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Background: Due to its association with bone metabolic status and muscle strength/mass, vitamin D deficiency 

has the potential to affect neurological symptom recovery after surgery for degenerative cervical myelopathy 

(DCM). However, few studies have investigated the effects of vitamin D deficiency (serum 25(OH)D < 20 ng/mL) 

on surgical outcomes in DCM patients. Herein, we investigated the prevalence of vitamin D deficiency in patients 

with DCM, and determined whether vitamin D deficiency affects surgical outcomes for DCM. 

Methods: In this retrospective observational study we assessed the recovery rate 1 year after surgery in 91 patients 

diagnosed with DCM who underwent surgery. First, we analyzed the correlation between vitamin D levels and 

various background factors. Then, patients were divided into 2 groups according to vitamin D sufficiency, and 

univariate analysis was performed on vitamin D and surgical outcomes. Finally, Spearman correlation analyses 

were performed to identify factors correlated with recovery rate after surgery for DCM. 

Results: The average Japanese Orthopedic Association score for the assessment of cervical myelopathy (C-JOA 

score) improved postoperatively. Age was positively correlated with vitamin D levels, and parathyroid hormone 

levels were negatively correlated with vitamin D levels. Among the 91 patients, 79.1% of patients were diag- 

nosed with vitamin D deficiency. No significant differences in recovery rate were found between the vitamin 

D-deficient and vitamin D-sufficient groups. Finally, the Spearman correlation analysis showed a positive corre- 

lation between the preoperative C-JOA motor dysfunction score in the lower extremities and the recovery rate, 

while age demonstrated a negative correlation with recovery rate. 

Conclusions: No association was found between vitamin D deficiency and clinical outcomes after surgery for 

DCM. The results of this study do not support the need to normalize vitamin D levels for achieving neurological 

improvements in patients with DCM. 
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Vitamin D promotes calcium absorption in the intestine, thereby pro-

iding the calcium needed for bone calcification [1] . All cells that make

p the skeleton (chondrocytes, osteoblasts, and osteoclasts) contain vi-
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amin D receptors [2] . Vitamin D receptors are also present in the mus-

les [3] , and vitamin D deficiency is associated with decreased muscle

trength [4] , and has been consistently associated with decreased muscle

unction and performance and increased disability [5] . In fact, a recent

andomized controlled trial (RCT) demonstrated that supplementation
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Table 1 

Baseline characteristics of patients and neurological outcomes 

Characteristics N = 91 Normal range 

Age, years 66.1 ± 10.6 

Sex Male 54 (59%) 

Albumin, g/dL 4.2 ± 0.3 4.0–5.0 

Calcium, mg/dL 9.5 ± 0.4 8.5–10.2 

HbA1c, % 6.1 ± 0.6 4.9–6.0 

eGFR, mL/min/1.73m 

2 71.9 ± 20.9 

Intact PTH, pg/mL 48.2 ± 20.5 10.3–65.9 

P1NP, ng/mL 47.4 ± 22.3 Women 26.4–98.2 

Men 18.1–74.1 

TRACP-5b, mU/dL 387.5 ± 181.0 Women 120–420 

Men 170–590 

25(OH)D, ng/mL 15.9 ± 7.1 

Etiology CSM 51 

OPLL 40 

Surgical procedure ADF 29 

ACDR 2 

LAMP 37 

PDF 21 

Anterior + posterior 

2 

Preoperative C-JOA score 10.6 ± 2.8 

Postoperative 1 year C-JOA 

score 

13.9 ± 2.3 

Recovery rate, % 49.5 ± 32.9 

Data are presented as mean ± standard deviation or n (%). 

HbA1c, Hemoglobin A1c; eGFR, estimated glomerular filtration rate; PTH, 

Parathyroid Hormone; P1NP, procollagen type 1 amino-terminal propeptide; 

TRACP-5b, tartrate-resistant acid phosphatase 5b; CSM, cervical spondy- 

lotic myelopathy; OPLL, ossification of posterior longitudinal ligament; ADF, 

anterior decompresson and fusion; ACDR, anterior cervical disc replace- 

ment; LAMP, laminoplasty; PDF, posterior decompression and fusion; C- 

JOA, Japanese Orthopedic Association score for the assessment of cervical 

myelopathy 
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ith vitamin D and branched-chain amino acids (BCAAs) following lum-

ar spinal stenosis surgery significantly improved muscle strength when

ompared to the control group [6] . 

Regarding prior studies investigating the influence of vitamin D on

he outcome of spine surgery, while 1 retrospective comparative study

eported improved function and quality of life after lumbar spinal steno-

is surgery with vitamin D supplementation [7] , a recent RCT found

hat vitamin D and BCAAs supplementation did not improve clinical

utcomes after surgery for lumbar spinal stenosis [6] . Given the ex-

ected improvement in neurological symptoms and muscle strength af-

er surgery for degenerative cervical myelopathy (DCM) [8] , we hy-

othesized that vitamin D deficiency may influence the improvement

n neurological symptoms after surgery for DCM. However, few studies

o date have yet investigated the effects of vitamin D deficiency (serum

5(OH)D < 20 ng/mL) on surgical outcomes in patients with DCM. Thus,

his study aimed to investigate the prevalence of vitamin D deficiency

n patients with DCM and to determine whether vitamin D deficiency

ffects surgical outcomes for DCM. 

aterials and methods 

tudy population 

This study was approved by the institutional research ethics com-

ittee. The requirement for informed consent was waived due to the

etrospective design and anonymization of patient data. 

From August 2019 to August 2021, 132 consecutive patients diag-

osed with DCM underwent surgery. The exclusion criteria were as fol-

ows: history of previous cervical surgery or renal failure (estimated

lomerular filtration rate < 35 mL/min/1.73m 

2 ), and incomplete labo-

atory data or imaging results. Overall, 41 patients were excluded from

he study. Demographic data, including age, sex, number of operated

egments, and etiology of myelopathy were collected. Surgical indica-

ions and procedures (anterior decompression and fusion, anterior cer-

ical disc replacement, laminoplasty, and posterior decompression and

usion) were determined based on the factors present in each patient,

uch as neurological status, presence of anterior compression, and spinal

lignment. 

erum measurements 

Blood samples were collected in an outpatient clinical setting be-

ore surgery. Serum 25(OH)D levels were measured to evaluate vita-

in D deficiency. In this study, serum 25(OH)D level < 20 ng/mL in-

icates vitamin D deficiency [9] . To evaluate patients’ bone remodel-

ng, we measured the following bone turnover markers: procollagen

ype 1 amino-terminal propeptide (P1NP) to assess bone formation and

artrate-resistant acid phosphatase 5b (TRACP-5b) to assess bone resorp-

ion [10] . These markers were used because they are less sensitive to

iurnal variation, and are not affected by fasting or renal failure. Ad-

itionally, we assessed serum albumin as a nutritional status marker,

emoglobin A1c (HbA1c) as a glucose intolerance marker, calcium, esti-

ated glomerular filtration rate, and intact parathyroid hormone (PTH).

We further investigated the relationship between vitamin D defi-

iency and other clinical factors, including age, sex, levels of operated

egments, and nutritional status. 

utcome measures 

Outcomes were assessed before and 1 year after surgery using the

apanese Orthopedic Association score for the assessment of cervical

yelopathy (C-JOA score). The C-JOA score evaluates 6 categories of

unction, namely motor dysfunction in the upper and lower extremi-

ies, sensory function in the upper and lower extremities and trunk, and

ladder function. These subscales are scored from 0 to 4, 4, 2, 2, 2, and

, respectively, with a minimum score of 0, and an overall maximum
2 
core of 17 [11] . The recovery rate of the C-JOA score was calculated ac-

ording to Hirabayashi’s method using the following formula: recovery

ate (%) = (postoperative C-JOA score − preoperative C-JOA score) ×100

 (17 − preoperative C-JOA score) [12] . 

tatistical analysis 

After assessing data normality with the Shapiro–Wilk test, we per-

ormed a Wilcoxon signed rank test to identify differences in the C-JOA

core before and 1 year after surgery. The correlation between vitamin

 levels and baseline variables was investigated using Spearman’s corre-

ation analysis. Subsequently, we used the Fisher’s exact test or Mann–

hitney U test to compare the vitamin D sufficiency and deficiency

roups. Additionally, the correlation between recovery rate and base-

ine variables was assessed using Spearman’s correlation analysis. For

ll statistical analysis, JMP version 14 (SAS Institute) was used, except

or power analysis, for which we used Stata 16 (Stata Corporation). P-

alues < .05 were considered significant. All data are presented as means

 standard deviation (SD). 

esults 

atient demographics 

A total of 91 patients were included in this study. The mean age

as 66.1 years, and the mean serum 25(OH)D levels were 15.9 ng/mL

 Table 1 ). The average preoperative C-JOA score was 10.6 points,

hich improved to an average of 13.9 points at 1 year postoperatively

p < .0001). The average recovery rate was 49.5% ( Table 1 ). 
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Table 2 

Spearman correlation analysis 

Vitamin D concentration 

Characteristic 𝜌 p 

Age, years 0.25 .02 ∗ 

Albumin, g/dL 0.02 .84 

Calcium, mg/dL 0.14 .18 

HbA1c, % 0.01 .90 

eGFR, ml/min/1.73m 

2 − 0.12 .26 

Intact PTH, pg/mL − 0.27 .01 ∗ 

P1NP, ng/mL − 0.04 .72 

TRACP-5b, mU/dL 0.12 .25 

Operated segments − 0.18 .11 

Pre C-JOA score 0.02 .83 

Pre C-JOA motor dysfunction in the upper 

extremities 

0.10 .34 

Pre C-JOA motor dysfunction in the lower 

extremities 

0.10 .33 

Postoperative 1-year C-JOA score − 0.01 .93 

Recovery rate − 0.02 .87 

HbA1c, hemoglobin A1c; eGFR, estimated glomerular filtration rate; 

PTH, parathyroid hormone; P1NP, procollagen type 1 amino-terminal 

propeptide; TRACP-5b, tartrate-resistant acid phosphatase 5b; C-JOA, 

Japanese Orthopedic Association score for the assessment of cervical 

myelopathy. 

Correlation of baseline and operational variables with the vitamin D con- 

centration. 

𝜌, Spearman’s rank correlation coefficient. 
∗ p < .05 
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Table 3 

Univariate analysis 

Characteristic Vitamin D sufficient Vitamin D deficient p 

No. of patients 19 72 

Age, years 69.0 ± 7.3 65.3 ± 11.2 .17 

Sex Male 12 

Female 7 

Male 42 

Female 30 

.80 

Albumin, g/dL 4.2 ± 0.2 4.2 ± 0.3 .41 

Calcium, mg/dL 9.6 ± 0.4 9.5 ± 0.3 .32 

HbA1c, % 6.1 ± 0.5 6.1 ± 0.7 .31 

eGFR, 

mL/min/1.73m 

2 

65.2 ± 19.8 73.7 ± 20.9 .08 

Intact PTH, pg/mL 40.0 ± 50.4 50.4 ± 21.4 .07 

P1NP, ng/mL 44.4 ± 17.1 48.2 ± 23.5 .40 

TRACP-5b, mU/dL 393.6 ± 145.2 385.9 ± 190.1 .62 

Etiology, n CSM 10 

OPLL 9 

CSM 41 

OPLL 31 

.80 

Surgical procedure, 

n 

ADF 6 

ACDR 0 

LAMP 8 

PDF 5 

Anterior + posterior 

0 

ADF 23 

ACDR 2 

LAMP 29 

PDF 16 

Anterior + posterior 

2 

> .99 

Operated segments 3.4 ± 1.4 3.8 ± 1.4 .38 

Pre C-JOA score 10.9 ± 2.8 10.6 ± 2.8 .61 

Postoperative 1-year 

C-JOA score 

13.8 ± 2.1 13.9 ± 2.3 .79 

Recovery rate, % 48.8 ± 28.3 49.7 ± 34.2 .79 

Smoking, n (%) 2 (11) 11 (15) .73 

HbA1c, hemoglobin A1c; eGFR, estimated glomerular filtration rate; PTH, 

parathyroid hormone; P1NP, procollagen type 1 amino-terminal propeptide; 

TRACP-5b, tartrate-resistant acid phosphatase 5b; CSM, cervical spondy- 

lotic myelopathy; OPLL, ossification of posterior longitudinal ligament; ADF, 

anterior decompresson and fusion; ACDR, anterior cervical disc replace- 

ment; LAMP, laminoplasty; PDF, posterior decompression and fusion; C- 

JOA, Japanese Orthopedic Association score for the assessment of cervical 

myelopathy. 

Association of baseline and neurological variables with vitamin D deficiency. 

Data are presented as mean ± standard deviation or n (%). 

Table 4 

Spearman correlation analysis 

Recovery rate 

Characteristic 𝜌 p 

Age, years − 0.25 .02 ∗ 

Albumin, g/dL 0.20 .05 

Calcium, mg/dL 0.03 .75 

HbA1c, % − 0.01 .91 

eGFR, mL/min/1.73m 

2 0.03 .74 

Intact PTH, pg/mL − 0.03 .74 

P1NP, ng/mL 0.08 .47 

TRACP-5b, mU/dL 0.05 .65 

Operated segments − 0.14 .20 

Pre C-JOA score − 0.09 .40 

Pre C-JOA motor dysfunction score in the upper extremities − 0.16 .13 

Pre C-JOA motor dysfunction score in the lower extremities 0.25 .02 ∗ 

HbA1c, hemoglobin A1c; eGFR, estimated glomerular filtration rate; PTH, 

parathyroid hormone; P1NP, procollagen type 1 amino-terminal propeptide; 

TRACP-5b, tartrate-resistant acid phosphatase 5b; C-JOA, Japanese Orthopedic 

Association score for the assessment of cervical myelopathy. 

Correlation of baseline and operational variables with the recovery rate. 

𝜌, Spearman’s rank correlation coefficient. 
∗ p < .05 

t  

a  

e  

b  

t

ffect of vitamin D on surgical outcomes 

Subsequently, we examined the correlation of blood vitamin D levels

ith background factors and outcomes. Age was positively correlated

ith vitamin D levels, and intact PTH levels were negatively correlated

ith vitamin D levels. However, the preoperative and postoperative C-

OA scores and recovery rate were not significantly correlated ( Table 2 ).

Next, we divided patients into 2 groups according to their vitamin D

evels. Of the 91 patients, 72 (79.1%) were diagnosed with vitamin D de-

ciency. Univariate analysis showed no significant differences between

he 2 groups in terms of background factors, pre- and postoperative C-

OA scores, or recovery rate ( Table 3 ). 

actors correlated with recovery rate after surgery for DCM 

We subsequently conducted a Spearman correlation analysis to de-

ermine the factors correlated with the recovery rate in this cohort. The

reoperative C-JOA motor dysfunction score in the lower extremities ex-

ibited a positive correlation with the recovery rate, while age demon-

trated a negative correlation with the recovery rate ( Table 4 ). Addi-

ionally, we observed a tendency for albumin levels to correlate with

he recovery rate (p = .05), whereas no other factors exhibited a signifi-

ant correlation with the recovery rate. 

iscussion 

This study investigated the prevalence of vitamin D deficiency in pa-

ients with DCM, and further examined whether vitamin D deficiency

ffects surgical outcomes after surgery for DCM. In this study, 79.1% of

atients undergoing surgery for DCM were diagnosed with vitamin D de-

ciency. In a previous prospective observational study, 71% of patients

ith cervical spondylotic myelopathy were vitamin D deficient [13] . In

ecent studies conducted on a cohort of healthy Japanese subjects, the

revalence of vitamin D deficiency was found to range from 52% to

4.1% [ 14 , 15 ]. DCM patients frequently experience gait disturbances,

eading to reduced outdoor activities, and potentially increasing their

ulnerability to vitamin D deficiency compared to individuals without
3 
he condition. Whether vitamin D supplementation helps prevent falls

nd fractures in the vitamin D-deficient group is debatable [16] . How-

ver, because patients with DCM have a higher risk of falls [17] , it would

e interesting to prospectively evaluate whether vitamin D supplemen-

ation in patients with DCM reduces falls. 



H. Inose, T. Takahashi, Y. Matsukura et al. North American Spine Society Journal (NASSJ) 15 (2023) 100239 

 

v  

p  

w  

n  

i  

c  

t  

w  

c  

c  

a  

n  

m  

c  

t

 

w  

c  

t  

a  

c  

J  

t  

e  

c  

P  

j

 

p  

t  

r  

t  

l  

t  

p

 

i  

c  

e  

a  

s  

d  

p  

i  

o

 

s  

i  

a  

t  

o  

(  

d  

s  

o  

t  

d

C

 

o  

s  

i

D

 

i  

t

F

 

A

 

f

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

[  

 

[  

 

[  

 

[  

 

[  

 

 

[  

[  

 

[  

[  

[  

[  

 

[  

 

In the present study, no apparent association was found between

itamin D status and surgical outcomes following surgery for DCM. A

revious prospective study reported that surgical outcomes in patients

ith DCM were worse in those with vitamin D deficiency [13] , which is

ot consistent with the results of the present study. On the other hand,

nterestingly, both our study and the previous study showed a positive

orrelation between vitamin D levels and age [13] . It is worth noting

hat the cutoff for vitamin D deficiency in our study was 20 ng/mL,

hile the previous study used a cutoff of 30 ng/mL, which could have

ontributed to the disparity in results. In addition, there was a signifi-

ant difference in age between the 2 groups in a previous study [13] ,

nd the possibility that this contributed to the results cannot be de-

ied. Thus, a prospective, controlled study of whether vitamin D ad-

inistration to patients with DCM and vitamin D deficiency or insuffi-

iency would affect surgical outcomes should be conducted in the fu-

ure. 

In this study, intact PTH levels were weakly negatively correlated

ith vitamin D levels. Active vitamin D inhibits the synthesis and se-

retion of PTH [18] . PTH stimulates the kidney to produce active vi-

amin D; hence, the reduction in PTH secretion and production creates

 feedback loop [18] . Indeed, consistent with our results, a negative

orrelation was found between serum PTH and vitamin D levels in the

apanese population evaluated in a prior cross-sectional study [19] . In-

erestingly, while patients with chronic spinal cord injury are known to

xhibit bone loss, a higher percentage of patients with chronic spinal

ord injury were vitamin D deficient [20] . Additionally, vitamin D and

TH were inversely correlated in patients with chronic spinal cord in-

ury [21] . 

The higher prevalence of vitamin D deficiency in DCM patients com-

ared to healthy individuals suggests the presence of underlying factors

hat may contribute to the trend toward mild secondary hyperparathy-

oidism in this patient population (p = .07). Consequently, these condi-

ions could potentially enhance bone resorption, thereby increasing the

ikelihood of bone loss in patients with DCM. Due to their susceptibility

o falls [17] , DCM patients exhibit an increased risk of fractures, em-

hasizing the importance of assessing bone mass in this population. 

In the present study, the preoperative C-JOA motor dysfunction score

n the lower extremities exhibited a positive correlation with the re-

overy rate, while age demonstrated a negative correlation with recov-

ry rate. A prior meta-analysis showed that elderly DCM patients are

t an increased risk of perioperative complications [22] . In the present

tudy, we observed a tendency for the postoperative recovery rate to

ecrease among patients with impaired walking function and elderly

atients with DCM. Therefore, it may be advisable to consider surgical

ntervention before these conditions are reached. Prospective validation

f this treatment strategy is also necessary. 

This study has several limitations. First, this is a retrospective analy-

is, and the sample size may have been small. However, it is worth not-

ng that the difference in recovery rate between the vitamin D-sufficient

nd vitamin D-deficient groups was minimal. This comparison holds lit-

le clinical significance, as the required sample size calculated based

n the results of this study would require 19,096 patients in each group

alpha = 0.05, power = 0.80). Second, preoperative blood draws were con-

ucted on an outpatient basis, and the time between blood draw and

urgery was inconsistent. Therefore, the serum vitamin D levels and

ther parameters at the time of surgery may have changed since the

ime blood samples were collected. Further studies are required to ad-

ress these limitations and validate our findings. 

onclusions 

We found no association between vitamin D deficiency and clinical

utcomes after surgery for DCM. Therefore, the study’s results do not

upport the need to normalize vitamin D levels for achieving neurolog-

cal improvements in patients with DCM. 
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