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Abstract
Spinal cord injury (SCI) causes profound bone loss due to muscle paralysis resulting in the
inability to walk. Sclerostin, a Wnt signaling pathway antagonist produced by osteocytes, is a
potent inhibitor of bone formation. Short-term studies in rodent models have demonstrated
increased sclerostin in response to mechanical unloading that is reversed with reloading. Although
sclerostin inhibition has been proposed as a potential therapy for bone loss, it is not known if
sclerostin levels vary with duration of SCI in humans. We analyzed circulating sclerostin in 155
men with varying degrees of SCI who were 1 year or more post-injury. We report that sclerostin
levels are greatest in subjects with short-term SCI (≤ 5 years post-injury) and decrease
significantly over the first 5 years post-injury. There was no association between sclerostin and
injury duration in subjects with long-term SCI (> 5 years post-injury). In subjects with long-term
SCI, sclerostin levels were positively associated with lower extremity bone density and bone
mineral content. These data suggest that sclerostin levels in SCI are initially increased after SCI in
response to mechanical unloading. This response is time-limited and as bone loss progresses,
circulating sclerostin is lowest in subjects with severe osteoporosis. These findings support a dual
role for sclerostin after SCI: a therapeutic target in acute SCI, and a biomarker of osteoporosis
severity in chronic SCI.
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1. INTRODUCTION
Osteocytes, the cells responsible for mechano-transduction in bone, represent the first
cellular response to mechanical unloading [1]. Sclerostin is a secreted Wnt signaling
antagonist produced primarily by osteocytes. Sclerostin selectively inhibits Wnt/β-catenin,
suppressing the activity of osteoblasts as well as the viability of osteoblasts and osteocytes
[2]. Mechanical unloading causes up-regulation of sclerostin leading to reduced Wnt/β-
catenin signaling and suppression of bone formation [3]. In humans, mechanical unloading
of bone occurs in diseases that cause muscle paralysis, including spinal cord injury (SCI).
SCI results in profound bone loss that occurs in 2 phases: 1) rapid, acute bone loss that
plateaus between 12 and 36 months post-injury and 2) chronic, ongoing bone loss that is
more gradual in nature [4, 5]. Based on reports in the rodent literature [3, 6], it is thought
that rapid bone loss in the acute phase of SCI is due to increased osteocyte production of
sclerostin in response to the abrupt loss of mechanical loading.

Given that sclerostin is a negative regulator of bone formation, clinical trials are underway
to test the efficacy of anti-sclerostin antibodies to treat post-menopausal osteoporosis [7].
This emerging anabolic medication may be a powerful, mechanism-based therapy to prevent
or treat SCI-induced osteoporosis. However, prior to applying this knowledge to the SCI
population, it is imperative to confirm in human studies the role of sclerostin in SCI-induced
osteoporosis. We recently assessed the relationship between circulating sclerostin and bone
density in 39 subjects with chronic SCI (more than 2 years post-injury) and 10 subjects with
no SCI. We found that sclerostin levels were reduced, not elevated, in chronic SCI [8].
These findings are in contrast to the acute sclerostin-mediated bone loss demonstrated in
animal models of mechanical unloading where high sclerostin levels suppress bone
formation. Our findings suggest that reduced sclerostin levels may be reflective of the
severity of bone loss that occurs in chronic SCI. We hypothesize that, similar to the findings
observed in animal models, unloading following acute SCI leads to elevated sclerostin
levels, which inhibit bone formation by suppressing osteoblastic differentiation and/or
function [2, 9]. If inhibition of bone formation proceeds without reintroduction of
mechanical loading, extreme bone loss occurs. Severe osteoporosis follows, with fewer bone
cells producing sclerostin, which ultimately results in lower than normal sclerostin levels.

Our novel finding of decreased sclerostin levels in chronic SCI in subjects with extremely
low bone density strongly suggests that the therapeutic window for targeting sclerostin may
be limited in disuse osteoporosis. Elevations in sclerostin have never been demonstrated
immediately following SCI in human studies. The optimal time frame for targeting
sclerostin in disuse osteoporosis, either with medication or with physical therapy, is
currently unknown. To that end, the aim of the current study was to better define the kinetics
of the sclerostin response to mechanical unloading; determine the association between
sclerostin and bone after SCI; and determine associations with sclerostin and other clinical
factors.

2. METHODS
2.1 Subjects

Subjects were recruited from veterans who receive care at our VA facility, by advertisement
in SCI consumer magazines, and by direct mail to 1) persons who previously received
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medical care at our acute rehabilitation facility, 2) New England subscribers of New
Mobility Magazine, and 3) members of the National Spinal Cord Injury Association.
Subjects were eligible if they were 22 years of age or older, 1 year or more after injury, and
had no other neuromuscular conditions (i.e., multiple sclerosis, previous stroke, past polio).
196 subjects with SCI were enrolled between August 2009 and January 2011. Because only
29 women enrolled and sclerostin levels vary by gender [10], only male participants were
included in this study. Similarly, 12 men taking bisphosphonates were excluded because the
effect of bisphosphonate use on circulating sclerostin is unknown. The final cohort consisted
of 155 men with SCI.

2.2 Motor Score
Motor level and completeness of injury were confirmed by physical exam by a trained rater.
Injury completeness was reported according to the American Spinal Injury Association
Impairment Scale (AIS) as previously described [11]. Participants were classified as AIS A
or B (motor complete, no motor function below the neurological level of injury); AIS C
(motor incomplete, motor function preserved below the neurological level, and more than
half the key muscles below the neurological level are not strong enough to overcome
gravity); or AIS D (motor incomplete, motor function preserved below the neurological
level, and more than half the key muscles below the neurological level strong enough to
overcome gravity). Injury severity was then classified in 2 categories: motor complete SCI
(AIS A/B) or motor incomplete SCI (AIS C or D).

2.3 Assessment of Bone Mineral Density by Dual X-ray Absorptiometry (DXA) Scanning
Bone mineral density (BMD) was determined by Dual X-ray Absorptiometry (DXA) scan
using a 5th generation GE iDXA densitometer. Total body scans were performed to
determine leg bone mineral content (BMC). Fractures are most common at the knee after
SCI. Therefore, scans were also performed at both SCI-specific (distal femur, proximal
tibia) and standard skeletal sites (hip, radius) as previously described (Morse et al. 2009;
Morse et al. 2011). Unless there was a previous fracture or instrumentation, the non-
dominant lower extremity was scanned. For the distal femur, the proximal edge of the region
of interest (ROI) was set at 20% of the femur length (measured from the lateral femoral
condyle), and the distal edge was set at the visible intersection between the patella and the
femur, excluding the patella from the ROI. For the proximal tibia, the proximal edge was set
at the most proximal point of contact between the tibia and fibular head sites, avoiding
regions of overlap between the fibula and the tibia. Scans were performed in triplicate at the
distal femur and proximal tibia. Customized research software supplied by General Electric
was used to determine knee BMD. For subjects age 50 or older, T-score was used to classify
hip bone density according to the World Health Organization (WHO) definitions of normal
(T-score ≥−1), osteopenia (T-score <−1 and >−2.5) and osteoporosis (T-score ≤−2.5). For
subjects under the age of 50, Z-score was used to classify hip bone density as normal (Z-
score >−2) or as lower than expected for age and sex (Z-score ≤−2). As a standard
procedure, a quality assurance block supplied by the manufacturer was measured at least
every 2 days to confirm accuracy of the densitometer.

2.4 Biochemical Analyses
Plasma samples were drawn into an EDTA tube and immediately delivered to the core blood
research laboratory at our facility. The samples were centrifuged for 15 min at 2600 rpm
(1459 × g) at 4°C and stored at −80°C until batch analysis. All biochemical analyses were
performed at the Clinical & Epidemiologic Research Laboratory, Department of Laboratory
Medicine at Children’s Hospital in Boston, a state-of-the-art reference laboratory that
specializes in micro-analysis. Sclerostin was quantified by ELISA assay (Alpco Diagnostics,
Salem, NH) with a detection limit of 8.9 pmol/L. Assays were performed in duplicate and
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any duplicate with >10% CV was repeated. The inter-assay variation is 5.6% at 105.0 pmol/
L and 6.7% at 52.1 pmol/L. 25 OH Vitamin D (25OHD) was quantified by enzyme
immunoassay (Immunodiagnostic Systems Inc, Fountain Hills, AZ) with a detection limit of
2.0 ng/ml. Osteocalcin was measured as an indicator of bone formation by
electrochemiluminescence immunoassay on a 2010 Elecsys autoanalyzer (Roche
Diagnostics, Indianapolis, IN) with a detection limit of 0.50 ng/mL. C-telopeptide was
measured as an indicator of bone resorption by electrochemiluminescence immunoassay on
a 2010 Elecsys autoanalyzer (Roche Diagnostics, Indianapolis, IN) with a detection limit of
0.07 ng/mL.

2.5 Variable Definition
Information regarding SCI, medical history, medication use, smoking history, and fracture
history were obtained by questionnaire at the time of DXA scan. Participants were weighed
and supine length measured for the calculation of body mass index (BMI). In subjects with
severe joint contractures, length was self-reported (n=14). Usual mobility mode (more than
50% of the time) was considered in the following 2 categories: wheelchair use (motorized
wheelchair or hand-propelled wheelchair) or no wheelchair use (walk with aid (crutch, cane,
or similar aid) or walk without assistance). Smokers were defined as smoking 20 or more
packs of cigarettes or using 12 ounces of tobacco or more in a lifetime, or smoking 1 or
more cigarettes per day for at least 1 year. Current smokers reported cigarette use within 1
month of testing. Vitamin D levels were considered as a continuous variable and
dichotomously (normal ≥ 20ng/ml and deficient < 20 ng/ml). For fracture history,
information was collected on timing (before SCI, at time of SCI, or after SCI), location, and
cause of fracture. All fractures that occurred after SCI were considered in the analysis.

2.6 Statistical Analysis
All analyses were performed using SAS 9.2 (SAS Institute, Inc., Cary, NC). Since the
distribution of sclerostin was skewed, natural log-transformation was used to normalize the
distribution of the outcome and stabilize the variance. General linear models (PROC GLM)
were applied to assess associations between selected covariates and sclerostin. Tukey
correction was used to adjust for multiple comparisons when appropriate. Independent
samples t-test and chi-square tests were applied to test for differences in subject
characteristics based on injury duration.

3. RESULTS
3.1 Subject Characteristics

Subject characteristics are presented in Table 1 based on injury duration in the following 2
groups: short-term SCI (≤5 years post-injury) and long-term SCI (>5 years post-injury). All
participants were male and the majority was white. Ages ranged from 25.3–87.6 years, with
a mean of 55.7±14.0 years. Injury duration ranged from 1.6–60.8 years, with a mean of
19.4±13.1 years. 96 subjects used a wheelchair and 59 walked independently or with an
assistive device. Bone density could not be determined in 4 subjects at the distal femur, 5
subjects at the proximal tibia, 8 subjects at the hip, and 2 subjects at the radius due to knee/
hip replacement, fixation rods, heterotrophic ossification, spasms, or contractures preventing
proper scan positioning. There were no differences in age, race, wheelchair use, smoking
history, vitamin D levels or levels of markers of bone turnover (p=0.21–0.87) between the
short-term and long-term SCI groups. A greater percentage of subjects with long-term SCI
had motor complete injury than the short-term SCI group (51% vs 22%, p=0.02). Subjects
with short-term SCI had significantly greater BMD and BMC at all sublesional skeletal sites
(p=0.004–0.03) and higher BMI (p=0.01) than subjects with long-term SCI. There was no
difference in BMD at the radius between the two groups (p=0.24). Subjects in the long-term
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SCI group were more likely to have osteoporosis at the hip (p=0.05) or a history of post-SCI
fracture (p=0.0002) than the subjects in the short-term SCI group.

3.2 Effect of Age on Sclerostin
In our previous study we found that sclerostin significantly increased with age in 39 subjects
with chronic SCI (Morse et al 2011). This finding has also been reported in the general
population (Modder et al. 2011). In this current study, we confirmed in a larger group of
subjects with long-term SCI that sclerostin increased significantly with age (p=<0.0001). In
contrast, there was no association between sclerostin and age (p=0.11) in subjects with
short-term SCI, likely reflecting elevations in sclerostin due to mechanical unloading that
dramatically alter basal sclerostin levels. Therefore, we adjusted for age only in analyses
with long-term SCI.

3.3 Effect of Injury Duration on Sclerostin
We examined sclerostin levels as a function of injury duration in both short-term and long-
term SCI. In the short-term SCI group only, there was a significant negative association
between ln sclerostin (natural log transformed sclerostin) and injury duration (Figure 1 top,
p=0.04). Those injured less than 3 years (n=6, ln sclerostin 4.69±0.71 corresponding to
108.89 pmol/L) had greater sclerostin levels than those injured 3–5 years (n=12, ln sclerostin
3.98±0.70 corresponding to 53.73 pmol/L, p=0.06). In long-term SCI, after adjusting for
age, there was no association between sclerostin and injury duration (Figure 1 bottom,
p=0.79).

3.4 Effect of Injury Duration on the Association between Sclerostin and Bone
In the short-term group, there was no association between sclerostin and bone density or
bone mineral content at any site tested (p=0.17–0.41). After adjusting for age, there was a
significant, positive association between tibia BMD and sclerostin in the long-term SCI
group (Figure 2, R2=0.19, β=0.002 ± 0.001, p=0.0004). The results were similar at all
sublesional skeletal sites and leg BMC (p=<0.0001–0.01) but not the radius (p=0.15). When
considering this association based on wheelchair use in long-term SCI, tibial BMD was
significantly associated with sclerostin in the wheelchair users (R2=0.09, β=0.002±0.0007,
p=0.03) and was of borderline significance in the non-wheelchair users (R2=0.07,
β=0.001±0.0007, p=0.097).

3.5 Clinical Factors Associated with Sclerostin Levels
We examined the association between sclerostin and various clinical factors known to be
relevant to bone health in the general population. We found no significant association with
BMI, smoking history (current, former, or never), history of post-SCI fracture (ever or in the
previous 2 years), or markers of bone turnover (p=0.34–0.97) in the short-term or long-term
group. Adjusting for injury duration, subjects in the short-term group who were vitamin D
deficient had significantly lower sclerostin levels compared to those who were not vitamin D
deficient (p=0.02, 42.78 pmol/ml vs 91.32 pmol/ml, Table 2).

In the long-term SCI group, adjusting for age, sclerostin levels were significantly lower in
wheelchair users compared with those who walk (p=0.01), in subjects with motor complete
SCI compared with motor incomplete SCI (p=0.01), and in subjects with a diagnosis of
osteoporosis at the hip compared with those with normal bone density (p=<0.0001). In
multivariate regression models adjusting for age and including tibia BMD (Table 3 Model
A) or osteoporosis diagnosis (Table 3 Model B), the relationship between sclerostin and
wheelchair use or injury severity (motor complete vs incomplete) was no longer significant
(p=0.20–0.78).
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4. DISCUSSION
In this study we examined bone and circulating sclerostin levels in 155 men with varying
degrees of SCI who were 1 year or more post-injury. We report that sclerostin levels are
greatest in subjects with short-term SCI (≤5 years) and decrease significantly over the first 5
years post-injury. We found no association between sclerostin and injury duration in
subjects with long-term SCI (>5 years). In long-term SCI, sclerostin levels are positively
associated with lower extremity bone density and bone mineral content. These associations
are stronger in subjects who use a wheelchair compared to those who do not.

This is, to our knowledge, the first study to report elevated sclerostin in response to paralysis
in short-term SCI. Our findings are consistent with a previous report of elevated sclerostin in
institutionalized women with mobility impairments following stroke [12]. However, we
report much greater sclerostin levels in men with short-term SCI (108.89 pmol/L) than those
reported in women after stroke (42.9 pmol/l) or in postmenopausal women (51.04 pmol/l)
[13]. Men have higher sclerostin levels than women [10], and this may account for some of
the difference. Another factor may be the degree of mechanical unloading that occurs after
SCI compared to stroke or postmenopausal osteoporosis. To be included in the stroke study,
women could not walk without assistance. No information was provided on the number of
women with stroke who ambulated regularly with assistance. However, 14 of the 40 women
with stroke performed passive standing with a standing device. Therefore, some may have
performed weight-bearing activities regularly despite their mobility impairments. Similarly,
post-menopausal osteoporosis is not necessarily associated with the inability to walk.

We identified distinct clinical factors associated with sclerostin in short-term SCI compared
with long-term SCI. In this study sclerostin increases with age for subjects with long-term
SCI as previously reported [8, 10]. However, we found no significant association between
age and sclerostin in those subjects with short-term SCI (5 years or less). Our findings are
limited by a small sample size, but suggest that mechanical unloading dramatically alters
sclerostin levels, and that this elevation is sustained for as long as 5 years after injury. In
short- term SCI, sclerostin is negatively associated with injury duration. After adjusting for
injury duration, Vitamin D deficiency is associated with lower sclerostin levels. The
physiological significance of this observation remains to be clarified. The role of sclerostin
in Wnt signaling is well described in the literature, but less is known about the complex
regulation of sclerostin expression. Mechanical unloading stimulates sclerostin expression.
The addition of 1,25-dihydroxyvitamin D3 in combination with bone morphogenetic protein
(BMP)-4 to human primary osteoblasts significantly stimulated sclerostin expression in
culture [14]. More recently, a positive association between sclerostin and 25-hydroxy-
cholecalciferol was reported in dialysis patients [15]. Taken together, these reports and our
observation suggest that vitamin D is required for osteocyte expression of sclerostin. It is not
known if the magnitude of sclerostin-mediated bone loss is less in people with SCI who are
vitamin D deficient compared with those with normal vitamin D levels.

When considering long-term SCI, we found no association between BMI or post-SCI
fracture history. There is limited information on sclerostin levels in response to a fracture or
during the fracture healing process. BMI was previously reported to be associated with
sclerostin levels in a large study of post-menopausal women with normal bone density,
vitamin D levels 50 ng/ml or greater, and no history of fracture in the prior 2 years [16]. We
did identify several factors associated with sclerostin in long-term SCI. In addition to age,
we found the following factors were significantly associated with sclerostin: wheelchair use
(yes/no), injury completeness (motor complete vs. incomplete), a diagnosis of osteoporosis
based on T- or Z-score at the hip, lower extremity bone density (at all skeletal sites tested),
and lower extremity bone mineral content. Bone density at the radius was not associated
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with sclerostin. The radius may be more reflective of age-related bone loss than SCI-induced
bone loss, but more work is needed to confirm this. In separate multivariate models
(adjusting for age and injury completeness or wheelchair use) lower extremity bone density,
leg bone mineral content, and osteoporosis diagnosis based on hip BMD all remain
positively associated with sclerostin levels. Fracture risk prediction based on bone density is
poorly defined in SCI. Therefore, a diagnosis of osteoporosis currently has little clinical
utility in this population. In this study, a diagnosis of osteoporosis at the hip was more
strongly correlated with sclerostin levels in long-term SCI than bone density or bone mineral
content at any skeletal site tested. Further work is needed to identify the skeletal site,
whether SCI-specific (distal femur, proximal tibia) or traditional (femoral neck, total hip),
that has the greatest predictive value for osteoporotic fractures in SCI. It is possible that
circulating sclerostin, when used in conjunction with osteoporosis diagnosis, sublesional
bone density, or leg bone mineral content, may enhance fracture risk prediction after SCI.

Our findings suggest that long-term, motor-complete SCI and subsequent wheelchair use
leads to low bone density, ultimately resulting in low circulating sclerostin levels. Therefore,
sclerostin may be a good biomarker of bone density, and, perhaps, fracture risk in SCI.
These findings validate our previously reported conceptual model [8] that complete paralysis
in short-term SCI results in elevated sclerostin leading to inhibition of bone formation, and
that this response is modulated by the ability to walk (mechanically load bones). These
concepts need to be confirmed in a larger study and to be assessed in the context of a
longitudinal study. The elevation in sclerostin in short-term SCI may be predictive of the
amount of resulting bone loss, and ultimately fracture risk. In long-term SCI, on the other
hand, sclerostin may be a candidate circulating biomarker of bone health and fracture risk.

There are limitations to the current study that must be considered. We report on few subjects
5 years post-injury or less. A larger study is needed in short-term SCI to better define the
kinetics of the sclerostin response immediately after SCI. This is a cross-sectional study of
men. Longitudinal studies that include women are also needed. Limited information exists
regarding clinical factors that may modulate the sclerostin response to mechanical
unloading, such as parathyroid hormone levels, spasticity or comorbidities including
Diabetes Mellitus. The general consensus in the literature is that PTH levels are lower in
acute SCI (17) due to hypercalciuria and higher in chronic SCI (18). It is possible that
variations in PTH levels may modulate the sclerostin response to acute unloading. In chronic
SCI, PTH levels may also account for some of the variation in the relationship between bone
density and circulating sclerostin levels. These relationships have not been studied
previously. Despite these limitations, we offer evidence that sclerostin mediates bone loss
after short-term SCI. The optimal time frame for targeting sclerostin in SCI-induced
osteoporosis, either with medication or with physical therapy, is currently unknown. Our
studies, although still preliminary, indicate that the first 5 years post-injury may be the most
beneficial time frame to use anti-sclerostin antibodies to treat SCI-induced bone loss. Our
results also suggest that physical therapy programs that reintroduce mechanical loading soon
after SCI may effectively reduce or block sclerostin-mediated bone loss. These findings
have important implications for rehabilitation following SCI.
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Highlights

• We analyzed sclerostin in 155 men with SCI who were 1 year or more after
injury

• Sclerostin levels are initially increased in SCI due to mechanical unloading

• In long term SCI sclerostin levels are reduced due to severe osteoporosis

• Sclerostin may have dual roles after SCI: therapeutic target and bone biomarker
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Figure 1. Sclerostin Levels Based on Duration of Injury
Sclerostin levels are initially high after SCI and drop significantly with time after injury in
the short-term SCI group only (less than or equal to 5 years, top panel, β ± SE= −0.36±0.16,
p=0.04). No association was seen between sclerostin and injury duration in long-term SCI
(more than 5 years, bottom panel, age-adjusted β ± SE= 0.001±0.004, p=0.79). Sclerostin
was plotted using natural log-transformed data.
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Figure 2. Association between Sclerostin and Bone Density in Long-Term SCI
Greater sclerostin levels are positively associated with greater proximal tibia bone mineral
density in subjects with long-term SCI (more than 5 years, age-adjusted R2=0.19, β ± SE=
0.002± 0.001, p=0.0004).
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Table 1

Subject characteristics

Variable Short-term SCI (≤ 5
years) [N=18]

Long-term SCI (>5
years) [N=137]

p Total [N=155]

Demographics

Age (years) [Mean ± SD] 57.7 ± 18.1 55.4 ± 13.4 0.52 55.7 ± 14.0

Age (years) [Range] 25.3–85.2 27.1–87.6 25.3–87.6

White % 14 (77.8%) 122 (89.1%) 0.30 136 (87.7%)

Injury severity 0.02

 •Motor complete SCI 4 (22.2%) 70 (51.1%) 74 (47.7%)

 •Motor incomplete SCI 14 (77.8%) 67 (48.9%) 81 (52.3%)

Wheelchair use 0.55

 •Wheelchair 10 (55.6%) 86 (62.8%) 96 (61.9%)

 •No wheelchair 8 (44.4%) 51 (37.2%) 59 (38.1%)

BMI (kg/m2) [Mean ± SD] 30.7 ± 6.2 27.2 ± 5.6 0.01 27.6 ± 5.8

 •Normal (< 25) 3 (16.7%) 51 (37.2%) 54 (34.8%)

 •Overweight/Obese (≥25) 15 (83.3%) 86 (62.8%) 101 (65.2%)

Smoking history 0.72

 •Current smoker 2 (11.1%) 24 (17.5%) 26 (16.8%)

 •Former smoker 9 (50.0%) 57 (41.6%) 66 (42.6%)

 •Never smoker 7 (38.9%) 56 (40.9%) 63 (40.7%)

Bone Mineral Density (BMD) (g/cm2)

 •Distal femur 0.890 ± 0.158a 0.751 ± 0.226c 0.02 0.766 ± 0.224

 •Proximal tibia 0.969 ± 0.210a 0.787 ± 0.287d 0.02 0.807 ± 0.285

 •Femoral neck 0.940 ± 0.150 0.830 ± 0.208e 0.03 0.843 ± 0.205

 •Total hip 0.996 ± 0.195 0.838 ± 0.234e 0.01 0.858 ± 0.235

 •Radius 1.011 ± 0.102 0.979 ± 0.109c 0.24 0.982 ± 0.108

Leg Bone Mineral Content (BMC) (g) 1117.0 ± 242.7b 910.5 ± 276.2 0.004 933.5 ± 279.7

Hip bone density classification 0.05

 •Normal 10 (55.6%) 38 (27.7%) 48 (31.0%)

 •Osteopenia 5 (27.8%) 25 (18.2%) 30 (19.4%)

 •Osteoporosis/BMD lower than expected for age/
gender

3 (16.7%) 66 (48.2%) 69 (44.5%)

 •Hip BMD not available 0 (0.0%) 8 (5.8%) 8 (5.2%)

Post SCI fracture history 0.002

 •Fracture 0 (0.0%) 51 (37.2%) 51 (32.9%)

 •No fracture 18 (100.0%) 86 (62.8%) 104 (67.1%)

25 OH Vitamin D (ng/mL) 0.55
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Variable Short-term SCI (≤ 5
years) [N=18]

Long-term SCI (>5
years) [N=137]

p Total [N=155]

[Mean ± SD] 22.3 ± 5.9 23.3 ± 10.2 23.2 ± 9.8

 •Normal (≥20 ng/mL) 11 (66.1%) 81 (59.1% 92 (59.4%)

 •Deficient (< 20 ng/mL) 7 (38.9%) 56 (40.9%) 63 (40.7%)

Markers of bone turnover (ng/ml) [Mean±SD]

 •CTX 0.4 ± 0.2 0.4 ± 0.2 0.21 0.4 ± 0.2

 •Osteocalcin 17.3 ± 5.3 20.3 ± 9.6 0.85 20.0 ± 9.3

a
=16,

b
=17,

c
 =135,

d
 =134,

e
 =129
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Table 2

Association between sclerostin and vitamin D status, adjusted for injury duration, in short-term SCI (≤ 5
years)

R2 β ± SE eβ p

Injury duration (years)

0.49

−0.33±0.14 0.72 0.03

ln sclerostin LS means±SE e(ln sclerostin) p

Vitamin D status

 •Normal (≥ 20 ng/mL) 4.51±0.18 91.32 0.02

 •Deficient (<20 ng/mL) 3.76±0.22 42.78
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Table 3

Association between sclerostin and bone density or osteoporosis diagnosis, adjusted for age, in long-term SCI
(≥5 years)

Model A (R2=0.35)

N β ± SE eβ p

Age (years)

134

0.01±0.003 1.01 <0.0001

Tibia BMD (g/cm2) 0.70±0.14 2.01 <0.0001

Model B (R2=0.40)

N β ± SE eβ p

Age (years)

129

0.01±0.003 1.01 <0.0001

Mean ln sclerostin ± SE e (ln sclerostin) p

Osteoporosis diagnosis

 •Normal 4.32±0.07 75.05

 •Osteopenia 4.19±0.09 66.28 0.51

 •Osteoporosis/BMD lower than expected for age/gender 3.83±0.06 45.85 <0.0001
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