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Abstract
Study design Systematic review and meta-analysis.
Objectives The objective was to investigate nutritional status in chronic spinal cord injury (SCI), and compare macronutrient
and micronutrient intake to the recommended values by the United States Department of Agriculture (USDA) 2015–2020
Dietary Guidelines for Americans.
Setting United States of America.
Methods A MEDLINE/PubMed, Google Scholar, Scopus, and Web of Science search was performed, identifying 268
papers. All papers included were English-language papers examining adults with chronic SCI. A meta-analysis was per-
formed to produce weighted averages and 95% confidence intervals (CI) when summary statistics were provided.
Results The systematic review included 15 articles, while the meta-analysis included 12. Resting metabolic rate (1492 kcal/
day; CI: 1414–1569) fell below the able-bodied average, and total energy (1876 kcal/day; CI: 1694–2059) and fiber (17 g/
day; CI: 14–20) intake were below USDA guidelines. Protein (319 kcal/day; CI: 294–345) and carbohydrate (969 kcal/day;
CI: 851–1087) intake were above guidelines. Fat intake (663 kcal/day; CI: 590–736) was within USDA guidelines. Vitamins
A, B5, B7, B9, D, E, potassium, and calcium were deficient, while vitamins B1, B2, B3, B12, C, K, sodium, phosphorus,
copper, and zinc were in excess according to USDA guidelines. Vitamin B6, iron, and magnesium were within USDA
guidelines.
Conclusion Findings indicate greater energy intake relative to energy needs in those with chronic SCI, and an imbalance in
fiber intake and micronutrients compared to the USDA guidelines. Future research examining nutritional health status is
needed in order to establish evidence-based, SCI-specific dietary guidelines.

Introduction

Spinal cord injury (SCI) results in the loss of neurological
function below the level of injury (LOI) and an increased risk
of morbidity and mortality. The neurological impairment
leads to deterioration in body composition, characterized by a
profound reduction of lean body mass (LBM) and an
increase in adipose tissue below the LOI [1]. Loss of LBM
results in reductions in resting metabolic rate (RMR), which
in turn significantly decreases total daily energy expenditure
(TDEE). These changes accelerate the accumulation of adi-
pose tissue, contributing to an obesity epidemic in the SCI
population [2]. Recently, advancements in acute medical care
and a greater understanding of long term, chronically
acquired complications of SCI have increased life expectancy
[3], but are associated with increased risk for developing
chronically acquired metabolic disease, such as type two
diabetes mellitus and cardiovascular disease [1, 2, 4, 5].
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Adoption of a healthy diet is generally recommended to
individuals with SCI because of the protective function on
body composition and cardiometabolic profiles. However,
despite the publication of numerous, somewhat contentious
recommendations [5–10], there are currently no evidence-
based nutritional guidelines for individuals with chronic
SCI. The lack of agreement on nutritional guidelines may
arise from the inability to accurately measure the energy
intake and needs of individuals with SCI relative to
alterations in body composition following the injury [11–
13]. Despite an understanding of accelerated aging in this
population and the impact of a high caloric diet on obesity,
much of the available nutritional research has only been
conducted during the acute phase of the injury [10, 14, 15].
Evaluating the available body of literature examining
nutritional health status in individuals with chronic SCI may

ultimately help establish evidence-based dietary guidelines
for persons with SCI.

The aim of this systematic review and meta-analysis
was to investigate nutritional status in adults with chronic
SCI, focusing on RMR and the intake of total energy,
carbohydrate, protein, fat, alcohol, and fiber, as well as
intake of vitamins and minerals. Additionally, we aimed to
compare the weighted averages for macronutrients and
micronutrients to the United States Department of Agri-
culture (USDA) 2015–2020 Dietary Guidelines for
Americans [16]. In this review, we define chronic SCI as
one or more years after the injury, to ensure that stabili-
zation of body composition, hormonal profiles, residual
neurological function, and the inflammatory environment
of the spinal cord is significantly decreased or no longer
present [1, 2].

Fig. 1 Study selection for nutritional status in chronic SCI
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Methods

Database search and article selection

This review was conducted according to guidelines set forth
by the National Academy of Medicine [17]. All articles
were identified through a comprehensive literature search.
The search was completed through MEDLINE/PubMed,
Google Scholar, Scopus, and Web of Science utilizing the
following limits: English language only, human subjects/
patients, and adult participants ≥ 18 years. Search terms
were selected from known original research studies and the
Medical Subject Headings in MEDLINE/PubMed relevant
to the title and/or abstracts. Search terms included: spinal
cord injury, tetraplegia, and paraplegia; basal metabolic
rate, resting metabolic rate, and resting energy expenditure;
diet, energy intake, nutrition, food, foodstuffs; macro-
nutrients, carbohydrates, fat, protein, alcohol, fiber; micro-
nutrients; vitamins A, B1, B2, B3, B5, B6, B7, B9, B12, C,
D, E, and K, niacin, folic acid, pantothenic acid, biotin;
minerals, sodium, potassium, calcium, magnesium, copper,
phosphorous, iron, zinc, and selenium (see supplemental
file 1 for the search strategy). Study selection was made by
first reviewing the title and abstract, followed by the full
text of the articles (carried out by GJF and MAP) (Fig. 1).
The above-mentioned databases were searched for articles
published since the inception of the database to February
2018. Reference lists of identified articles and relevant
review papers were also reviewed to find any additional
relevant articles.

Exclusion and inclusion criteria

Article exclusion criteria were as follows: titles or texts of
research articles not in the English language; articles with-
out abstracts; case studies because of low level of IV evi-
dence [18]; review and duplicate articles, and
commentaries; articles in which demographic information
of the study participants were not sufficiently indicated;
articles with non-human samples (i.e., animal or cell stu-
dies); articles with acute SCI (i.e., <1 year post injury); and
participants with SCI < 18 years of age. Participants under
one-year of injury were excluded because at this time there
is a higher incidence of injury-related complications [1], a
period of catabolic stress [19] and negative nitrogen balance
that is characterized as a loss of fat free mass [20, 21]. Full
articles that were inaccessible through database searches
were retrieved through Interlibrary Loan services (a litera-
ture borrowing service; n= 5). If articles by the same lead
authors were identified and discovered to include similar
participants and dietary values, the study with the largest
sample size was included [22]. The first two authors inde-
pendently assessed the quality of the papers included in this

review according to the Standard Quality Assessment Cri-
teria for Evaluating Primary Research Papers from a Variety
of Fields (supplemental file 2) [23].

Data extraction

When studies fulfilled the eligibility criteria, data were
extracted from full text studies by a single reviewer (GJF)
and verified by a second reviewer (MAP). Data were
extracted regarding study design; country of study origin;
time since injury; injury completeness; LOI; RMR; total
intake of energy, protein, fat, carbohydrate, alcohol, and
fiber; total intake of vitamins A, B, C, D, E, and K; and total
intake of minerals calcium, copper, iron, magnesium,
phosphorus, potassium, sodium, and zinc. Baseline data
were extracted from longitudinal studies (i.e., prospective
analysis) and included in this review. When relevant data
were unavailable, we contacted the corresponding and/or
senior authors.

Data and statistical analysis

All nutritional data are reported as mean ± standard devia-
tion (SD) as a measure to be consistent with published
research. However, when articles published their results as
mean ± standard error of the mean, the standard error of the
mean was converted to a SD using the following formula:

SD ¼ SEM� ffiffiffi

n
p

where SD is the standard deviation, SEM is the standard
error of the mean, and n is the sample size from the article
[22]. When articles presented their findings by subgroup
analysis (i.e., male and female), a weighted group mean and
pooled SD was calculated for each article using the
following formula:

Xw ¼
X

s

i¼1

ni
N

� �

� xi

where w is the weighted mean, s is the number of
subgroups, x is the mean, n is the subgroup size, and N is
the whole cohort size [24]. The conversion factors of 4, 4, 7,
and 9 were used to convert grams of carbohydrates, protein,
alcohol, and fat to calories, respectively. When articles
presented micronutrients in International Units (IU), they
were converted to their metric equivalent using the National
Institutes of Health’s previously published conversion
factors [25].

The inter-reliability of the quality ratings of the papers
was examined with the intraclass correlation coefficient
using thresholds according to Landis and Koch [26]. A
linear mixed-effects model, using the R package metafor

Nutritional status in chronic spinal cord injury: a systematic review and meta-analysis 5
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[27], was used to conduct the meta-analysis. The random
effects were fitted with a restricted maximum-likelihood
estimator. Forest plots are provided for specific variables
that include summary-level effects and 95% confidence
intervals (CI) as provided by the random effects meta-
analysis. Heterogeneity was calculated via the linear mixed-
effects model and was examined using the Q statistic, while
inconsistency was assessed using I2. All statistical analyses
were conducted using R (R Foundation for Statistical
Computing, Vienna, Austria) version 3.4.3.

Results

Description of the included studies

The literature search produced 268 articles investigating
nutritional status in SCI. Thirty-six (13%, 36/268) of these
articles were selected for a more detailed review (Fig. 1).
Seven of these articles (19%, 7/36) were eliminated because
participants were less than one-year post injury [28–34]. Six
additional articles (17%, 6/36) did not report time since
injury and were therefore excluded [35–40]. One study (3%,
1/36) was excluded because the authors did not report
macronutrient or micronutrient values for their participants
[41], whereas another study (3%, 1/36) inadequately
reported research methodology and characteristics of the
study population [42]. Three articles (8%, 3/36) were
excluded because they were commentary or review articles.
Four articles (11%, 4/36) with the same leading author
included similar participant characteristics and mean dietary
values [22, 43–45], so the study with the largest sample size
was included while the remaining articles were excluded
(Fig. 1) [22]. The remaining 15 articles (42%, 15/36) were
included for analysis in this review (Fig. 1). Inter-observer
agreement for the total score of the quality ratings was 0.69,
denoting substantial agreement [26].

Table 1 presents study and demographic and injury
characteristics across SCI nutrition literature. Twelve of the
identified articles were cross-sectional (80%, 12/15), while
three articles were longitudinal (20%, 3/15) [46–48]. Over
half of the articles (53%, 8/15) were carried out in the
United States of America and the remaining articles were
performed in Canada (20%, 3/15) [49–51], Iran (13%, 2/15)
[22, 52], United Kingdom (7%, 1/15) [47], and Switzerland
(7%, 1/15) [53]. Time since injury ranged from 1 to 40
years post injury. LOI ranged from C1 to L4 [12, 13, 22, 46,
47, 49, 53–56]; however, six articles (40%, 6/15) did not
indicate the specific injury levels of their participants [11,
22, 48, 50–52]. Six of the articles (40%, 6/15) reported their
participants as motor complete injuries (ISNCSCI A and B)
[12, 46, 47, 53–55], while five articles (33%, 5/15) included
samples with complete and incomplete injuries [11, 22, 49,Ta
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50, 52]. Four articles did not report injury completeness
(27%, 4/15) (Table 1) [13, 48, 51, 56].

Resting metabolic rate, energy intake, and
macronutrients

Table 2 presents RMR and caloric intake data across SCI
nutrition literature. Only Gorgey et al. [55], Gorgey et al.
[46], Lee et al. [56], Nightingale et al. [47], and Perret and
Stoffel-Kurt [53] (33%, 5/15) reported a measured RMR
value (Table 2). The majority of the articles (87%, 13/15)
reported energy intake [11–13, 22, 46–48, 50, 51, 53–56].
Twelve articles (80%, 12/15) reported daily fat and carbo-
hydrate intake [11–13, 22, 46–48, 50, 51, 53–55], while
protein intake was assessed in 13 articles (87%, 13/15) [11–
13, 22, 46–51, 53–55]. Four articles (27%, 4/15) reported
daily fiber intake [13, 22, 48, 51]. Daily alcohol intake was
only assessed by two articles (13%, 2/15) (Table 2) [12, 47].

Vitamins

Three articles (20%, 3/15) evaluated the daily intake of
vitamin A (mean range [lowest to highest mean]: 1.1–6.3
mg/day) [12, 48, 53], while vitamin D was investigated in
six articles (mean range: 1.5–5.6 µg/day) [11, 12, 49, 51, 53,
54]. Doubelt et al. [49] and Perret and Stoffel-Kurtet [53]
reported daily vitamin K values of 193 ± 212 and 195 ±
51.2 µg/day, respectively. Daily vitamin C intake was
assessed in six articles (40%, 6/15), where a mean range of
the vitamin was 73.1 to 195 mg/day [11–13, 48, 51, 53].
Levine et al. [48] and Perret and Stoffel-Kurt [53] (14%, 2/
15) examined daily intake of vitamins E (8.7 ± 5.1 and 8.9
± 2.4 mg/day) and B5 (4.0 ± 2.2 and 4.5 ± 1.2 mg/day).
Vitamins B1 (mean range: 1.3–1.7 mg/day), B2 (mean
range: 1.5–1.9 mg/day), and B3 (mean range: 14.5–20.9 mg/
day) were reported by three articles (20%, 3/15). Daily
intake of vitamins B6 and B12 were reported by four articles
(27%, 4/15) with a mean range of 1.3 to 2.1 mg/day and 3.0
to 5.0 μg/day, respectively [12, 48, 51, 53], while Perret and
Stoffel-Kurt [53] evaluated vitamin B7 and presented a
mean value of 36.2 ± 18.0 µg/day. Vitamin B9 was assessed
in six articles (40%, 6/15), where the mean range was 163.4
to 535.9 µg/day [11–13, 48, 51, 53]. Walters et al. [50]
examined vitamins A, B1, B6, B9, and C, but did not report
mean values.

Minerals

Daily calcium intake was assessed in over half of the arti-
cles (60%, 9/15). The mean range for daily calcium intake
was 543.2 to 1077 mg/day [11–13, 48, 49, 51–54]. Five
articles (33%, 5/15) evaluated daily intake of sodium (mean
range: 1949–3582 mg/day) [12, 13, 48, 51, 53], phosphorusTa

bl
e
2
(c
on

tin
ue
d)

A
ut
ho
r

Y
ea
r

G
ro
up
/s
ub
gr
ou
p

N
R
M
R

(k
ca
l/d

)
E
ne
rg
y
in
ta
ke

(K
ca
l/d

)
P
ro
te
in

in
ta
ke

(K
ca
l/d

)
F
at

in
ta
ke

(K
ca
l/d

)
C
ar
bo
hy
dr
at
e
in
ta
ke

(K
ca
l/d

)
A
lc
oh
ol

in
ta
ke

(K
ca
l/d

)
F
ib
er

(g
/d
)

T
et
ra

94
20
13

±
68
1

25
5
±
95

73
5
±
31
8

10
71

±
42
3

17
±
7

P
ar
a

68
20
60

±
72
7

26
1
±
10
2

76
2
±
28
1

10
86

±
45
9

19
±
8

T
om

ey
et

al
.
[1
3]

20
05

A
ll

95
22
65

±
74
5

32
9
±
12
7

83
5
±
36
4

11
00

±
34
7

17
±
7

W
al
te
rs

et
al
.
[5
0]

20
09

A
ll

77
20
26

±
31
7a

32
7
±
60

a
60
2
±
11
1a

10
57

±
19
3a

M
al
e

63
20
96

±
42
0

33
5
±
67

62
9
±
12
6

10
90

±
21
8

F
em

al
e

14
17
11

±
15
2

29
1
±
26

47
9
±
43

90
7
±
81

B
la
nk

sp
ac
es

in
di
ca
te

da
ta

w
er
e
no

t
pr
ov

id
ed

in
th
e
st
ud

y.
D
at
a
ar
e
pr
es
en
te
d
as

m
ea
n
±
st
an
da
rd

de
vi
at
io
n

P
ar
a
pa
ra
pl
eg
ia
,
R
M
R
re
st
in
g
m
et
ab
ol
ic

ra
te
,
T
et
ra

te
tr
ap
le
gi
a

a W
ei
gh

te
d
m
ea
n
an
d
st
an
da
rd

de
vi
at
io
n

b S
ta
nd

ar
d
de
vi
at
io
n
no

t
pr
ov

id
ed

Nutritional status in chronic spinal cord injury: a systematic review and meta-analysis 9



(mean range: 959.7–1563.0 mg/day) [12, 48, 51–53], and
iron (mean range: 11.8–19.7 mg/day) [12, 13, 48, 51, 52].
Four articles (27%, 4/15) evaluated zinc where the mean
ranged from 8.4 to 10.3 mg/day [48, 49, 51, 53]. Three
articles (20%, 3/15) reported daily intake of potassium and
magnesium with a mean range of 1935–3478 mg/day and
224–372 mg/day, respectively [48, 51, 53]. Only Levine
et al. [48]. evaluated daily intake of copper (1.1 ± 0.3 μg/
day) and selenium (94.7 ± 31.6 μg/day). Walters et al. [50],
evaluated magnesium and iron; however, the authors did
not report the values.

Meta-analysis

Of the 15 articles included in this review, summary statistics
were provided in 12 articles and were therefore included in

the meta-analysis. Weighted averages for age, weight, body
mass index, and time since injury were 38.7 y (95% CI:
35.1, 42.3; n= 573), 75.8 kg (95% CI: 70.4, 81.3; n= 207),
24.2 kg/m2 (95% CI: 21.8, 26.5; n= 166), and 12.4 y (95%
CI: 9.7, 15.1; n= 557), respectively. Random effects sum-
mary results are presented in Fig. 2 for RMR. Figure 2 and
Table 3 present random effects summary results for total
energy, protein, carbohydrate, fat, and fiber intake, while
Table 4 presents findings for vitamins and minerals. Daily
alcohol intake is presented in Table 3.

Discussion

Individuals with SCI are at risk for multiple nutritional
deficiencies. The causes are often multifactorial [2, 55], and

Fig. 2 Forest plots of resting metabolic rate (RMR), energy intake,
macronutrients (protein, fat, and carbohydrates), and fiber in indivi-
duals with chronic SCI. Black squares indicate the weight of the
evidence from each of the studies, the black diamond is the total mean

difference, and the width of the diamond indicates the 95% confidence
intervals (CI). Total number of participants (N) and the weighted
averages with 95% CI are provided for each variable

10 G. J. Farkas et al.



result in an elevated risk of obesity and obesity-related
diseases [1]. Results from this review provide weighted
averages for variables associated with the nutritional status
of individuals with chronic SCI. They also demonstrate that
the majority of the available literature focuses solely on the
role of total energy intake, with only a few inconsistent
studies evaluating vitamins and minerals. Furthermore,
results reported among the articles demonstrated high het-
erogeneity likely due to LOI, injury completeness, sex, and
time since injury among participants. While no fewer than
24 developed countries and the World Health Organization
have published separate dietary guidelines, the authors have
selected the USDA 2015–2020 Dietary Guidelines for
Americans as their reference point since the majority of the
study populations represent U.S.A. participants and many of
the articles also reference the widely distributed and
accepted guidelines [6, 16, 57].

Resting metabolic rate, energy intake, and
macronutrients

Previous literature suggests that many individuals with SCI
have excessive caloric intake relative to their energy needs
[12, 13, 22]. This discrepancy suggests that positive energy
balance is leading to a state of obesity and associated car-
diometabolic dysfunction [4]. Studies comparing RMR
between individuals with chronic SCI and the able-bodied
(AB) population note that those with SCI require 10% fewer
calories than their AB counterparts [58–60]. However, in a
2000 kcal/day diet, this equates to a caloric restriction of
200 kcal/day, which arguably is insufficient to promote
negative energy balance [2], and an additional 100 to 200
kcal/day (totaling 300 to 400 kcal) should be restricted [2,
46]. In this review, we demonstrate a mean RMR of 1492
kcal/day. This number fell below the normal range of
1593.5–2248.8 kcal/day for RMR reported within the AB
population [61–63], and is likely due to a decrease in

metabolically active tissue [1, 59, 64, 65]. Mean energy
intake was 1876 kcal/day, which was under the total energy
intake for all age groups except for females over 31-years of
age, according to the USDA guidelines [16]. Individuals
with SCI often consume significantly fewer calories than
their AB counterparts, not only due to decreased metabolic
needs but also as a means to control bowel and bladder
programs [66, 67]. Given the greater prevalence of males
with SCI than females [68, 69], the averages presented in
this review may not accurately reflect the total energy intake
of females with SCI. Therefore, these results should be
interpreted with caution and promote future investigations.

Interestingly, using the product of RMR and the cor-
rection factor of 1.2 to estimate TDEE, a method commonly
used in the AB population, yields an energy expenditure of
1790.4 kcal/day. When compared against the mean energy
intake calculated for the SCI population of 1876 kcal/day,
this value equates to an excess caloric intake of 85.6 kcal/
day. These additional calories, seemingly inconsequential,
add up to almost 600 kcal/week. Furthermore, this equation
likely overestimates TDEE, as it is only validated for the
AB population and does not account for the significant loss
of LBM affecting energy expenditure and a sedentary life-
style following SCI. A caloric deficit of 15 to 20% may
provide the necessary energy restriction to manage body fat
and cardiometabolic profiles following SCI. Of note, injury
level and completeness of injury significantly impact caloric
needs. Those with tetraplegia and complete injuries require
less energy compared to individuals with paraplegia and
incomplete injuries [12, 22, 52]. Nonetheless, for the SCI
population, these data indicate that excessive energy intake
in the presence of diminished LBM and RMR leads to
improper energy balance and contributes to a state of obe-
sity and obesity-related comorbidities.

Protein intake in individuals with SCI exceeds current
USDA guidelines [16]. This finding is in agreement with
previous literature, as most individuals in the United States

Table 3 Weighted averages and
95% confidence interval (CI) for
macronutrients in chronic SCI
compared to USDA 2015–2020
Dietary Guidelines for
Americans [16]

Total intake Poole d N x̅ 95% CI
Heterogeneity

USDA
Guidelines

Percent deficient (−),
or in excess (+)I2 Q

Energy (kcal/day) 606 1876 1694–2059 97.1 175.0† 1600–3000a In range

Protein (kcal/day) 391 319.3 294.1–344.6 93.5 45.2† 184–224 +43–74%

Fat (kcal/day) 553 663 589.9–736.1 97.1 99.3† 400–875b In range

Carbohydrate (kcal/
day)

553 969 850.7–1087 97.7 303.7† 520 +86%

Fiber (g/day) 322 16.9 14.1–19.8 92.4 27.6† 22.4–33.6 −25–50%

Alcohol (kcal/day) 33 57 51.5–19.8 0 0 98 In range

†P < 0.0001
aRecommended age and sex energy intake guidelines: Females: 19–30, 2000 kcal/day; 31–50, 1800 kcal/
day; ≥51, 1600 kcal/day; and Males: 19–30, 2400–3000 kcal/day; 31–50, 2200 kcal/day; ≥51, 2000 kcal/day
bRecommended age and sex fat intake guidelines: Females: 19–30, 400–700 kcal/day; 31–50, 360–630 kcal/
day; ≥51, 320–560 kcal/day; and Males: 19–30, 500–1050 kcal/day; 31–50, 440–770 kcal/day; ≥51,
400–700 kcal/day

Nutritional status in chronic spinal cord injury: a systematic review and meta-analysis 11
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consume either an adequate or above average amount of
protein [12, 13]. Regardless of age, individuals with SCI
also consume a significantly greater quantity of carbohy-
drates than what is recommended values (Table 4) [16].
Ingested carbohydrates not immediately metabolized for
energy are stored as fat in visceral, subcutaneous, and inter-
muscular and intra- muscular locations [8], which could
contribute to the high prevalence of obesity and disorders of
carbohydrate metabolism, such as insulin resistance and
type two diabetes mellitus, in this population [1, 2, 64].
With regards to fat, we have demonstrated that fat intake
remains within the recommended daily allowance for men
with chronic SCI. Females over 31-years of age, however,
may be consuming a greater quantity, which contrasts
previous literature suggesting that individuals with chronic
SCI consume an amount of fat that approaches or exceeds
that recommended by the USDA guidelines [11–13, 16, 22,
53].

Fiber intake in this population has been demonstrated as
low [13, 22, 48]. In the current review, we report a mean
fiber intake of 176 g/day, which fell below the USDA
recommended value of 22.4–33.6 g/day (age and sex
dependent) [16]. These guidelines, however, conflict with
the Academy of Nutrition and Dietetics Evidence Analysis
Library (ANDEAL) recommendations to consume 15 g of
fiber per day and increase up to 30 g/day as tolerated fol-
lowing a SCI [7]. Regardless of the chosen guidelines, the
results from the present review demonstrate individuals
with chronic SCI are either below the recommended intake
of fiber per day according to the USDA, or at the lower
margin of the ANDEAL recommendations. The ANDEAL
guidelines do not differentiate acute versus chronic SCI and
are almost ten years old, which may not adequately reflect
the aging SCI population and advances in science [70–74].
A likely explanation for a low fiber diet in individuals with
SCI is that high fiber diets may cause negative con-
sequences on bowel function and bowel care programs.
Fiber consumption that is too high without commensurate
fluid intake can lead to constipation with an already
decreased bowel motility.

Alcohol consumption also fell below the guidelines. The
USDA guidelines limit alcohol intake to no more than two
drinks/day for men and one drink/day for women, where a
drink of beer (5% alcohol) is 12 fl. oz., a drink of wine (12%
alcohol) is 5 fl. oz., and a drink of 80 proof distilled spirits
(40% alcohol) is 1.5 fl. oz [16]. According to these guide-
lines, an alcoholic drink-equivalent is described as con-
taining 98 kcal (0.6 fl. oz.) of pure alcohol [16]. In the
present review, daily alcohol intake was 57 kcal/day. This
was conducted in a small sample of 33 individuals, and is
likely very low given the reports of high alcohol con-
sumption in the SCI population [75–77]. Participants are
also likely to underreport their true alcohol consumption

given the stigma that is often associated with alcohol con-
sumption and its effects on weight and health [77].

Micronutrients

Several vitamins and minerals were below daily recom-
mended 2015–2020 guidelines set by USDA [16]. This
review demonstrates deficiencies in vitamins A, B5, B7, B9,
D, and E, and the minerals potassium and calcium. Previous
research has similarly demonstrated below-recommended
intake values of vitamins A, B5, B7, C, D, and E in indi-
viduals with chronic SCI [12, 13, 50, 53], as well as defi-
ciencies in the minerals calcium, magnesium, and potassium
[12, 16, 48, 50, 53]. Many of these micronutrients are linked
to carbohydrate, lipid, and/or vascular dysfunction, which
are prevalent in individuals with chronic SCI, and are
needed to ensure proper cellular health, water and nutrient
transport, and acid-base balance [2, 4, 64]. A potential
mechanism driving these deficiencies in micronutrients may
be a consequence of a caloric intake below-recommended
values. However, previous literature indicates vitamin and
mineral supplementation in the SCI population is common,
although concrete evidence on this matter is scarce [8].
Nonetheless, as indicated in this review, those with chronic
SCI are deficient or in excess of several micronutrients
according to USDA guidelines [16], and therefore future
research needs to determine adequate intake of vitamins and
minerals for this population to counteract any deficiencies
and potential toxicities.

Limitations and strengths of this review

This review is not without limitations. First, our search
strategy was limited to articles only in the English language,
which may have resulted in exclusion of studies that
otherwise met our study criteria. Second, many of the
articles had small samples and heterogeneous data as indi-
cated by our Q and I2 statistics. We did not account for
injury completeness and level and sex-based differences in
energy consumption, and acknowledge both variables
impact nutrition [16, 68]. However, given the limited
number of studies evaluating nutrition in chronic SCI the
authors of this review felt pooling samples would provide
more power. Third, many articles reported incomplete
characteristics in their study population with respect to time
since injury, injury classification, RMR, energy intake,
macronutrients, and micronutrients. These limitations
affected the accuracy and proficiency of the review to
unequivocally identify representative values for the SCI
population, and thus limit the meaning and significance of
our findings. Nonetheless, to the authors’ knowledge, this is
the first comprehensive evaluation of nutritional health
status in chronic SCI.

Nutritional status in chronic spinal cord injury: a systematic review and meta-analysis 13



There are many strengths of this systematic review and
meta-analysis. First, to the best of our knowledge, we are
the first to quantitatively assess nutritional health following
SCI given previous reviews have been qualitative in nature
[6, 8, 57, 78]. Second, although the total number of articles
included in the meta-analysis was relatively low, the num-
ber of participants was relatively high. Third, full text
articles were assessed and evaluated, with substantial
agreement, by two authors. Fourth, we performed a com-
prehensive literature search through multiple databases with
strict inclusion and exclusion criteria. Lastly, we focused on
chronic SCI to ensure changes in body composition had
stabilized to limit the impact of an acute SCI (<1-year post
injury) on nutritional health.

Nutritional assessment and recommendations in
chronic SCI

A concern in SCI is inadequate assessment of nutritional
intake. Numerous studies use dietary recall and food fre-
quency questionnaires with inconsistent collection fre-
quencies. This may lead to the underreporting of energy
intake in studies assessing nutritional health following SCI
[11–13, 55, 79], and therefore the inadequate estimation of
energy intake. Additionally, individuals with tetraplegia
may have significant difficulty estimating, performing, and
reporting standard dietary measurements on survey instru-
ments due to impaired hand function. Utilizing a system
where a dietitian calls a participant and collects a 24-h
dietary recall over the phone, and/or implementation of
assistive technology, such as the Automated Self-
Administered 24-h (ASA24) dietary assessment tool, may
help minimize the potential to underreport in research trials.

Professional dietary evaluation is a vital tool in pre-
venting and managing nutritional inadequacies in this spe-
cial population. However, individuals with chronic SCI may
not need the USDA recommended values given the anato-
mical and physiological changes that occur following the
injury. These changes include a reduction in neurotrophic
influences, sympathetic nervous system blunting, loss of
LBM with a commensurate loss of energy expenditure, a
decrease in anabolic hormones, and an increase in catabolic
hormones [1, 2, 80]. In fact, the USDA guidelines have not
been validated in the SCI population given these afore-
mentioned changes [16]. Therefore, we should recognize
the significance of dietary assessments and nutrition edu-
cation and counseling, and recommend to health care pro-
fessionals that an initial evaluation of diet and subsequent
routine visits from a registered dietitian (RD) be a repetitive
part of the annual medical assessment and standard of care
for individuals with SCI. RD can explore SCI-related diet-
ary issues including the avoidance of food groups, which
may affect bowel and/or bladder programs, gluten, glucose,

acid reflux, and changes in taste acuity. Moreover, nutri-
tional evaluations by RD often discover psychosocial fac-
tors that can have direct or indirect adverse consequences
on nutrition. These factors include disordered eating due to
impulse control issues or to body dysmorphia, a lack of
education regarding nutrition following a SCI or even basic
nutritional needs, anxiety and/or depression regarding eat-
ing skills and abilities, lack of transportation and assistance
to buy and/or use foodstuffs, and substance abuse displa-
cing nutrition [81].

Future direction

Nutritional health in individuals with chronic SCI remains
an area of medicine that requires additional research. Future
research needs to examine energy needs in relation to
energy expenditure (through the assessment of RMR) and
body composition among those with paraplegia and tetra-
plegia compared to the AB population. Prospective studies
are also needed to assess the impact of exercise-based and
dietary-based interventions, aiming to improve cardiome-
tabolic profiles by increasing LBM and attenuating adipose
tissue through functional electrical leg cycle ergometry and
caloric restriction [46, 80, 82, 83]. With these studies it is
not only imperative to provide high nutrient-dense foods,
but also palatable foods to ensure participants adhere to the
study protocol. Modeling diets after the Mediterranean,
Ketogenic, or Atkins diet may provide models to create an
SCI-specific diet plan that allows for palatable and sufficient
nourishment in the presence of caloric restriction.

To allow for comparisons, it is of utmost importance that
these studies provide detailed descriptions of their partici-
pants, and that dietary recalls are standardized to ensure
accurate reporting of energy intake. Finally, in the authors’
opinion and given the degree of article heterogeneity, there
are insufficient data to establish evidence-based nutritional
recommendations for individuals with chronic SCI. Addi-
tional research is crucial to improve our understanding of
how dietary habits sustained in chronic SCI relate to the
drastic changes in body composition and cardiometabolic
profiles seen in this population [4].

Conclusion

The current review aimed to quantitatively summarize
results from many articles and compare these results to
current USDA 2015–2020 dietary guidelines for Amer-
icans. The results presented in this review demonstrate
greater energy intake relative to energy needs in individuals
with chronic SCI, as well as an imbalance in the intake of
fiber and micronutrients compared to the AB population.
However, the USDA 2015–2020 dietary guidelines may not
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necessarily reflect the needs of those living with SCI, given
the anatomical and physiological changes that occur fol-
lowing the injury. Future research examining nutritional
health status relative to body composition and energy
expenditure is needed in order to establish evidence-based,
SCI-specific dietary guidelines.
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