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Purpose: Although the explanation for inconsistencies in the reported association between
serum 25-hydroxyvitamin D [25(OH)D] levels and chronic pain (CP) has not yet been
determined, understanding this discrepancy is necessary for the development of vitamin
D supplementation as an effective treatment for CP. The aim of this cross-sectional study
was to examine the relationship between 25(OH)D concentrations and CP according to
drinking habits in Japanese subjects.

Patients and Methods: We distributed invitation letters to 2314 individuals older than 40
years in Shika town, a rural area in Japan, and 724 subjects (386 females; mean age: 63.9 +
10.4 years) were recruited. CP was defined as persistent pain lasting at least 3 months in any
part of the body. Serum concentrations of 25(OH)D, a biomarker of the vitamin D status,
were measured using a radioimmunoassay. A serum 25(OH)D level <20 ng/mL was defined
as serum 25(OH)D deficiency. Drinking habits were assessed using a self-administered
questionnaire. There were three choices, “rarely drink”, “sometimes” and “everyday”.
Respondents who answered “rarely drink” were labelled as non-drinkers and the others as
drinkers.

Results: The prevalence of CP was 40.6%. A significant interaction between CP and
drinking habits on 25(OH)D concentrations was observed (p = 0.098). A one-way analysis
of covariance was performed to compare 25(OH)D concentrations between the subjects with
and without CP in each drinking group, and the serum 25(OH)D levels of subjects with CP
were significantly lower than those without CP among drinkers (p = 0.007). A logistic
regression analysis revealed a correlation between serum 25(OH)D deficiency and CP in
drinkers after adjustments for several confounding factors (odds ratio: 0.499; 95% confidence
interval: 0.268 — 0.927; p = 0.028).

Conclusion: The present results suggest that low serum 25(OH)D concentrations are
associated with the development of CP in drinkers.

Keywords: pain, vitamin D, alcohol, cross-sectional analysis, epidemiology

Introduction

The International Association for the Study of Pain (IASP) defines chronic pain
(CP) as pain without an apparent biological cause that persists for longer than 3
months.! A meta-analysis from the United Kingdom reported that the prevalence of
CP ranged from 35.0% to 51.3%.? Another review reported that 25%—76% of older
people living in the community had CP.> CP has a negative impact on health-related
quality of life, work productivity and increases the risk of developing depression
and anxiety.* Furthermore, the national cost of pain in the United States in 2008
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was estimated to be between 560 and 635 billion dollars.’
Therefore, the development of effective and reasonable
treatments is urgently needed.

Vitamin D is a vital hormone for optimal neuromuscu-
lar, bone, and immune functions, and its sources are diet-
ary intake and cutaneous synthesis. Vitamin D is
metabolized into 25-hydroxyvitamin D [25(OH)D] in the
liver and then into 1,25-dihydroxyvitamin D [1,25(OH)
2D] in the kidneys.® Serum 25(OH)D concentrations are
regarded as the most useful marker of the vitamin D status
stored from sunlight exposure, dietary intake, supple-
ments, and other factors.”

Interventional studies previously reported the efficacy
of vitamin D supplementation for the treatment of CP as
well as good patient adherence.® '® However, the 2015
Cochrane review concluded that vitamin D was not sig-
nificantly beneficial for various CP conditions.'' Although
observational studies examined the relationship between
25(0OH)D concentrations and CP, the findings obtained
have been inconsistent.'>'* The reasons for these dispa-
rities have not yet been identified, but need to be clarified
for the development of vitamin D supplementation as an
effective treatment for CP.

Several previous studies have reported that alcohol
consumption is associated with a reduced risk of vitamin
D deficiency,'>'® whereas other studies have reported

association'”!  or 20-22

a negative no association.
Although alcohol has been shown to influence the expres-
225 or CYP24Al

induction®® in several studies, the mechanism underlying

sion of the parathyroid hormone

the association between alcohol and serum 25(OH)D
levels remains unknown. However, one possibility is that
alcohol consumption may affect CP by modulating the
vitamin D status. Therefore, performing a subgroup ana-
lysis stratified by drinking habits is necessary to clearly
evaluate the association between CP and serum 25(OH)D
concentrations.

Based on these studies, we hypothesized that alcohol
consumption may affect the association between CP and 25
(OH)D concentrations. Therefore, we herein investigated the
association between CP and serum 25(OH)D concentrations
among individuals who do and do not consume alcohol.

Materials and Methods
Study Design and Subjects

We utilized cross-sectional data gathered between 2011
and 2015 in the Shika study. The Shika study is

a longitudinal community-based observational study that
has been conducted among the residents of Shika town,
located on Noto peninsula in Ishikawa prefecture, since
2011. The town has more than 20,000 residents, and the
climate is humid subtropical. We recruited subjects from
two model districts in the town for the present study. We
invited all adults older than 40 years (n = 2314) in the
districts to participate. A self-administrated questionnaire
was delivered to all subjects by trained interviewers, who
explained the outline of the Shika study and how to fill in
the questionnaire. In total, 2199 subjects (95%) responded
to the questionnaire, and 972 (42%) who underwent
a comprehensive health examination were included.

We omitted subjects with data missing on the variables
used in the analysis. To avoid a treatment bias, we also
excluded subjects who had been using vitamin
D supplementation. Therefore, data collected from 724
subjects who completed the health examination and replied
to the questionnaire were available for analysis in the pre-
sent study. The details of recruitment are shown in Figure 1.

The present study was conducted with the approval of
the Ethics Committee of Kanazawa University (No.1491).
All subjects provided written informed consent for inclu-
sion before they participated in the present study. The
study was conducted in accordance with the Declaration

of Helsinki.

Pain Questions

We asked subjects “Have you been having any pain per-
sisting for 3 months or longer?” on a self-administered
questionnaire. The definition of CP was according to that
presented by IASP.! Subjects with CP were assigned to the
CP group.

Serum 25(OH)D Measurement

Fasting blood samples were collected from all subjects at
the health examination. Serum 25(OH)D concentrations
were measured using a radioimmunoassay (RIA) (25-
1251 RIA Kit,
Stillwater, Minnesota, USA). Coefficients of variation for

hydroxyvitamin D DiaSorin Inc.,
inter-assay of high-performance liquid chromatography
(HPLC), competitive protein binding, and RIA, have
8.4%, 14%, and <12%,

respectively.”” A previous study that measured serum 25

been reported to be
(OH)D levels using HPLC-atmospheric pressure chemical
ionization-mass spectrometry, RIA, and chemiluminescent
immunoassays reported that the RIA value was between
that of the other two techniques.”®
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All subjects
n=2314

—

115 subjects who did not return the questionnaire

v

n=2199

Subjects who responded the questionnaire

—

1227 subjects who did not undergo the health examination

v

n=972

Subjects who responded the questionnaire
and underwent the health examination

248 subjects:

- 142 subjects with data missing on variables used in the analysis
- 96 subjects with data missing on the BDHQ, or

energy records <600 kcal/day or >4000 kcal/day
- 10 subjects on vitamin D3 supplementation

A

Subjects in the analysis
n=724

Figure | Flow chart of subject recruitment.

According to several previous reports, the
minimum desirable serum 25(OH)D level is 20 ng/mL
(50 nmol/L).?>3° Therefore, a serum 25(OH)D level
<20 ng/mL was defined as serum 25(OH)D deficiency

in this study.

Questions on Drinking Habits

The drinking habits of the participant were collected by
questionnaire. We used a structured-question to ask if the
participants drink alcohol or not. The participant was asked,
“How often do you drink alcohol?” There were three choices,
“rarely drink”, “sometimes” and “everyday”. We assigned
subjects who answered “rarely drink™ as “non-drinkers”, and
the others as “drinkers” for the analysis.

Other Variables

We measured age, height, weight, grip strength, calf cir-
cumference, C-reactive protein (CRP), and the osteo sono-

assessment index in all subjects at the health examination.
Body mass index (BMI) was calculated as weight in kilo-
grams 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.

To assess the smoking status and frequency of exercise,
we used self-administered questionnaires. Subjects were
classified into the following three groups according to their
smoking status: the non-smoker group, the ex-smoker
group, and the current smoker group. We also assigned
subjects into three groups according to the frequency of
walking for more than 30 min in 1 week as follows: more
than 5 days, 1 to 4 days, and no exercise. The analgesics
administration status was also assessed on the self-
administered questionnaire.

We evaluated the nutritional status using a brief-type
self-administered diet history questionnaire (BDHQ) that
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asked subjects 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 com-
monly consumed in Japan. The validity of BDHQ has been
demonstrated in other studies, and is considered to have
a satisfactory ranking ability for many nutrients in
Japanese subjects.>'”? We excluded all subjects 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) to avoid under/overestimations leading to bias in
the analysis of other nutrients. We obtained data on total
energy, protein, lipid, carbohydrate, and vitamin D intake,
and nutrient data were adjusted for daily energy intake
using the density method.

Statistical Analysis

We summarized continuous variables as means and
standard deviation (SD), and presented categorical
variables as numbers (N) and percentages (%). To
compare differences in the mean levels of continuous
variables and categorical variables between subjects
with and without CP in each drinking group, the
Student’s #-test and chi-squared test were used. A two-
way analysis of covariance (ANCOVA) was performed
to assess the interaction on serum 25(OH)D concentra-
tions between the CP status and drinking habits with
adjustments for sex, age, BMI, the smoking status,
exercise habit, the analgesics administration status,
the osteo sono-assessment index, grip strength/body
weight, and calf circumference/body weight. To con-
firm differences in the adjusted serum 25(OH)D con-
centrations between the subjects with and without CP
in each drinking habits group, we used a one-way
ANCOVA with adjustments for sex, age, BMI, the
smoking status, exercise habit, the analgesics adminis-
tration status, the osteo sono-assessment index, grip
strength/body weight, and calf circumference/body
weight. The Bonferroni post hoc test was then con-
ducted for multiple comparisons. A multiple logistic
regression analysis was performed to examine the asso-
ciation between CP and the categorized 25(OH)D
levels in each drinking group after adjustments for
the following independent factors: sex, age, BMI, the
smoking status, exercise habit, the analgesics adminis-
tration status, the osteo sono-assessment index, grip

strength/body weight, and calf circumference/body
weight.

We performed all statistical analyses using IBM SPSS
Statistics version 21.0 (SPSS Inc., Armonk, NY, USA).
A two-sided p-value < 0.05 was considered to be signifi-
cant. A p-value < 0.10 was considered significant for the

interaction test.

Results

Subject Characteristics

Table 1 shows the characteristics of subjects according to
CP. The mean age of the 724 subjects analyzed in the
present study was 63.9 + 10.4 years. A total of 294
(40.6%) subjects had CP. Mean serum 25(OH)D concen-
trations in the groups with and without CP were 24.37 +
8.25 and 23.58 + 7.36 ng/mL, respectively. In total, 43.3%
of non-CP subjects and 50.7% of CP subjects were
drinkers.

Subject Characteristics According to CP
and Drinking Habits

Table 2 shows the subject characteristics according to
CP and drinking habits. In non-drinkers, no significant
differences were observed in 25(OH)D concentrations
between the groups with and without CP, whereas
among drinkers, a slight difference was noted between
these groups (p = 0.072). Among non-drinkers, signifi-
cant differences were found in grip strength/body weight
(p = 0.002) and the osteo sono-assessment index (p =
0.011) between the groups with and without CP.
Drinkers with CP had significantly lower protein (p =
0.014) and vitamin D intakes (p = 0.009) than those
without CP.

Interaction Between CP and Drinking
Habits on Serum 25(OH)D
Concentrations and Comparison of
Adjusted Serum 25(OH)D Values

A two-way ANCOVA was performed to examine the
interaction between CP and drinking habits on serum
25(OH)D concentrations (Table 3). We observed
a significant main effect of CP (p = 0.021) and drinking
habits (p < 0.001). A significant interaction was noted
between CP and drinking habits on serum 25(OH)D
levels after adjustments for covariates (p = 0.098). The
one-way ANCOVA revealed that the subjects without
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Table | Subject Characteristics
Total Without CP With CP p-value
Mean (n) SD (%) Mean (n) SD (%) Mean (n) SD (%)

Male (n, %) 338 46.7 194 45.1 144 49.0 0.306
Age (years) 63.9 10.4 63.3 10.0 64.7 10.8 0.072
Height (cm) 159.1 9.4 158.9 8.8 159.4 10.3 0.538
Weight (kg) 59.2 11.0 59.0 1.1 59.5 10.9 0.617
BMI (kg/m?) 233 32 233 33 233 32 0.845
CRP (mg/dL) 0.15 0.57 0.12 0.45 0.18 0.71 0.160
Serum 25(OH)D (ng/mL) 24.05 7.90 24.37 8.25 23.58 7.36 0.189
Total energy intake (kcal) 1902.7 58I.1 1869.7 553.1 1950.9 617.7 0.065
Protein intake (g/1000kcal) 14.83 3.12 15.04 3.15 14.53 3.06 0.029
Lipid intake (g/1000kcal) 23.52 5.87 23.72 5.6l 23.23 6.23 0.266
Carbohydrate intake (g/1000kcal) 55.53 8.29 55.42 8.44 55.68 8.06 0.684
Vitamin D intake (ug/|1000kcal) 7.94 5.15 825 5.37 7.49 478 0.051
Grip strength/body weight (kgf/kg) 0.53 0.12 0.54 0.12 0.52 0.12 0.109
Calf circumference/body weight (cm/kg) 0.58 0.07 0.58 0.07 0.58 0.07 0.288
Osteo sono-assessment index 2.6l 0.36 2.62 0.36 2.60 0.36 0.642
Smoking status (n, %) 0.842

Non-smoker 384 53.0 231 53.7 153 52.0

Ex-smoker 213 29.4 123 28.6 90 30.6

Current smoker 127 17.5 76 17.7 51 17.3
Exercise habits (n, %) 0.002

More than 5 days/week 241 333 162 377 79 26.9

|14 days/week 145 20.0 89 20.7 56 19.0

No exercise 338 46.7 179 41.6 159 54.1
Analgesics administration (n, %) 0.010

No 688 95.0 416 96.7 272 925

Yes 36 5.0 14 33 22 7.5
Drinking habits (n, %) 0.049

Non-drinker 389 53.7 244 56.7 145 49.3

Drinker 335 46.3 186 433 149 50.7

Notes: p-values were from the Student’s t-test for continuous variables and the chi-squared test for categorical variables; p-values < 0.05 are in bold; Total, n = 724; Without

CP, n = 430; With CP, n = 294.

Abbreviations: BMI, body mass index; CRP, C-reactive protein; 25(OH)D, 25-hydroxy vitamin D; CP, chronic pain; SD, standard deviation.

CP had higher 25(OH)D concentrations than those with
CP (p = 0.007) in drinkers after adjustments for covari-
ates (Table 3). In non-drinkers, no significant differences
were found.

Association Between CP and Drinking
Habits

The association between CP and drinking habits is shown
in Table 4. Drinking habits correlated with CP after adjust-
ments for sex, age, BMI, the smoking status, exercise
habit, the analgesics administration status, the osteo sono-

assessment index, grip strength/body weight, and calf

circumference/body weight (odds ratio: 1.467; 95% con-
fidence interval: 1.018-2.114; p = 0.040).

Association Between CP and Serum 25
(OH)D Deficiency

The association between CP and serum 25(OH)D deficiency
in each group stratified by drinking habits are shown in
Table 5. The results obtained showed that serum 25(OH)D
deficiency correlated with CP in drinkers after adjustments
for sex, age, BMI, the smoking status, exercise habit, the
analgesics administration status, the osteo sono-assessment

index, grip strength/body weight, and calf circumference/
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Table 2 Comparison of Characteristics Between CP and Non-CP Subjects According to Drinking Habits

Non-Drinker p-value | Drinker p-value
Without CP With CP Without CP With CP
Mean SD Mean SD Mean SD Mean SD
(n) %) (n) ) (n) (%) (n) )
Male (n, %) 64 26.2 27 18.6 0.087 130 69.9 117 785 0.074
Age (years) 64.5 10.3 66.2 10.5 0.109 61.8 9.4 63.3 11.0 0.188
Height (cm) 155.5 8.2 153.8 87 0.053 163.3 74 164.8 838 0.112
Weight (kg) 56.3 10.4 55.3 9.9 0.340 62.6 11.0 63.5 10.3 0.444
BMI (kg/m?) 232 33 233 35 0.737 234 32 233 28 0.891
CRP (mg/dL) 0.10 0.19 0.25 091 0.050 0.15 0.65 0.12 0.44 0.687
Serum 25(OH)D (ng/mL) 2235 6.77 21.82 6.40 0.445 27.01 9.24 25.30 7.83 0.072
Total energy intake (kcal) 1759.8 526.1 1829.7 597.1 0.229 2014.0 555.8 2068.8 616.5 0.394
Protein intake (g/1000kcal) 15.25 3.05 15.19 2.68 0.840 14.78 3.26 13.89 3.27 0.014
Lipid intake (g/1000kcal) 24.43 543 24.64 5.66 0.720 22.79 5.72 21.86 6.46 0.161
Carbohydrate intake (g/1000kcal) 58.50 7.16 58.71 7.30 0.789 51.39 8.3l 52.73 7.68 0.128
Vitamin D intake (ug/|1000kcal) 7.96 5.01 7.94 4.52 0.963 8.62 5.80 7.05 5.00 0.009
Grip strength/body weight (kgf/kg) | 0.50 0.11 0.47 0.10 0.002 0.58 0.11 0.57 0.12 0.622
Calf circumference/body weight 0.60 0.07 0.61 0.07 0.372 0.56 0.06 0.55 0.06 0.112
(cmlkg)
Osteo sono-assessment index 2.55 0.36 2.46 0.30 0.011 2.70 0.34 2.74 0.36 0.298
Smoking status (n, %) 0.182 0.303
Non-smoker 172 70.5 112 77.2 59 31.7 41 27.5
EX-smoker 50 20.5 19 13.1 73 39.2 71 477
Current smoker 22 9.0 14 9.7 54 29.0 37 24.8
Exercise habits (n, %) 0.015 0.153
more than 5 days/week 98 40.2 41 283 64 344 38 25.5
14 days/week 49 20.1 25 17.2 40 21.5 31 20.8
No exercise 97 39.8 79 54.5 82 44.1 80 537
Analgesics administration (n, %) 0.183 0.006
No 232 95.1 133 91.7 184 98.9 139 933
Yes 12 49 12 83 2 1.1 10 6.7

Notes: p-values were from the Student’s t-test for continuous variables and the chi-squared test for categorical variables; p-values < 0.05 are in bold; Non-drinker without
CP, n = 244; Non-drinker with CP, n = 145; Drinker without CP, n = 186; Drinker with CP, n = 149.
Abbreviations: BMI, body mass index; CRP, C-reactive protein; 25(OH)D, 25-hydroxyvitamin D; CP, chronic pain; SD, standard deviation.

Table 3 Interaction Between CP and Drinking Habits on Serum 25(OH)D Concentrations and Comparison of Adjusted Serum 25
(OH)D Values

Drinking Habits | CP Status | Mean | SD | Estimated Mean Difference | 95% CI pl p2 p3 p4
Lower | Upper
Non-drinker Without 2235 | 6.77 | 0.28 -1.09 1.65 0.691 | 0.021 | <0.001 | 0.098
With 21.82 | 6.40
Drinker Without 2701 | 924 | 244 0.67 4.22 0.007
With 2530 | 7.83

Notes: Analyses were adjusted for sex, age, body mass index, the smoking status, exercise habit, the analgesics administration status, the osteo sono-assessment index, grip
strength/body weight, and calf circumference/body weight; pl, p-value of the one-way analysis of covariance; p2, p-value of main effect of CP on serum 25(OH)D
concentrations; p3, p-value of main effect of drinking habits on serum 25(OH)D concentrations; p4, p-value of interaction test between CP and drinking habits on serum 25
(OH)D concentrations; p-values < 0.05 are in bold; Bonferroni multiple comparisons post hoc test was performed; Non-drinker without CP, n = 244; Non-drinker with CP,
n = 145; Drinker without CP, n = 186; Drinker with CP, n = 149.

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; CP, chronic pain; SD, standard deviation; CI, confidence interval.
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Table 4 Logistic Analysis of Chronic Pain as a Dependent
Variable with Drinking Habits as an Independent Variable

OR 95% CI p-value
Lower Upper
All Model | 1.427 1.004 2.028 0.048
Model 2 1.425 0.996 2.038 0.052
Model 3 |.467 1.018 2.114 0.040

Notes: OR indicates the odds ratio of drinking habits for chronic pain; Model I,
adjusted for sex, age, and BMI; Model 2, adjusted for sex, age, BMI, the smoking
status, and exercise habit; Model 3, adjusted for sex, age, BMI, the smoking status,
exercise habit, the analgesics administration status, the osteo sono-assessment
index, grip strength/body weight, and calf circumference/body weight; p-values <
0.05 are in bold; All, n = 724.

Abbreviations: OR, odds ratio; Cl, confidence interval; BMI, body mass index.

Table 5 Logistic Analysis of the Categorized Serum 25(OH)D
Levels as a Dependent Variable with Chronic Pain as an
Independent Variable

OR 95% ClI p-value
Lower | Upper
All Model | | 0.761 | 0.541 1.070 0.116
Model 2 | 0.777 | 0.548 1.102 0.157
Model 3 | 0.823 | 0.577 1.174 0.283
Non-drinker | Model | | 0.852 | 0.549 1.323 0.476
Model 2 | 0.896 | 0.571 1.405 0.631
Model 3 | 0.975 | 0.613 1.552 0916
Drinker Model | | 0.534 | 0.300 0.950 0.033
Model 2 | 0.502 | 0.275 0915 0.024
Model 3 | 0.499 | 0.268 0.927 0.028

Notes: OR indicates the odds ratio of chronic pain for the categorical 25(OH)D
levels; Model |, adjusted for sex, age, and BMI; Model 2, adjusted for sex, age, BMI,
the smoking status, and exercise habit; Model 3, adjusted for sex, age, BMI, the
smoking status, exercise habit, the analgesics administration status, the osteo sono-
assessment index, grip strength/body weight, and calf circumference/body weight;
p-values < 0.05 are in bold; All, n = 724; Non-drinker, n = 389; Drinker, n = 335.
Abbreviations: OR, odds ratio; Cl, confidence interval; 25(OH)D, 25-
hydroxyvitamin D; BMI, body mass index.

body weight (odds ratio: 0.499; 95% confidence interval:
0.268—0.927; p = 0.028), but not in non-drinkers.

Discussion
This cross-sectional study investigated the association
between serum 25(OH)D concentrations and CP with stra-
tification by drinking habits. The results obtained showed
that drinkers with CP had lower 25(OH)D concentrations
than those without CP. This result implies that lower 25
(OH)D concentrations correlated with CP in drinkers only.
Previous studies reported discordant findings on the rela-
tionship between serum 25(OH)D concentrations and CP.
Several large cross-sectional studies showed low 25(OH)D

concentrations with widespread CP>***  Furthermore,
a systematic review published in 2018 concluded that low
25(0OH)D concentrations may be associated with pain
conditions.>> On the other hand, large population-based stu-
dies found no relationships between 25(OH)D levels and
self-reported CP after adjustments for several confounding
factors.'**® The reasons for inconsistencies in the relation-
ship between serum 25(OH)D concentrations and CP cur-
rently remain unknown because these studies did not perform
analyses with the stratification of subjects by factors consid-
ered to affect the association between CP and 25(OH)D. To
the best of our knowledge, the present study is the first to
investigate the association between serum 25(OH)D and CP
according to drinking habits, which is assumed to influence
this relationship.

The positive effects of moderate alcohol consumption
on CP have been demonstrated.’’>° However, these find-
ings may be attributed to “reverse causation”. ‘“Reverse
causation” means that individuals with CP reduce their
alcohol intake because of the harmful effects of alcohol
on their symptoms. A Mendelian randomization study
using UK Biobank recently showed that alcohol consump-
tion did not have a positive impact on the risk of wide-
spread CP.*° In contrast, the present results suggested that
drinking habits had negative effects on CP. Previous stu-
dies only included individuals with widespread CP.*"*°
A review published in 2016 reported that the prevalence of
widespread CP was 10-15%.%' However, 40.6% of sub-
jects in the present study had CP. Therefore, we may have
included not only subjects with widespread CP but also
those with another CP status, such as osteoarthritis.
Previous cross-sectional and longitudinal studies demon-
strated a relationship between moderate alcohol consump-
tion and the development of osteoarthritis.**** Therefore,
the present results appear to support the relationship
between alcohol consumption and CP.

Although previous studies investigated the effects of
alcohol consumption on serum vitamin D concentrations,
this relationship remains unclear.'>*? In studies that
reported a positive relationship between frequent alcohol
consumption and the vitamin D status, alcohol suppressed
the secretion of parathyroid hormone, which controls
metabolism from 25(OH)D to 1,25(OH)2D in the
kidney.>**° These findings suggested that an increase in
unconverted 25(OH)D may have resulted in higher serum
25(0OH)D concentrations in drinkers. Drinkers had higher
25(OH)D concentrations than non-drinkers in the present
study. Therefore, high serum 25(OH)D concentrations
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induced by alcohol consumption seems to mean not
a favorable status of vitamin D but rather a deficiency of
1,25(0OH)2D, which is the active form of vitamin D.

Several studies have reported that vitamin D deficiency
causes a decrease in bone density, muscle weakness, and
bone sensitivity.***> Vitamin D deficiency can lead to
muscle weakness, which can cause herniated discs, and
the other study has shown that vitamin D levels are asso-
ciated with pain severity in patients with low back pain.*®
In addition, several studies have demonstrated an associa-
tion between vitamin D status and serum creatine kinase
levels or inflammatory cytokines.*”*** Furthermore, the
link between vitamin D deficiency and alteration of noci-
ception via changes in gut microbiota has previously been
detected in mice.*” Therefore, the analgesic effects of
vitamin D may be compromised in subjects with drinking
habits, owing to alcohol-induced disturbances in the meta-
bolism of 25(OH)D to 1.25(OH)2D. Furthermore, insuffi-
cient vitamin D intake may adversely affect CP in
drinkers. Drinkers with CP had a significantly lower intake
of vitamin D than those without CP in the present study.
Therefore, the association found between low 25(OH)D
concentrations and the development of CP in drinkers only
appears to support our hypothesis that drinking habits
affect the inhibitory effects of vitamin D on pain.

These results indicate the importance of maintaining
sufficient serum 25(OH)D concentrations, particularly in
drinkers. Furthermore, vitamin D supplementation appears
to be more effective for the treatment of CP in drinkers.
However, there are several limitations in the present study
that need to be addressed. The causality between serum 25
(OH)D concentrations, CP, and drinking habits remains
unclear because of the nature of this cross-sectional
study. Furthermore, we need to consider the selection
bias. In the present study, the percentage of health-
conscious individuals may have been high because the
health examination was only conducted on voluntary sub-
jects. In addition, because the participation rate in this
study was low, this study’s findings are limited in their
generalizability. Moreover, we did not include information
on the mental conditions of subjects, which may have
affected CP, because the number of subjects with complete
data of these variables was small.

Conclusion

We herein performed a cross-sectional study on Japanese
subjects to assess the association between serum 25(OH)D
concentrations and CP in drinkers and non-drinkers. An

association between 25(OH)D concentrations and CP was
only observed in drinkers. These results suggest that drin-
kers need to maintain sufficient serum 25(OH)D concen-
trations by an adequate vitamin D intake in order to
inhibit CP.
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