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Summary  Recent studies have described that vitamin D deficiency/insufficiency is associ-
ated with hypertension, insulin resistance, and dyslipidemia, which are major components 
of  metabolic syndrome causing atherosclerosis. Therefore, we investigated the relationship 
between serum 25-hydroxyvitamin D [25(OH)D] concentration and atherosclerotic disease 
risk factors in healthy Japanese adults. In the present cross-sectional study, 1,177 subjects 
(348 males and 829 females) aged 20–72 y living in Japan (34.7–35.0˚N) were evaluated 
for vitamin D status by measuring serum 25(OH)D concentration. Atherosclerotic disease 
risk factors were defined as the presence of  two or more of  the following three risk factors: 
high blood pressure, dyslipidemia, and hyperglycemia. The percentages of  vitamin D defi-
cient and insufficient subjects were 33% and 46% in males and 59% and 32% in females, 
respectively. Subjects with atherosclerotic disease risk factors were significantly older and 
had higher BMI than those without it in both sexes. Male subjects with atherosclerotic dis-
ease risk factors had significantly lower physical activity and serum 25(OH)D concentration 
than those without it. In a logistic regression analysis adjusted for confounding factors, 
serum 25(OH)D concentration showed a significant inverse association with risk factors of  
atherosclerotic disease in males (OR50.951, 95%CI: 0.906–0.998), but not in females. A 
covariance structure analysis also suggested that serum 25(OH)D level has a direct associa-
tion with risk factors of  atherosclerotic disease. In conclusion, we have demonstrated that 
low serum 25(OH)D level is a significant factor for increased atherosclerotic disease risk fac-
tors in males.
Key Words  atherosclerotic disease risk factors, 25-hydroxyvitamin D, metabolic syn-
drome, vitamin D insufficiency, Japanese

Metabolic syndrome (MetS) refers to a state in which 
accumulated visceral fat causes insulin resistance, clus-
tering of  multiple risks such as hypertension, dyslipid-

emia, and hyperglycemia, thereby enhancing the pro-
gression of  atherosclerosis and increasing the risk for 
cerebrovascular diseases and cardiovascular events (1). 
Considering that the above-mentioned diseases are as-
sociated with increased mortality and morbidity in 
many countries including Japan (https://www.mhlw.
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go.jp/toukei/saikin/hw/jinkou/geppo/nengai20/dL/gai 
kyouR2.pdf), and percentage of  subjects strongly sus-
pected to have MetS was as high as 28.2% in males and 
10.3% in females according to the National Health and 
Nutrition Examination Survey 2019 (https://www.
mhlw.go.jp/content/000711007.pdf), the prevention of  
MetS and arteriosclerosis is of  crucial societal impor-
tance.

The most fundamental function of  vitamin D is to 
promote the absorption of  calcium from the intestinal 
tract, and its deficiency increases the risk of  rickets and 
osteomalacia (2). Even vitamin D insufficiency, milder 
than deficiency, is a serious risk for fracture. Recently, 
extra-skeletal action of  vitamin D is increasingly recog-
nized, and vitamin D deficiency/insufficiency has been 
also reported to affect hypertension, insulin resistance, 
and dyslipidemia (3). Vitamin D deficiency/insufficiency 
is highly prevalent worldwide and also in Japan (4). 
Therefore, improving vitamin D status was considered 
likely to be beneficial for prevention of  MetS.

The mechanisms underlying the above-mentioned 
MetS prevention by vitamin D have been postulated as 
below; 1a,25-dihydroxy-vitamin D [1,25(OH)2D] which 
is the active form of  vitamin D negatively regulates 
renin transcription through a vitamin D receptor (VDR)- 
mediated mechanism (5). Lack of  VDR was associated 
with impaired glucose tolerance and insulin secretion 
(6), since 1,25(OH)2D3 may play important roles in 
insulin receptor levels and insulin-stimulated glucose 
transport (7). The effect of  vitamin D on lipid metabo-
lism might be exerted through the effect of  1,25(OH)2D3 
and 25-hydroxyvitamin D [25(OH)D] on sterol regula-
tory element binding protein-1c (SREBP-1c), which reg-
ulates lipogenesis, and peroxisome proliferator-activated 
receptor a (PPARa), and promotion of  lipid b-oxidation 
(8, 9). Other possible mechanisms include vitamin D 
affecting serum lipids through increased calcium levels, 
which may reduce the formation and/or secretion of  
triglyceride in the liver, and influence both insulin secre-
tion and sensitivity, thereby indirectly affecting lipid 
metabolism (10). These mechanisms, however, have not 
been fully established. In a meta-analysis of  cross-sec-
tional studies, serum 25(OH)D, which is the best indica-
tor of  vitamin D nutritional status, was negatively asso-
ciated with the prevalence of  MetS (11). Although vari-
ous meta-analyses have been reported, most of  the 
studies were conducted on Western subjects, suggesting 
the need for studies in Japanese. A more recent cross- 
sectional study of  1,790 Japanese workers has also 
described that higher serum 25(OH)D level was associ-
ated with lower odds for MetS (12). However, this paper 
is not free from methodological problems, e.g., analysis 
of  males and females as a whole despite marked gender 
differences in MetS prevalence. In addition, physical 
activity had a positive correlation with serum 25(OH)D 
concentration (13–15) and were also associated with 
the risk of  atherosclerotic disease (16, 17). Thus, decid-
ing whether vitamin D affects the atherosclerotic dis-
ease risks directly or indirectly through physical activity 
would greatly enhance our understanding of  vitamin D 

action.
Based on these considerations, we have investigated 

the relationship between 25(OH)D concentrations and 
the risk factors of  atherosclerotic disease, evaluated the 
predictive value of  serum 25(OH)D for the risk, and 
determined the possible involvement of  physical activity 
in mediating the vitamin D action in healthy Japanese 
adults in males and females.

MATERIALS AND METHODS

Subjects.  All subjects were recruited at RIKEN; Insti-
tute of  Physical and Chemical Research (Japan) in Kobe 
(34.7˚N) between September 2018 and February 2019, 
including 1,193 subjects aged 20–72 y living in Kinki 
Area, Japan (34.7–35.0˚N). Sixteen subjects were 
excluded because of  the lack of  25(OH)D measure-
ments and/or atherosclerotic disease risk factors, and 
data from 1,177 (348 males and 829 females) subjects 
were used for analyses. Detailed information was given, 
and written consent was obtained from the subject. The 
study protocol was approved by the ethical committee 
in RIKEN (Approval number: Kobe2 2017-04(6)).

Measurement of  serum 25-hydroxyvitamin D concentra-
tion.  No specification was made regarding the time of  
blood collection. After centrifugation, serum was kept 
frozen at 280˚C until analysis. Serum vitamin D metab-
olites were measured by liquid chromatography-tandem 
mass spectrometry (LC-APCI-MS/MS) (18), with the  
following modification; derivation of  extracted vitamin 
D metabolites by 4-[2-(6,7-dimethoxy-4-methyl-​3-​oxo-​
3,4-​dihydroquinoxalyl)ethyl]-1,2,4-triazoline-3,5-dione 
(DMEQ-TAD) to acquire higher sensitivity by increased 
ionization efficiency (19). The subjects were divided into 
three groups based on their serum 25(OH)D concentra-
tions: deficiency (,20 ng/mL), insufficiency ($20 and 
,30 ng/mL), and sufficiency ($30 ng/mL) (2, 20).

Assessment of  covariates.  Information on demo-
graphic characteristics, e.g. age and sex, and medical 
histories were obtained. Collection of  basic information, 
including smoking history, drinking habits, use of  vita-
min D or medicine, physical activity, and questionnaire 
on diet were completed online. BMI was calculated from 
the individual height and weight. The season of  blood 
draw was divided into summer (July–September), fall 
(October–December), and winter (January–March). Se-
rum concentrations of  the following parameters were 
measured; serum concentration of  total cholesterol 
(Tch), HDL-cholesterol (HDL-C), diacron reactive oxy-
gen metabolites (d-ROMs), and blood hemoglobin A1c 
(HbA1c) level.

Definition of  atherosclerotic disease risk factors.  MetS 
is characterized by increased visceral adiposity, which is 
evaluated using computed tomography, waist circum-
ference (WC) being the surrogate for the screening pur-
pose (21). WC measurement, however, carries various 
diagnostic problems such as no internationally ac-
knowledged cut-off  value with marked country-to- 
country variation. Also, WC measurement is optional, 
or not included in the diagnosis of  MetS outside Japan 
(1). Although the Japanese diagnostic criteria for MetS 
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include increased WC plus at least two of  the following 
three indices: high blood pressure, dyslipidemia, and  
hyperglycemia, WC measurements were not included  
in this study based on the above consideration. Since 
the subjects in the present study included those with 
non-fasting blood samples, we have adopted an assess-
ment of  possible metabolic syndrome employed in the 
National Health and Nutrition Survey Japan (https://
www.mhlw.go.jp/content/000711004.pdf), which had 
similar blood sampling conditions. In brief, participants 
were diagnosed as having atherosclerotic disease risk 
factors if  they have two or more of  the following three 
factors: (1) high blood pressure: systolic blood pressure 
(SBP)$130 mmHg, diastolic blood pressure (DBP)$85 
mmHg, or under-treatment of  hypertension; (2) dyslip-
idemia: HDL-C,40 mg/dL or under-​treatment of  dys-
lipidemia; (3) HbA1c$6.0% or under-​treatment of  dia-
betes.

Statistical analysis.  Statistical analyses were per-
formed using IBM SPSS Statistics version 27.0 J (IBM, 
Armonk, NY, USA). Median (1st quartile, 3rd quartile) 
were calculated for all continuous variables, while abso-
lute number and percentages were calculated for cate-
gorical variables. Comparison between the two indepen-
dent groups was made by Mann-Whitney test. Contin-
gency tables were analyzed by chi-square test in com-
plex sample analysis. Binomial logistic regression analy-
ses were performed to identify factors contributing to 
risk factors of  atherosclerotic disease. Model 1 was ad-
justed by age, and sex (adopted for the analysis of  total 
only), and model 2 was additionally adjusted by BMI, 
smoking history, drinking habits, and physical activity. 
The same adjustment factors were used in the analysis 
with categorical data on vitamin D nutritional status. A 
receiver operating characteristic curve (ROC) was used 
to calculate the detective ability and cut-off  value of   
serum 25(OH)D level for the presence of  risk factors of  
atherosclerotic disease.

Two parameters, quite likely to be associated with 
risk factors of  atherosclerotic disease; serum 25(OH)D 
concentration and physical activity, were significantly 
associated in men (Spearman’s correlation r50.381, 
p,​0.001). Then, vitamin D status was considered likely 

to affect the atherosclerotic disease risk factors both 
directly and indirectly through physical activity, since 
muscle strength is significantly influenced by vitamin D 
status. Therefore, we performed covariance structure 
analysis in males to determine the potential mediation 
effect of  physical activity, which consisted of  serum 
25(OH)D level (cause), physical activity (mediator), and 
the number of  atherosclerotic disease risk factors (out-
come) (Fig. 1). The mediation models the maximum 
likelihood method was used to verify the mediation 
effects, the SE (standard error) for direct and indirect 
effects (22). This analysis was performed using IBM 
SPSS Amos version 27.0 J (IBM).

The statistical significance assumed for all analyses 
was defined as a two-tailed p,​0.05.

RESULTS

Study subjects consisting of  1,177 subjects (348 
males and 829 females) were analyzed. The percentage 
of  subjects with atherosclerotic disease risk factors was 
14.4% in males and 3.3% in females. The percentages 
of  subjects with vitamin D deficiency and insufficiency 
were 33% and 46% in males and 59% and 32% in 
females. Table 1 describes the characteristics of  subjects 
with or without atherosclerotic disease risk factors. In 
both genders, subjects with atherosclerotic disease risk 
factors were significantly older and had higher BMI 
than those without it. Blood pressure and HbA1c level 
were higher, and HDL-C was lower in both subjects with 
atherosclerotic disease risk factors. Male subjects with 
atherosclerotic disease risk factors had a higher per-
centage of  rarely performing physical activity than 
those without it, while in females, the prevalence of  ele-
vated d-ROMs was significantly higher in subjects with 
atherosclerotic disease risk factors than the counter-
part. Male subjects with atherosclerotic disease risk fac-
tors had significantly lower serum 25(OH)D concentra-
tion and lower prevalence of  vitamin D sufficiency than 
those without it.

Table 2 shows that serum 25(OH)D concentration 
was significantly inversely associated with the presence 
of  risk factors of  atherosclerotic disease in males, but 
not in females in model 1. After additional adjustment 

Fig.  1.  A model for conceptualizing physical activity habits as a mediator of  the relationship between serum 25(OH)D 
concentrations and the number of  atherosclerotic disease risk factors in males. In the figure, the numbers of  A-path and 
B-path indicate the value of  the standardized total effect. Solid and double lines indicate significant effects. The model was 
adjusted by age and BMI. The direct effect of  serum 25(OH)D concentration on the number of  atherosclerotic disease risk 
factors was greater than the indirect effect. Chi-square test54.654, p5 0.098.
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(model 2), the association remained statistically signifi-
cant only in males with the odds ratio (95%CI) of  0.951 
(0.906–0.998). Furthermore, the odds ratio was signifi-
cantly lower only in the vitamin D sufficiency group 
compared to the vitamin D deficiency group (Table 3).

The relationship between 25(OH)D level and the pres-
ence of  atherosclerotic disease risk factors was analyzed 
by the ROC analysis. The area under the curve (AUC) 
was 0.62 (95%CI: 0.54–0.70) in males (Fig. 2). 
Although serum 25(OH)D concentration significantly 
predicted atherosclerotic disease risk factors, we have 
decided not to calculate the cutoff  values, since the AUC 

was not considered high enough to yield a cutoff  value 
with high reliability.

As shown in Fig. 1, serum 25(OH)D level directly 
exerted a negative effect on the atherosclerotic disease 
risk factors. Although serum 25(OH)D exerted a strong 
positive effect on physical activity habit, the contribu-
tion of  physical activity habit on the risk was limited. 
Then, it was considered that the overall indirect effect 
of  vitamin D status was small, and serum 25(OH)D 
level mostly directly decreased the risk factors of  athero-
sclerotic disease.

Table  2.  Multivariable-adjusted ORs (95%CI) for risk factors of  atherosclerotic disease according to continuous of  serum 
25(OH)D.

25(OH)D Number of  cases, n (%)
ORs (95%CI)

Model 1 Model 2

Total 77/1,177 (6.5) 0.946 (0.914–0.979) 0.962 (0.928–0.996)
p-value 0.001 0.031
Males 50/348 (14.4) 0.933 (0.895–0.974) 0.951 (0.906–0.998)
p-value 0.001 0.042
Females 27/829 (3.3) 0.970 (0.916–1.026) 0.987 (0.930–1.048)
p-value 0.284 0.668

Backward Elimination (Likelihood Ratio).
Model 1 adjusted covariates for age (continuous) and sex (total only, males or females).
Model 2 adjusted covariates for model 1 plus BMI (,25 or $25), smoking history (never or ever), drinking habits (never/
less than ones a month, 2–3 times a month/less than ones a week, 2–3 times a week or 4 times a week or more), and phys-
ical activity (not at all, 1–2 times a month, ones a week or 2 times a week or more).
25(OH)D, 25-hydroxyvitamin D.

Table  3.  Multivariable-adjusted ORs (95%CI) for risk factors of  atherosclerotic disease according to categorical type of  
serum 25(OH)D.

25(OH)D Number of  cases, n (%)
ORs (95%CI)

Model 1 Model 2

Total
Categorical type of  25(OH)D
  Deficiency 38 (6.3) 1.00 (reference) 1.00 (reference)
  Insufficiency 33 (7.7) 0.744 (0.439–1.262) 0.929 (0.531–1.623)
  Sufficiency 6 (4.1) 0.234 (0.092–0.598) 0.330 (0.125–0.868)
Males
Categorical type of  25(OH)D
  Deficiency 23 (20.2) 1.00 (reference) 1.00 (reference)
  Insufficiency 23 (14.3) 0.596 (0.307–1.157) 0.694 (0.341–1.412)
  Sufficiency 4 (5.5) 0.164 (0.052–0.511) 0.258 (0.076–0.874)
Females
Categorical type of  25(OH)D
  Deficiency 15 (3.1) 1.00 (reference) 1.00 (reference)
  Insufficiency 10 (3.7) 0.954 (0.411–2.215) 1.275 (0.505–3.221)
  Sufficiency 2 (2.7) 0.564 (0.123–2.587) 0.708 (0.131–3.833)

Backward Elimination (Likelihood Ratio).
Model 1 adjusted covariates for age (continuous) and sex (total only, males or females).
Model 2 adjusted covariates for model 1 plus BMI (,25 or $25), smoking history (never or ever), drinking habits (never/
less than ones a month, 2–3 times a month/less than ones a week, 2–3 times a week or 4 times a week or more), and phys-
ical activity (not at all, 1–2 times a month, ones a week or 2 times a week or more).
25(OH)D, 25-hydroxyvitamin D.
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DISCUSSION

The present cross-sectional study has revealed that 
higher serum 25(OH)D level is associated with a lower 
risk factors of  atherosclerotic disease in males. There 
have been several reports on the association between 
serum 25(OH)D level and atherosclerotic disease risk, 
some showing significant negative correlation, which is 
consistent with our data (9, 23–25), whereas others 
reporting no association (26, 27).

One possible reason for such discrepancy would be 
the different circulating 25(OH)D levels of  the subjects. 
For example, the 25(OH)D levels in the American study 
subjects were higher than those in our study subjects, 
with small-subject variance (26), whereas in the Indian 
study, most subjects had deficiency levels of  25(OH)D,​
20 ng/mL (27). A meta-analysis of  cross-sectional  
studies, however, suggested that circulating levels of  
25(OH)D had a significant negative contribution to the 
risk of  atherosclerotic disease (11, 28).

In the present study, a negative association between 
serum 25(OH)D concentration and the presence of  risk 
factors of  atherosclerotic disease was observed only in 
males, which is consistent with several previous studies 
(29–32). For example, in a study including 43,837 par-
ticipants aged 18–96 y, an inverse association between 
25(OH)D and the risk of  MetS was observed, which was 
more marked in males than in females by sex-stratified 

analysis (29). Involvement of  menstrual status has also 
been reported. For example, Chun et al. have also re-
ported a significantly higher odds ratio of  MetS in sub-
jects with vitamin D deficiency (25(OH)D,20 ng/mL) 
in postmenopausal females than those without it, 
which, however, was not observed in premenopausal  
females (33). Taken together, one of  the possible expla-
nations for the observed sex differences would be the  
effect of  estrogen on metabolic disorders (34).

We have not shown the cutoff  value, since the AUC 
value was considered not high enough. On the other 
hand, the presence of  atherosclerotic disease risk fac-
tors was significantly decreased only at the vitamin D 
sufficiency level ($30 ng/mL), not at the vitamin D in-
sufficiency level ($20 and ,30 ng/mL). However, the 
percentage of  subjects with vitamin D sufficiency is 
small, and the data are not sufficiently well evidenced. 
Of  the few studies calculating the cut-off  value for  
the MetS risk, Lu et al. have reported that the serum 
25(OH)D cutoff  value for MetS risk in Chinese adults 
was 15.655 ng/mL (35). There also have been reports 
on the cut-off  value of  25(OH)D for cardiovascular dis-
eases (CVD); the outcome of  atherosclerosis. A dose-re-
sponse meta-analysis of  prospective studies has demon-
strated a low risk of  CVD events at serum 25(OH)D 
above 25 ng/mL (36) and an increased risk of  CVD  
below 24 ng/mL (37). These apparent discrepancies 
may be due to the older age of  Lu’s study subjects and 
lower 25(OH)D values than in the CVD studies. Al-
though no significant relationship was found between 
blood 25(OH)D levels and MetS in the meta-analyses of  
longitudinal studies (11, 28), favorable effects have 
been reported on the MetS components by vitamin D 
supplementation in the previous RCTs (3, 38–40). 
Therefore, further studies are needed to clarify the 
causal relationship and determine the optimal range of  
circulating levels of  25(OH)D for decreasing the risk of  
atherosclerotic disease.

We have also shown that serum 25(OH)D negatively 
affects atherosclerotic disease risk factors mostly 
through direct action with little contribution by indirect 
effects through increased physical activity, which is 
consistent with the report by Su et al., who have de-
scribed that serum 25(OH)D is a significant predictor of  
cardiovascular events and death even after adjustment 
by physical activity (41). Thus, the preventive effects of  
vitamin D on atherosclerosis were considered to be 
mainly a direct one such as improvement of  insulin  
resistance.

The present study has several strengths. First, sex dif-
ferences are considered in our analysis. Second, serum 
25(OH)D concentrations were measured using LC-MS/
MS methods, which is a gold-standard procedure. Third, 
we have revealed a direct association of  serum 25(OH)D 
level with risk factors of  atherosclerotic disease. Our 
study also has several limitations. Due to the cross-sec-
tional study design, the causal effect of  serum 25(OH)D 
on the risk of  atherosclerotic disease cannot be proven. 
Second, the number of  subjects remains modesty. Third, 
data on vitamin D intake have not been collected.

Fig.  2.  ROC curve of  serum 25(OH)D concentration 
reflecting the presence of  risk factors of  atherosclerotic 
disease. The detective ability and cut-off  value of  serum 
25(OH)D level for atherosclerotic disease risk factors 
were evaluated by ROC analysis. For the presence of  
atherosclerotic disease risk factors, AUC was 0.62 
(95%CI: 0.54–0.70), and the cut-off  value was deter-
mined to be 23 ng/mL with the specificity and sensitiv-
ity being 54.0% and 63.5%, respectively.
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In conclusion, the present study suggested that serum 
25(OH)D concentration is negatively correlated with 
risk factors of  atherosclerotic disease in males.
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