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Summary
Background: vitamin D deficiency is very common, and has been demonstrated in multiple studies in
both the general population and in patients with different pathologies. However, it has been little studied
in patients affected by spinal injury. 
Objective: to study the prevalence of hypovitaminosis D and the possible development of secondary
hyperparathyroidism in a population of patients with spinal injury.
Material and method: transverse descriptive study carried out in 104 patients affected by spinal injury. A
clinical history was taken, a detailed physical examination carried out and a blood sample while fasting
taken, with the least possible compression, from all patients. The analytical parameters were analysed
using automated techniques and the determination of 25-hydroxyvitamin D (25HCC) and parathyroid hor-
mone (PTH) was performed using electroimmunochemiluminescence (ECLIA).
Results: the global mean value of 25-hydroxyvitamin D was 20.1 ± 11.6 n/ml. 84.6% of the patients had
blood values of 25-hydroxyvitamin D lower than 30 ng/ml and 62% of all patients showed values lower
than 20 ng/ml. The prevalence of vitamin D deficiency was similar in men and women. However,
although we found an inverse correlation between levels of PTH and hydroxyvitamin D, only 5.8% of
patients ended up developing secondary hyperparathyroidism.
Conclusions: there is a high prevalence of hypovitaminosis D in patients with spinal injury. It is advisa-
ble, therefore, to include a study of this metabolite in the care protocol of these patients to correct these
deficiencies as and when they are found.
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Introduction
Vitamin D plays an important role in bone mine-
ral metabolism since it is involved in the regula-
tion of levels of calcium and phosphorus, and its
deficiency may be an epipathogenic factor in oste-
oporosis. However, in the last few years there has
been clear evidence which gives the action of vita-
min D highly important effects outside the bone,
which fundamentally alters musculo-skeletal func-
tion. Recent studies have reported that vitamin D
acts on the immune system, prevents pathologies
such as arteriosclerosis1, arterial hypertension2,
resistance to insulin3 and hyperglycemia4, in addi-
tion to being related to the prevention of various
types of cancer5-7.

Blood levels of vitamin D are a significant risk
factor in the diminution of bone mass and in the
increased risk of fractures in these patients. Some
studies have been published which show deficient
levels of vitamin D in patients with spinal injury,
the prevalence of this deficit being estimated at
between 30 and 32%8,9.

The measure of blood levels of 25-hydroxyvi-
tamin D (25HCC) is the universally accepted form
of indicator for vitamin D reserves10. There is not
a unanimous consensus regarding the blood levels
of 25-hydroxyvitamin D sufficient to ensure bone
health in the general population, and even less in
patients with spinal injury. However, it tends to be
accepted that ideally these levels should be, as a
minimum, 30 ng/ml11.

Patients with spinal injury usually have osteo-
porosis secondary to immobilisation and fractures,
above all in the lower limbs. The additional role
which vitamin D deficiency may have in its etio-
pathology has not been determined. Therefore,
we carried out this study in a population of
patients with controlled spinal injury in the Spinal
Injury Unit of the Island University Hospital
Complex for Mothers and Children in Gran
Canaria.

Patients and methods
This is a transverse observational study carried out
in 104 patients who were admitted to the Spinal
Injury Unit of the Island University Hospital and
who were seen either at a first visit or at a review,
during the year 2012. A required criterion for
inclusion in the study was the existence of an irre-
versible spinal injury. The patients were informed
of the objectives of the study, and had previously
signed their informed consent to participate. The
study was approved by the Committee for Ethics
and Clinical Trials of the Island University
Hospital.

In all cases we applied the clinical protocol for
the study and follow up of patients with spinal
injury, which included clinical history, physical
examination, biochemical parameters (haemoglo-
bin, glucose, urea, creatinine, calcium, phospho-
rus, total proteins, lipid profile, tartrate-resistant
acid phosphatase (TRAP), PTH, 25-hydroxyvita-
min D, beta-crosslaps, osteocalcin and amino-ter-
minal peptide of collagen type 1 - P1PT).

Blood was taken in fasting, with the least pos-
sible compression and the general biochemical
parameters (haemoglobin, glucose, urea, creatini-
ne, calcium, phosphorus, total proteins, lipid pro-
file) were measured with an autoanalyser; the
TRAP by spectrophotometry; and the PTH,
25HCC, beta-crosslaps, osteocalcin and P1NP by
electroimmunochemiluminescence (EIQL). The
period of collecting the samples extended from
March to May 2012.

Normal levels of vitamin D were considered to
be where blood values of 25-HCC above 30
ng/ml; insufficiency, those between 20-30 ng/ml;
and deficiency, figures below 20 ng/ml, in accor-
dance with the position document of the
International Osteoporosis Foundation (IOF)12.
With respect to PTH, normal values are conside-
red to be <88 ng/ml, as set by the laboratory, and
levels higher than this are indicative of secondary
hyperparathyroidism.

A descriptive statistical analysis of the study’s
baseline data was carried out. For this, we calcu-
lated the absolute and relative frequencies in the
case of the qualitative variables. The quantitative
variables were summarised by means of mean ±
standard deviation or percentiles with average
interquartile range, respectively, depending on
whether or not there is a normal distribution after
being subject to the Kolmogorov-Smirnov test.

Results
In table 1 we show the characteristics of the popu-
lation studied. The 104 patients with spinal injury
had an average age of 43.4 years, and 74% were
men. 86.5% of the patients had had an injury of
traumatic origin. 40% were tetraplegic. The avera-
ge time from the injury occurring to the date of the
study was 8 years.

Table 2 shows various analytical value data,
such as renal function and lipids (total cholesterol,
triglycerides and HDL-cholesterol). The average
values of these parameters were within normal
values. 

In table 3 we show the analytical data related
with bone metabolism. The median values of 25-
HCC were globally 20.1 ± 11.6 ng/ml, being 20.1
± 11 ng/ml in men and 19.9 ± 13.5 ng/ml in
women (p=0.919). According to established para-
meters for normality, 84.6% of those with spinal
injury had blood values of 25-hydroxyvitamin D
lower than 30 ng/ml, and 62.5% had values lower
than 20 ng/ml. The prevalence of vitamin D defi-
ciency was similar in both sexes (Table 4).

The analysis as a function of age, with the limit
established at 50 years of age, showed that the
patients younger than 50 had a higher percentage
of vitamin D deficit (66.6%) than those over 50
years of age (53.1%). However, among those over
50 there was a higher percentage of patients in the
insufficient range for vitamin D (37.5%).

When we carried out the comparison of the
values of 25HCC as a function of the level of spi-
nal injury, we observed that the paraplegic
patients had values of vitamin D indicative of vita-
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min D deficit higher than the tetra-
plegics (69% vs 61.2% respectively).

In terms of the other parameter
studied, the PTH, a prevalence of
secondary hyperparathyroidism of
5.8% was found. We obtained a sta-
tistically significant inverse correla-
tion between levels of PTH and
those of 25HCC (r= -0.262; p=
0.007) (Figure 1).

Discussion
Patients with chronic spinal injury
had a higher prevalence of fragility
fractures, above all in the long
bones, due essentially to the reduc-
tion in mobility, although there may
be other mechanisms which contri-
bute, such as hypovitaminosis D.

In fact, some studies carried out
earlier describe the existence of
hypovitaminosis D in patients affec-
ted by spinal injury. Thus, in a
group of 100 military personnel
with this pathology studied in a the
Veterans Hospital in New York,
Baumann et al. found a deficiency
in vitamin D in 32% of patients
affected both by paraplegia and
tetraplegia. These were patients of
both sexes, with an average age of
51 years and an average of 20 years
since the acute spinal injury. The
threshold chosen by the authors for
the establishment of deficiency was
16 ng/ml, a value much lower than
the currently recommended value
of 30 ng/ml, which means that in
applying the same cut off point, the
prevalence of vitamin D insuffi-
ciency would be even higher.
Similarly, Hummel et al., in 62
patients of both sexes with spinal
injury, found hypovitaminosis D in
39% of cases8, establishing the defi-
ciency threshold at 75 nmol/L of
25HCC (equivalent to 30 ng/ml)
which is precisely the figure
currently accepted for the establis-
hment of  vitamin D insufficiently13.

In our study we have applied
this cut off point, 30 ng/ml of 25-
hydroxyvitamin D, which establis-
hes vitamin D insufficiency as those values of 25-
hydroxyvitamin D lower than 30 ng/ml, and defi-
ciency to those lower than 20 ng/ml. These cut off
points have been suggested by various authors14-17

and by the IOF in their position document12. On
the basis of this, in Spain a high prevalence of
hypovitaminosis D has been reported both in the
general population and in older people18,19, and
more specifically, in various pathologies20-22.

It is known that low levels of vitamin D favour
the development of secondary hyperparathyroi-

dism13,18. In our patients we found a negative or
inverse correlation between levels of PTH and
those of 25-hydroxyvitamin D, which although
statistically significant, we consider to be weak
(r=0.262). Not all patients with low levels of vita-
min D had secondary hyperparathyroidism, which
suggests that there are other factors which may
affect its presentation.

The patients had normal renal function, estima-
ted by the determination of blood creatinine and
urea, and blood levels of TSH were also within
normal levels.

Table 1. Baseline characteristics of the population studied

Variable Value Percentage (%)

Number 104 100

Men 77 74

Women 27 26

Cause of spinal injury

Traumatic 90 86.5

No traumatic 14 13.5

Level of spinal injury

Quadriplegia 41 39.4

Paraplegia 63 60.6

Functional status (Scale Asia)

1 (Complete injury) 56 53.8

2 (Incomplete injury) 48 46.2

Table 2 Biochemical data for renal and thyroid functions and lipids
(Mean ± typical deviation)

Variable
(Units)

Value
obtained

Values
reference

TSH (UI/l) 1.8 ± 1.1 0.5 - 5

Urea (mg/dl) 29.2 ± 8.8 15 - 45

Creatinine 0.8 ± 0.2 0.8 - 1.4

Cholesterol (mg/dl) 191.1 ± 44.1 120 - 220

Triglycerides (mg/dl) 178.8 ± 9.5 30 - 200

HDL-Cholesterol (mg/dl) 47.1 ± 21.5 35 - 65
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The markers for remodelling were within the
limits established as normal by our laboratory and
which are shown in table 3. An increase in mar-
kers for resorption might have been expected,
given that an increase in the destruction of bone

in a state of immobility has been
reported in both humans and ani-
mals23-25, but we did not find this. It
is possible that this was due to the
long period of time since the spinal
injury had occurred, since the incre-
ase in resorption and the loss of
bone mass occurs in the first few
weeks after the injury26. 

One of the limitations of our
study is our having determined the
25HCC using IQL. It is well known
that the standard reference model
for the measurement of vitamin D is
high pressure liquid chromato-
graphy (HPLC)27, to which we did
not have access in our Unit.
Another limitation is that of having
carried out only a descriptive study
without using a control group with
which to compare the results, but it
should be taken into account that
the levels set for the establishment
of insufficiency and deficiency are
already, practically speaking, a mat-
ter of consensus (30 ng/ml and 20
ng/ml of 25HCC, respectively)11-15,17,20

as well as the upper limit of PTH,
which has been established as nor-
mal at 88 ng/ml in our laboratory
through other studies28-31. On the
other hand, one of the strengths of
the study is its sample size, 104
patients with spinal injury, the hig-
hest number found in the literature
which we have been able to consult
on this matter. 

In conclusion, a high proportion
of patients with chronic spinal
injury had blood levels of 25-
hydroxyvitamin D which may be
considered as “insufficient”, which
is why we believe that it is neces-
sary to generalise the study of vita-
min D levels in these patients in
order to detect and correct deficien-
cies when they are seen. We should
also pose the question as to whe-
ther vitamin D supplements really
reduce the risk of osteoporosis and
fracture, which may be the objecti-
ve of other studies.
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