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Low 25OHD levels have been associated with skeletal muscle 
strength and physical performance [3]. In a previous study, we also 
showed that 25OHD supplementation was associated with improved 
serum 25OHD levels and possibly improved 4-m gait speed [4].

The present study was designed to investigate the effect of latitude 
on 25OHD levels and muscle weights in different three latitude 
areas. Moreover, since muscle atrophy may be linked to long-term 
dexamethasone (DEX) use [7] and DEX injured C2C12 myotubesin 
vitro [8], we also investigated whether 25OHD treatment of DEX-
induced C2C12 myotubes could prevent muscle atrophy.

Introduction

Vitamin D is a secosteroid associated with peripheral calcium 
homeostasis and nervous system function, cancer, cardiovascular 
problems, autoimmune diseases, respiratory infections and allergies 
[1,2]. Vitamin D is available in two forms, vitamin D2 from plants 
and D3 from animals. Both vitamin D2 and D3 are biologically inert 
and require activation through two hydroxylation processes involving 
25-hydrooxylase (CYP2R1) and 1α-hydroxylase (CYP27B1), 
which are located in the liver and the kidney, respectively [2]. 1, 
25-Dihydroxyvitamin D is a biologically active metabolite produced 
by two hydroxylation reaction steps [2].

Vitamin D is also a liposoluble pleiotropic hormone and vitamin D3 
is synthesized in the skin from cholesterol precursors upon exposure 
to solar UVB radiation [1,5]. Latitude affects both the quantity and 
quality of solar UVB reaching the earth’s surface and its role in the 
effective photoconversion of 7-dehydrocholesterol to previtamin D3 
[2,6]. Therefore, high latitude affects the synthesis of 25-hydroxy 
vitamin D (25OHD) in the skin and low sun exposure with vitamin 
D deficiency.
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analyzed using a Chi-square test. Limb and trunk muscle weight and body composition were measured 
using direct segmental multi-frequency bioelectrical impedance analysis. Correlations between the 
prevalence of 25OHD deficiency and latitude, and skeletal muscle mass and 25OHD levels in 25OHD 
insufficient subjects were assessed via Pearson correlation coefficients. C2C12 myoblast atrophy was 
induced with 50 µM dexamethasone (DEX) with and without various concentrations of 25OHD and 
intracellular ATP level and protein were analyzed.
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deficiency in three areas was observed (ɤ= 0.981). 25OHD was weakly correlated with limb and 
trunk skeletal muscles. DEX treatment alone decreased myotube ATP significantly. 25OHD induced 
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Materials & Methods

Subjects and setting

Prior to this study, approval was obtained from the ethics committee 
of Aichi Medical University Ethics Review Board (2017-M052) in 
Japan. A total of 79 healthy adults age ≥65 years were included in the 
study, from among adult day-care center clients in Uji city (n= 23, 
Kyoto, 34.53 degrees N), Eiheiji-cho (n= 30, Fukui, 36.06 degree N) 
and Nanaocity (n= 26, Ishikawa, 37.02 degree N). These areas were 
selected for the differences in their daylight hours. The annual daylight 
hours were maximum in Uji (1958.8 h/year), and minimum in Nanao 
city (1456.3 h/year) (Figure 1). Study researchers were present at the 
adult day-care centersto assure the proper management of safety and 
confidentiality of the study. The managers of the adult day-care centers 
invited clients to participate in the study, and subjects were enrolled 
from August in 2019 to February in 2020. After obtaining informed 
consent from a family member belonging to the same household, 
26 Japanese men (age: 72.6 ± 5.9) and 53 women (age: 77.3 ± 7.3) 
were enrolled in the study. Physical function could be tested even in 
subjects who used wheelchairs.

Serum 25OHD assay

Blood was collected by venipuncture and serum 25OHD 
concentration was measured by Kyoto Biken Laboratories Inc. (Kyoto, 
Japan), Nikken Igaku Co. (Fukui, Japan) and Falco Holdings Co. 
(Kyoto, Japan). In the subjects, the 25OHD levels were classified as 
either deficient (<20) or insufficient (≥20 to 29.9).

Int J Nurs Clin Pract                                                                                                                                                                                               IJNCP, an open access journal                                                                     
ISSN: 2394-4978                                                                                                                                                                                                      Volume 9. 2022. 355

Citation: Hasegawa N, Shimizu N, Yamada T, Tsubouchi Y, Mochizuki M, et al. (2022) Association between Serum Vitamin D Levels and Muscle Weight of Adult 
Day-Care Center Clients in Three Different Latitude Areas of Japan. Int J Nurs Clin Pract 9: 355. doi: https://doi.org/10.15344/2394-4978/2022/355

   Page 2 of 5

Muscle weight

Body composition was measured using bioelectrical impedance 
analysis (InBody 430; InBody Japan, Tokyo, Japan), from which the 
skeletal muscle index (SMI) was calculated. The SMI was defined 
as the muscle weight of the four limbs and trunk divided by height 
squared in meters.

Cell culture and ATP assay

C2C12 cells obtained from the Riken Cell Bank (Ibaraki, Japan) were 
maintained in Dulbecco’s modified Eagle’s medium (DMEM)with 
25mM glucose supplemented with 10% fetal bovine serum (Gibco, 
Life Technologies) and 1% penicillin-streptomycin (Sigma). The cells 
were then incubated at 37°C in an atmosphere of 5% CO2/95% air [7]. 
Myoblast fusion to form C2C12 myotubes was induced by culturing 
cells for 5 days in DMEM containing 2% horse serum (Gibco, Life 
Technologies). Afterward, C2C12 myotubes were treated with 50µM 
DEX with and without various concentrations of 25OHD for 24h. 
C2C12 myotubes were lysed using ATP lysis buffer, and intracellular 
ATP levels and protein were analyzed using ATP Detection Assay Kit 
- Luminescence (Cayman, USA.) and PierceTM BCA protein assay kit 
(Thermo fisher Scientific, USA), respectively.

Statistical analyses

Pearson’s χ2 independence test was conducted to examine the 
relationship between 25OHD insufficiency and deficiency in each of 
the three areas. The correlations between the prevalence of 25OHD 
deficiency and latitude, and SIM and 25OHD levels in insufficient 
subjects, were assessed using Pearson correlation coefficients. 

Figure 1: Location of the three subject areas in Japan.

https://doi.org/10.15344/2394-4978/2022/355


Furthermore, ATP levels were expressed as mean±SEM, and the mean 
values of each group were compared in a one way analysis of variance 
and evaluated using Student’s t-test. A p-value of <0.05 was considered 
to be statistically significant. Analyses were carried out using SPSS 21 
for Windows (IBM, Japan).

Results

Study subjects

Characteristics of the study subjects are shown in Table 1. Obesity 
was defined as a body-mass index (BMI) of ≥25.0 kg/m2. The 
prevalence of obesity determined by BMI was 38.5% in males and 
35.8% in females. This showed a tendency to obesity in comparison 
with the standard for 65-74-year-old Japanese (21.5 - 24.9%) [9].

Serum 25OHD was classified as normal (≥30 ng/ml), insufficient 
(>20 to 29.9), or deficient (≤20). In the subjects of this study, the level 
was either deficient or insufficient. The results of a Chi-square test 
revealed significant differences among the three areas (χ2 = 7.919, 
p= 0.019, φ= 2).
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Latitude and 25OHD deficiency

A positive association (ɤ= 0.981) was observed between degree of 
latitude and the prevalence of 25OHD deficiency in the three areas 
(Figure 2).

25OHD and skeletal muscles

The correlation between 25OHD and the muscles of the four limbs 
and trunk is shown in Figure 3. Skeletal muscle of the trunk and four 
limbs had a weak positive correlation with 25OHD.

In the criteria of the Asian Working Group for Sarcopenia (AWGS), 
sarcopenia is defined as having low muscle mass (< 7.0 kg/m2 for 
males and <5.7 kg/m2 for females) [10]. In this study, the prevalence 
of sarcopenia was 25.3% (20/79) for all subjects; 26.9% (7/26) for 
male and 24.5% (13/53) for female day-care center clients according 
to the AWGS criteria. In a 5.8-year prospective study of Japanese 
community-dwelling elderly aged 75-79 years, the prevalence of 
sarcopenia was 22.0% in men and women [11]. These results suggest 
that in men and women, there is a difference depending on residence 
statuses.

Area Age No. of participants 
(% male)

BMI 25(OH)D a

Sufficient Insufficient (%) Deficient (%)

Uji City 72.5 ± 3.6 23 (21.7) 23.3 ± 2.4 0 13 (56.5) 10 (43.5)

Eiheiji-cho 83.0 ± 5.1 30 (16.7) 23.9 ± 2.9 0 9 (30.0) 21 (70.0)

Nanao City 73.6 ± 6.5 26 (34.6) 23.4 ± 2.8 0 5 (19.2) 21 (80.8)

Figure 2: Degree of latitude and percentage of 25OHD deficient subjects.

Table 1. Characteristics of study subjects in the three areas (mean±SD).
a: P<0.05.
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25OHD reverses C2C12 myotube atrophy induced by DEX

C2C12 cells are known to differentiate into myotubes and show 
atrophy in the presence of DEX [6]. DEX treatment alone decreased 
myotube ATP significantly (Figure 4). 25OHD induced an increase 
in the cellular ATP concentrations in the presence of DEX in a dose-
response manner (Figure 4). These results indicate that 25OHD 
reversed muscle atrophy in C2C12 cells.
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C2C12 cells were cultured with DEX for 24h with and without 
2.2, 5.9 and 28.6 ng/mL of 25OHD. Lysate was subjected to ATP 
and protein assay. Results are presented as the mean±SEM of four 
experiments: **P<0.01 or *P<0.05 as compared with control groups.

Discussion

In higher latitudes areas, reduced sun exposure due to shorter 
daytime is associated with a higher risk of vitamin D deficiency [6,12]. 

Figure 3: 25OHD and skeletal muscles.
(A) SMI of limb muscles. (B) SMI of trunk muscles.

Figure 4: 25OHD reverses DEX-induced C2C12 myotube atrophy.
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Low vitamin D has been associated with a risk of developing 
sarcopenia [13,14]. In a previous study, we showed that 25OHD 
supplementation was associated with improved serum 25OHD levels 
and possibly improved 4m gait speed [4].

In this study, high latitude significantly affected 25OHD skin 
synthesis and muscle weight. Many previous studies have shown that 
herbal medicines and marine carotenoids having strong antioxidant 
properties enhance the prevention of DEX-induced injury of C2C12 
myotubes [8,15]. Vitamin D mitigates reactive oxygen production 
and prevents muscle damage [16]. In our study, 25OHD was also 
shown to prevent DEX-induced muscle atrophy at the insufficient 
concentration (20-30ng/mL). These results suggest that 25OHD has 
beneficial effects on oxidative stress in skeletal muscles and muscle 
regeneration following injury.

These facts indicate the need to adopt active sunbathing in day-care 
services in winter or at institutions located at higher latitudes.

 
Changes in dietary foods also affect vitamin D status. In a previous 

study, we showed that 9 month intake of 25OHD increased serum 
25OHD within the insufficient and sufficient levels [17]. Thus, daily 
oral doses of vitamin D supplementation can also help to maintain 
serum 25OHD concentration.

Conclusion

The findings of this study indicate the need to actively adopt 
sunbathing in day-care services in winter or at institutions located at 
higher latitudes to prevent sarcopenia.
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