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Abstract

Background and aims—Calcific aortic valve disease (CAVD) is the most common valve 

disease. Although micronutrients are known to contribute to cardiovascular disease, the 

relationship with CAVD remains poorly evaluated. We examined the association of serum levels of 

magnesium, phosphorus, and calcium with prevalence, incidence, and progression of aortic valve 

calcification (AVC).

Methods—We conducted a prospective study in a population-based sample of Japanese men 

aged 40–79 years without known cardiovascular disease and chronic kidney disease at baseline, 

and quantified AVC from serial computed tomographic images with the Agatston method.

Results—Of 938 participants at baseline (mean age, 63.7±9.9 years), AVC prevalence was 

observed in 173 (18.4%). Of 596 participants without baseline AVC at follow-up (median 
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duration, 5.1 years), AVC incidence was observed in 138 (23.2%). After adjustment for 

demographics, behaviors and cardiovascular risk factors, relative risks (95% confidence intervals) 

in the highest versus lowest categories of serum magnesium, phosphorus, and calcium were 0.62 

(0.44–0.86), 1.45 (1.02–2.04), and 1.43 (0.95–2.15), respectively, for AVC prevalence and 0.62 

(0.42–0.92), 1.93 (1.28–2.91), and 1.09 (0.77–1.55), respectively, for AVC incidence. Their linear 

trends of serum magnesium and phosphorus were also all statistically significant. Of 131 

participants with baseline AVC, there was no association of any serum micronutrients with AVC 

progression.

Conclusions—Serum magnesium was inversely associated, while serum phosphorus was 

positively associated, with AVC prevalence and incidence, suggesting that these serum 

micronutrients may be potential candidates for risk prediction or prevention of CAVD, and 

warranting further studies.
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1. INTRODUCTION

Calcific aortic valve disease (CAVD) is the most common heart valve disease worldwide.1 

CAVD was historically thought to result from passive degeneration because of aging in 

association with calcium accumulation.2 However, CAVD is now recognized as an 

independent predictor for cardiovascular diseases (CVD)3,4 and as a predecessor to aortic 

stenosis,5,6 the third most common CVD in developed countries,5 and the most common 

cause of heart valve replacement.7 In addition, there is no known effective therapy or 

prevention for CAVD, with large randomized trials failing to reduce the progression of aortic 

stenosis.8,9 Thus, the cellular mechanisms, risk factors, and therapeutic interventions for 

CAVD are widely studied.1,5

Magnesium, phosphorus, and calcium are micronutrients traditionally characterized in 

relation to bone health or chronic kidney disease (CKD), and meanwhile they are also 

considered to be associated with the risk of CVD10–14 and subclinical coronary 

atherosclerosis.15 Serum magnesium has broad physiological roles in the cardiovascular 

system; for example, low serum magnesium is associated with impaired glucose homeostasis 

and insulin action, elevated blood pressure, metabolic disorder, endothelial dysfunction, and 

excessive inflammation.16,17 Elevated serum phosphorus and calcium was also hypothesized 

to promote atherogenesis through vascular calcification.18,19

Despite their relevance to CVD, there are limited data on the association of these 

micronutrients with CAVD. Subclinical early stage of CAVD is characterized by aortic valve 

calcification (AVC), with only two studies in the general population examining the 

relationship of serum phosphate or calcium with AVC prevalence,20,21 incidence, and 

progression.21 In addition, few studies have examined the association of serum magnesium 

with AVC. Therefore, in the present study, we aimed to examine the associations of serum 

levels of magnesium, phosphorus, and calcium with AVC prevalence, incidence, and 

progression in a Japanese general population using quantitative AVC scores evaluated by 
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serial computed tomography (CT) scans during a median follow-up of 5.1 years. Given that 

the subclinical early stage of CAVD (AVC) is an alternative key target for prevention and 

treatment,5,22 this investigation in apparently healthy participants is of great interest.

2. PATIENTS AND METHODS

2.1. Study participants

The Shiga Epidemiological Study of Subclinical Atherosclerosis (SESSA) is an ongoing 

prospective population-based study of a random sample from a general Japanese population.
23 In brief, 1094 Japanese men aged 40–79 years, residents of Kusatsu City, Shiga in Japan, 

participated in the baseline survey from 2006 to 2008. After excluding those with a history 

of aortic valve replacement (n = 4), myocardial infarction or stroke (n = 66), CKD (n = 41), 

with triglycerides ≥ 400 mg/dL (n = 15; as we used Friedwald’s formula to estimate low 

density lipoprotein cholesterol levels24), and with missing information on CT data, serum 

micronutrients, and other covariates (n = 30), a total of 938 men were analyzed for AVC 

prevalence. Participants to the baseline survey were invited for a follow-up examination 

between 2010–2014. After excluding those who died or were lost to follow-up (n = 202) and 

those with missing CT data (n = 9), a total of 727 participants were included for analysis of 

AVC incidence or progression. The present study was approved by the Institutional Review 

Board of Shiga University of Medical Science (No. 17–19, 17–83; Otsu, Japan), and all 

participants provided written informed consent.

2.2. Exposure and covariate measurement

Venipuncture was performed early in the clinic visit after fasting for at least at 12 hour. We 

separated serum by centrifugation (3000 revolutions/min, for 15 min) at 4°C within 90 min. 

Samples for routine tests were sent to the laboratory, and other samples were frozen at 

−70°C until analysis. Serum magnesium, phosphorus, and calcium were quantified using the 

xylidyl blue-I method, molybdate blue colorimetric method (Sekisui Medical, Tokyo, 

Japan), and arsenazo III method (NIPRO, Osaka, Japan), respectively. The intra and 

interassay coefficients of variation for serum micronutrients levels were <2.4%. Serum 

albumin levels were measured using the bromocresol green assay (Wako Pure Chemical 

Industries, Osaka, Japan). The intra and interassay coefficients of variation for serum 

albumin levels were <2.8%. As typically performed in the clinical setting, serum calcium 

was adjusted for serum albumin using the following equation: corrected calcium = measured 

total calcium (mg/dL) + 0.8 × [4.0 − serum albumin (g/dL)] if the serum albumin levels are 

<4 g/dL.14 Herein, all results reported for calcium are based on the serum albumin–corrected 

variable.

Plasma glucose levels were determined from NaF-treated plasma using a hexokinase 

glucose–6 phosphate–dehydrogenase enzymatic assay, hemoglobin A1c (HbA1c) was 

measured by latex agglutination immunoassay (Kyowa Medix, Tokyo, Japan). Lipid 

measurements were standardized according to the protocol of the Centers for Disease 

Control and Prevention/Cholesterol Reference Method Laboratory Network. Total 

cholesterol and triglycerides were measured using enzymatic assays, and high-density 

lipoprotein cholesterol was determined using a direct method. Low-density lipoprotein 
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cholesterol levels were estimated using Friedewald’s formula.24 C-reactive protein was 

measured by nephelometry using a BN II analyzer with an interassay coefficient of variation 

ranging from 4.5% to 4.6%. Cystatin C was measured using a colloidal gold enhanced 

immunoturbidimetry method (Alfresa Pharma, Osaka, Japan) with intra and interassay 

coefficients of variation <1.7%. Based on the glomerular filtration rate estimating equation 

using cystatin C for Japanese men,25 glomerular filtration rate was calculated as follows: 

glomerular filtration rate (mL/min/ 1.73 m2) = (104 × Cystatin C−1.019 × 0.996age) − 8.

A self-administered questionnaire was used to obtain information on demography, smoking 

habits, alcohol drinking, socioeconomic status, and medication use and history. After the 

participants completed the questionnaires, trained nurses confirmed them with the 

participants. The body mass index was calculated as weight (kg) divided by height squared 

(m2). Cumulative pack-year smoking was estimated by multiplying the average number of 

packs smoked daily by the number of smoking years. Using an automated 

sphygmomanometer (BP-8800; Omron Health Care, Tokyo, Japan), the mean of two 

consecutive measurements on the right arm with participants in a seated position after a 5-

minute rest were used to determine blood pressure. Hypertension was defined as systolic 

blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or as the use of anti-

hypertensive medications. Diabetes mellitus was defined as a hemoglobin A1c ≥6.1% (per 

the Japan Diabetes Society protocol; equivalent to ≥6.5% in the National Glycohemoglobin 

Standardization Program),26 a fasting blood glucose ≥126 mg/dl, or the use of antidiabetic 

medications. Step counts were recorded over seven consequent days by a pedometer (DIGI-

WALKER DW-200; Yamasa Tokei Keiki, Tokyo, Japan), and then the daily average steps 

were calculated.

2.3. AVC assessment

The detailed method for cardiac CT in SESSA was previously reported.23,27 In brief, 

subclinical CAVD, characterized by AVC, at baseline was measured by either electron-beam 

CT (EBCT) using a C-150 scanner (Imatron, San Francisco, CA, USA) or a 16-channel 

multidetector row CT (MDCT) with an Aquilion scanner (Toshiba, Tokyo, Japan), while that 

at follow-up was measured by MDCT. Images were obtained from the level of the root of the 

aorta through the heart at a slice thickness of 3 mm with a scan time of 100 ms (EBCT) or 

320 ms (MDCT). We acquired images at 70% of the cardiac cycle using electrocardiogram 

triggering during a single breath-hold. A DICOM workstation and AccuImage software 

(AccuImage Diagnosis, San Francisco, CA, USA) were used to quantify calcium scores. The 

calcium score was calculated by multiplying the lesion area by a density factor derived from 

the maximal Hounsfield units within this area, as described by the Agatston method.28 AVC 

was identified according to the methods from the Multi-Ethnic Study of Atherosclerosis 

(MESA);21,29–31 any calcified lesion residing within the aortic valve leaflets. Calcification 

of the aortic annulus, aortic sinuses, ascending aorta, or coronary arteries was excluded. All 

CT images were assessed by one trained medical technologist blinded to the clinical 

information of the participants. The intrareader reproducibility, evaluated among a random 

sample of 10% of CT images, was 0.97 for EBCT and 0.98 for MDCT. Since a stratified 

analysis by CT-type showed similar results, the EBCT and MDCT images were considered 
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equivalent. Other studies have reported comparable findings for AVC assessment by EBCT 

and MDCT.32,33

2.4. Statistical analysis

Data for participants’ characteristics are shown as mean and standard deviation (SD) for 

continuous variables with approximately normal distributions, as medians and interquartile 

ranges for continuous variables with skewed distributions, and as percentages for categorical 

variables. Skewed distributed variables such as pack-year smoking, C-reactive protein, and 

AVC score were log transformed for analysis. Characteristics were compared according to 

AVC prevalence or incidence using an unpaired Student’s t-test, Mann–Whitney U-test, or 

χ2 test.

AVC prevalence was defined as AVC score >0.21,29 AVC incidence was also defined as 

detectable AVC (AVC score >0) at follow-up among participants with no AVC (AVC score = 

0) at baseline;21,30,31 these data were treated as dichotomous outcomes. Further, as the best 

method for modeling AVC progression is unknown, it was modeled multiplicatively as a log 

transformation of the difference in AVC score between baseline and follow-up surveys 

among those with detectable AVC at baseline, because of a skewed distribution;21 this data 

was treated as a continuous outcome.

As the prevalence or incidence of AVC was >10% in our cohort, the odds ratio could not be 

used to assess relative risk (RR). Thus, we used a Poisson regression with a robust error 

variance34 to estimate RR and 95% confidence interval (CI) according to quartiles of serum 

micronutrients levels for prevalence, and their tertiles for incidence. Quartiles or tertiles of 

serum micronutrients levels were used because there are no established cutoff points for 

these measures in relation to CAVD, and a sufficient sample size was obtained for each 

group. Similar to previous reports,20,21 multivariate models included covariates selected 

prior to analyses based on the biologic plausibility that they may confound the associations 

of serum micronutrients with AVC.2 In Model 1, we adjusted for age. In Model 2, we also 

adjusted for behavioral characteristics (pack-year smoking, drinking habit [yes/no], daily 

steps), body mass index, and glomerular filtration rate. In Model 3, we further adjusted for 

hypertension (yes/no), low-density lipoprotein cholesterol, high-density lipoprotein 

cholesterol, lipid lowering therapy (yes/no), diabetes mellitus (yes/no), and C-reactive 

protein. We included CT-type (EBCT or MDCT) as a covariate in all models to account for 

CT scanner changes.21,30,31 Additionally, we included follow-up duration as a covariate in 

all models in the longitudinal analysis. As further adjustment for education year did not 

significantly affect the findings, this variable was not included in the model. Tests for trend 

across categories were also based on assigning the median value for each category and 

modeling this variable as a continuous variable. In addition, we evaluated a mutually-

adjusted model containing all variables in multivariate analysis for AVC prevalence and 

incidence. Linear regression was used to assess the associations of serum micronutrients 

levels with AVC progression. The same modeling as above was used for progression with 

additional adjustment for baseline AVC score. Analyses were performed using statistical 

software (STATA v14.0; Stata Corp LP, College Station, TX, USA). Two-tailed p values of 

<0.05 were considered statistically significant.

Hisamatsu et al. Page 5

Atherosclerosis. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. RESULTS

3.1. AVC prevalence

The baseline characteristics of all participants according to AVC prevalence are shown in 

Table 1. We found AVC prevalence of 173 (18.4%) in all participants at baseline. The 

participants with AVC were older and had less favorable risk factor distributions than those 

without AVC, including hypertension, diabetes mellitus, medication status, lower glomerular 

filtration rate and daily steps, and higher C-reactive protein levels. Among serum 

micronutrients, those with AVC had lower serum levels of magnesium, and higher serum 

levels of phosphorus and calcium, than those without AVC. The characteristics according to 

quartiles of serum micronutrients levels are shown in Supplemental Tables 1–3. The 

participants with higher levels of serum magnesium had lower diastolic blood pressure, less 

prevalence of diabetes mellitus, and higher low-density lipoprotein cholesterol levels. Higher 

serum phosphorus levels were associated with younger age, more frequent current smokers, 

and higher levels of serum magnesium and calcium. Participants with higher levels of serum 

calcium tend to be older, had unfavorable CVD risk factor profiles, including higher pack-

year smoking, hypertension, diabetes mellitus, and lower glomerular filtration rate, and had 

higher levels of serum phosphorus.

The association of serum micronutrients levels with AVC prevalence is shown in Table 2. 

Serum magnesium had an inverse association with AVC prevalence (all p for trend <0.05), 

and the relative risks (RR) for AVC prevalence in the highest versus lowest category of 

serum magnesium were significantly lower after further adjustment for confounders (Model 

2) as well as for CVD risk factors (RR, 0.62; 95% confidence interval [CI], 0.44–0.86 in 

Model 3). By contrast, serum phosphorus showed a positive association with AVC 

prevalence (all p for trend <0.05), while the RRs for AVC prevalence in the highest versus 
lowest category of serum phosphorus were significantly higher in all models (RR, 1.45; 95% 

CI, 1.02–2.04 in Model 3). Age-adjusted RR for AVC prevalence in the highest versus 
lowest category of serum calcium was significantly higher (Model 1). However, an 

additional adjustment for confounders and CVD risk factors attenuated this association (RR, 

1.43; 95% CI, 0.95–2.15 in Model 3). Similar results were observed for the association of 1-

standard deviation (SD) higher in serum micronutrients levels with AVC prevalence. In 

addition to serum micronutrients, age and low-density lipoprotein cholesterol levels were 

positively associated with AVC prevalence (Fig.1).

3.2. AVC incidence and progression

The participants’ characteristics according to AVC incidence are shown in Supplemental 

Table 4. During a median follow-up of 5.1 years (interquartile range, 3.6, 6.0), we found 

AVC incidence of 138 (23.2%) in participants with no AVC at baseline (n = 596). The 

participants with AVC incidence were older and had more comorbidities than those free of 

AVC incidence, including body mass index, hypertension, diabetes mellitus, higher low-

density lipoprotein cholesterol levels, lower high-density lipoprotein cholesterol levels and 

glomerular filtration rate, and medication status.
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The association of serum micronutrients levels with AVC incidence is shown in Table 3. 

After further adjustment for confounders (Model 2) and CVD risk factors (Model 3), serum 

magnesium was inversely associated with AVC incidence. RRs for AVC incidence were 

significantly lower in the highest compared with lowest category of serum magnesium, 

while their inverse linear trends were also statistically significant in Models 2 and 3 (RR, 

0.62; 95% CI, 0.42–0.92; p for trend = 0.012 in Model 3). Serum phosphorus showed a 

positive association with AVC incidence (all p for trend <0.01), and RRs for AVC incidence 

in the highest compared with lowest category of serum phosphorus were significantly higher 

in all models (RR, 1.93; 95% CI, 1.28–2.91 in Model 3). There was no association of serum 

calcium levels with AVC incidence. Similar results were observed for the association of 1-

SD higher in serum micronutrients levels with AVC incidence. In addition to serum 

micronutrients, age, body mass index, low-density lipoprotein cholesterol levels, and lipid-

lowering therapy were positively associated with AVC incidence (Fig. 2). Among 

participants with AVC at baseline (n = 131), the median (interquartile range) value of the 

annualized change in AVC score was 14.8 (3.1, 41.6) Agatston units per year. In this group, 

there was no relationship of any serum micronutrients levels with AVC progression 

(Supplemental Table 5).

4. DISCUSSION

In this prospective community-based study in Japanese men without apparent CVD and 

CKD with a median follow-up of 5.1 years, we found that serum magnesium levels were 

inversely associated, whereas serum phosphate levels were positively associated, with AVC 

prevalence and incidence independent of health behaviors and CVD risk factors. As CAVD 

shares histological and epidemiological features with vascular atherosclerosis,35,36 our 

findings are in line with previous reports linking lower serum magnesium levels to greater 

risk of CVD outcomes.10–12 Low serum magnesium levels were also reported to be 

associated with adverse CVD risk factor profiles.16,17 Indeed, we found that lower serum 

magnesium levels were related to unfavorable CVD risk factor distributions including blood 

pressure and fasting glucose (Supplemental Table 1). However, in our analysis, the inverse 

associations of serum magnesium with AVC prevalence or incidence remained significant 

after adjustment for health behaviors and CVD risk factors (some of which may be on the 

causal pathway between serum magnesium and CAVD). Additionally, experimental studies 

in cultured human endothelium and animals reported that magnesium deficiency promoted 

endothelial dysfunction and systemic inflammation,37,38 which are factors involved in the 

early pathogenic process of CAVD.1,2 Thus, magnesium may have beneficial effects on the 

onset of CAVD via additional mechanisms beyond known traditional pathways.

We also found that serum phosphorus levels were positively and independently associated 

with AVC prevalence and incidence. The majority of all phosphorus detected in the 

extracellular fluid space is in the form of inorganic phosphate.39 Linefsky et al. reported a 

significant cross-sectional association of high serum phosphate levels with 

echocardiographic AVC prevalence among participants aged ≥65 years in the Cardiovascular 

Health Study.20 Further, in the Multi-Ethnic Study of Atherosclerosis (MESA), they also 

found a significant association of serum phosphate levels with prevalence, but not with 

incidence, for CT-based AVC, among participants aged 45–84 years.21 The lack of 
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association of serum phosphate with AVC incidence may relate to the relatively short 

follow-up periods (mean, 2.4 years) and low incidence of AVC (4.1%) in these participants. 

Another reason for these contrasting findings may relate to differences in the sample 

demographics (e.g., AVC distribution and CVD risk factor profiles) and methodology (e.g., 

MESA investigation included participants with CKD) between the studies. In support of our 

findings, no independent relationship of serum calcium levels with AVC was previously 

reported in the Cardiovascular Health Study.20 As only 3 population-based studies20,21 have 

investigated the association of serum micronutrients with AVC, further studies are required 

to confirm these associations in other populations and to identify mechanisms underlying the 

contrasting findings.

Serum magnesium and phosphorus showed significant associations with AVC incidence, but 

not with its progression. Similarly, previous epidemiological studies have reported that CVD 

risk factors had a great impact on its incidence, but a less impact on its progression.30,31 

These findings may support the hypothesis that these factors contribute to lesion formation 

or early stage pathology of CAVD, whereas late stage progression may be more affected by 

direct paracrine actions, systemic regulators of calcification, or myofibroblast 

transdifferentiation toward an osteoblastic phenotype.30,40 Alternatively, the small number 

of participants with baseline AVC may have limited statistical power to show a relation of 

serum micronutrients to AVC progression. Overall, our results are consistent with previous 

reports, although these epidemiological studies are essentially limited in its ability to draw 

mechanistic conclusions.

Levels of serum magnesium, phosphorus, and calcium are influenced by numerous 

metabolic pathways, as well as by dietary intake. Serum phosphorus and calcium levels are 

weakly related to dietary intake in individuals without CKD.41,42 Further, serum magnesium 

is responsive to supplementation and long-term changes in dietary intake,43,44 although the 

correlation of dietary intake with serum levels is low,10,11 suggesting other regulatory and 

homeostatic mechanisms, primarily through renal reabsorption and excretion.45 Importantly, 

however, no more than approximately 60% of Japanese men meet the Recommended Daily 

Allowance for dietary magnesium intake.46

This is the first study to demonstrate that serum magnesium levels were inversely associated, 

while serum phosphorus levels were positively associated, with AVC prevalence or 

incidence independent of possible confounders and CVD risk factors in the community-

based prospective design. Given the subclinical early stage of CAVD characterized by AVC, 

the clinical implication of the present study is that serum magnesium and phosphate may be 

involved in the onset or early stage pathophysiology of CAVD and that these serum 

micronutrients may be useful candidates for risk prediction or prevention targets for CAVD. 

Thus, the roles of magnesium and phosphorus in CVAD warrant further studies.

There are several limitations in our study. First, measurements of serum micronutrients took 

place at baseline, and may not accurately reflect their long-term distributions during the 

follow-up period. Further, although we carefully controlled for the major known 

confounders, our findings, at least in part, may be explained by differences in unknown 

confounders. Second, participants without follow-up had less alcohol drinking and fewer 
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daily steps compared with those with follow-up, although there were no significant 

differences in serum micronutrient measures between the groups (Supplemental Table 6). 

Speculatively, participants without follow-up may have been at higher risk for AVC 

progression (because of a higher baseline AVC score). Additionally, we may have 

underestimated the association of serum micronutrients with AVC progression, as the loss of 

participants to follow-up reduced the available sample size in this higher-risk strata. Finally, 

as only Japanese men were included in this study, our results are restricted to men of a single 

ethnic group.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Calcific aortic valve disease (CAVD) is the most common heart valve disease 

worldwide.

• Subclinical early stage of CAVD is characterized by aortic valve calcification 

(AVC).

• Our population-based study examined relations of serum micronutrients levels 

to AVC prevalence, incidence, and progression.

• Serum magnesium were inversely related, while serum phosphorus were 

positively related, to AVC prevalence or incidence.

• Serum micronutrients may be potential candidates for risk prediction or 

prevention of CAVD and warrant further studies.
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Figure 1. Association of demographics, behavioral and cardiovascular risk factors, and serum 
micronutrients with AVC prevalence
Circle markers and horizontal lines indicate relative risks and 95% CI for AVC prevalence, 

respectively. Relative risks for continuous variables are expressed as per 1 standard deviation 

higher in values of each factor, with the following exception: pack-year smoking and C-

reactive protein (per 1-log higher). All variables listed were mutually adjusted and further 

adjusted for computed tomography type. AVC, aortic valve calcification; CI, confidence 

interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Figure 2. Association of demographics, behavioral and cardiovascular risk factors, and serum 
micronutrients with AVC incidence
Circle markers and horizontal lines indicate relative risks and 95% CI for AVC incidence, 

respectively. Relative risks for continuous variables are expressed as per 1 standard deviation 

higher in values of each factor, with the following exception: pack-year smoking and C-

reactive protein (per 1-log higher). All variables listed were mutually adjusted and further 

adjusted for computed tomography type and follow-up duration. Abbreviations are shown in 

Fig. 1.
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Table 1

Baseline characteristics of study participants with or without aortic valve calcification (SESSA, Shiga, Japan, 

2006–08 at baseline).

Variables Overall
n = 938

Without AVC
n = 765

With AVC
n = 173

p value

Age, years 63.7 (9.9) 62.2 (10.0) 70.6 (6.3) <0.001

Body mass index, kg/m2 23.5 (3.0) 23.4 (3.0) 23.7 (3.1) 0.334

Smoking status, % 0.787

  Current 32.5 32.8 31.2

  Former 49.6 49.7 49.1

Pack-year smoking 24.0 (5.0, 43.8) 24.0 (5.0, 43.0) 26.4 (7.5, 47.5) 0.312

Alcohol drinker, % 77.6 78.6 73.4 0.087

Education year, years 12.5 (3.1) 12.7 (3.0) 11.7 (3.6) <0.001

Hypertension, % 53.0 49.3 69.4 <0.001

Systolic blood pressure, mmHg 135.8 (18.7) 134.3 (18.6) 142.2 (17.7) <0.001

Diastolic blood pressure, mmHg 79.5 (10.9) 79.6 (11.0) 79.2 (10.6) 0.695

Anti-hypertensive medications, % 28.4 25.5 41.0 <0.001

Diabetes mellitus, % 20.4 18.8 27.2 0.014

Fasting glucose, mg/dL 102.2 (21.1) 101.8 (20.3) 104.4 (24.2) 0.135

Anti-diabetic medications, % 9.3 7.7 16.2 0.001

LDL cholesterol, mg/dL 125.3 (31.2) 124.4 (30.3) 129.2 (34.7) 0.069

HDL cholesterol, mg/dL 59.0 (16.9) 59.4 (17.1) 57.1 (15.9) 0.103

Lipid-lowering therapy, % 12.4 10.7 19.7 0.001

Daily steps 7999.2 (3151.2) 8204.5 (3084.6) 7091.5 (3289.0) <0.001

Glomerular filtration rate, mL/min/1.73 m2 75.6 (15.6) 77.5 (15.0) 67.1 (15.3) <0.001

C-reactive protein, mg/L 0.44 (0.21, 0.89) 0.42 (0.20, 0.83) 0.58 (0.26, 1.14) 0.004

Serum magnesium, mg/dL 1.98 (0.18) 1.99 (0.17) 1.95 (0.20) 0.012

Serum phosphorus, mg/dL 3.12 (0.36) 3.10 (0.36) 3.17 (0.38) 0.037

Serum calcium, mg/dL 8.74 (0.28) 8.72 (0.28) 8.84 (0.29) <0.001

Baseline AVC score 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 37.1 (12.4, 118.1) <0.001

The prevalence of AVC was defined as AVC score >0. Data are expressed as mean (standard deviation), median (25th, 75th), or percentage. 
Calcium levels were corrected for serum albumin concentration. Differences in characteristics were evaluated using the unpaired Student’s t-test, 
Mann–Whitney U-test, or χ2 test.

AVC, aortic valve calcification; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SESSA, Shiga Epidemiological Study of Subclinical 
Atherosclerosis.
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