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Background: Previous studies examined the association between chronic pain (CP) and serum 25-hydroxyvitamin D (25(OH)D)
concentrations; however, the findings obtained were inconsistent. Single nucleotide polymorphisms (SNP) associated with the
transcriptional activity of the vitamin D receptor (VDR) gene may influence the association of 25(OH)D levels with CP. We aimed
to clarify the association between CP, serum 25(OH)D concentration, and SNPs.

Methods: In the Shika study, we performed a cross-sectional analysis of 551 participants older than 40 years who were asked whether
they had been having persistent pain lasting for at least 3 months in any part of the body on a self-administered questionnaire. Serum
25(0OH)D concentrations were assessed as a biomarker of the vitamin D status using a radioimmunoassay. rs731236, rs7975232,
rs1544410, rs2228570, and rs11568820 were identified using peripheral blood samples, and participants were assigned to those with or
without the minor allele for each SNP.

Results: The prevalence of CP was 37.2%. We observed a tendency for lower 25(OH)D levels in participants with CP than in those
without CP in the hetero/minor group of rs11568820, which is a polymorphism within the CDX2-binding site in the le promoter
region of the VDR gene. Furthermore, a logistic regression analysis revealed that lower serum 25(OH)D concentrations were
significantly associated with CP in the hetero/minor group, but not in the major group.

Conclusion: These results suggest that sufficient serum 25(OH)D concentration reduces the risk of CP in individuals with the minor
allele of the CDX2 polymorphism.
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Introduction

Chronic pain (CP) is defined by the International Association for the Study of Pain as pain without an apparent biological
cause that persists for longer than 3 months.! The prevalence of CP was previously reported to range between 35.0 and
51.3% in the United Kingdom,? and another review revealed that 25-76% of community-dwelling older individuals had
CP.> CP negatively affects health-related quality of life and work productivity, and increases the risk of developing
depression and anxiety.* Furthermore, the national cost of pain in the United States in 2008 was estimated to be between
560 and 635 billion dollars.” Therefore, the development of effective and reasonable treatments is urgently needed.

Previous studies examined the therapeutic effects of vitamin D supplementation as a treatment for CP; however, the
findings obtained were inconsistent.*” The association between CP and serum 25-hydroxyvitamin D [25(OH)D]
concentrations, a biomarker of the vitamin D status, has also been investigated. Although low vitamin
D concentrations were found to correlate with the CP status,®® recent cohort studies did not observe an association
between 25(OH)D levels and CP.'° This discrepancy in the association between the vitamin D status and CP may be
because confounding factors that critically influence the association between serum 25(OH)D concentrations and CP
were not considered.

Vitamin D is metabolized into 25(OH)D in the liver and then into 1,25-dihydroxyvitamin D (1,25(OH)2D), which is
the active form of vitamin D, in the kidneys.'' 1.25(OH)2D in the blood then enters cells and binds to the vitamin
D receptor (VDR) to exert its biological effects.'” Therefore, VDR may alter the biological functions of vitamin D in pain
management. rs731236, rs7975232, rs1544410, rs2228570, and rs11568820 have been reported to be involved in VDR
expression levels."> VDR polymorphism in the binding site for the intestinal specific transcription factor CDX2 in the
promoter region (rs11568820) has been shown to affect the expression levels of the VDR gene.'**'* The transcriptional
activity of the VDR promoter with the G allele of the CDX2-binding site was previously reported to be 70% of that with
the A allele.'* Therefore, the CDX2 polymorphism in the VDR promoter seems to affect the association between CP and
serum 25(OH)D levels.

Although previous genome-wide association studies reported the association of several genes and single nucleotide
polymorphisms (SNP) with CP,'>"'¢ VDR-related SNPs did not show a significant association in those studies. This may
be because these studies did not include vitamin D status as a covariate. Therefore, we performed a cross-sectional
analysis to investigate whether VDR-related SNPs modify the association between the prevalence of CP and serum 25
(OH)D concentration in the Shika study.

Materials and Methods
Study Design and Subjects

Cross-sectional data gathered between 2011 and 2015 in the Shika study were utilized. The Shika study is a longitudinal
community-based observational study that has been conducted since 2011 among the residents of Shika town, which is
located on the Noto Peninsula in Ishikawa prefecture, Japan.'” There are approximately 20,000 residents and the climate
is humid subtropical. In the present study, we recruited participants from two model districts in the town. An invitation
letter to this study was distributed to all adults older than 40 years (n = 2314) in the districts. Trained interviewers who
were explained the outline of the Shika study and how to fill in the questionnaire delivered the questionnaire to all
participants in person. In total, 2199 subjects (95%) responded to the questionnaire, and 972 subjects (42%) participated
in the comprehensive health examination.

Participants with missing data on variables were excluded from the analysis. To avoid a treatment bias, we confirmed
that participants were not taking vitamin D supplements. We excluded participants with high-sensitivity C-reactive
protein (hsCRP) of 0.3 mg/dl or higher to omit patients who may have inflammatory diseases such as rheumatoid
arthritis. Data collected from 551 participants who completed the health examination and replied to the questionnaire
were available for analyses in the present study. The details of recruitment are shown in Figure 1.

The present study was approved by the Medical Ethics Committee of Kanazawa University (approval number 1491).
All participants provided written informed consent for inclusion before participation. The present study was conducted in
accordance with the Declaration of Helsinki.
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All participants
n=2314

—| 115 participants who did not return the questionnaire

Participants who responded to the questionnaire
n=2199

—| 1227 participants who did not undergo the health examination

Participants who responded to the questionnaire
and underwent the health examination
n=972

—| 421 participants:

- 274 participants who dissented to a genome analysis, did not pass
QC (mainly because of cryptic relatedness), or were not
successfully genotyped for the SNPs

- 108 participants with missing data on variables used in the analysis

- 39 participants whose hsCRP was 0.3 mg/dl or higher

Participants in the analysis
n =551

Figure | Flow chart of participant recruitment.

Pain Questions

Participants were asked “Have you been having any pain persisting for 3 months or longer?” on a self-administered
questionnaire. Respondents who answered “Yes” were labeled as “with CP”, while the others were labeled as “without
CP”. The definition of CP was according to that presented by the International Association for the Study of Pain.’

Serum 25(OH)D Measurement

We collected fasting blood samples from all participants in the health examinations. To avoid seasonal variations of
serum 25(OH)D levels, the health examinations were held in December and January. Serum 25(OH)D concentrations
were measured using a radioimmunoassay (25-hydroxyvitamin D 1251 RIA Kit, DiaSorin Inc., Stillwater, Minnesota,
USA). Coefficients of variation for inter-assay of high-performance liquid chromatography (HPLC), competitive protein
binding, and RIA, have been reported to be 8.4%, 14%, and < 12%, respectively.'® A previous study has reported that
serum 25(OH)D levels measured using the RIA were between those measured using HPLC-atmospheric pressure
chemical ionization-mass spectrometry and chemiluminescent immunoassays.'”

Genotyping

We extracted genomic DNA from blood samples using the QIAamp DNA Blood Maxi Kit (Qiagen, Hilden, Germany)
according to manufacturer’s instructions or consigned them to a company specialized in clinical laboratory testing (SRL,
Inc., Tokyo, Japan). Genome-wide SNP genotyping was performed using the Japonica Array v2°° (TOSHIBA Co., Ltd.,
Tokyo, Japan). Details of quality control (QC) procedures for the genome-wide SNP genotype data obtained were
previously described.?! Briefly, the QC filtering of SNPs and participants was based on gender identity between
karyotypes and the questionnaire, call rates, the Hardy-Weinberg equilibrium test, inbreeding coefficient, cryptic
relatedness, and population structure. The genotypes of rs731236, rs7975232, rs1544410, rs2228570, and rs11568820
in 551 unrelated participants (based on genome-wide 7 values) who passed QC were extracted from array data (only for
1s7975232, n = 547). In the QC step, the call rates for SNPs ranged from 99.4% to 100%, and a departure from the
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Hardy—Weinberg equilibrium was not observed. According to the data obtained, participants with the minor allele were
assigned to the hetero/minor homozygous group and the others to the major homozygous group for each SNP. Before
combining the genotypes, the GTEx portal** was used to confirm that the expression levels of the VDR gene changed
with each additional minor allele for each SNP.

Other Variables

Age, height, weight, the osteo sono-assessment index, grip strength, and calf circumference were measured in the health
examination. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters.
The values of grip strength and calf circumference were divided by body weight to adjust for the influence of physique,
and these values were used in the analysis. hsCRP and serum calcium levels were measured using blood samples taken in
the health examination.

We evaluated drinking habits, exercise habits, and the smoking status using self-administered questionnaires. To
assess drinking habits, participants were asked “How often do you drink alcohol?”. We labeled participants who drink at
least once a week as “drinkers”, and the others as “non-drinkers” for the analysis. We divided participants into three
groups according to the frequency of walking for more than 30 min in 1 week as follows: >5 days, 1 to 4 days, and no
exercise. Participants were assigned to the Non-smoker, Ex-smoker, and Current smoker groups according to their answer
about smoking habits. The analgesic administration status was also assessed in the self-administered questionnaire.

Daily dictary intakes of protein, lipids, carbohydrates, vitamin D, calcium, and total energy per day were assessed
using a brief-type self-administered diet history questionnaire (BDHQ) that asked participants about the consumption
frequency of 58 food and beverage items during the previous month. These items are mainly from the food list used in
the National Health and Nutrition Survey of Japan and commonly consumed in Japan. Previous studies demonstrated the
validity of BDHQ, and it is considered to have a satisfactory ranking ability for many nutrients in Japanese subjects.?***
All participants who reported a total energy intake of less than 600 kcal/day (half of the energy intake required for the
lowest physical activity category) or more than 4000 kcal/day (1.5-fold the energy intake required for the moderate
physical activity category) were excluded from the analysis of nutrient data to avoid under-/overestimations of nutrient
intake. Nutrient data were adjusted for daily energy intake using the density method.

Statistical Analysis
Continuous variables were summarized as means and standard deviation (SD), and categorical variables as numbers (N)
and percentages (%). The Student’s #-test and chi-squared test were used to compare differences in the mean levels of
continuous variables and categorical variables between participants with and without CP. A one-way analysis of
covariance (ANCOVA) was used to compare serum 25(OH)D levels between participants with and without CP in
each genotype group with adjustment for age, sex, and BMI. A multiple logistic regression analysis was performed to
examine the association between CP and serum 25(OH)D concentrations according to the genotypes with adjustment for
the following independent factors: sex, age, BMI, drinking habits, exercise habits, smoking status, and grip strength/body
weight.

We performed all statistical analyses using the Japanese version of IBM SPSS Statistics version 27.0 (IBM Japan,
Tokyo, Japan). A two-sided p-value <0.05 was considered to be significant.

Results

Participant Characteristics

The characteristics of participants according to the CP status are shown in Table 1. A total of 551 subjects (mean age and
SD, 63.7 + 9.9 years) participated in the present study. A total of 205 participants had CP and its prevalence was 37.2%.
Serum 25(OH)D concentrations in the groups with and without CP were 24.50 + 8.48 and 23.47 = 7.48 ng/mL,
respectively. No SNP showed a significant difference in the proportion of genotypes between the groups with and
without CP.
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Table | Participant Characteristics
Total (n = 551) | Without CP With CP p-value Effect Size
(n = 346) (n = 205)
Female, n (%) 305 (55.4) 197 (56.9) 108 (52.7) 0.332 0.041
Age (years), mean (SD) 63.6 (9.9) 63.7 (9.6) 63.7 (10.3) 0.979 0.002
Height (cm), mean (SD) 159.0 (9.0) 158.6 (8.4) 159.6 (9.8) 0.247 0.106
Weight (kg), mean (SD) 58.8 (10.8) 58.4 (10.7) 59.3 (I1.1) 0.368 0.079
BMI (kg/m?), mean (SD) 23.1 (3.0 23.1 3.1) 23.2 (3.0 0.876 0.014
Osteo sono-assessment index, mean (SD) 2.60 (0.34) 2.60 (0.34) 2,61 (0.33) 0.799 0.022
Grip strength/body weight (kgf/kg), mean (SD) 0.53 (0.11) 0.53 (0.12) 0.53 (0.11) 0.450 0.067
Calf circumference/body weight (cm/kg), mean (SD) 0.58 (0.07) 0.59 (0.07) 0.58 (0.07) 0.670 0.038
hsCRP (mg/dI), mean (SD) 0.06 (0.05) 0.06 (0.06) 0.06 (0.05) 0.730 0.030
Total energy intake (kcal), mean (SD) 1850.3 (587.1) 1823.3 (569.9) | 1895.6 (613.8) 0.050 0.123
Protein intake (g/1000 kcal), mean (SD) 15.01 (3.34) 15.18 (3.46) 14.73 (3.11) 0.103 0.135
Lipid intake (g/1000 kcal), mean (SD) 23.77 (5.94) 23.66 (5.66) 23.96 (6.39) 0.898 0.051
Carbohydrate intake (g/1000 kcal), mean (SD) 55.06 (8.68) 55.25 (8.98) 54.74 (8.16) 0.849 0.059
Calcium intake (mg/1000 kcal), mean (SD) 286.4 (106.1) 289.3 (107.3) 281.4 (104.2) 0.296 0.074
Vitamin D intake (ug/1000 kcal), mean (SD) 8.39 (5.59) 8.73 (5.91) 7.80 (4.97) 0.052 0.167
Serum calcium (mg/dl), mean (SD) 9.32 (0.45) 9.32 (0.50) 9.32 (0.34) 1.000 0.000
Serum 25(OH)D (ng/mL), mean (SD) 24.12 (8.13) 24.50 (8.48) 23.47 (7.48) 0.151 0.127
Analgesic administration, n (%) 26 (4.7) 12 (3.5) 14 (6.8) 0.072 0.077
Drinker, n (%) 252 (45.7) 152 (43.9) 100 (48.8) 0.269 0.047
Exercise habits, n (%) 0.011 0.128
>5 days/week 179 (32.5) 128 (37.0) 51 (24.9)
|4 days/week 110 (20.0) 67 (19.4) 43 (21.0)
No exercise 262 (47.5) I51 (43.6) 111 (54.1)
Smoking status, n (%) 0.856 0.024
Non-smoker 297 (53.9) 189 (54.6) 108 (52.7)
Ex-smoker 150 (27.2) 94 (27.2) 56 (27.3)
Current smoker 104 (18.9) 63 (18.2) 41 (20.0)
Genotypes of rs731236, n (%) 0.147 0.062
TT 442 (80.2) 271 (78.3) 171 (83.4)
TC/ICC 109 (19.8) 75 (21.7) 34 (l6.6)
Genotypes of rs7975232, n (%) 0.704 0.016
CcC 250 (45.7) 156 (45.1) 94 (46.8)
CA/AA 297 (54.3) 190 (54.9) 107 (53.2)
Genotypes of rs1544410, n (%) 0.082 0.074
GG 444 (80.6) 271 (78.3) 173 (84.4)
GA/AA 107 (19.4) 75 (21.7) 32 (15.6)
Genotypes of rs2228570, n (%) 0.785 0.012
CcC 211 (38.3) 134 (38.7) 77 (37.6)
CT/TT 340 (61.7) 212 (61.3) 128 (62.4)
Genotypes of rs| 1568820, n (%) 0.668 0.018
GG 206 (37.4) 127 (36.7) 79 (38.5)
GA/AA 345 (62.6) 219 (63.3) 126 (61.5)

Notes: p-values were from the Student’s t-test for continuous variables and the chi-squared test for categorical variables. The effect size indicates Cohen’s d in the Student’s
t-test and Phi-Coefficient or Cramer’s V in the chi-squared test. The number of participants was 542 in the analysis of nutrient data. p-values < 0.05 are in bold.
Abbreviations: BMI, body mass index; hsCRP, high sensitivity C-reactive protein; 25(OH)D, 25-hydroxyvitamin D; CP, chronic pain; SD, standard deviation.
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Comparison of Serum 25(OH)D Concentrations Between Participants with and

without CP According to SNP

To identify the SNPs that modify the association of 25(OH)D levels with CP, we performed the one-way
ANCOVA to compare serum 25(OH)D concentrations between participants with and without CP according to
the genotypes for each SNP. Table 2 shows the results of the one-way ANCOVA with adjustment for age, sex, and
BMI. Significantly low 25(OH)D levels in the CP group were observed only in the GA/AA group of rs11568820,
which is a VDR polymorphism in the binding site of the intestinal-specific transcription factor CDX2 in the

promoter region.

Comparison of Characteristics of Participants with and without CP According to the
CDX2 Polymorphism

Table 3 shows a comparison of the characteristics of participants with and without CP according to the CDX2
polymorphism. No significant difference between participants with and without CP was found in 25(OH)D levels in
the GG group (p = 0.992), whereas participants with CP showed a tendency of lower concentrations of serum 25
(OH)D than those without CP in the GA/AA group (p = 0.062). Furthermore, the effect size of CP on the 25(OH)D
levels in the GG and GA/AA groups were 0.001 and 0.209, respectively. Although participants with CP had
a significantly lower vitamin D intake than those without CP in the GG group (p = 0.020), no significant difference
was observed in the GA/AA group (p = 0.533). Significant differences were noted in grip strength/body weight
(p =0.043), and protein intake (p = 0.003) between participants with and without CP in the GG group. Participants
with CP had a significantly higher total energy intake (p = 0.040) and less frequent exercise habits (p = 0.026) than
those without CP in the GA/AA group.

Logistic Regression Analysis of CP According to the CDX2 Polymorphism

Table 4 shows the results of a logistic regression analysis of CP as a dependent variable with serum 25(OH)D
concentrations in each group assigned with or without the minor allele in the CDX2 polymorphism. The results showed
that lower serum 25(OH)D levels were associated with the prevalence of CP in the GA/AA group after adjustment for
sex, age, BMI, drinking habits, smoking status, exercise habits, and grip strength/body weight (OR: 0.961; 95% CI:
0.929-0.994; p = 0.020), but not in the GG group (OR: 0.990; 95% CI: 0.952-1.030; p = 0.627).

Table 2 Comparison of Serum 25(OH)D Concentrations Between Participants with and without CP According to SNP

Dependent Variable SNPs Genotypes Without CP CP p-value Effect Size
Serum 25(OH)D (ng/mL), mean (SD) | rs731236 TT (n = 442) 244 (8.8) 23.3 (7.6) 0.062 0.008
TC/CC (n = 109) 25.1 (84) 23.4 (6.0) 0.468 0.005
rs7975232 CC (n = 250) 24.7 (9.1) 23.5 (7.1) 0.170 0.008
CAJ/AA (n = 297) 24.5 (8.5) 23.1 (7.6) 0.108 0.009
rs1544410 | GG (n = 444) 244 (8.8) 23.3 (7.6) 0.071 0.008
GA/AA (n = 107) 25.2 (84) 23.4 (6.0) 0.364 0.008
rs2228570 | CC (n =2l11) 24.7 (8.8) 22.7 (74) 0.085 0.015
CT/TT (n = 340) 24.4 (8.7) 23.7 (7.3) 0.109 0.008
rs11568820 | GG (n = 206) 24.4 (9.0) 24.4 (8.3) 0.485 0.003
GA/AA (n = 345) 24.6 (8.6) 22.8 (6.8) 0.022 0.015

Notes: p-values were obtained from one-way analysis of covariance with adjustment for age, sex, and BMI. The effect size indicates the partial eta squared. p-values < 0.05
are in bold.
Abbreviations: SNP, single nucleotide polymorphism; 25(OH)D, 25-hydroxyvitamin D; CP, chronic pain; SD, standard deviation.
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Table 3 Comparison of Characteristics Between Participants with and without CP According to the CDX2 Polymorphism

GG GA/AA
Without CP With CP p-value Effect Size | Without CP With CP p-value Effect Size
(n=127) (n=179) (n=219) (n=126)
Female, n (%) 70 (55.1) 41 (51.9) 0.652 0.031 127 (58.0) 67 (53.2) 0.385 0.047
Age (years), mean (SD) 63.2 (9.5) 64.8 (10.6) 0.273 0.158 64.0 (9.7) 63.0 (10.1) 0.366 0.101
Height (cm), mean (SD) 158.5 (8.9) 159.0 (9.3) 0.737 0.048 158.7 (8.2) 159.9 (10.2) 0.228 0.144
Weight (kg), mean (SD) 58.0 (10.1) 59.7 (10.5) 0.277 0.156 58.7 (11.0) 59.1 (11.5) 0.742 0.037
BMI (kg/m?), mean (SD) 23.0 (2.8) 23.5 (3.1) 0.214 0.179 232 (3.2) 23.0 (3.0 0.479 0.079
Osteo sono-assessment index, mean (SD) 2.59 (0.33) 2.65 (0.37) 0.296 0.150 2.60 (0.35) 2.58 (0.31) 0.599 0.059
Grip strength/body weight (kgf/kg), mean (SD) 0.55 (0.12) 0.51 (0.10) 0.043 0.292 0.53 (0.11) 0.53 (0.12) 0.547 0.067
Calf circumference/body weight (cm/kg), mean (SD) 0.59 (0.07) 0.58 (0.07) 0.498 0.098 0.58 (0.07) 0.58 (0.07) 0.982 0.002
hsCRP (mg/dl), mean (SD) 0.06 (0.05) 0.07 (0.05) 0.241 0.168 0.06 (0.06) 0.06 (0.05) 0.693 0.044
Total energy intake (kcal), mean (SD) 1888.5 (607.5) 1856.9 (586.7) 0.715 0.053 1785.4 (544.7) 1919.9 (631.4) 0.040 0.233
Protein intake (g/1000 kcal), mean (SD) 15.68 (3.66) 14.19 (2.96) 0.003 0.437 14.89 (3.32) 15.07 (3.16) 0.624 0.055
Lipid intake (g/1000 kcal), mean (SD) 24.33 (5.29) 23.06 (7.04) 0.176 0.210 23.27 (5.84) 24.53 (5.90) 0.058 0.214
Carbohydrate intake (g/1000 kcal), mean (SD) 54.94 (8.50) 55.65 (8.52) 0.561 0.084 55.44 (9.26) 54.16 (7.90) 0.201 0.145
Calcium intake (mg/1000 kcal), mean (SD) 297.1 (109.8) 276.2 (109.3) 0.187 0.191 284.8 (105.8) 284.7 (101.1) 0.996 0.001
Vitamin D intake (ug/1000 kcal), mean (SD) 9.16 (5.77) 7.35 (4.56) 0.020 0.339 8.48 (5.99) 8.08 (5.20) 0.533 0.070
Serum calcium (mg/dl), mean (SD) 9.33 (0.33) 9.34 (0.32) 0.866 0.024 9.31 (0.58) 9.30 (0.36) 0.919 0.011
Serum 25(OH)D (ng/mL), mean (SD) 24.06 (8.59) 24.05 (8.47) 0.992 0.001 24.76 (8.43) 23.11 (6.80) 0.062 0.209
Analgesic administration, n (%) 4 (3.1) 7 (8.9) 0.076 0.124 8 (3.7) 7 (5.6) 0.404 0.045
Drinker, n (%) 54 (42.5) 36 (45.6) 0.668 0.030 98 (44.7) 64 (50.8) 0.279 0.058
Exercise habits, n (%) 0.356 0.100 0.026 0.145
>5 days/week 46 (36.2) 21 (26.6) 82 (37.4) 30 (23.8)
1—4 days/week 27 (21.3) 19 (24.1) 40 (18.3) 24 (19.0)
No exercise 54 (42.5) 39 (49.4) 97 (44.3) 72 (57.1)
Smoking status, n (%) 0.942 0.024 0.685 0.047
Non-smoker 68 (53.5) 42 (53.2) 121 (55.3) 66 (52.4)
Ex-smoker 33 (26.0) 22 (27.8) 6l (27.9) 34 (27.0)
Current smoker 26 (20.5) 15 (19.0) 37 (16.9) 26 (20.6)

Notes: p-values were from the Student’s t-test for continuous variables and the chi-squared test for categorical variables. The effect size indicates Cohen’s d in the Student’s t-test and Phi-Coefficient or Cramer’s V in the chi-squared test.
The number of participants was 542 in the analysis of nutrient data. p-values < 0.05 are in bold.
Abbreviations: BMI, body mass index; hsCRP, high sensitivity C-reactive protein; 25(OH)D, 25-hydroxyvitamin D; CP, chronic pain; SD, standard deviation.
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Table 4 Logistic Analysis of Chronic Pain as a Dependent Variable with 25(OH)D Concentrations as an
Independent Variable

OR 95% ClI p-value
Lower Upper

Total (n = 551) Model | 0.978 0.955 1.002 0.069
Model 2 0.975 0.951 0.999 0.045

Model 3 0.975 0.951 1.000 0.048

GG (n = 206) Model | 0.989 0.953 1.027 0.577
Model 2 0.988 0.951 1.027 0.552

Model 3 0.990 0.952 1.030 0.627

GA/AA (n = 345) | Model | 0.966 0.935 0.998 0.040
Model 2 0.961 0.929 0.994 0.020

Model 3 0.961 0.929 0.994 0.020

Notes: OR indicates the odds ratio of 25(OH)D concentrations (per | ng/mL) for CP. Model |, adjusted for sex, age, and BMI; Model 2, adjusted for
sex, age, BMI, drinking habit, the smoking status, and exercise habit; Model 3, adjusted for sex, age, BMI, drinking habit, the smoking status, exercise
habit, and grip strength/body weight. p-values < 0.05 are in bold.

Abbreviations: OR, odds ratio; Cl, confidence interval.

Discussion

The results obtained in this cross-sectional study demonstrated that lower serum 25(OH)D levels were associated with
the prevalence of CP in the GA/AA group even after adjustment for covariates, whereas this association was not
observed in the GG group.

The results need to be corrected for multiple testing because we included five SNPs and divided the participants into
two groups according to their genotypes in the present study. In this case, the p-value should be 0.005 based on the
Bonferroni correction. However, none of the results showed a p-value less than 0.005. This may be attributed to the
insufficient number of participants in this study. As shown in Table 2, the partial eta squared value in the GA/AA group
of 1s11568820 was 0.015. Assuming a p-value of 0.005, power of 80%, and partial eta squared of 0.015, the required
sample size was estimated as 879. Therefore, if the recruited sample size of participants with the minor allele was
approximately 900, a significant result could have been obtained after Bonferroni correction. Although the results were
not significant after Bonferroni correction, we believe that these results may be valuable because our findings suggest that
the CDX2 polymorphism of the VDR promoter modifies the association between serum 25(OH)D levels and CP.

The prevalence of CP was 37.2% in the present study. The prevalence of CP reported in previous studies in Japan
ranges 15.4-39.3%.7°2° The difference in prevalence seems to be attributed to the definition of CP in each study. One
defined CP as pain lasting more than 6 months, corresponding to a visual analog scale of at least five. Another study,
which presented a prevalence of 39.3%, defined CP as pain lasting more than three months, which is similar to the
present study. Therefore, the prevalence in the present study was considered reasonable.

Previous studies reported an association between serum 25(OH)D concentrations and CP, with low 25(OH)D levels
being associated with CP, and a systematic review published in 2018 implicated low 25(OH)D concentrations in pain
development.?” In contrast, no relationship was observed between 25(OH)D levels and the CP status in large population-
based studies.'®*® One of the reasons for this may be that participants were not stratified by factors that influence the
relationship between CP and 25(OH)D, such as the CDX2 polymorphism of the VDR promoter. To the best of our
knowledge, the present study is the first to investigate the association between serum 25(OH)D levels and CP according
to the CDX2 polymorphism.

An association between low concentrations of 25(OH)D and CP was observed in the GA/AA group in the present
study. Transcriptional activity was higher with than without the A allele in the CDX2 polymorphism of the VDR
promoter.'* A-allele carriers may benefit more from vitamin D than those without the A allele. A randomized controlled
trial that examined the interventional effects of vitamin D intake on central obesity indicators detected improvements in
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these indicators in participants with A-allele homozygotes only.”’ This finding suggests that the effects of changes in
serum 25(OH)D levels are more pronounced in A-allele carriers of the CDX2 polymorphism, which appears to be
supported by the present results.

The effects of vitamin D on skeletal muscle function, inflammation, and the peripheral and central nervous systems
have been reported as the physiological mechanisms linking serum concentrations of 25(OH)D and pain in basic and
clinical research.’® The contribution of the central and peripheral nervous systems to pain was unknown in the present
study because we did not evaluate these indicators. On the other hand, no significant differences were observed in grip
strength normalized by body weight, an index of muscle strength, or hsCRP between participants with and without CP in
the GA/AA group. Therefore, the effects of vitamin D on skeletal muscle function and inflammation may not explain the
association between the serum concentrations of 25(OH)D and CP observed in the present study. Vitamin D plays an
important role in calcium homeostasis by enhancing calcium absorption in the small intestine and reabsorption in the
kidneys. Vitamin D deficiency contributes to the development of osteoporosis.>' Increased bone resorption, which is
a pathology of osteoporosis, has been reported to induce an acidic microenvironment and the production of inflammatory
cytokines, such as IL-1, IL-6, and TNF-a and these factors may be involved in the development of pain through their
activation of sensory nerve fibers or nociceptive receptors.’>** In the present study, serum calcium concentrations and the
osteo sono-assessment index, an index of bone mass, did not significantly differ between participants with and without
CP in the GA/AA group. Therefore, osteoporosis-related pain does not explain the association observed between 25(OH)
D levels and CP, assuming that the underlying mechanisms for this association remain unclear. 1.25(OH)2D, the active
form of vitamin D, has been suggested to directly/indirectly influence the expression of 200-2000 genes through binding
to the VDR.* In other words, the physiological mechanisms of action of vitamin D in the body, which are regulated by
complex pathways, have not yet been elucidated in detail. Therefore, further studies are needed to clarify the mechanisms
contributing to the association between serum concentrations of 25(OH)D and CP.

There are several limitations that need to be addressed. The causality between serum 25(OH)D concentrations and CP
remains unclear because of the nature of a cross-sectional study. In addition, because CP was defined based on a single
question in a self-administered questionnaire in this study, many types of CP with different pathologies were included.
Information from medical records or evaluations with other questionnaires on pain is required to distinguish its pathology.
Furthermore, the generalizability of the present results may have been limited due to selection bias. The ratio of health-
conscious individuals was likely to be high in the present study because we only performed a health examination on
voluntary participants. Moreover, information on the mental health of participants, which is regarded as a confounder, was
not included in the analysis because the number of participants with complete data on this variable was too small. Finally, the
lack of Bonferroni correction and replication analysis using publicly available genetic databases prevented the present study
from providing robust suggestions. Further studies with a larger sample size and replication analysis are needed to clarify the
effect of the CDX2 polymorphism of the VDR promoter on the association of serum 25(OH)D concentrations with CP.

Conclusions

In conclusion, lower serum 25(OH)D levels were associated with CP in participants with the minor allele in the CDX2
polymorphism of the VDR promoter. The high transcriptional activity of the VDR gene in minor allele carriers appeared to
enhance the effects of changes in serum 25(OH)D concentrations. These results suggest that sufficient 25(OH)D levels are
important for preventing the development of CP in participants with the A allele in the CDX2 polymorphism of the VDR
promoter.

Abbreviations

ANCOVA, analysis of covariance; BDHQ, brief-type self-administered diet history questionnaire; BMI, body mass
index; CI, confidence interval CP, chronic pain; HPLC, high-performance liquid chromatography; hsCRP, high sensitivity
C-reactive protein; OR, odds ratio; QC, quality control; RIA, radioimmunoassay; SD, standard deviation; SNP, single
nucleotide polymorphism; VDR, vitamin D receptor; 25(OH)D, 25-hydroxyvitamin D; 1,25(OH)2D, 1,25-
dihydroxyvitamin D.
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