MEDIC.
SCIEN (R

CLINICAL RESEARCH

. e-ISSN 1643-3750

© Med Sci Monit, 2019; 25: 8260-8268
MON TOR DOI: 10.12659/MSM.915780

e Toiaores Vitamin D Deficiency/Insufficiency Is Associated
publihed 2010 with Risk of Osteoporotic Thoracolumbar
Junction Vertebral Fractures

Authors’ Contribution: ABCDEF 1,2,3 Liangming Zhang* 1 Department of Spine Surgery, The Third Affiliated Hospital, Sun Yat-sen
Study Design A BCDE 1 Chuncheung Chan* University, Guangzhou, Guangdong, P.R. China
Data Collection B 2 Guangdong Provincial Center for Quality Control of Minimally Invasive Spine
Statistical Analysis C BCE 1 Yang Yang Surgery, Guangzhou, Guangdong, P.R. China
Data Interpretation D C 1,23 Bin Liu 3 Guangdong Provincial Center for Engineering and Technology Research of
Manuscript Preparation E BC 4 qulng Zhu Minimally Invasive Spine Surgery, Guangzhou, Guangdong, P.R. China

Literature Search F
Funds Collection G

4 Department of Radiology, The Third Affiliated Hospital, Sun Yat-sen University,

aBcd 1 Ruigiang Chen Guangzhou, Guangdong, P.R. China

AG 1,23 Limin Rong

* Liangming Zhang and Chuncheung Chan contributed equally to this work
Corresponding Authors: Limin Rong, e-mail: ronglm21@163.com, Ruigiang Chen, e-mail: chenrg@mail.sysu.edu.cn
Source of support: This study was supported by the Sun Yat-sen University Clinical Research 5010 Program (Grant number 2013006), National Natural
Science Foundation of China (N0.81301524), and the Fundamental Research Funds for the Central Universities (No. 15ykpy23)

Background: The association between serum vitamin D level and vertebral fracture (VFx) remains controversial. The purpose
of this study was to determine whether serum 25-hydroxy vitamin D (25(0H)D) level is associated with osteo-
porotic thoracolumbar junction VFx in elderly patients.

Material/Methods: From Jan 2013 to Dec 2017, this retrospective case-control study included 534 patients with primary osteopo-
rotic thoracolumbar junction VFx (T10-L2) and 569 elderly orthopedic patients with back pain (without osteo-
porotic VFx) as controls. Serum 25(0H)D levels were measured and the association with osteoporotic VFx was
analyzed. Other clinical data, including BMI, comorbidities, and bone mineral density (BMD), were also collect-
ed and compared between these 2 groups.

Results: It was shown that 25(0H)D levels were significantly lower in patients with T10-L2 VFx than in control patients.
Among 534 VFx patients, 417 (78.1%) patients showed grade 2-3 fracture. Serum 25(0H)D levels were signif-
icantly related to affected vertebral numbers and VFx severities. The VFx risk was 28% lower (OR=0.72, 95%
Cl 0.62-0.83) per increased SD in serum 25(0H)D. Compared with the 1t quartile (mean 25(0H)D: 29.67+6.18
nmol/L), the VFx risk was significantly lower in the 3 (mean 25(0H)D: 60.91+5.12nmol/L) and 4" quartiles
(mean 25(0OH)D: 103.3+44.21nmol/L), but not in the 2" quartile (mean 25(0H)D: 45.40+3.95 nmol/L). In con-
trast, the VFx risk was significantly increased in the 1t quartile (OR=1.87, 95% Cl 1.42-2.45) compared with
the 27-4t quartiles.

Conclusions: Vitamin D deficiency/insufficiency was associated with risk of osteoporotic thoracolumbar junction vertebral
fractures in elderly patients.
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Background

Epidemiological studies have shown that vitamin D deficien-
cy is a common nutritional disorder, especially in the elderly
population [1]. Vitamin D plays an important role in increas-
ing the intestinal absorption of calcium and phosphorus and
thus helps to maintain a healthy musculoskeletal system [2].
Its deficiency can induce secondary hyperparathyroidism, lead-
ing to higher bone remodeling, increased osteoclastic activity,
and consequently reduced bone strength [1-3].

Vitamin D insufficiency has been proven as a risk factor of hip
fractures, while sufficient supplements of vitamin D plus calci-
um result in a reduction of hip fracture risk [4-7]. However, the
association between serum vitamin D level and osteoporotic
thoracolumbar vertebral fracture (VFx) remains controversial.
Some studies reported there was no significant association
between serum vitamin D level and osteoporotic thoraco-
lumbar VFx [8-10]. Recently, 2 systematic reviews and meta-
analysis based on randomized control trials also demonstrat-
ed that vitamin D supplementation alone or with calcium was
not associated with reduced fracture incidence among com-
munity-dwelling adults [11,12]. In contrast, Maier et al. [13] re-
ported that vitamin D insufficiency was a risk factor for fragile
VFx, which was further supported by Zafeiris et al. [14], who
found that hypovitaminosis D was a risk factor for VFx fol-
lowing kyphoplasty.

Osteoporotic thoracolumbar VFx, which frequently occurs at
the thoracolumbar junction, are common diseases in elderly
patients due to site-specific loading patterns [15]. However,
few studies have focused on the relationship between serum
vitamin D and osteoporotic VFx at the thoracolumbar junction
region. The purpose of this study was to determine whether
serum level of 25-hydroxy vitamin D (25(OH)D) is associated
with primary osteoporotic thoracolumbar VFx (T10~L2 verte-
brae) in elderly patients.

Material and Methods

This was a retrospective, single-center, case-control study.
The study protocol was reviewed and approved by the institu-
tional review board and ethics committee of the Third Affiliated
Hospital of Sun Yat-sen University, and informed consent were
obtained from all included patients.

From Jan 2013 to Dec 2017, a consecutive series of patients
admitted with osteoporotic vertebral fractures (VFx) were ret-
rospectively assessed for eligibility. Enrolled VFx patients (>50
years old) were diagnosed as primary osteoporotic VFx at tho-
racolumbar junction (T10-L2) confirmed by subsequent X-ray
images and BMD examination. Their serum 25(0OH)D levels
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were measured during hospitalization. In general, the mean
age at natural menopause is approximately 49 years old for
Chinese women [16,17]. Persons >50 years old with back pain
were usually subjected to spine X-ray, BMD, and serum 25(0H)
D test, and these patients without VFx were included as con-
trols in this study.

Exclusion criteria were as follows: Patients with a high-energy
traumatic VFx or a VFx beyond T10-L2 vertebrae; Patients
with secondary osteoporosis or other diseases which could af-
fect bone metabolism; Patients with a history of malignancy,
severe hepatic diseases (serum alanine aminotransferase (ALT)
>3 times upper limit) or renal diseases (serum creatinine (Cr)
>133 mmol/L), gastrectomy or intestinal resection; and Patients
who had regularly been receiving vitamin D, calcium, or cor-
ticosteroids treatment.

Clinical characteristics were collected by reviewing the elec-
tronic medical records or by telephone follow-up. These char-
acteristics included sex, age, height, weight, body mass index
(BMI), hospitalization date, and history of medication and co-
morbidities (e.g., hypertension, cardiovascular disease, pul-
monary disease, liver disease, diabetes mellitus, rheumatoid
disease) (Table 1).

The serum 25(0H)D was measured using ELISA method by IDS
EIA kit (IDS, Boldon, UK), and serum calcium was examined by
HITACHI 7060 Automatic Biochemical Analyzer (Hitachi, Japan).
According to clinical guidelines of China [18], the UK [19], and
Australia [20], we defined serum vitamin D status as follows:
deficiency (<30 nmol/L), insufficiency (30-49.9 nmol/L), and
sufficiency (50 nmol/l).

BMD was examined at lumbar spine (L1-L4 vertebras) and
hip (femoral neck and total hip) using the Hologic Discovery
dual energy X-ray absorptiometry system (Hologic, Bedford,
MA). According to the World Health Organization (WHO) clas-
sification system, we defined osteoporosis as T-score <-2.5,
osteopenia as —2.5< T-score <-1, and normal as T-score >-1.

All the thoracolumbar spine X-ray films in posterior-anterior
and lateral views were collected. These images were assessed
for VFx and related spinal deformities (scoliosis and kyphosis).
The severity of VFx was defined using Genant’s semiquanti-
tative method [21] as follows: 1) each image was assessed by
1 experienced spine surgeon (LM Zhang with >10 years of ex-
perience) and 1 experienced skeletal radiologist (YQ Zhu with
>10 years of experience) to detect VFx in thoracolumbar junc-
tion (T10-L2); 2) According to Genant’s scale, VFx severities
were graded as following: a) Grade 1 (mild), a reduction in
vertebral height of 20-25%; b) Grade 2 (moderate), a reduc-
tion of 26-40%; c) Grade 3 (severe), a reduction of over 40%
(Figure 1). Thoracolumbar deformities were measured using
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Table 1. Baseline characteristics of the included patients (n=1103).

Variables VFx

Number of patients n (%) 534 (48.4)
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Control P-value P-adjusted*

569 (51.6) = =

Osteoporosis n (%)

226 (42.3)

VFx — vertebral fracture. Season, determined by the date of vitamin D examination: Summer, June-August; winter, December—January.

* Adjusted by sex, age and BMI.

Cobb method and defined as follows: scoliosiss — Cobb angle
measurement greater than 10 degrees on coronal plane [22];
kyphosis — Cobb angle measurement greater than 15 degrees
on sagittal plane [23] (Figure 1).

Statistical analysis

Statistical analysis was performed using the SPSS software
package version 19.0 (SPSS, Chicago, IL), and the results are
presented as mean +SD (for continuous variables) or frequen-
cies (for categorical variables). The baseline differences between
males and females were compared using the x? test or t test,
and were further adjusted for potential confounding factors

using an analysis of covariance (ANCOVA) or logistic regression
analysis method. The association of vitamin D status with tho-
racolumbar VFx in females and males, fracture numbers, frac-
ture grades, fracture locations, and spinal deformities were an-
alyzed by using logistic regression analysis method, and they
were also further adjusted for potential confounding factors.
Each vitamin D measure was standardized, and the associa-
tion of quartiles of serum vitamin D with VFx was analyzed by
binary logistic regression analysis in different models. Finally,
a receiver operating characteristic (ROC) curve was generated
and the Youden index (Sensitivity+Specificity—1) was calculat-
ed for a range of cut-off scores. The cut-off value that corre-
sponded to the highest Youden index was the optimal cut-off
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Figure 1. Diagnosis of osteoporotic vertebral fractures and spinal deformities in thoracolumbar junction region. (A) Grade 0, normal
vertebral shape; (B) Grade 1 (mild), a reduction in vertebral height of 20-25%; (C) Grade 2 (moderate), a reduction of
26-40%; (D) Grade 3 (severe), a reduction of over 40%. (E F) Thoracolumbar scoliosis (>10°) and kyphosis (>15°) measured at
T10-L2 region on coronal and sagittal plane using the Cobb method.

Table 2. Prevalence of vitamin D deficiency/insufficiency in female and male patients.

Female
Control
(n, %) (n, %)
<30 61 (14.3) 40 (9.2)
250D
(nmoy 307499 162(380) 142(527) 0004
>50 203 (47.7) 252 (58.1)

i::‘;:;l P-value  P-adjusted*
17 (15.7) 8 (5.9

0029  38(52 42611 0019 0055
53090 85(630)

VFx — vertebral fracture. P-adjusted — adjusted by age and BMI.

value for serum vitamin D that was related with VFx. P<0.05
was considered statistically significant.

Results

After assessment of osteoporotic VFx in thoracolumbar junc-
tion (T10-L2), 534 consecutive patients with primary osteopo-
rotic VFx (Mean age 68.05+9.72, 79.8% females) and 569 con-
secutive elderly orthopedic patients with back pain (mean age
66.84+9.99, 76.3% females) were included in this study. The en-
rolled patients’ demographics are shown in Table 1. The mean
serum levels of 25(0H)D were significantly lower in patients
with VFx than in control patients, which was 54.53+28.11 and
64.56+40.90 nmol/L, respectively (Table 1).

According to clinical guidelines [18-20], the enrolled patients
were stratified into 3 groups: deficiency (<30 nmol/L), insuf-
ficiency (30-49.9 nmol/L), and sufficiency (=50 nmol/l). There
was a significant difference in vitamin D deficiency/insuffi-
ciency between 2 groups, 278 (52.1%, VFx) vs. 232 (40.8%,
Control), respectively. Low vitamin D status was significantly
correlated with thoracolumbar junction VFx in both females
and males, but it was not significant in male patients after age
and BMI adjustment (Table 2).

Among 534 patients with thoracolumbar junction VFx, most
of them (344, 64.4%) only had 1 affected vertebra, but 417
(78.1%) patients showed grade 2-3 fracture (Table 3). These VFx
were mostly located at T12 (35.6%) and L1 (33.7%) vertebrae.
There was a significant association between serum vitamin D
levels and VFx numbers or severities, even after adjustment
by sex, age, and BMI (Table 3). However, when the included
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Table 3. Association of thoracolumbar junction vertebral fracture (VFx) or spinal deformities with serum vitamin D status.

25(OH)D level (nmol/L)

Variables P-value

P-adjusted®

Grade of VFx (n, %)

Normal 48 (8.4) 184 (32.3) 337 (59.3)
"""" Gradel 17 (145) 45 (385 55 @400
"""" Grade2 23 (51 67 (441 62 (08
"""" Grade3 38 (143) 88 (332 139 (525) 0001 0024
CNumberof VEx (%)
"""" o s (84 184 (323 337 (92
"""" T 52 @s1 133 (87 159 @462
s 26 (137) 67 (353) o7 (511) 0001 0038
Clocationof VEX
CTt0 9 2 v
ot s 21 2
o2 wm n %
"""" T e S
"""" L 1 24 3 0394 0403
Scoliosis of thoracolumbar spine ()<
- 08 37 s5
e 18 a7 68 0680 1 0986
 kyphosis of thoracolumbar spine ()¢
e 75 24 64
e 51 w60 20 0630 0636

2 Adjusted by sex, age and BMI; ° grade of VFs clarified as: Normal, absence of VFs; Grade 1-3, reduction of vertebral height of 25%,
25-40%, over 40%, respectively. ¢ ‘=’ — absence of scoliosis; ‘+’ — thoracolumbar cobb angle more than 10 degree in the coronal plane.
4~ — absence of kyphosis; ‘+' — thoracolumbar cobb angle more than 15 degree in the sagittal plane.

patients were divided into age groups per decade, the serum
vitamin D levels were found to be associated with VFx only
in the 60- to 80-year-old age group (Supplementary Table 1).
When morphological features were assessed, serum vitamin D
level was not related to fracture locations or local spinal defor-
mities, including scoliosis and kyphosis (Table 3). Interestingly,
although prevalence of osteoporosis was significantly different
in the VFx and control group (Table 1), the serum vitamin D
level was not associated with lumbar or total hip BMD in ei-
ther group (Lumbar: p=0.88 and 0.69; Total hip: p=0.76 and
0.83; VFx and Control group, respectively) by using linear re-
gression analysis adjusted by sex, age, and BMI.

The risk of thoracolumbar junction VFx was 28% lower
(OR=0.72, 95% Cl 0.62-0.83) per increased SD in 25(0OH)D in
the basic model (Table 4, Model 1). When adjusted by sex, age,
BMI, and comorbidities, the magnitude of this protective effect

decreased slightly but was still maintained (OR=0.80, 95% Cl
0.68-0.93, Table 4, Model 2). To eliminate potential confound-
ing factors, the data were further adjusted by BMD and sea-
son, which demonstrated that the protective effect of vita-
min D did not decrease (OR=0.79, 95% Cl 0.67-0.94, Table 4,
Model 3-4), indicating the protective effect of vitamin D was
independent of BMD.

Data were subjected to quartile analysis. As shown in Table 4,
the mean serum 25(0H)D level gradually increased from the
15t to 4t quartile: 1% quartile, deficiency; 2™ quartile, insuffi-
ciency; 3" and 4t quartiles, sufficiency. The VFx risk was lower
in those patients from the 2" to 4" quartiles than that from
the 15t quartile in both basic and adjusted models; however,
it was only significant in the 3 and 4 quartiles, but not in the
2" quartile, indicating that serum vitamin D above 50 nmol/L
can reduce the risk of VFx in elderly patients. To analyze the
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Figure 2. Receiver operating characteristic (ROC) curves
depicting the ability of serum vitamin D to predict
osteoporotic vertebral fracture. AUC — the area under
ROC curve.

VFx risk of 1t quartile, the 2m—4t quartiles were used as ref-
erent, showing the VFx risk increased significantly in the 1%t
quartile and was maintained in all adjusted models (OR=1.65,
Table 4). When the analysis was limited to the 60- to 80-year-old
age groups, the VFx risk further increased to more than twice
(OR=2.13, Supplementary Table 2).
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To predict the diagnostic value of vitamin D for vertebral fracture,
the serum vitamin D data were subjected to ROC curve analysis.
The area under the ROC curve (AUC) was 0.583 (95% Cl 0.55-0.62)
and the cut-off value of vitamin D was 41.15 nmol/L (Figure 2).

Discussion

We analyzed the association of serum vitamin D level with
thoracolumbar junction (T10-L2) VFx in elderly osteoporotic
patients. Our data showed that serum 25(0H)D level was sig-
nificantly associated with thoracolumbar junction VFx, espe-
cially in elderly female patients, even after adjustment of lum-
bar BMD. These data suggest that low vitamin D could be an
independent risk factor of thoracolumbar junction VFx.

The vitamin D insufficiency in VFx patients (52.1%, Guangzhou,
latitude N 23°) was similar to that of Taiwanese postmeno-
pausal osteoporotic patients [24] (49.5%, Taiwan, latitude N
22~25°) and Japanese postmenopausal women [9] (49.6%,
Tokyo, latitude N 36°), but was significantly lower than in oth-
er studies from higher-latitude regions, such as in a German
study [13] (89%, Mainz, latitude N 50°). Our data showed that
vitamin D insufficiency in Control patients was 40.8%, slight-
ly lower than that in other Asia-Pacific cities, such as cities in
in Japan 53.6% [25] and in Korea 59.1% [26], but higher than
in regions in lower latitudes, such as Vietnam [27]. Therefore,
the prevalence of vitamin D insufficiency in this study was sim-
ilar to that in other elderly populations in the same latitude.

Table 4. Association of thoracolumbar junction vertebral fracture (VFx) with quartiles of serum vitamin D (OR, 95% Cl).

25(0OH)D

: o, a b c d
Variables (nmol/L) VFx (n, Q%) Model 1 Model 2 Model 3 Model 4
. . 0.72 0.80 0.79 0.79
A R PR 1)) (0.62-0.83)  (0.68-0.93)c  (0.67-0.94)  (0.67-0.94)
168
Q1 29.67+6.18 o Referent Referent Referent Referent
(31.5%)
135 0.62 0.66 0.70 0.70
Q2 SAGEEE (25.3%) (0.44-0.87)¢ (0.44-0.98)¢ (0.46-1.07) (0.46-1.07)
121 0.56 0.59 0.58 0.58
@3 e (22.7%) (0.40-078)1  (0.40-0.88)°  (0.38-0.89)°  (0.38-0.89)¢
110 0.44 0.56 0.54 0.54
Q4 R (20.6%) (0.31-0.62)f (0.38-0.83)¢ (0.36-0.83)¢ (0.36-0.83)¢
P for trend <0.001 0.017 0.021 0.021
Q2,Q3,04 Referent Referent Referent Referent
o1 1.87 1.66 1.65 1.65
(1.42-2.45)f (1.20-2.30)e (1.17-2.32)e (1.17-2.32)e

OR - odd ratio. Cl - confidence interval. Q — quartile of serum 25(OH)D.  Model 1 basic model without adjustment; ® Model 2 adjusted
for sex, age, BMI and comorbidities. < Model 3 adjusted for sex, age, BMI, comorbidities and lumbar spine BMD. ¢ Model 4 adjusted for
sex, age, BMI, comorbidities, lumbar spine BMD and season. ¢ P<0.01; f P<0.001.
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Although low vitamin D levels is considered to be associated
with hip or non-vertebral fractures, the relationship between
vitamin D insufficiency and vertebral fracture is still contro-
versial [7,11,12]. The present study, for the first time, focused
on the thoracolumbar junction area where VFx occur most fre-
quently [15]. Our data demonstrated that vitamin D insufficien-
cy was significantly associated with thoracolumbar junction VFx
in both female and male patients, but it was not significant in
male patients after adjustment, which might be attributed to
the sample size. These results were consistent with that from
Maier et al. [13]. More importantly, our data found vitamin D
insufficiency was significantly related to VFx numbers and se-
verities, indicating that patients with low vitamin D levels are
more likely to suffer more severe fracture or re-fracture, which
is supported by Zafeiris et al. [14], who found that hypovitamin-
osis D was a risk factor of subsequent VFx after kyphoplasty.
However, the association of vitamin D with VFx was limited to
60- to 80- year-old patients, and was not found in the younger
or older patients in this study. Multiple risk factors are attribut-
ed to low-energy vertebral fractures, among which age is one
of the most important factors [28]. A prospective study based
on postmenopausal southern Chinese women showed that the
prevalence of VFx increases remarkably with age (OR=1.60 for
every 5-year increase); for example, 19% to 68% between 60
and 70 years to those >80 years, respectively [29]. Therefore,
the low incidence of VFx in the 50- to 60-year-old age group
and the high incidence of VFx in the >80-year-old age group
might be attributed to the lack of an association between vi-
tamin D and VFx in this study. However, well-control prospec-
tive studies are needed to verify our findings.

Bone loss and reduced bone strength are major causes of os-
teoporotic fractures in the elderly [30,31]. Interestingly, our
study showed that serum vitamin D level was not related to
BMD, and the reason for this phenomenon is still unknown.
Vitamin D deficiency has been associated with muscle weak-
ness and increased falling risk in elderly people [32,33], and
supplementation of vitamin D reduced this risk and prevent-
ed fragile fractures [34,35]. In the present study, low vitamin D
level was significantly associated with thoracolumbar VFx, even
after adjustment by age, sex, comorbidities, and BMD. Hence,
our data demonstrated that low vitamin D level might be an
independent risk factor of thoracolumbar VFx.

To date, there is no universally accepted threshold of low serum
level of vitamin D. The criteria defined by Holick et al. [1-3] were
commonly used to diagnose vitamin D deficiency (<50 nmol/L)
or insufficiency (50-75 nmol/L), which was adopted by
the American Association of Clinical Endocrinologists [36],
and also by Japan groups [37]. However, a report from the
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Institute of Medicine showed that 50 nmol/L could be enough
to meet the vitamin D demand in almost 97.5% of the popu-
lation [38]; therefore, a threshold of 75 nmol/L might overes-
timate vitamin D insufficiency. In this study, we used thresh-
olds of 30 nmol/L for deficiency and 50 nmol/L for insufficiency.
When the data were subjected to quartiles analysis, the mean
level of serum vitamin D was as follows: 1%t quartile, defi-
ciency; 2" quartile, insufficiency; 3 and 4t quartiles, suffi-
ciency (Table 4). The VFx risk was lower in the 3 and 4" quar-
tiles, but not in the 2" quartile after adjustment. Furthermore,
VFx risk increased significantly, to nearly 2-fold, in the 1t quar-
tile comparison with higher quartiles. The ROC curve analysis
showed that the cut-off value of vitamin D was 41.15 nmol/L,
but the AUC was only 0.58, indicating that a single biomark-
er of vitamin D deficiency alone was not enough to predict
VFx. Therefore, our data suggest that vitamin D deficiency is a
risk factor of VFx, and keeping vitamin D at >50 nmol/L might
reduce the risk of thoracolumbar junction VFx in elderly pa-
tients, but more prospective studies are needed to confirm this.

There were some limitations that should be acknowledged in
this study. This was a retrospective case-control study, and en-
rolled patients were hospital patients rather than a commu-
nity-based population, so the data might not have reflected
the actual status in the general elderly population. Therefore,
the present results need to be confirmed by prospective co-
hort studies with larger sample sizes.

Conclusions

Serum level of vitamin D was significantly lower in primary el-
derly osteoporotic patients with thoracolumbar junction osteo-
porotic VFx, and serum vitamin D status was significantly as-
sociated with primary osteoporotic VFx, affected numbers of
vertebrae, and severities of fracture, especially in female pa-
tients. Therefore, vitamin D deficiency/insufficiency was asso-
ciated with risk of osteoporotic thoracolumbar junction verte-
bral fractures in elderly patients.
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Supplementary Data

Supplementary Table 1. Association of thoracolumbar junction vertebral fracture (VFx) with serum vitamin D status (patients aged
60-80 y).

25(0OH)D level(nmol/L)

Variables P-value P-adjusted?®

Grade of VFx (n, %)®

Normal 22 82 161
"""" Gadel 8 o33
"""" Gade2 1 s 3
"""" Gade3s 28  ss 9 <o <001

0 22 82 161
1 34 94 105
>2 18 45 66 0.008 0.014

2 Adjusted by sex, age and BMI; ® Grade of VFs clarified as: Normal, absence of VFs; Grade 1-3, redution of vertebral height of 25%,
25-40%, over 40%, respectively.

Supplementary Table 2. Association of thoracolumbar junction vertebral fracture (VFx) with quartiles of serum vitamin D (OR, 95% Cl)
(patients aged 60-80 y).

Variables Model 12 Model 2° Model 3¢ Model 44

Per SD increase in 25(0H)D 0.65f (0.52-0.80) 0.67f (0.53-0.85) 0.641 (0.50-0.82) 0.641 (0.50-0.82)

Q1 2.19 (1.49-3.20) 2.12f(1.38-3.25) 2.157(1.38-3.35) 2.137(1.36-3.32)

OR - odds ratio; Cl — confidence interval; Q — quartile of serum 25(OH)D. 2 Model 1 basic model without adjustment; ® Model 2
adjusted for sex, age, BMI and comorbidities. © Model 3 adjusted for sex, age, BMI, comorbidities and lumbar spine BMD. ¢ Model 4
adjusted for sex, age, BMI, comorbidities, lumbar spine BMD and season. ¢ P<0.05; f P<0.01.
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