash MS, Groah SL, Gater DR, et al. Identification

and management of cardiometabolic risk after
spinal cord injury: clinical practice guideline for
health care providers. Top Spinal Cord Med Rehabil.
2018;24(4):379-423. doi:10.1310/s¢i2404-379
Castillo C, Miller J, Moore J, Gater D. Metabolic
syndrome in Veterans with spinal cord injury. J Spinal
Cord Med. 2007,;30:403.

Jones LM, Legge M, Goulding A. Factor analysis of the
metabolic syndrome in spinal cord-injured men. Metab
Clin Exp. 2004;53(10):1372-1377.

Lee MY, Myers J, Hayes A, et al. C-reactive protein,
metabolic syndrome, and insulin  resistance in
individuals with spinal cord injury. J Spinal Cord Med.
2005;28(1):20-25.

Yahiro AM, Wingo BC, Kunwor S, Parton J, Ellis
AC. Classification of obesity, cardiometabolic risk,
and metabolic syndrome in adults with spinal
cord injury. J Spinal Cord Med. 2019:1-12. doi:
10.1080/10790268.2018.1557864

Beltran-Sanchez H, Harhay MO, Harhay MM, McElligott
S. Prevalence and trends of metabolic syndrome in
the adult U.S. population, 1999-2010. J Am College
Cardiol. 2013;62(8):697-703.  doi:10.1016/.
jocc.2013.05.064

Liang H, Chen D, Wang Y, Rimmer JH, Braunschweig
CL. Different risk factor patterns for metabolic syndrome
in men with spinal cord injury compared with able-
bodied men despite similar prevalence rates. Arch Phys
Med Rehabil. 2007;88(9):1198-1204. doi: 10.1016/.
apmr.2007.05.023

Groah SL, Nash MS, Ljungberg IH, et al. Nutrient intake
and body habitus after spinal cord injury: an analysis
by sex and level of injury. J Spinal Cord Med. 2009
2009;32:25-33.

Levine AM, Nash MS, Green BA, Shea JD, Aronica
MJ. An examination of dietary intakes and nutritional
status of chronic healthy spinal cord injured individuals.
Paraplegia. 1992;30(12):880-889. doi: 10.1038/
sc.1992.165

Farkas GJ, Gorgey AS, Dolbow DR, Berg AS, Gater DR.
Caloric intake relative to total daily energy expenditure
using a spinal cord injury-specific correction factor:
an analysis by level of injury. Am J Phys Med Rehabil.
2019,98(11):947-952.



106

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Torics IN SPINAL CORD INJURY REHABILITATION/2021;27(1)

Farkas GJ, Pitot MA, Berg AS, Gater DR. Nutritional
status in chronic spinal cord injury: a systematic review
and meta-analysis. Spinal Cord. 2019;57(1):3-17.
Todhunter E. A Guide to Nutrition Terminology for
Indexing and Retrieval. US National Institutes of Health;
1970:270.

Food and Agriculture Organization. Nutritional Status
Assessment and Analysis: Nutritional Status and Food
Security. 2007. hitp://www.fao.org/elearning/course/
FN/EN/pdf/trainerresources/learnernotes0280.pdf
World Health Organization. Malnutrition. Accessed
September 25, 2020, 2020. https://www.who.int/
news-room/fact-sheets/detail/malnutrition

Barazzoni R, Gortan Cappellari G. Double burden of
malnutrition in persons with obesity. Rev Endocr Metab
Disord. 2020,;21(3):307-313. doi: 10.1007/s11154-
020-09578-1

Rao M, Afshin A, Singh G, Mozaffarian D. Do healthier
foods and diet patterns cost more than less healthy
options? A systematic review and meta-analysis.
BMJ Open. 2013;3(12):e004277. doi: 10.1136/
bmijopen-2013-004277

Nash MS, Cowan RE, Kressler J. Evidence-based and
heuristic approaches for customization of care in
cardiometabolic syndrome after spinal cord injury. J
Spinal Cord Med. 2012:278-92.

Chen Y, Henson S, Jackson AB, Richards JS. Obesity
infervention in persons with spinal cord injury. Spinal
Cord. 2006;44(2):82-91. doi: 10.1038/s{.sc.3101818
Gorgey AS, Dudley GA. Skeletal muscle atrophy and
increased intramuscular fat after incomplete spinal
cord injury. Spinal Cord. 2007 2007;45:304-309. doi:
10.1038/sj.sc.3101968

Gorgey AS, Gater DR. Regional and relative adiposity
patterns in  relation to carbohydrate and lipid
metabolism in men with spinal cord injury. Appl Physiol
Nutr Metab. 2011;36:107-114.

Castro MJ, Apple DF, Hillegass EA, Dudley GA.
Influence of complete spinal cord injury on skeletal
muscle cross-sectional area within the first 6 months of
injury. Eur J Appl Physiol Occup Physiol. 1999;80:373-
378.

Munoz N, Posthauer ME, Cereda E, Schols J, Haesler
E. The role of nutrition for pressure injury prevention
and healing: The 2019 International Clinical Practice
Guideline Recommendations.  Adv  Skin  Wound
Care.  2020;33(3):123-136.  doi:  10.1097/01.
ASW.0000653144.90739.ad

Idowu OK, Yinusa W, Gbadegesin SA, Adebule GT. Risk
factors for pressure ulceration in a resource constrained
spinal injury service. Spinal Cord. 2011;49(5):643-
647. doi:10.1038/5¢.2010.175

Shiferaw WS, Akalu TY, Mulugeta H, Aynalem YA.
The global burden of pressure ulcers among patients
with spinal cord injury: a systematic review and meta-
analysis. BMC Musculoskelet Disord. 2020,;21(1):334.
doi: 10.1186/512891-020-03369-0

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Scheel-Sailer A, Wyss A, Boldt C, Post MW, Lay V.
Prevalence, location, grade of pressure ulcers and
association with specific patient characteristics in
adult spinal cord injury patients during the hospital
stay: a prospective cohort study. Spinal Cord.
2013;51(11):828-833. doi:10.1038/5¢.2013.91
White JV, Guenter P Jensen G, et al. Consensus
statement of the Academy of Nutrition and Dietetics/
American Society for Parenteral and Enteral Nutrition:
characteristics recommended for the identification and
documentation of adult malnutrition (undernutrition).
J Acad Nutr Dietetics. 2012;112(5):730-738. doi:
10.1016/}.jand.2012.03.012

Cederholm T, Jensen GL, Correia M, et al. GLIM criteria
for the diagnosis of malnutrition — A consensus report
from the global clinical nutrition community. Clin Nutr.
2019,;38(1):1-9. doi:10.1016/j.cInu.2018.08.002
Delliere S, Cynober L. Is transthyretin a good marker
of nutritional status? Clin Nutr. A2017;36(2):364-370.
doi: 10.1016/j.clnu.2016.06.004

Freitas R, Hessel G, Vasques ACJ, Nogueira RIN.
Transthyretin levels: potential biomarker for monitoring
nutritional support efficacy and clinical complications
risk in patients receiving parenteral nutrition. Clin
Nutr ESPEN. 2018;24:134-139. doi: 10.1016/].
clnesp.2017.12.012

Keller U. Nutritional laboratory markers in malnutrition.
J Clin Med. 2019;8(6)775. doi: 10.3390/jcm8060775
Ranasinghe RNK, Biswas M, Vincent RP Prealbumin:
the clinical utility and analytical methodologies.
Ann Clin Biochem. 0004563220931885.
doi:10.1177/0004563220931885

Nash MS, Gater DR, Jr. Cardiometabolic disease
and dysfunction following spinal cord injury: origins
and guideline-based countermeasures. Phys Med
Rehabil Clin N Am. 2020 2020;31(3):415-436. doi:
10.1016/j.pmr.2020.04.005

Simpson SJ, Raubenheimer D. Macronutrient balance
and lifespan. Aging (Albany NY). 2009;1(10):875-
880. doi: 10.18632/aging.100098

Silveira SL, Winter LL, Clark R, Ledoux T, Robinson-
Whelen S. Baseline dietary intake of individuals with
spinal cord injury who are overweight or obese. J Acad
Nutr Diet. 2018;119(9):301-309.

Liu MH, Spungen AM, Fink L, Losada M, Bauman WA.
Increased energy needs in patients with quadriplegia
and pressure ulcers. Adv Skin Wound Care: J Prevent
Healing. 1996;9(3):41-5.

Gorgey AS, Mather KJ, Cupp HR, Gater DR. Effects of
resistance training on adiposity and metabolism after
spinal cord injury. Med Sci Sports Exerc. 2012;44:165-
174.

Gorgey AS, Caudill C, Sistrun S, et al. Frequency of
dietary recalls, nutritional assessment, and body
composition assessment in men with chronic spinal
cord injury. Arch Phys Med Rehabil. 2015;96(9):1646-
1653. doi:10.1016/j.apmr.2015.05.013



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Gorgey AS, Martin H, Metz A, Khalil RE, Dolbow DR,
Gater DR. Longitudinal changes in body composition
and metabolic profile between exercise clinical frials in
men with chronic spinal cord injury. J Spinal Cord Med.
2016;39(6):699-712.

Gorgey AS, Khalil RE, Gill R, et al. Low-dose
testosterone  and  evoked resistance  exercise
after spinal cord injury on cardio-metabolic risk
factors: an open-label randomized clinical trial. J
Neurotrauma. 2019;36(18):2631-2645. doi: 10.1089/
neu.2018.6136

Walters JL, Buchholz AC, Martin Ginis KA. Evidence
of dietary inadequacy in adults with chronic spinal
cord injury. Spinal Cord. 2009;47(4):318-322. doi:
10.1038/5c.2008.134

Sabour H, Javidan AN, Vafa MR, et al. Calorie
and macronutrients intake in people with spinal
cord injuries: an analysis by sex and injury-related
variables. Nutrition. 2012;28(2):143-7. doi: 10.1016/].
nut.2011.04.007

Monroe MB, Tataranni PA, Pratley R, Manore MM,
Skinner JS, Ravussin E. Lower daily energy expenditure
as measured by a respiratory chamber in subjects with
spinal cord injury compared with control subjects. Am J
Clin Nutr. 1998;68(6):1223-1227.

Nightingale TE, Williams S, Thompson D, Bilzon JLJ.
Energy balance components in persons with paraplegia:
daily variation and appropriate measurement duration.
Int J Behav Nutr Phys Act. 2017;14(1):132.

Peiffer SC, Blust P Leyson JF Nutritional assessment
of the spinal cord injured patient. J Am Diet Assoc.
1981,78(5):501-5.

Barboriak JJ, Rooney CB, El Ghatit AZ, Spuda K,
Anderson AJ. Nutrition in spinal cord injury patients. J
Am Paraplegia Soc. 1983;6(2):32-6.

Gorgey AS, Caudill C, Sistrun S, et al. Frequency of
dietary recalls, nutritional assessment, and body
composition ssessment in men with chronic spinal
cord injury. Arch Phys Med Rehabil. 2015;96(9):1646-
1653.

Edwards LA, Bugaresti JM, Buchholz AC. Visceral
adipose tissue and the ratio of visceral to subcutaneous
adipose tissue are greater in adults with than in those
without spinal cord injury, despite matching waist
circumferences. Am J Clin Nutr. 2008;87:600-607.
Inskip J, Plunet W, Ramer L, et al. Cardiometabolic
risk factors in experimental spinal cord injury. J
Neurotrauma. 2010;27(1):275-285. doi: 10.1089/
neu.2009.1064

Spungen AM, Adkins RH, Stewart CA, et al. Factors
influencing body composition in persons with spinal
cord injury: a cross-sectional study. J Appl Physiol
(1985).  2003;95:2398-2407. doi:  10.1152/
japplphysiol.00729.2002

Lee BY, Agarwal N, Corcoran L, Thoden WR, Del
Guercio LR. Assessment of nutritional and metabolic
status of paraplegics. J Rehabil Res Dev. 1985;22(3):
11-17.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Dietetics After SCI 107

Knight KH, Buchholz AC, Martin Ginis KA, Goy RE.
Leisure-time physical activity and diet quality are not
associated in people with chronic spinal cord injury.
Spinal  Cord.  2011;49(3):381-5. doi: 10.1038/
sc.2010.103

Lieberman J, David Goff Jr., Flora H, et al. Dietary intake
and adherence to the 2010 Dietary Guidelines for
Americans among individuals with chronic spinal cord
injury: a pilot study. J Spinal Cord Med. 2014;37(6):751-
757. doi: 10.1179/2045772313Y.0000000180
Tomey KM, Chen DM, Wang X, Braunschweig
CL. Dietary intake and nutritional status of urban
community-dwelling men with paraplegia. Arch Phys
Med Rehabil. 2005;86(4):664-71. doi:10.1016/.
apmr.2004.10.023

Perret C, Stoffel-Kurt N. Comparison of nutritional
intake between individuals with acute and chronic
spinal cord injury. J Spinal Cord Med. 2011;34(6):569-
575.

Aquilani R, Boschi F Contardi A, et al. Energy
expenditure and nutritional adequacy of rehabilitation
paraplegics with asymptomatic  bacteriuria  and
pressure sores. Spinal Cord. 2001;39(8):437-441.
doi:10.1038/sj.sc.3101179

Spinal Cord Injury (SCI) Guidelines. 2009. Academy
of Nutrition and Dietetics. Accessed July 25, 2018.
https://andeal.org/topic.cfm2menu=5292&pcat=34
878&cat=5448

Cameron KJ, Nyulasi 1B, Collier GR, Brown DJ.
Assessment of the effect of increased dietary fibre
intake on bowel function in patients with spinal cord
injury. Spinal Cord. 1996,34(5):277-83.

Doubelt |, de Zepetnek JT, MacDonald MJ, Atkinson
SA. Influences of nutrition and adiposity on bone
mineral density in individuals with chronic spinal cord
injury: a cross-sectional, observational study. Bone Rep.
2015;2:26-31. doi: 10.1016/j.bonr.2015.02.002
Krempien JL, Barr SI. Risk of nutrient inadequacies in
elite Canadian athletes with spinal cord injury. Int J
Sport Nutr Exerc Metab. 2011;21(5):417-425.

Beal C, Gorgey A, Moore P Wong N, Adler RA, Gater
D. Higher dietary intake of vitamin D may influence
total cholesterol and carbohydrate profile independent
of body composition in men with chronic spinal cord
injury. J Spinal Cord Med. 2017:1-12. doi:10.1080/10
790268.2017.1361561.

Rodriguez DJ, Clevenger FW, Osler TM, Demarest
GB, Fry DE. Obligatory negative nitrogen balance
following spinal cord injury. J Parenter Enter Nutr.
1991;15(3):319-322. doi:10.1177/0148607191015
003319.

Rodriguez DJ, Benzel EC, Clevenger FW. The
metabolic response to spinal cord injury. Spinal Cord.
1997;35(9):599-604. doi: 10.1038/sj.sc.3100439
Shronts E. Nutrition support in metabolic stress. In:
Shronts E, ed. Nutrition Support Core Curriculum,
American Society of Parenteral and Enteral Nutrition.
1989:199-211.



108

81.

82.

83.

84.

85.

86.

87.

88.

89.

Torics IN SPINAL CORD INJURY REHABILITATION/2021;27(1)

US Department of Health and Human Services. 2015-
2020 Dietary Guidelines for Americans (8th ed.). 2015.
http://health.gov/dietaryguidelines/2015/

Moussavi RM, Ribas-Cardus F, Rintala DH, Rodriguez
GP Dietary and serum lipids in individuals with spinal
cord injury living in the community. J Rehabil Res Dev.
2001,38(2):225-233.

Davis JF Cao Y, Krause JS. Changes in alcohol
use after the onset of spinal cord injury. J
Spinal  Cord Med. 2018;41(2):230-237. doi:
10.1080/10790268.2017.1319996

Garrison A, Clifford K, Gleason SF, Tun CG, Brown R,
Garshick E. Alcohol use associated with cervical spinal
cord injury. J Spinal Cord Med. 2004;27(2):111-115.
Tate DG, Forchheimer MB, Krause JS, Meade MA,
Bombardier CH. Patterns of alcohol and substance
use and abuse in persons with spinal cord injury:
Risk factors and correlates. Arch Phys Med Rehabil.
2004,;85(11):1837-47.

Saunders L, Krause J. Psychological factors affecting
alcohol use after spinal cord injury. Spinal Cord.
2011,;49(5): 637-642. doi: 10.1038/s¢.2010.160
Ponton F, Kenneth W, Sheena CC, David R, Simpson
SJ. Nutritional immunology: a multi-dimensional
approach. PLoS Pathog. 2011;7(12). doi:10.1371/
journal.ppat. 1002223

Solon-Biet SM, McMahon AC, Ballard JWO, et al. The
ratio of macronutrients, not caloric intake, dictates
cardiometabolic health, aging, and longevity in ad
libitum-fed mice. Cell Metab. 2014;19(3):418-430.
doi: 10.1016/j.cmet.2014.02.009

Gosby AK, Arthur DC, Namson SL, et al. Testing protein
leverage in lean humans: a randomised controlled

90.

91.

92.

93.

94.

95.

96.

97.

experimental study. PLoS One. 2011;6(10):e25929.
doi: 10.1371/journal.pone.0025929

Huang X, Hancock DP Gosby AK, et al. Effects of
Dietary protfein to carbohydrate balance on energy
intake, fat storage, and heat production in mice.
Obesity. 2013;21(1):85-92. doi: 10.1002/0by.20007
Scelza WM, Kalpakjian CZ, Zemper ED, Tate DG.
Perceived barriers to exercise in people with spinal cord
injury. Am J Phys Med Rehabil. 2005;84(8):576-583.
doi: 10.1097/01.phm.0000171172.96290.67
Bauman WA, Spungen AM, Wang J, Pierson RN. The
relationship between energy expenditure and lean
tissue in monozygotic twins discordant for spinal cord
injury. J Rehabil Res Dev. 2004;41(1):1-8.

Buchholz AC, McGillivray CF, Pencharz PB. Differences
in resting metabolic rate between paraplegic and able-
bodied subjects are explained by differences in body
composition. Am J Clin Nutr. 2003;77(2):371-378.
Buchholz AC, McGillivray CF, Pencharz PB. Physical
activity levels are low in free-living adults with chronic
paraplegia. Obesity Res. 2003;11(4):563-570.
Holmes GM. Upper gastrointestinal dysmotility after
spinal cordinjury: Is diminished vagal sensory processing
one culprit¢ Front Physiol. 2012 2012;3(277):1-12.
Keshavarzian A, Barnes WE, Bruninga K, Nemchausky
B, Mermall H, Bushnell D. Delayed colonic transit
in spinal cord-injured patients measured by in-
111 amberlite scintigraphy. Am J Gastroenterol.
1995;90(8):1295-1300.

Stiernberg L, Blumberg H, Wallin BG. Sympathetic
activity in man after spinal-cord injury — outflow to
muscle below the lesion. Brain. 1986;109:695-715.



