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REVIEW

Vitamin D deﬁciency in individuals with a spinal cord injury:
a literature review
JL Flueck and C Perret
Study design: Literature review of studies investigating vitamin D status in individuals with a spinal cord injury (SCI).
Objectives: Prevalence of vitamin D deﬁciency seems to be high in the general population. Little is known regarding such a deﬁciency
in individuals with a SCI. This review aimed to examine the literature that investigated vitamin D status in this population.
Setting: Switzerland.
Methods: A literature review was performed to investigate the prevalence of vitamin D deﬁciency in individuals with a SCI and to
determine the factors leading to deﬁciency.
Results: Sixteen studies which met all the inclusion criteria were identiﬁed. All of these studies assessed total serum 25-hydroxy
vitamin D status in individuals with an acute or chronic SCI. Overall, the prevalence of vitamin D deﬁciency or insufﬁciency seems to be
high (range: 32–93%) in this population compared with that in able-bodied persons. The main factors are immobility, low physical
activity and bedrest, and therefore not enough exposure to sunlight. In addition, age, skin pigmentation, lesion level, occurrence of
pressure ulcers, body mass index, season and latitude appeared to be further determinants for vitamin D deﬁciency. In athletes, playing
their sport indoors or outdoors may have an additional role in developing vitamin D deﬁciency.
Conclusion: The available studies suggest that individuals with a SCI are at increased risk for vitamin D insufﬁciency/deﬁciency.
Nutritional strategies and supplementation recommendations need to be developed to prevent these conditions in SCI.
Sponsorship: Not applicable.
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INTRODUCTION
An adequate vitamin D status has been shown to be important for the
elderly,1,2 children3,4 and athletes.5 It has been suggested that a
vitamin D deﬁciency might be related to a number of health issues
such as rickets,6,7 osteoporosis,8 osteomalacia,9 cardiovascular
diseases,10 hypertension,11 multiple sclerosis, Parkinson’s and
Alzheimer’s disease12 and cancer.11,13 In addition, an insufﬁcient
vitamin D status might affect neuromuscular function14 that could
lead to injuries and might also generate a higher risk for falls in the
elderly.1 Individuals with a spinal cord injury (SCI) are—because of
the complications of their impairment—per se already at a higher risk
of osteoporosis or cardiovascular disease that are identiﬁed with a
vitamin D deﬁciency and might lead to serious health problems.15
Osteoporosis, for example, is already widely spread among individuals
with a SCI.16,17 Suffering from a concomitant vitamin D deﬁciency
might worsen osteoporotic conditions.8,18 However, in hospitals
and clinics, implementation of an adequate supplementation strategy
prevents patients from such further health risks. In addition, there is
no consensus what an ideal vitamin D supplementation strategy
should comprise.
Besides an insufﬁcient vitamin D supply from food, further
common factors to develop a vitamin D deﬁciency involve insufﬁcient
exposure to sunlight, skin pigmentation and skin protection such as
clothing or the use of sun blockers.19 In addition, season is one of
the main factors in Northern latitudes leading to low vitamin D status
due to the ﬂat-angle of sunlight radiation during winter months that

produces less vitamin D compared with an increase in the zenith
angle resulting in more ultraviolet (UVB) radiation reaching the skin
and a higher amount of vitamin D produced.20 These factors have to
be taken into account when assessing vitamin D status in individuals
with a SCI.
Exposure to sunlight is possibly very low or nonexistent in patients
with a lesion-dependent low mobility or at bedrest. Moreover, these
individuals keep their skin covered with clothing, as their skin is very
sensitive because of less blood ﬂow and thermoregulatory issues in the
paralyzed extremities. If they are not cautious, they may develop a
pressure ulcer causing further immobility or bedrest, leading to
insufﬁcient sun exposure. We therefore believe, vitamin D deﬁciency
to be a very important topic for this population in hospitals and
clinics. Furthermore, in athletes with a SCI, such a deﬁciency might
possibly impair neuromuscular performance in addition and inﬂuence
the rate of injuries. Therefore, our aim was to review all studies
performed to investigate vitamin D status in spinal cord-injured
individuals. Our main goal was to analyze the prevalence of vitamin D
deﬁciency in a population with SCI to develop potential guidelines for
inpatient settings. In addition, we aimed to detect the different factors
leading to a vitamin D deﬁciency to prevent individuals with a SCI
from such a deﬁciency.
MATERIALS AND METHODS
This literature review was undertaken by performing a literature
search using Pubmed, Medline and Embase as search engines. Our
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analysis included only peer-reviewed articles published until June 2016
in English assessing 25-hydroxy vitamin D status. As inclusion criteria
we deﬁned a SCI or spina biﬁda, studies performed with humans and
studies assessing vitamin D status in these individuals. Review articles,
poster presentations, letters to the editor, position statements and
studies performed with animals or including children were excluded
from data analysis. In addition, studies assessing vitamin D status after
a period of vitamin D3 supplementation were excluded. Nevertheless,
if studies assessed vitamin D status as well as other parameters before a
vitamin D supplementation period, baseline data of these studies were
included. Studies performed assessing vitamin D status as a second
outcome parameter with only minimal information on actual vitamin
D status or prevalence of vitamin D deﬁciency were excluded from this
review (for example, studies assessing bone health and measuring
vitamin D status as a second outcome parameter). Only articles
meeting all inclusion criteria were considered for the ﬁnal analysis of
the review process, whereas a ﬁrst selection was undertaken based on a
review of abstract contents and titles. The literature search was
performed using the keywords outlined below combined as follows:
(‘vitamin D OR ergocalciferol OR 25-hydroxy vitamin D’) AND
(‘SCI OR wheelchair athletes OR spina biﬁda’). The ﬂow diagram of
this literature search process is given in Figure 1.
RESULTS
Sixteen studies met all inclusion criteria for ﬁnal analysis (Table 1).
All these studies assessed vitamin D status (25-hydroxy vitamin D)
in individuals with a SCI or a spina biﬁda. Most of these studies (14)
were performed with individuals with a chronic SCI (49 months).
Two studies investigated the vitamin D status in elite wheelchair
athletes.21,22 Two studies investigated vitamin D status in individuals
with an acute SCI (o9 months). Most studies used 50 nmol l − 1
(20 ng ml − 1) as the threshold for vitamin D deﬁciency and
75 nmol l − 1 (30 ng ml − 1) for suboptimal or insufﬁcient vitamin D
status. The use of different threshold values is stated in Table 1 for
each study. Often, parathyroid hormone and plasma calcium
concentrations were assessed supplementarily. Parathyroid hormone
concentrations seemed to be higher than the normal level when
individuals suffered from low vitamin D status.23,24 To further
elucidate the relation of vitamin D and calcium concentration in
bone health, the 16 articles were screened for this parameter as well.

Potential studies identified and
screened (n=282)

Excluded
Unrelated to topic
Review articles
Animal studies

237
209
22
6

Studies retrieved for detail studies
(n=45)

29
Excluded
1
Children
Not related to vitamin D levels 24
4
No spinal cord injury

Studies included
(n=16)

Figure 1 Study selection process.

Signiﬁcantly lower calcium concentrations were found in patients with
a SCI compared with that in able-bodied controls,25,26 whereas other
researchers found no difference in calcium concentration between
patients with a SCI and able-bodied controls.27,28 Comparing patients
with a paraplegia to those with a tetraplegia, no signiﬁcant difference
was found in calcium concentration.26,29 Comparing calcium
concentration in patients with a vitamin D deﬁciency to those without
deﬁciency showed no signiﬁcant difference.30,31 Furthermore, calcium
concentration did not signiﬁcantly increase, when vitamin D and
calcium was administrated,24,32 although urinary calcium excretion
signiﬁcantly increased.32 Three studies30,31,33 assessed either functional
ambulation category or leisure time physical activity and correlated
these values with vitamin D status. Barbonetti, Sperandio30 found a
correlation of low vitamin D status associated with high body mass
index and poorer leisure time physical activity. Vitamin D status was
strongly correlated with free and total testosterone levels in one
study,31 whereas lower vitamin D status was associated with a lower
free and total testosterone level in individuals with SCI.
Two studies24,32 investigated the inﬂuence of oral vitamin D
supplementation (dose: 2000 IU/2× per week and 800 IU per day)
on vitamin D status. Both found signiﬁcantly increased
vitamin D status after supplementation and lower prevalence of
vitamin D deﬁciency in these participants. In addition, parathyroid
hormone concentration decreased signiﬁcantly in these individuals.
Two studies showed a higher prevalence of vitamin D deﬁciency
during the winter months,21,34 whereas two other studies resulted in a
lower vitamin D status in African Americans compared with that in
Caucasians.34,35 A signiﬁcantly lower vitamin D status was detected in
patients compared with that in controls,26,28,33 whereas Vaziri,
Pandian25 did not ﬁnd any difference between individuals with a
SCI and able-bodied controls regarding vitamin D status. Zhou et al.26
discovered a higher amount of low vitamin D status in patients
suffering from a pressure ulcer compared with that in patients without
a pressure ulcer. Nemunaitis et al.35 found a signiﬁcantly lower
vitamin D status in patients with an incomplete injury compared
with that in patients with a complete injury (14.6 vs 18.2 ng ml − 1).
Oleson et al.34 showed a higher amount of suboptimal or deﬁcient
vitamin D status in individuals with a chronic SCI compared with that
in patients with an acute SCI. Finally, Hummel et al.23 related ‘winter
months’, ‘age’, ‘paraplegic’, ‘not on a vitamin D supplement’, ‘not on a
calcium supplement’ and ‘not on a bisphosphonate therapy’ to low
vitamin D status.
DISCUSSION
This literature review showed that 16 studies met our inclusion criteria
focused on vitamin D status in individuals with a SCI. Overall, a high
occurrence of vitamin D deﬁciency in these individuals was found
(range: 32–93%). Vitamin D deﬁciency seems to be predominantly
prevalent in individuals with a chronic (49 months after incident of
injury) spinal cord lesion, whereas the deﬁciency was less pronounced
for those with an acute spinal cord lesion (o9 months after incident
of injury). Other factors seemed to involve functional independence,
leisure time physical activity, skin pigmentation/ethnicity, latitude,
season, existence of pressure ulcer and vitamin D or calcium
supplementation.
Vitamin D and parathyroid hormone status
Signiﬁcantly higher parathyroid hormone levels were found in patients
with low vitamin D status compared with that in patients with normal
vitamin D status.23,30 In total, 13% of these individuals23 suffered from
hyperparathyroidism. However, these results might have been
Spinal Cord
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Table 1 Research literature investigating total serum 25-hydroxy vitamin D (25[OH]D) in individuals with a SCI
Author

Participants

Pritchett

N = 39 elite athletes with a SCI

et al.22

Methods

Results

25[OH]D measured in autumn and winter;

15.4% of all samples deﬁcient and 51.3%

deﬁciency o50 nmol l − 1, insufﬁciency
o80 nmol l − 1,

insufﬁcient during autumn; 15.4% of all samples
deﬁcient and 41% insufﬁcient during winter; no
signiﬁcant difference between indoor and outdoor
sports

Flueck
et al.21

N = 72 elite wheelchair athletes (164 blood
samples)

25[OH]D measured during the whole year;
insufﬁciency o75 nmol l − 1, deﬁciency

73.2% of all samples insufﬁcient or deﬁcient,
signiﬁcantly higher status during summer compared

o50 nmol l − 1

with that in winter; higher amount of insufﬁciency or
deﬁciency in indoor (80.9%) compared with that in

Barbonetti

N = 100 (72 men; 28 women) with chronic

25[OH]D, deﬁciency o20 ng ml − 1

outdoor athletes (70.1%)
78% of all samples deﬁcient, 72% of all men and

et al.30

SCI admitted to rehabilitation program

( = 50 nmol l − 1), LTPA, ADL

93% of all women, samples with low vitamin D status
were associated with higher BMI, lower ADL and
poorer weekly LTPA; low vitamin D predictor for poor

Benlidayi

N = 173 (118 patients; 55 controls) patients

25[OH]D, effect of FAC, lesion level and Brunn-

et al.33

with SCI and hemiplegia

strom’s recovery stage on vitamin D status

physical function
Vitamin D signiﬁcantly lower in patients compared
with that in controls; vitamin D insufﬁciency higher in
non-functionally ambulatory compared with that in
functionally ambulatory patients; no signiﬁcant
differences in vitamin D by lesion level and

Barbonetti

N = 49 men with chronic SCI, rehabilitation

25[OH]D, suboptimal o30 ng ml − 1

Brunnstrom’s score
73.5% of all samples deﬁcient; 22.4% of all

et al.31

program

(75 nmol l − 1), deﬁcient o20 ng ml − 1
(50 nmol l − 1), Serum testosterone levels, LTPA

samples suboptimal status and only 4.1% (2 men)
sufﬁcient vitamin D status; signiﬁcant
correlation between vitamin D and total and free
testosterone

Javidan et al.29

N = 160 patients with chronic SCI

Hummel

N = 65 (51 men, 14 women) participants with

et al.23

a chronic SCI, 86% taking vitamin D
supplementation

25[OH]D, insufﬁciency o20 ng ml − 1
(50 nmol l − 1), deﬁciency o13 ng ml − 1

Average vitamin D was 13.6 ± 11.0 ng ml − 1; 53.1%
of all samples vitamin D deﬁcient, vitamin D intake

(32.5 nmol l − 1), food questionnaire, calcium
25[OH]D, o75 nmol l − 1 suboptimal status,

below recommendations
39% suboptimal status, 10% below 50 nmol l − 1, 6%

PTH, calcium

suboptimal vitamin D and high PTH, 87% normal
PTH status, winter months associated with low
vitamin D; ‘paraplegic’, ‘not on a vitamin D supplement’, ‘not on a calcium supplement’ and ‘not on
bisphosphonate therapy’ predictor for vitamin D
deﬁciency

Bauman
et al.24

N = 7 individuals with a chronic SCI

25[OH]D, deﬁcient o20 ng ml − 1
(o50 nmol l − 1), relatively deﬁcient

At baseline all participants were vitamin D deﬁcient
(14 ± 2 ng ml − 1), after 1 month of supplementation

20–30 ng ml − 1 (o75 nmol l − 1), not deﬁcient
430 ng ml − 1 (475 nmol l − 1), iPTH, oral

of vitamin D increased to 26 ± 6 ng ml − 1, after
3 months vitamin D level increased to

vitamin D3 supplementation (2000 IU daily)
prescribed for 90 days

48 ± 17 ng ml − 1, only one individual failed to reach
normal vitamin D level (baseline value of
17 ng ml − 1), iPTH signiﬁcantly decreased at months
1 and 3 compared with that in baseline

Oleson et al.34

N = 96 patients with motor complete SCI,

25[OH]D, deﬁciency o13 ng ml − 1

Summer: 65% patients with acute and 81% patients

acute and chronic injury

(o30 nmol l − 1), insufﬁciency o20 ng ml − 1
(o50 nmol l − 1), subtherapeutic o32 ng ml − 1

with chronic SCI subtherapeutic vitamin D status,
winter: 84% of patients with acute and 96% of

(o77 nmol l − 1), calcium and PTH

patients with chronic SCI subtherapeutic vitamin D
status, lower vitamin D status in African Americans
relative to Caucasians, signiﬁcant main effects for
season, chronicity and ethnicity

Nemunaitis
et al.35

N = 100 patients with mainly acute SCI

25[OH]D, severe deﬁciency o10 ng ml − 1
(o25 nmol l − 1), inadequate o30 ng ml − 1

93% of all samples inadequate or severe deﬁcient,
mean vitamin D status was 16.3 ± 7.7 ng ml − 1, 21%

(o50 nmol l − 1), adequate 430 ng ml − 1
(475 nmol l − 1)

of all samples severely deﬁcient, signiﬁcantly lower
vitamin D status in African American patients
compared with that in Caucasian, patients with
incomplete injury had signiﬁcantly lower vitamin D
status compared with those who had complete i
njuries (14.6 vs 18.2 ng ml − 1), no difference
between summer and winter months
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Table 1 (Continued )
Author

Participants

Methods

Results

Bauman
et al.32

Study 1: N = 10 individuals with chronic SCI;
study 2: N = 40 individuals with chronic SCI

25[OH]D, study 1: twice a week 50 μg (2000 IU)
25-hydroxy vitamin D3 supplementation for

Study 1: vitamin D increased signiﬁcantly in 14 days
from 8.7 to 14.7 ng ml − 1; 8 of 10 individuals still

14 days; study 2: daily 800 IU (20 μg) vitamin
D3 supplementation for 12 months

below normal vitamin D status, PTH decreased
signiﬁcantly, study 2: after 12 months of supplementation, 9 individuals absolute and 23 relative
vitamin D deﬁciency compared with 33 and 6
individuals, respectively, at baseline, vitamin D
increased signiﬁcantly from 10.7 to 22.5 ng ml − 1

Pedrera

N = 35 male individuals with a chronic para-

25[OH]D and PTH measured in January and

et al.28

plegia, N = 35 able-bodied controls

February

and PTH decreased signiﬁcantly
Signiﬁcantly lower vitamin D status in paraplegic
patients compared with that in controls (20 ng ml − 1
vs 32 ng ml − 1), higher PTH levels in paraplegic
patients compared with that in controls, 46% vitamin
D status below 15 ng ml − 1 deﬁned as vitamin D
deﬁciency, 20% of the patients PTH above the upper
limit of the norm values, signiﬁcant negative
association between the duration of the injury and
vitamin D status

Mechanik
et al.37

N = 33 controls (traumatic brain injury),
N = 14 complete tetraplegia, N = 15

25[OH]D, PTH

Patients with SCI signiﬁcant suppression of PTH,
mean vitamin D concentrations normal among all

incomplete tetraplegia, N = 15 complete
paraplegia, N = 5 incomplete paraplegia

groups with abnormal low levels found in 34% of
patients with SCI and 25% of patients with brain
injury,

Bauman
et al.27

N = 100 individuals with chronic SCI (49 with
paraplegia, 51 with tetraplegia), N = 50

25[OH]D, PTH

32% of SCI patients and 16% of controls were
deﬁcient, mean value of these deﬁcient samples were
signiﬁcantly lower in SCI compared with those in
control (8 vs 14 ng ml − 1), 11 individuals with

matched able-bodied controls

elevated PTH and elevated 1,25-D, negative correlation between PTH and vitamin D in SCI, samples with
high PTH showed signiﬁcantly lower vitamin D levels
compared with samples with low PTH (10 vs
Vaziri et al.25

N = 40 with chronic SCI, N = 10 able-bodied

25[OH]D, PTH, calcitonin and calcitriol

controls

Zhou et al.26

29 ng ml − 1)
No signiﬁcant difference of vitamin D between SCI
and control, serum calcitriol concentration
signiﬁcantly lower in SCI compared with that in

N = 92 individuals with chronic SCI (50 with

25[OH]D, magnesium, calcium, phosphorus,

paraplegia, 42 with tetraplegia) N = 38 of
these SCI had pressure ulcers; N = 28 able-

albumin

bodied controls

control, PTH positively correlated with 1, 25-vitamin D
Signiﬁcantly lower vitamin D in SCI compared with
that in controls, signiﬁcantly lower vitamin D in SCI
with pressure ulcer compared with that in SCI without
pressure ulcer.

Abbreviations: ADL, functional independence in activities of daily living; BMI, body mass index; FAC, Functional Ambulation Category; iPTH, intact parathyroid hormone; LTPA, leisure time physical
activity; PTH, parathyroid hormone; SCI, spinal cord injury; 1,25-D, 1,25-dihydroxy vitamin D.

inﬂuenced by the fact that parathyroid hormone concentrations
increase gradually from 0, 6, 12 to 36 months after the incidence of a
SCI.36 Furthermore, Bauman et al.24 showed that after vitamin D
supplementation of 800 IU per day, total serum vitamin D increased
and parathyroid hormone concentrations decreased. After 3 months of
vitamin D supplementation almost all of their participants reached
normal vitamin D status (430 ng ml − 1). Also Pedrera et al.28 found a
negative association between vitamin D status and parathyroid
hormone concentration as well as between vitamin D status and
injury duration. Parathyroid hormone concentration was signiﬁcantly
higher in traumatic brain-injured patients compared with that in
individuals with complete or incomplete tetraplegia.37 However, mean
25[OH] vitamin D concentrations were normal among all different
groups in this study with 34% of patients with a SCI showing
abnormal low concentrations. The association between parathyroid
hormone and vitamin D is explained by the fact that vitamin D

suppresses genetic transcription of parathyroid hormones.38 Therefore,
less vitamin D would suppress the production of parathyroid
hormones to a lesser extent, which would increase parathyroid
hormone concentration. A recent meta-analysis39 showed a
signiﬁcant decrease in parathyroid hormone levels after vitamin D
supplementation in healthy individuals with a vitamin D deﬁciency.
Another cohort study with an older Dutch population40
clearly showed the association of low vitamin D status in the presence
of high parathyroid hormone concentrations. These authors
concluded that it is very important to establish reference values for
the parathyroid hormone concentration taking the vitamin D status
into account. As this association between these vitamin D and
parathyroid hormone concentrations does not differ in spinal cordinjured individuals, it is also important to further investigate the
inﬂuence of parathyroid hormone supplementation in this special
population.
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Vitamin D and calcium status
It is well recognized that ionized calcium signiﬁcantly increases in the
early stage of a SCI, whereas serum calcium concentration remains
normal.41 In patients with a chronic SCI, serum calcium concentration
signiﬁcantly decreases.41 Comparing calcium concentrations found in
patients with a SCI with that in able-bodied controls, results are
equivocal.25–28 It seems that calcium concentration is not inﬂuenced
by the lesion level (for example, para- or tetraplegia).26,29 In addition,
no link between calcium concentration and vitamin D deﬁciency is
found in patients with a SCI.30,31 This is supported by the results of
two studies,24,32 which showed no signiﬁcant increase in
calcium concentration when vitamin D and calcium were
concomitantly administrated. The interaction of vitamin D and
calcium concentration needs to be elucidated in future studies in
order to develop an accurate supplementation strategy.
Vitamin D and testosterone status
A recent review investigated the association of vitamin D and
reproduction,42 and vitamin D seems to be involved in many different
functions associated with reproduction. Vitamin D receptors are
present in the reproductive system of both, men and women.
However, vitamin D might indirectly inﬂuence testosterone status by
regulating production and secretion of osteocalcin in bone.43
Osteocalcin binding on receptors in testes seems to inﬂuence
testosterone production in males but not in females.44 Therefore, it
is not surprising, that signiﬁcantly lower free and total testosterone
levels and higher parathyroid hormone concentrations30 are found in
men with a SCI suffering from a vitamin D deﬁciency. A strong
correlation between free testosterone and vitamin D status and an
androgen deﬁciency was observed in almost 35% of all samples. Only
one of these individuals showed a normal vitamin D status with all
others being vitamin D deﬁcient. This study was the only one
investigating the relationship of vitamin D and testosterone levels in
individuals with a SCI. In healthy, able-bodied men, vitamin D status
was correlated with testosterone concentrations at baseline
measurements as well.45 In that study, participants were
supplemented with vitamin D up to 16 weeks with different dosages
(range: 600–2000 IU per day). Vitamin D status signiﬁcantly increased
whereas testosterone levels did not differ after the supplementation
period. Another randomized placebo-controlled study46 showed a
signiﬁcant increase in free and total testosterone levels following
vitamin D supplementation (over 3000 IU per day) in overweight men
over a duration of one year. Further research is needed to clarify the
role of vitamin D supplementation on testosterone status in
individuals with a SCI.
Vitamin D and pressure ulcers
A correlation between the occurrence of pressure ulcer and the
vitamin D status in individuals with a para- or tetraplegia has been
reported.26 Individuals with a para- or tetraplegia without suffering
from pressure ulcers show a signiﬁcantly higher vitamin D status
compared with individuals suffering from a pressure ulcer. As these
data were collected from hospitalized patients; it is unknown whether
the low vitamin D status occurred because of the inability to freely
move outdoors in patients suffering from pressure ulcers. We assume
that the patients without pressure ulcers were able to move outdoors
and get enough sunlight exposure to produce a sufﬁcient amount of
vitamin D. Another study investigated the association of vitamin D
and pressure ulcer in an elderly study population.47 In this study,
vitamin D deﬁciency was associated with pressure ulcers with an odds
ratio of 1.871 and a P-value of 0.015, but the occurrence of
Spinal Cord

comorbidities was also associated with a vitamin D deﬁciency.
In a ﬁnal regression model after adjusting for comorbidities, the
association between vitamin D deﬁciency and pressure ulcers became
nonsigniﬁcant. As vitamin D receptors are present in keratinocytes,
sebocytes as well as in dermal papilla and vitamin D is related to
proliferation, differentiation and immunoregulation, one can speculate
that vitamin D might have an important role in skin health.47
Therefore, further research has to be conducted to clearly link
vitamin D deﬁciency with pressure ulcers to show potential beneﬁts
of vitamin D supplementation on wound healing in patients with
pressure ulcers.
Predictors for vitamin D deﬁciency in individuals with a SCI
Several studies in this review showed the occurrence of potential
predictors for vitamin D deﬁciency. In that context, some studies
revealed that ethnicity might be one of these predictors. Oleson et al.34
showed lower vitamin D status in African Americans compared with
that in Caucasians. The same ﬁndings were described by Nemunaitis
et al.35 again with signiﬁcantly lower vitamin D status in African
Americans compared with that in Caucasians. The same outcome was
found in able-bodied individuals where the authors investigated the
inﬂuence of UVB radiation on vitamin D status.48 These results
showed that only fair-skinned individuals were able to signiﬁcantly
increase their vitamin D status after 6 days of UVB radiation
compared with black skinned individuals. Several studies from this
literature review found a lower vitamin D status or a higher amount of
insufﬁcient or deﬁcient vitamin D samples during the winter
months21,23,34 in individuals with a SCI. Two of these studies were
performed in the Northern latitude (Canada and Switzerland) that is
known to inﬂuence vitamin D status especially during the winter
months, where a ﬂat-angle sunlight radiation prevents a sufﬁcient
vitamin D production. In addition, in these countries daily hours of
sunlight are much lower during the winter months compared with
those in summer months. Furthermore, a high body mass index was
found to be correlated to a low vitamin D status in individuals with a
SCI.30 These ﬁndings might be explained by a possible retention of
vitamin D metabolites by an excess of body fat. Further, cholecalciferol
produced by the skin might be sequestered by the body fat. Therefore,
bioavailability of vitamin D decreases in obesity.49 Lower functional
independence as well as poorer weekly leisure time physical activity
have been correlated as well to a poor vitamin D status in individuals
with a SCI.30 Similar results were shown by Benlidayi et al.33 whereas a
higher amount of vitamin D insufﬁciency was found in nonfunctionally ambulatory individuals with a SCI compared with
functionally ambulatory patients. Hummel et al.23 showed that being
an individual with a paraplegia is associated with a vitamin D
deﬁciency compared with individuals with a tetraplegia. Flueck
et al.21 detected signiﬁcantly lower vitamin D status in individuals
with a tetraplegia compared with individuals with a paraplegia during
the winter months. Another study35 did not ﬁnd any signiﬁcant
difference in vitamin D status between individuals with paraplegia and
tetraplegia, although individuals with an incomplete spinal cord lesion
showed a signiﬁcant lower vitamin D status compared with individuals
with a complete lesion. Similar results were found in another study
with no difference in vitamin D status comparing individuals with
paraplegia and tetraplegia to able-bodied controls.25 In contrast, Zhou
et al.26 reported a signiﬁcantly lower vitamin D status in individuals
with a tetraplegia compared with individuals with a paraplegia. These
results showed clearly, that having a SCI may produce a high
variability in functionality, mobility as well as independence. Besides
the level and the completeness of the lesion, functionality, mobility as
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well as independence need to be assessed as well to detect an
association between the severity of the impairment and the
vitamin D status. Therefore, it seems not obvious whether having a
paraplegic or a tetraplegic lesion might be a better predictor for lower
vitamin D status. Moreover, the impact of functionality seems to have
a higher impact on vitamin D deﬁciency in this population as patients
restrained to bedrest or in constant need of assistance will not spend
enough time in the sun. Thus, an assessment of functionality such as
leisure time physical activity or the extent of remaining ambulatory
function need to be included in future studies.
Oleson et al.34 compared individuals with an acute and chronic
traumatic SCI. They found a higher amount of vitamin D deﬁcient
samples in individuals with chronic lesions compared with that in
individuals with an acute SCI. It is worth noting that, both groups
showed a very high prevalence of vitamin D deﬁciency (65–96%).
As only one study compared these two groups of patients, further
prospective studies are needed to investigate the alteration of
vitamin D status following the incidence of a traumatic SCI in the
long term.
Vitamin D in wheelchair athletes
Two studies investigated the vitamin D status in wheelchair
athletes.21,22 Flueck et al.21 found a higher occurrence of vitamin D
deﬁciency or insufﬁciency in indoor compared with outdoor athletes.
Overall, a very high occurrence of vitamin D insufﬁciency or
deﬁciency was found in 73% of all samples. In the other study 15.4
and 51.3% of all autumn samples were considered to be deﬁcient and
insufﬁcient, respectively. During winter, very similar results were
shown with 15.4% vitamin D deﬁcient and 41% insufﬁcient samples.
This study included a high variation of geographical locations of the
individuals that could have inﬂuenced the study outcome. In some
regions there might be enough sunlight radiation to produce vitamin
D during the winter months in the US. Compared with studies
performed with able-bodied athletes, the prevalence of vitamin D
insufﬁciency seems to be high in wheelchair athletes. UK athletes
showed a prevalence of 57% deﬁcient vitamin D samples,50 whereas
US athletes showed a prevalence of 12–42% of insufﬁcient vitamin D
samples.51–53 Only able-bodied Israeli indoor athletes showed a high
amount of insufﬁcient vitamin D status with an occurrence of 73%.54
In a recent meta-analysis5 it was shown that the risk for a
vitamin D deﬁciency increased for athletes training indoors as well
as during the winter months. The association of injuries in athletes
with a deﬁcient vitamin D status as well as impaired performance
under vitamin D deﬁciency is not yet fully understood. Further studies
are needed to draw any conclusions and to develop further guidelines
on how to supplement the athletes.
Limitations
Unfortunately, it was not possible to adjust the study outcomes to the
same threshold as for vitamin D deﬁciency or insufﬁciency. Not
enough data were provided to calculate the prevalence of vitamin D
deﬁciency in a study with a lower threshold for deﬁciency
(for example, 30 nmol l − 1) to the commonly used threshold of
50 nmol l − 1. The lack of a guideline for this threshold values is not
the only limitation of this review. In addition, not all
studies used the same method to assess vitamin D status. Some of
them used chemiluminescent immunoassays,23,30,33 others radioimmunoassays,28,29,34,35 competitive protein-binding assays,24–27,37 an
automated benchtop immunoanalyzer21 or a blood spot assay.22 These
inconsistent methods might contribute to some of the variability in
the study ﬁndings. This may be exacerbated by the fact that these

studies were conducted on different continents and/or at different
time points. Genetic factors might further have a role leading to more
variation. In addition, there is very limited information on the food or
nutrient intake by the study participants. It would be crucial to know,
whether investigators and study participants used vitamin D-rich or
-fortiﬁed products during hospitalization, rehabilitation or in daily life.
In future, we need consistent threshold values for vitamin D deﬁciency
and optimal vitamin D status as well as a consistent method to assess
total serum 25[OH] vitamin D concentration.
CONCLUSION
This literature review shows, that the occurrence of vitamin D
deﬁciency among individuals with a SCI seems to be higher compared
with that in able-bodied controls. In analogy to the able-bodied
literature, a high body mass index, low physical activity, dark skin
color, winter months and indoor sports are associated with vitamin D
deﬁciency. In addition, parathyroid hormone, free and total testosterone concentration are negatively correlated with the vitamin D status
in individuals with a SCI. Further supplementation studies are needed,
to give accurate recommendations or guidelines to prevent vitamin D
deﬁciency in individuals with an acute and chronic SCI. In the
meantime, we recommend to check vitamin D status regularly
and to supplement deﬁcient individuals with a dose in the range of
1000–2000 IU daily.24 Furthermore, we recommend an active, healthy
lifestyle with regular outdoor activities to prevent patients from a
vitamin D deﬁciency.
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