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STUDY DESIGN: A cross-sectional study.
OBJECTIVE: This study aimed to investigate the vitamin D status after acute spinal cord injury (SCI) onset.
SETTING: Specialized SCI rehabilitation center in Switzerland.
METHODS: Patients admitted to the center after an acute SCI onset were included. The prevalence of a deficient (25(OH)
D ≤ 50 nmol/l), insufficient (50 < 25(OH)D ≤ 75 nmol/l) and sufficient (25(OH)D > 75 nmol/l) vitamin D status were determined after
admission. Vitamin D status was compared between different patient groups based on demographic and SCI characteristics. The
occurrence of bed rest, falls and pressure injuries were also assessed.
RESULTS: In total, 87 patients (median (interquartile range); 53 (39–67) years, 25 females, 66 traumatic SCI, 54 paraplegia) were
included. Assessed a median of 15 (9–22) days after SCI onset, median vitamin D status was 41 (26–57) (range 8–155) nmol/l. The
majority of patients had a deficient (67%, 95% confidence interval (95% CI) 0.56–0.76) or insufficient (25%, 95% CI 0.17–0.36)
vitamin D status. A moderate negative correlation was found between vitamin D status and body mass index (p= 0.003). A
moderate positive correlation was found between vitamin D and calcium status (p= 0.01).
CONCLUSION: A deficient or insufficient vitamin D status directly after SCI onset is highly prevalent. Vitamin D status should be
carefully observed during acute SCI rehabilitation. We recommend that all patients with recent SCI onset should receive vitamin D
supplementation with a dosage depending on their actual vitamin D status.
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INTRODUCTION
Vitamin D is produced through solar ultraviolet B (UVB) radiation
in the skin. It is an important hormone regulating body functions,
including bone health and immune function [1]. In the general
population, a high body mass index (BMI), clothing, low sun
exposure, seasonality, or the excessive use of sunblock might lead
to an insufficient vitamin D status [1]. Especially during the winter
months, a high prevalence of vitamin D insufficiency is observed
in the northern hemisphere [2]. Among patients undergoing acute
rehabilitation after traumatic brain injury [3], stroke [4], or spinal
cord injury (SCI) [5, 6], the prevalence of an insufficient vitamin D
status is higher compared to able-bodied individuals [7]. In SCI,
possible reasons for the excess prevalence are: specific physiolo-
gical changes (for example an increase in fat mass which could
store non-available vitamin D), the use of certain medication, bed
rest, decreased sun exposure, and physical activity [8, 9].
Physical adaptations which initiate during the acute SCI phase

are often life-lasting and irreversible, including a decrease in bone
density, altered gastrointestinal functioning, and diminished
immune system functioning [10, 11]. As a result, common
secondary complications among individuals with SCI include
pressure injuries, diminished nutrient absorption, reduced

respiratory and immune system functioning, as well as osteo-
porosis. A relation between these complications and vitamin D
status has been suggested, implicating the relevance of a
sufficient vitamin D status, especially during the acute phase
[8, 9]. Among the SCI population, a low vitamin D status has been
related to impairments in immune function and functional
independence during daily activities, as well as an increased risk
for pressure injuries, fractures, and falls [8, 9, 12]. In the general
population, a serum 25(OH)D concentration above 75 nmol/l
(equivalent to 30 ng/ml) has been defined as sufficient in relation
to several positive health outcomes regarding the immune
system, musculoskeletal and cardiovascular health [13–15]. Even
though no specific guidelines for an optimal vitamin D status in
individuals with SCI exist, sufficient levels might reduce the risk for
secondary complications. The relatively limited number of studies
assessing vitamin D status among patients admitted to acute SCI
rehabilitation reported a high prevalence of a deficient or
insufficient status (70–98%) [5, 6, 16–19]. Besides demographic
and lesion characteristics, no other secondary parameters like
mobility or the occurrence of bed rest or pressure injuries were
investigated in these mainly North-American studies. The primary
aim of this cross-sectional study was to investigate the vitamin D
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status directly after SCI onset and to assess the prevalence of
vitamin D insufficiency. Furthermore, the vitamin D status was
compared between several patient groups based on secondary
parameters including demographic and SCI characteristics,
mobility, and the occurrence of pressure injuries, bed rest,
and falls.

MATERIALS AND METHODS
Setting and study population
Individuals with an acute SCI between 18 and 85 years old who were
admitted to the specialized rehabilitation center between October 2017
and February 2020 were included in this cross-sectional study. Patients
receiving daily vitamin D supplementation with a dosage > 400 IU were
not eligible. The maximum dosage was set to 400 IU/day since this vitamin
D quantity is included in the multivitamin that is commonly administered
among patients in our center. This dosage is still below the recommended
maintenance dosage of 600 IU/day [20]. Patients having thyroid gland,
renal or malabsorption disorders were not eligible. Patients admitted to
the center more than 28 days after SCI onset were excluded since a longer
hospitalization implies reduced sun exposure, which in turn could
influence vitamin D status [9]. Study participation merely entailed access
to medical records and no compensation was provided. All patients
provided written informed consent. The study was conducted according to
the Declaration of Helsinki and Swiss law, and approval of the local ethics
committee was obtained (BASEC-Number: 2017-01108).

Data collection
The first vitamin D assessment that was available after admission to the
center was extracted from the patient’s records and all other data were
also extracted from the same time point. All assessments were performed
by trained medical personnel following routine clinical procedures.
Demographic characteristics, including age, sex, BMI, and smoking

status, as well as lesion characteristics, including onset date and lesion
level, were collected. From a 17.3 ml venous sample, the following
parameters were assessed: vitamin D (25(OH)D), calcium, parathyroid
hormone (PTH), and phosphate (Table 1). The intake of vitamin D and
calcium supplements was recorded. The presence (yes or no) of pressure
injuries according to the European Pressure Ulcer Advisory Panel (EPUAP)
classification system [21], bed rest, and falls were documented. To
evaluate mobility and potential movement during activities of daily living,
the Spinal Cord Independence Measure (SCIM-III) score for the sub-
category “indoor and outdoor mobility” (six items, total range 0–30) was
collected [22].

Data preparation
Smoking status was categorized into “never”, “former” or “current” smoker.
SCI etiology was categorized into “non-traumatic” (caused by a medical
event) or “traumatic” (caused by trauma). The neurological level of injury,
defined as the highest motor level, was categorized into “tetraplegia” (C1-
C8) or “paraplegia” (T1 or lower) [23]. The American Spinal Injury
Association Impairment Scale (AIS) was used to categorize the level of
impairment into motor “complete” (A or B) or “incomplete” (C or D) [23].
The season of SCI onset was categorized into “winter” (October-March) or
“summer” (April-September) [24]. The duration between SCI onset and
admission to the center was categorized into “within two weeks” or “more
than two weeks”. The same categorization was made for the duration
between SCI onset and the time point of vitamin D assessment. SCIM
mobility score was categorized into “less active” (0-3 points) or “active” (>3

points). Vitamin D status was categorized in “deficient” (25(OH)D ≤ 50
nmol/l), “insufficient” (50 nmol/l < 25(OH)D ≤ 75 nmol/l) or “sufficient”
(25(OH)D > 75 nmol/l) [8, 13–15]. A PTH concentration of < 5 ng/l was set
to 1 ng/l.

Data analyses
Data were described by reporting median with interquartile range (IQR),
mean with standard deviation (SD), range, and proportions with exact
Clopper-Pearson 95% confidence intervals (95% CI). Differences were
tested using Kruskal-Wallis H tests and Fisher’s exact tests. Associations
were assessed by Spearman’s correlation. A p-value below 0.05 (two-tailed)
was considered statistically significant. Due to the exploratory nature of the
study, no adjustments for multiplicity were applied. Analyses were
performed using Stata (StataCorp. 2017, Stata Statistical Software: Release
16.0. College Station, TX: StataCorp LLC).

RESULTS
Patient and clinical characteristics
A total of 169 patients with an acute SCI were admitted to the
center, of whom 90 fulfilled the inclusion criteria and signed the
informed consent (Fig. 1). Vitamin D status data were missing for
three patients. Thus, they were excluded from the analyses. The
remaining 87 patients (median age 53 (39–67) years, range 18–85
years, 25 females) were admitted to the center within 28 (median 8
(4–14)) days after SCI (Table 2). Data were collected a median of 15
(9–22, range 2–42) days after SCI onset. Traumatic SCI (76%),
paraplegia (62%), and incomplete lesion (63%) were the most
common lesion characteristics. When comparing demographic
characteristics between patients with a tetraplegic and a paraplegic
lesion, only AIS score differed (p= 0.04). Slightly more patients had
an SCI onset during winter (58%) or had their vitamin D status
assessed during winter (58%). All patients were Caucasian.
Pressure injuries were present in eight (9%) patients. A fall was

documented in one (1%) patient. Bed rest was prescribed in seven
(8%) patients, and five of these patients also had a pressure injury.

Table 1. Blood parameters.

Parameter Analysis method Analysis system

Vitamin D (25(OH)D) (total)a Electrochemiluminescence immunoassay (ECLIA) Cobas 6000 e601

Calcium (normal) Photometry - NM-BAPTA Cobas 6000 c501

Parathyroid hormone (intact) Chemiluminescence immunoassay (CLIA) IDS-iSYS

Phosphate Photometry - Molybdate UV-Test Cobas 6000 c501
astored UV-protected before analyses.
NM-BAPTAM-BAPTA, 5-nitro-5′-methyl-(1,2-bis(o-aminophenoxy)ethane-N,N,N′,N′ tetraaceticacid), UV ultraviolet.

Patients admitted to the center between 
October 2017 and February 2020 (n = 169) 

Not eligible (n = 73): 

     No SCI (n = 27)  

     Too young (n = 4) 

     Lost before study admission (n = 24) 

     Admission to center > 28 days after SCI onset (n = 5) 

     Data collection > 6 weeks after SCI onset (n = 8) 

     Taking > 400 IU vitamin D supplementation per day (n = 5) 

Screening (n = 96) 

Informed consent refused (n = 6) 

Informed consent provided (n = 90) 

Included in study analyses (n = 87) 

Missing vitamin D status data (n = 3) 

Fig. 1 Study Flow. Patients admitted to the specialized rehabilita-
tion center with an acute spinal cord injury (SCI) and fulfilling all
inclusion criteria were included in the study.
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Calcium status between patients with or without bed rest was
similar (p= 0.3).

Vitamin D status
The median vitamin D status was 41 (IQR 26–57, range 8–155)
nmol/l and the mean vitamin D status was 44 [25] (range 8–155)
nmol/l. The majority of patients had a deficient (58 patients,
67%, 95% CI 0.56–0.76) or insufficient (22 patients, 25%, 95% CI
0.17–0.36) vitamin D status (Table 3). Two patients received a
daily multivitamin including calcium (120 mg) and vitamin D
(200 IU). One of these patients started taking the multivitamin
six days before the vitamin D assessment and had a sufficient
vitamin D status (100 nmol/l), while the other patient started
taking the multivitamin three days before the vitamin D
assessment and had insufficient vitamin D status (57 nmol/l).
Seven (8%, 95% CI 0.03–0.16) patients had a sufficient vitamin
status. Median PTH (27, IQR 18-37, range 13–48 ng/l), calcium
(2.2, IQR 2.1–2.3, range 1.9–2.6 mmol/l), and phosphate (1.2, IQR
1.0–1.4, range 0.6–1.9 mmol/l) concentrations were within
normal ranges.
A moderate negative correlation was found between vitamin D

status and BMI (rs=−0.33, p= 0.003, n= 80), but not for age
(rs=−0.09 p= 0.4, n= 87, Supplement 1). A moderate positive
correlation was found between vitamin D and calcium status
(rs= 0.34, p= 0.01, n= 52), though not for either PTH (rs=−0.20,
p= 0.4, n= 23) or phosphate (rs=−0.05, p= 0.7, n= 57) status.

Vitamin D status among different clinical outcomes is displayed
in Fig. 2. Patients with bed rest had a lower vitamin D status
(p= 0.02). Vitamin D status was similar when comparing winter
versus summer values for season of SCI onset (p= 0.3) and season
of assessment (p= 0.3 with mean 41 (23) versus 47 (28) nmol/l).
Patients admitted to the center within two weeks after SCI onset
tended to have a higher vitamin D status compared to patients
admitted to the center more than two weeks after SCI onset
(n= 66, median 45 (26–62) nmol/l) versus n= 21, median 40
(26–41) nmol/l, p= 0.07). For the duration between SCI and the
time point of vitamin D assessment, the difference was negligible
(n= 43, median 41 (23–56) nmol/l versus n= 44, median 40
(27–59) nmol/l, p= 1.0).
When comparing the categorized vitamin D status between

different patient groups, no differences (p > 0.06) were found
(Table 3).

DISCUSSION
At a median of 15 (9–22) days after SCI onset, we found a median
vitamin D status of 41 (26–57) nmol/l. The majority (92%) of
patients had a deficient or insufficient vitamin D status,
independent of lesion as well as most demographic
characteristics.
We found a higher prevalence of a deficient vitamin D status

(67%) than reported in the general population (24–40%) [7]. Other
studies also reported a high prevalence of vitamin D deficiency or
insufficiency in patients admitted to acute SCI inpatient rehabilita-
tion [5, 6, 16–19]. All of these studies were executed in the
northern hemisphere, mostly in the United States, and studies
from the southern hemisphere are not available. Similar to our
study, patients in these previous studies were recruited through-
out the year, accounting for the seasonal variability in vitamin D
status [1]. Among patients measured within one week after SCI
onset, mean vitamin D status was 51 (28) nmol/l, with 76% (65/85)
having a deficient or insufficient status [6]. Within one month after
SCI onset, a mean vitamin D status of 36 (18) nmol/l was found
with 98% (44/45) patients having a deficient or insufficient status
[5]. With a time since injury ranging from 15-92 days, a mean
vitamin D status of 40 (17) nmol/l was found whereas 93% (27/29)
of patients had an insufficient status [17]. In patients with a
subacute SCI (2-6 months after onset), 71% (30/42) had a vitamin
D status below 80 nmol/l [19]. Though exact details regarding the
duration between SCI and measurement of vitamin D status are
not provided, Ehsanian et al. [18] reported a deficient or
insufficient status in 80% (227/282) of patients admitted to an
acute SCI rehabilitation center. In 70% (14/20) of patients with an
acute SCI admitted to a general rehabilitation center during
summer, a deficient or insufficient status was reported [16]. These
patients were hospitalized for approximately eight days before
having their vitamin D status assessed, but the exact time since
injury was not provided.
Similar to the previous studies, the cross-sectional and post-

injury data available in our study makes it difficult to differentiate
the exact cause of the high prevalence of vitamin insufficiency
shortly after SCI onset. The reported prevalence of a deficient or
insufficient vitamin D status in individuals with an acute SCI
between studies ranges from 70−98% [5, 6, 16–19]. A first
explanation for the high but also varying prevalence might be the
acute disease itself. Altered intestinal motility, immune and
endocrine system functioning are known to occur after SCI onset
and could also lower vitamin D status [9]. Micronutrient
concentrations, including several vitamins, are lowered as part
of the systemic inflammatory response after acute and chronic
tissue injury [25]. This systemic inflammatory response, measured
by serum C-reactive protein, has also been reported after SCI
onset and could (partially) explain a lowered vitamin D status in
this population [17]. A high prevalence of vitamin D deficiency or

Table 2. Patient characteristics.

Overall Impairment level

Tetraplegia Paraplegia

Number of patientsa

N 87 (100) 33 (38) 54 (62)

Sexa

Female 25 (29) 6 (24) 19 (76)

Male 62 (71) 27 (44) 35 (57)

Ageb

Years 53 (39–67) 57 (44–69) 48 (37–63)

BMIb

kg/m2 24 (21–28) 23 (22–25) 25 (21–28)

Smoking statusa

Never 57 (66) 19 (33) 38 (67)

Former 20 (23) 10 (50) 10 (50)

Current 10 (12) 4 (40) 6 (60)

SCI etiologya

Non-traumatic 21 (24) 10 (48) 11 (52)

Traumatic 66 (76) 23 (35) 43 (65)

Season of SCI onseta

Winter 50 (58) 20 (40) 30 (60)

Summer 37 (43) 13 (35) 24 (65)

AIS scorea

A 32 (37) 9 (28) 23 (72)

B 19 (22) 6 (32) 13 (68)

C 11 (13) 4 (36) 7 (64)

D 25 (29) 14 (56) 11 (44)

AIS American Spinal Injury Association Impairment Scale, BMI body mass
index, SCI spinal cord injury.
an (%), bmedian (interquartile range).
Differences in patient characteristics between impairment levels were
tested using Kruskal–Wallis H tests. Only for AIS score (p= 0.04) a
significant difference (p < 0.05) was found.
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insufficiency was also found among patients undergoing acute
rehabilitation after traumatic brain injury (61%) [3] and stroke
(77%) [4]. Similar prevalences were reported in another study
shortly after the occurrence of brain injury (78%) or a stroke (85%)
[16]. A prospective cohort study concluded that a lower vitamin D
status did not lead to a higher stroke risk but is instead a
consequence of stroke [26].
A second and third explanation might be found in the vitamin

D status before disease onset as well as the hospitalization.
Vitamin D status is influenced by the production in the skin
through UVB radiation, nutritional intake of vitamin D-rich foods
and vitamin D supplementation during the previous 2-3 months
[17, 19]. Therefore, reduced sun exposure and or hospitalization
duration before the vitamin D assessment could be relevant [9].
Although not significantly, patients with a longer duration

between SCI and admission to the center in our study had a
lower vitamin D status whereas the duration between SCI onset
and assessment seemed less important. Another study com-
pared the vitamin D status of patients with SCI onset duration
within one month, between 1-3 months, or more than three
months [5]. Though not significant (p > 0.05), both the mean
vitamin D status (36 (18) nmol/l, 44 (19) nmol/l, 46 (23) nmol/l) as
well as the number of patients with a sufficient status (1/45 (2%),
2/16 (13%), 30/39 (77%)), increased as the duration between SCI
onset and measurement increased. No information on vitamin D
supplementation was provided for this study. In patients with a
subacute SCI (2–6 months after onset), significantly higher
(p= 0.003) vitamin levels were found compared to patients with
a chronic SCI ( >12 months after onset) [19]. Patients with
subacute SCI did receive a daily vitamin D supplementation of

Table 3. Vitamin D status among patient groups.

Categorized status

Deficient (25(OH)D ≤ 50 nmol/l) Insufficient (50 < 25(OH)D ≤ 75 nmol/l) Sufficient (25(OH)D > 75 nmol/l) P-value

Overalla

N 58 (67) 22 (25) 7 (8)

Sexa

Female 14 (56) 9 (36) 2 (8) 0.4

Male 44 (71) 13 (21) 5 (8)

Ageb

Years 54 (43–66) 45 (29–68) 54 (48–60) 0.6

BMIb

kg/m2 25 (22–28) 23 (20–28) 20 (20–23) 0.06

Smoking statusa

Never 38 (67) 15 (26) 4 (7) 0.9

Former 14 (70) 4 (20) 2 (10)

Current 6 (60) 3 (30) 1 (10)

SCI etiologya

Non-traumatic 17 (81) 3 (14) 1 (5) 0.4

Traumatic 41 (62) 19 (29) 6 (9)

Season of SCI onseta

Winter 37 (74) 10 (20) 3 (6) 0.2

Summer 21 (57) 12 (32) 4 (11)

AIS scorea

A 19 (59) 11 (34) 2 (6) 0.8

B 13 (68) 5 (26) 1 (5)

C 8 (73) 2 (18) 1 (9)

D 18 (72) 4 (16) 3 (12)

Admission to rehabilitation centerb

Days after SCI 9 (4–15) 8 (3–13) 7 (4–10) 0.5

SCIM mobility scorea

Less active 45 (68) 15 (23) 6 (9) 0.6

Active 13 (62) 7 (33) 1 (5)

Pressure injurya

Yes 7 (88) 1 (13) 0 0.6

No 51 (65) 21 (27) 7 (9)

Bed resta

Yes 6 (86) 1 (14) 0 0.8

No 52 (65) 21 (26) 7 (9)

AIS American Spinal Injury Association Impairment Scale, BMI body mass index, SCI spinal cord injury, SCI MSpinal Cord Independence Measure.
an (%) with p-values derived from Fisher’s exact tests, bmedian (interquartile range) with p-values derived from Kruskal–Wallis H tests.
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400 IU whereas only a “few” patients with a chronic SCI took
regular supplementation, which could have possibly distorted
the findings. Only two patients included in our study started
receiving a (minimal) vitamin D supplementation dosage
(200 IU/day) a few days before the vitamin D assessment, and
therefore we did not further examine this parameter. Never-
theless, we speculate that prior hospitalization, the duration
between SCI and admission to the center, and intake of vitamin
D supplements prior to SCI onset, might be clinically relevant
factors when deciding on vitamin D supplementation.
In contrast to other studies, we found a moderate negative

correlation between vitamin D status and BMI (p= 0.003), which
has also been found among individuals with a chronic SCI [8]. Two
other studies among individuals with an acute SCI did not find a
significant difference when comparing the BMI among those with
an insufficient versus sufficient vitamin D status [16, 17]. The lower
vitamin D status among individuals with a higher BMI could be
caused by the storage of vitamin D in body fat tissue but also by a
volume diluting effect [9]. Studies in the general population have
shown obesity can decrease the bioavailability of vitamin D due to
deposit in fat tissue [27]. After SCI onset, skeletal muscle reduces
while body fat percentage increases leading to increased BMI
[28, 29]. Due to the increased body fat, individuals with SCI likely

need higher vitamin D supplementation dosages to correct an
insufficient status.
We did not find significant differences in vitamin D status for

sex, age, or smoking status. In contrast, age was associated with a
low vitamin D status (p < 0.001), and vitamin D deficiency was
proportionally higher among younger patients compared to older
patients (p < 0.001) in patients admitted to a general acute
rehabilitation center [16]. The mean duration between injury and
admission was only nine days in this study, and the authors
suggest a premorbid low vitamin D status as a probable cause for
the high rate of deficiency that was found in the entire study
population (76%). For SCI characteristics, including lesion level and
completeness, we also did not find differences in vitamin D status.
Previous studies among individuals with SCI have reported mixed
results: while some reported a significantly lower vitamin D status
among individuals with a tetraplegia [8], other studies found no
significant differences. A significantly higher mean vitamin D
status has been found in patients with an acute complete lesion
compared to patients with an acute incomplete lesion (45 (20)
versus 37 (18) nmol/l, p= 0.02) [5]. On the other hand, Waliullah
et al. [6]. also didn’t find any significant differences in sex, age, SCI
etiology, or AIS score in the acute SCI phase. They did, however,
find significantly lower vitamin D values in serum samples taken

BA

ED

HG

F

C

Fig. 2 Vitamin D status among different clinical outcomes. Boxplots are displayed for vitamin D status stratified by A sex, B smoking status,
C SCI etiology, D month of SCI onset, E AIS score, F) SCIM mobility score, G pressure injuries, and H bed rest. AIS American Spinal Injury
Association Impairment Scale, SCI spinal cord injury, SCIM Spinal Cord Independence Measure.
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during winter compared to summer (41 (21) nmol/l versus 59 (30)
nmol/l, p= 0.003). Also among individuals with a subacute or
chronic SCI, a significant main effect for season (p= 0.02) has been
reported, with a higher vitamin D status during summer (55 (57.3)
nmol/l) compared to winter (41 (42.7) nmol/l) [19]. Interestingly, in
both of these studies [6, 19] the vitamin D status during the winter
months was similar to our study (41 (23) nmol/l), but the status
during the summer months was higher than we found in our
study (47 (28) nmol/l). In our study, we assessed slightly more
patients during winter (58%), probably since the recruitment took
place during two summers and three winters. This might have
lowered the overall vitamin D status, as we found no difference in
vitamin status for either the season of SCI onset or the season of
assessment.
Vitamin D status was not different between active or less

active patients. We did find a lower vitamin D status in patients
with bed rest compared to patients without bed rest (p= 0.02),
though our findings should be interpreted carefully since bed
rest only occurred in seven patients. Nevertheless, we speculate
that the overall health status including comorbidities might be
relevant in relation to vitamin D status since most of the patients
with bed rest also had a pressure injury. The effect of bed rest
could be compared with other forms of unloading the skeleton
or weightlessness and is known to lead to increased bone
resorption and decreased bone formation [30]. Furthermore,
serum and urinary calcium levels increase, while intestinal
calcium absorption, PTH, and vitamin D levels decrease [30].
Even though unloading is relevant in the development of
osteoporosis, hormonal changes contribute too since bone loss
is also present in the upper extremities after SCI [10]. We found
no difference in calcium status for patients with versus without
bed rest, but we did find a correlation between vitamin D and
calcium status (p= 0.01). A negative calcium balance, as well as
decreased vitamin D and PTH levels during the acute SCI phase,
play a role in the pathogenesis of osteoporosis, which is a very
frequent secondary complication in SCI [10]. Besides osteoporo-
sis, an insufficient vitamin D status has also been associated with
other common secondary complications among chronic SCI
patients including reduced mobility, chronic pain, urinary tract
infections, depressive symptoms, musculoskeletal health, chest
illness, and pressure injuries [8–10, 12, 31–34]. This highlights
the potential importance of a sufficient vitamin D status at the
beginning of the rehabilitation phase. Rather unexpectedly, we
did not find a correlation between vitamin D status and PTH or
phosphate status. This might be caused by the relatively large
variation in serum statuses among our study population, but
also since PTH status was only available for 23 patients. PTH
might also take some time before hormonal feedback leads to
an increased PTH level, as studies among individuals with a
chronic SCI found that those with a lower vitamin D status had a
higher PTH status [8].
Unfortunately, no supplementation guidelines are available for

the SCI population, but routine monitoring of vitamin D status and
treatment of a suboptimal status are recommended [9]. Among
acute traumatic SCI patients, combined progesterone (0.5 mg/kg
body mass) and vitamin D (200 IU/kg body mass) supplementation
twice a day for five days after admission, lead to higher AIS motor
and sensory scores compared to placebo [35]. Unfortunately,
vitamin D status was not assessed either before or after the
intervention in this study. Daily supplementation with 1000 IU for
one month proved unsuccessful in correcting the vitamin D status
of acute SCI patients [17] and hence a higher dose seems
warranted. It might be advisable to supplement all patients at the
beginning of the rehabilitation phase of an acute SCI, with a
dosage depending on the recently measured vitamin D status.
Physical activity during early rehabilitation could improve fitness
and BMI, which may also support the promotion of vitamin D from
fat tissue [36].

Strengths and limitations
As vitamin D status is affected by vitamin D production through
UVB radiation, seasonal fluctuations of vitamin D status are known
[19]. By consecutively recruiting patients for more than two years,
we were able to assess the association between vitamin D status
and seasonality. Nevertheless, we did not assess sun exposure by
either duration or amount of body surface exposed, which is a
limitation of this study. Our study population was very homo-
genous regarding skin pigmentation, which limits the general-
ization of our results to individuals with other non-Caucasian skin
pigmentations. Though the SCIM assessments were performed by
clinical professionals as part of the daily routine and provide some
insight into the patient’s mobility abilities and potential daily
movement patterns, we acknowledge that these assessments
provide no direct measurement of mobility or activity status. As
fortification of food products with vitamin D is not common in
Switzerland and patients follow a standardized diet during
rehabilitation, food intake was not assessed in this study.
However, patients might have ingested additional vitamin D
through dietary intake, which could have slightly influenced our
findings [37].
As data were collected from clinical routine assessments, there

is missing data for certain outcomes leading to different sample
sizes for some of the analyses. Though we did investigate the
occurrence of pressure injuries, bed rest, and falls, our cross-
sectional study design and relatively small study population
prevented us to perform more in-depth analyses or to make
causal statements about vitamin D status and secondary
parameters. Other secondary complications in SCI that might be
linked to vitamin D status, including reduced bone density and
heterotopic ossifications, could not be investigated in this study as
such assessments were not part of the clinical routine in our
rehabilitation center. Interventional studies during acute SCI
rehabilitation are needed to assess the optimal dose of vitamin
D supplementation, as well as the effect on secondary complica-
tions while controlling for potential biases including sun exposure
and activity status.

CONCLUSION AND CLINICAL IMPLICATIONS
A high prevalence of vitamin D insufficiency was found in the early
stages after SCI. We recommend that all patients admitted to the
first rehabilitation after the onset of SCI should be supplemented
with a dosage that is dependent on their actual vitamin D status.
The dose and time interval needed to correct a deficient or
insufficient vitamin D status warrants further investigation.

DATA AVAILABILITY
The data that support the findings of this study are available upon reasonable
request.
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