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Abstract: The aim of this study was to investigate the longitudinal change in muscle mass over
10 years according to serum calcium levels and calcium intake. A total of 1497 men and 1845 women
aged 50 years and older were included. Significant muscle loss (SML) was defined as a 5% or greater
loss from baseline, while time-dependent development of SML was assessed according to quartiles
for corrected calcium level and daily calcium intake using Cox regression models. The incidence
of SML was 6.7 and 7.7 per 100-person-years among men and women, respectively. Groups with
the lowest corrected calcium levels had more prominent SML than those with higher calcium levels,
regardless of sex. The relationship between SML and calcium intake was significant only among
women. The hazard ratio for SML per 1 mmol/L increase in corrected calcium level was 0.236 and
0.237 for men and women, respectively. In conclusion, low serum calcium levels may predict SML
among adults aged > 50 years, while low calcium intake may be a predictor for muscle loss among
women. Therefore, encouraging dietary calcium intake among middle-aged and older adults for
preservation of muscle mass should be considered.
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1. Introduction

Sarcopenia is a condition characterized by age-associated muscle degeneration, which may
promote reduced physical capability [1-3]. Sarcopenia has generally been defined as lower muscle
mass and function compared to the sex-specific young reference group [4,5]. Although this operational
definition has been widely used for convenience, it does not indicate individual age-associated
change in muscle status. Meanwhile, studies investigating the etiology of sarcopenia have implicated
various factors for its development [6], including physical activity, hormone, nutrition, inflammation,
and insulin resistance.
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Calcium is one of the most abundantly stored nutrients in the human body. Although most of
the calcium in the body is stored in the bones, calcium is also vital for muscle function given that it
binds to troponin in the muscle and allows actin and myosin to interact [7]. All muscle fibers use the
calcium ion as their main regulatory and signaling molecule [8]. Given the importance of calcium for
muscle function, studies have investigated the impact of calcium intake or serum levels on sarcopenia
outcomes [9]. Accordingly, several studies have reported no association between calcium and muscle
mass or function [10-12]. In contrast, studies on the Korea National Health and Nutrition Examination
Survey have shown that higher calcium intake was associated with low muscle mass [13,14].

Unexpectedly, only a few studies have focused on the time-dependent decline in muscle mass.
Longitudinal studies have suggested some factors, such as diabetes, smoking, and arterial stiffness,
as predictive factors for accelerated skeletal muscle loss [15-17]. To date, however, no longitudinal
study has assessed the association between calcium and muscle loss. The Korean Genome and
Epidemiology Study (KoGES) is a national cohort that observes large samples of regional populations
every other year [18]. Using this cohort, the present study investigated the change in muscle mass over
10 years according to calcium intake and serum calcium levels among Korean adults aged 50 years and
older and determined whether the relationship was independent of muscle-associated factors.

2. Subjects and Methods

2.1. Subjects

The current study was conducted on the KoGES Ansan and Ansung cohort, which covers both
rural and urban communities in South Korea. The baseline survey of the KoGES Ansan and Ansung
study was completed in 2001-2002, with follow-up surveys being conducted biennially. Initially, a total
of 10,038 participants aged 40-69 participated in the cohort. All subjects voluntarily participated in the
study and provided informed consent.

Given that the decrease in muscle mass accelerates at the end of the fifth decade [19], the current
study identified 5319 subjects aged 50 years and older, ultimately including those whose body
composition had been analyzed (N = 3864). Those who had suffered any type of cancer (N = 57),
heart failure (N = 9), coronary artery disease (N = 41), cerebrovascular accident (N = 74), and chronic
obstructive pulmonary disease (N = 66) were excluded. In addition, we excluded subjects with serum
aspartate aminotransferase or alanine aminotransferase levels three times higher than the normal
upper limits (N = 26) and an estimated glomerular filtration rate (GFR) < 60 mL/min/1.73 m? (N = 132);
then, we also excluded those who had developed those diseases during any time of the follow-up
period (N = 227). Ultimately, 1479 men and 1845 women were included herein (Figure 1).

The current study has been approved by the Institutional Review Board of the CHA Bundang
Medical Center in Korea (2020-02-020).
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Figure 1. Flowchart of the study. KoGES, the Korean Genome and Epidemiology Study; HF, heart failure;
CAD, coronary artery disease; CVA, cerebrovascular accident; COPD, chronic obstructive pulmonary
disease; AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; and eGFR, estimated
glomerular filtration rate.

2.2. Medical History, Lifestyle Habits, and Anthropometric Measurements

Data regarding medical histories and lifestyle habits were obtained. Smoking and drinking
status included only current smokers and excessive alcohol consumers (>30 and >20 g/day for men
and women), respectively. Excessive alcohol consumption was defined according to the Korean
Association for the Study of the Liver. The intensities of physical activities were estimated into
metabolic equivalents (MET)-h/week. Physical activity was classified into low (<15 MET-h/week),
moderate, and high (>30 MET-h/week) [20].

Height, weight, waist circumference, and blood pressure (BP) were measured in a standardized
manner, while body composition was measured using body impedance analysis (BIA, ZEUS 9.9;
Jawon, Daejon, Korea). To control the influence of height on body size, body weight and muscle
mass were adjusted for height. Hence, body weight and muscle mass were also used to determine
body mass index (BMI, body weight/height squared in kg/m?) and height-adjusted muscle mass
(HMM, muscle mass/height squared in kg/m?), respectively.

2.3. Laboratory Tests

After fasting overnight for 12 h, plasma concentrations of glucose, lipids, protein, albumin,
creatinine, and calcium were measured enzymatically using a 747 Chemistry Analyzer (Hitachi,
Tokyo, Japan). Fasting plasma insulin concentrations were determined using a radioimmunoassay kit
(Linco Research, St. Charles, MO, USA). Insulin resistance was approximated using the Homeostasis
Model Assessment (HOMAZ2) calculator v2.2.3 (Oxford Center for Diabetes, Endocrinology and
Metabolism, UK, available at http://www.dtu.ox.ac.uk). Corrected serum calcium was calculated
using the following formula: corrected calcium (mg/dL) = serum calcium (mg/dL) + 0.8 X [4-albumin
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(g/dL)] [21]. Plasma renin activity (PRA) was measured using radioimmunoassay with a Cobra
r-counter (PACKARD, Meriden, CT, USA), while GFR was estimated using the Modification of Diet in
Renal Disease method [22].

2.4. Food Frequency Questionnaire (FFQ)

Dietary intake was assessed by trained dietitians using a 103-item semi-quantitative FFQ.
Total calories and nutrient intakes were calculated using the standard Korean Food Composition Table.

2.5. Definition of Weight Loss and Muscle Loss

Body weight and muscle mass were repeatedly measured at each visit, from which the rate of
change was subsequently calculated. Significant weight loss was defined as a >5% reduction in body
weight compared to the baseline [23]. Similarly, significant muscle mass loss was defined as a >5%
muscle loss compared to the baseline. Considering that this definition indicated weight loss for over a
year or less [23], further analysis was conducted utilizing 7.5% and 10% to indicate significant weight
and muscle loss instead of 5%.

2.6. Statistical Analysis

For descriptive analysis, results were expressed as mean +SD, median (interquartile range),
or number (proportion). The independent t-test, Mann—Whitney U test, and chi-square test were
used to compare variables between men and women. To reduce skewness, some variables, such as
PRA, triglycerides, and H2IR, were used in the subsequent parametric analyses after logarithmical
transformation. Considering differences in body composition, laboratory results, and lifestyle,
subsequent sex-specific analyses were performed.

To assess differences in body weight and muscle mass according to calcium status, mean body
weight, BMI, muscle mass, and HMM were compared according to the quartiles of corrected calcium
levels and calcium intake using analysis of variance (ANOVA). Spearman correlation analyses were used
to determine whether laboratory results and FFQ were associated with body weight and muscle mass.

Longitudinal change in body weight and muscle mass was evaluated. First, the rate of change in
body weight and muscle mass according to quartiles of bassline serum calcium level and calcium intake
was compared between the first and 10th year using ANOVA. Second, the development of the significant
weight loss and muscle mass loss according to the quartiles was assessed. Kaplan—-Meier curves
for significant weight loss and muscle mass loss were created for the quartiles of corrected calcium
levels and calcium intake, after which the curves were compared using the log-rank test. To calculate
the hazard ratio (HR) of the quartiles for the significant muscle mass loss, stepwise Cox regression
models were formulated with potential confounders selected based on previous correlation analyses.
The first adjusted model (Model 2) included covariates associated with general information and
lifestyle habits, such as age, height, energy and protein intake, physical activity, smoking, and alcohol
consumption. Model 3 additionally included variables related to the renin-angiotensin system and
metabolic parameters, such as PRA, GFR, BP, and high-density lipoprotein cholesterol. Model 4 was
additionally adjusted for medical history of hypertension and diabetes, while Model 5 was additionally
adjusted for baseline body weight or muscle mass. The HRs per unit change in corrected calcium
levels was also calculated using Cox regression analysis with the same covariates used in Model 5.
After changing the definitions for significant loss to 7.5% and 10%, Cox models were reformulated.
To reduce the influence of the extreme values of baseline muscle mass, another Cox regression model
trimmed the upper and lower 10% of the subjects. After trimming the subjects out of the serum calcium
reference range, another Cox regression model was formulated. All statistical analyses were performed
using SPSS 26.0 (IBM, Armonk, NY, USA), with P < 0.05 indicating statistical significance.
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3. Results

Table 1 summarizes the baseline characteristics of all included participants. Accordingly, men and
women had a mean age of 58.7 and 59.1 years, respectively. BMI was higher among women (25.2 kg/m?)
than men (23.9 kg/m?), whereas HMM was higher among men than women. Mean serum calcium
concentrations did not differ significantly between sexes (2.41 mmol/L). Mean corrected calcium
concentrations were 2.37 and 2.38 mmol/L in men and women, respectively. According to the FFQ,
men had a higher daily energy and macronutrient intake than women. Mean calcium intake was
468.5 + 250.9 and 462.4 + 266.8 mg/d in men and women, respectively.

Table 1. Baseline characteristics of the study subjects.

Men (N = 1479) Women (N = 1845) P

Age (years) 58.7 £ 5.7 59.1 +5.6 0.040
Current smoker 657 (44.4%) 60 (3.3%) <0.001
Alcohol consumer 235 (15.9%) 17 (0.9%) <0.001
Physical activity
Mild 450 (30.4%) 669 (36.3%) <0.001
Moderate 281 (19.0%) 411 (22.3%)
High 748 (50.6%) 765 (41.5%)
Hypertension 228 (15.4%) 419 (22.7%) <0.001
Diabetes 153 (10.3%) 153 (8.3%) 0.048
Anthropometric measurement and body composition
Height (cm) 165.1 £5.8 1524 +54 <0.001
Body weight (kg) 65.3+9.7 58.6 + 8.7 <0.001
Body mass index (kg/mz) 239+29 252 +33 <0.001
Muscle mass (kg) 479 £ 6.0 36.8 £4.2 <0.001
Muscle/height? (kg/m?) 185+ 1.6 16.8 +1.3 <0.001
Metabolic parameters and laboratory results
Systolic BP (mmHg) 125.6 +17.8 126.6 +19.6 0.154
Diastolic BP (mmHg) 82.5 +10.6 81.2+11.3 <0.001
Glucose (mmol/L) 4.94 (4.61-5.44) 4.83 (4.55-5.22) <0.001
Insulin (pmol/L) 42.4 (32.6-58.3) 50.0 (37.3-68.2) <0.001
HOMAZ2-IR 0.80 (0.61-1.11) 0.94 (0.69-1.27) <0.001
Total cholesterol (mmol/L) 5.02 +0.93 5.37 £ 0.98 <0.001
HDL cholesterol (mmol/L) 1.25+0.31 1.30 £ 0.31 <0.001
Triglyceride (mmol/L) 1.51 (1.04-2.24) 1.47 (1.06-2.07) 0.114
Plasma renin activit
(ng/mi/h) Y 2.15 (1.09-3.80) 1.21(0.57-2.38)  <0.001
eGFR (mL/min/1.73 m?) 94.1+184 87.3 +13.0 <0.001
Total protein (mmol/L) 72.8 +4.5 727+ 4.1 0.740
Albumin (mmol/L) 452 +3.0 444 +25 <0.001
Calcium (mmol/L) 241 +0.12 241 +0.11 0.058
Corrected calcium (mmol/L) 2.37 +0.13 2.38 +0.12 0.080
Food frequency questionnaire
Energy (kcal/d) 2006.3 + 690.7 1833.7 + 664.8 <0.001
Carbohydrate (g/d) 350.9 + 111.0 336.0 + 123.3 <0.001
Protein (g/d) 68.4 +31.3 60.2 +25.8 <0.001
Fat (g/d) 339+225 25.6 +15.3 <0.001
Calcium (mg/d) 468.5 + 250.9 462.4 + 266.8 0.505

Data are expressed as mean +SD, median (interquartile range), or number (proportion). BP, blood pressure;
HOMAZ2-IR, homeostatic model assessment for insulin resistance; HDL, high-density lipoprotein; and eGFR,
estimated glomerular filtration rate.

Serum corrected calcium concentrations and daily calcium intake were categorized into quartiles
according to sex (Table S1). The ranges of corrected calcium were 1.93-2.31, 2.32-2.39, 2.40-2.46,
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and 2.46-2.94 mmol/L in Q1 to Q4 in women. The ranges of calcium intake were 18.3-279.7, 279.9-406.6,
407.4-574.0, and over 574.5 mg/day in women. The ranges in men were similar to those in women
(Table S1). Men exhibited a decrease in HMM as the quartile of corrected calcium increased, whereas no
such difference was observed among women. BMI and HMM were lowest in the first quartile of
calcium intake among men. Similarly, body weight and muscle mass were lowest in Q1 among women.

The time-associated rate of muscle mass change over 10 years is presented in Figure 2. The rate of
muscle mass change from the baseline to the 10th year was compared among the quartiles. The mean
rate of change differed significantly among the quartiles of corrected calcium levels in both men and
women (P for trend = 0.003 and <0.001 in men and women, respectively). However, no significant
difference in the rate of change was observed among the quartiles of calcium intake in either men

Oor women.
Quartiles for corrected calcium levels Quartiles for calcium intake
Men Women o Men Women
Q2 q_| Q2] [Qs3 ‘in Q1] [Q2] [Q3] [a4 Q2| Q3] |4
T
P trend = 0 003 Plrend < 0 001 Plrend = 0051 Ptrend = 0136

Figure 2. Muscle mass change from baseline to 10th year according to quartiles for corrected calcium
levels and daily calcium intake. Decreased muscle mass was observed as quartiles for corrected calcium
levels escalated. In contrast, no significant difference in muscle loss was observed according to quartiles
for calcium intake in both men and women. Error bars represent SEM.

The incidence (cumulative method) and incidence density rates for significant muscle loss
were 42.4 per 100 persons and 6.7 per 100 person-years in men and 48.1 per 100 persons and
7.7 per 100 person-years in women, respectively (Table S2). Table S2 outlines the incidences of
significant muscle loss according to established loss rates. The time-related muscle loss (>5%) was
expressed in Kaplan-Meier curves according to the quartiles of corrected calcium levels and calcium
intake (Figure 3). Accordingly, the curves differed significantly among the quartiles of corrected calcium
levels in both men and women (P < 0.001 estimated using the log-rank test). However, the difference
in calcium intake was significant only among women, not men.

The risk for significant weight (5%) and muscle (5%) loss was assessed using Cox regression models
(Figure 4). The HRs for Q2, Q3, and Q4 were calculated relative to Q1. In Model 0, no significant weight
loss was observed among the quartiles of corrected calcium levels and calcium intake. Significant
muscle loss was less apparent in Q2-Q4 than in Q1 of corrected calcium levels in both men and women.
Adjustment for potential confounders did not influence the longitudinal relationship between corrected
calcium levels and the development of significant muscle loss (Models 2-5). The HRs for significant
body weight and muscle loss were reassessed per 1 mmol/L increase in calcium level as a continuous
variable (Table S3). Accordingly, the HR for 5% muscle mass loss per 1 mmol/L increase in corrected
calcium levels was 0.236 and 0.237 in men and women, respectively (Model B). Using measured calcium
levels instead of corrected calcium did not change the significance of the model (Model C). When 7.5%
or 10% loss was utilized instead of 5%, the significance of the models remained unchanged (Models
D and E). Moreover, excluding subjects beyond the reference range of serum calcium or those with
extreme baseline muscle mass values did not affect the significance of the model (Models F and G).
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4. Discussion

The current study investigated the longitudinal relationship between calcium and muscle loss over
a maximum of 12 years. Accordingly, our results showed that low serum calcium levels significantly
predicted muscle loss but not weight loss. Moreover, the ability of low calcium intake to predict muscle
mass loss was significant only among women.

Given that most of the calcium is stored in mineralized tissues, the majority of studies have
focused on the relationship between calcium and bone. Several studies have reported that calcium
intake or supplements increase bone mineral density and reduce fracture [24,25], while others found no
association between calcium intake and postmenopausal bone loss or risk of fracture [26,27]. Moreover,
studies investigating the association between calcium and fat tissue and obesity have found that dietary
calcium intake was associated with anti-obesity effects [28-30].

Only a few studies have described the relationship between calcium intake and muscle mass
or function. Accordingly, studies have found no association between calcium intake and sarcopenia
defined using the combination of muscle mass, grip strength, and muscle function [10,11]. Despite the
absence of data on muscle strength and function, the current study described muscle mass according
to calcium intake. No difference in HMM was observed among Q2-Q4 in men and Q1-Q4 in women.
In contrast, a Korean study reported that individuals with low calcium intake had decreased muscle
mass and increased fat proportions [14]. Korean cross-sectional studies on the relationship between
calcium intake and muscle mass utilized the definition of low muscle mass that adjusted for body
weight [13,14]. Given that a weight-adjusted definition may not distinguish low muscle mass from
adiposity, interpreting the results of such studies may be difficult. Another study compared serum
calcium levels between subjects with normal muscle mass and low muscle mass defined using various
methods [31], subsequently finding no difference in calcium levels between the subjects regardless
of definitions.

No previous longitudinal studies have investigated the age-related changes in muscle mass
according to serum calcium levels or calcium intake. Our study was the first to show that higher loss
of muscle mass was related to lower levels of baseline serum calcium levels among both men and
women and lower calcium intake in women. Our results suggest that relative calcium insufficiency
may accelerate muscle mass loss. Calcium is a key mineral that regulates muscle contraction and
nerve impulse conduction [32]. Basically, calcium insufficiency may lead to muscle dystrophy given its
influence on muscle function. Hypercalcemia may also negatively affect the musculoskeletal system.
However, the current study included only a small number of subjects that had serum calcium levels
beyond the reference range, while results remained unchanged even after excluding such subjects.
Although vitamin D levels were not measured herein, vitamin D may also influence both calcium levels
and skeletal muscle. Considering that vitamin D regulates calcium homeostasis, 1,25-dihydroxyvitamin
D3-induced calcium flux and alteration in calcium signaling may play a role in regulating muscle
contractile force in differentiated muscle fibers [33]. It is also notable that the decline in muscle mass
and function with age is concurrent with a decline in skeletal muscle vitamin D receptor expression [34].

The amount of calcium intake in our population is problematic, with a median intake of
approximately 400-420 mg/day, similar to that presented in the Korea National Health and Nutrition
Examination Survey (KNHANES) [35]. However, these amounts are considerably lower than
that recommended by the Korean Nutrition Society (700 mg) or National Institutes of Health
(1000-1200 mg) [36,37], with only 3.8% of our population having a calcium intake of more than
1000 mg/day (data not shown). Several studies have warned of the adverse effects of a high calcium
load. Higher circulating calcium levels have been associated with an increased risk of type 2 diabetes [38],
while calcium supplements have been associated with an increased risk of myocardial infarction [39].
Nonetheless, given the much lower calcium intake in our population relative to most of the referred
studies and the negative effects of lower serum calcium levels on muscle preservation, it may be
reasonable to encourage increased calcium intake.
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Our study had several limitations worth noting. First, muscle mass was estimated using the BIA
method. While dual-energy X-ray absorptiometry (DXA) has been preferred as a standard method,
appendicular muscle mass measured using DXA has been commonly used to define sarcopenia [40,41].
However, BIA has also been regarded as a good method to measure skeletal muscle mass [5], given that
it has been better validated compared to magnetic resonance imaging [42]. Second, while sarcopenia
is defined as a combination of decreased muscle mass, strength, and function [40,41], the current
study did not investigate muscle strength and function. Further studies need to investigate changes in
muscle strength and function aside from muscle mass. Third, some factors determining circulating
calcium concentrations were not included in the current study. In particular, vitamin D and parathyroid
hormone can influence body calcium, including serum concentrations. Considering the relationship
between 25-hydroxyvitamin D and low muscle mass [43,44], vitamin D may play a role in the link
between calcium and muscle mass. Fourth, FFQ was not repeated on every visit. Eating habit change
may influence body composition. Lastly, FFQ did not collect information on calcium supplementation,
although physiological studies have suggested no material differences in the metabolic actions of
dietary calcium and that obtained from supplements [45]. However, given that supplementary calcium
intake may cause temporary hypercalcemia [46], the functional role between dietary and supplementary
calcium may differ. An additional survey of calcium supplementation may enrich our analyses.

5. Conclusions

Low serum calcium levels may predict muscle loss among Korean adults aged 50 years and older
over a maximum of 12 years. Low dietary calcium intake may also predict accelerated muscle loss
among women. Therefore, recommending increased dietary calcium intake may be worthwhile for
the preservation of muscle mass. Nonetheless, further studies are required to assess the influence of
calcium on changes in muscle strength and function.
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Table S1: Body weight and muscle mass according to quartiles of serum calcium levels and daily calcium intake at
baseline; Table S2: Incidence of significant loss of body weight and muscle mass according to definitions; and Table
S3: Hazard ratios per unit increase in serum calcium concentration for each end point.

Author Contributions: Conceptualization, Y.-S.K., K.-WH. and B.-TK.; methodology, K.-W.H. and B.-TK.;
software, Y.-S.K,; validation, K.H., Y.C.P. and J.-M.P.; formal analysis, Y.-5.K.; investigation, Y.-S.K., K.-W.H. and
B.-T.K,; resources, K.-W.H.; data curation, K.H. and K K.; writing—original draft preparation, Y.-S.K. and B.-T.K,;
writing—review and editing, K.H., Y.C.P. and B.-T.K,; visualization, Y.-S.K. and J.-M.P,; supervision, K.-W.H.;
project administration, B.-T.K.; funding acquisition, Y.-S.K. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Korean Academy of Clinical Geriatrics (2019-09) and the Korean
Academy of Menopause and Andropause (2019-1).

Acknowledgments: This study was conducted with bioresources from the National Biobank of Korea, the Center
for Disease Control and Prevention, Republic of Korea (20040904-01-01). We would like to gratefully acknowledge
the labor of all staff working in the KoGES.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Delmonico, M.].; Harris, T.B.; Visser, M.; Park, S.W.; Conroy, M.B.; Velasquez-Mieyer, P.; Boudreau, R.;
Manini, T.M.; Nevitt, M.; Newman, A.B.; et al. Longitudinal study of muscle strength, quality, and adipose
tissue infiltration. Am. J. Clin. Nutr. 2009, 90, 1579-1585. [CrossRef] [PubMed]

2. Woo, ].; Leung, J.; Sham, A.; Kwok, T. Defining sarcopenia in terms of risk of physical limitations: A 5-year
follow-up study of 3,153 chinese men and women. J. Am. Geriatr. Soc. 2009, 57, 2224-2231. [CrossRef]

3. Tanimoto, Y.; Watanabe, M.; Sun, W.; Sugiura, Y.; Tsuda, Y.; Kimura, M.; Hayashida, I.; Kusabiraki, T.; Kono, K.
Association between sarcopenia and higher-level functional capacity in daily living in community-dwelling
elderly subjects in Japan. Arch. Gerontol. Geriatr. 2012, 55, €9-e13. [CrossRef]


http://www.mdpi.com/2072-6643/12/9/2856/s1
http://dx.doi.org/10.3945/ajcn.2009.28047
http://www.ncbi.nlm.nih.gov/pubmed/19864405
http://dx.doi.org/10.1111/j.1532-5415.2009.02566.x
http://dx.doi.org/10.1016/j.archger.2012.06.015

Nutrients 2020, 12, 2856 10 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Cruz-Jentoft, AJ.; Baeyens, ].P; Bauer, ].M.; Boirie, Y.; Cederholm, T.; Landi, F; Martin, EC.; Michel, ].P;
Rolland, Y.; Schneider, S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report
of the European Working Group on Sarcopenia in Older People. Age Ageing 2010, 39, 412—423. [CrossRef]
[PubMed]

Chen, LK,; Liu, L.K,; Woo, ].; Assantachai, P.; Auyeung, T.W.; Bahyah, K.S.; Chou, M.Y.; Chen, L.Y,; Hsu, PS,;
Krairit, O.; et al. Sarcopenia in Asia: Consensus report of the Asian Working Group for Sarcopenia. J. Am.
Med. Dir. Assoc. 2014, 15,95-101. [CrossRef] [PubMed]

Evans, W.]. Skeletal muscle loss: Cachexia, sarcopenia, and inactivity. Am. J. Clin. Nutr. 2010, 91, 11235-11278S.
[CrossRef]

Insel, PM.; Ross, D.; McMahon, K.; Bernstein, M. Nutrition, 6th ed.; Jones & Bartlett Learning: Burlington,
MA, USA, 2017; pp. 485-491.

Berchtold, M.W.; Brinkmeier, H.; Muntener, M. Calcium ion in skeletal muscle: Its crucial role for muscle
function, plasticity, and disease. Physiol. Rev. 2000, 80, 1215-1265. [CrossRef] [PubMed]

Van Dronkelaar, C.; Van Velzen, A.; Abdelrazek, M.; Van der Steen, A.; Weijs, PJ.M.; Tieland, M. Minerals and
Sarcopenia; The Role of Calcium, Iron, Magnesium, Phosphorus, Potassium, Selenium, Sodium, and Zinc on
Muscle Mass, Muscle Strength, and Physical Performance in Older Adults: A Systematic Review. J. Am. Med.
Dir. Assoc. 2018, 19, 6-11. [CrossRef]

Verlaan, S.; Aspray, T.J.; Bauer, ].M.; Cederholm, T.; Hemsworth, J.; Hill, T.R.; McPhee, J.S.; Piasecki, M.;
Seal, C.; Sieber, C.C.; et al. Nutritional status, body composition, and quality of life in community-dwelling
sarcopenic and non-sarcopenic older adults: A case-control study. Clin. Nutr. 2017, 36, 267-274. [CrossRef]
Ter Borg, S.; de Groot, L.C.; Mijnarends, D.M.; de Vries, J.H.; Verlaan, S.; Meijboom, S.; Luiking, Y.C.;
Schols, .M. Differences in Nutrient Intake and Biochemical Nutrient Status Between Sarcopenic and
Nonsarcopenic Older Adults-Results From the Maastricht Sarcopenia Study. . Am. Med. Dir. Assoc. 2016, 17,
393-401. [CrossRef] [PubMed]

Waters, D.L.; Wayne, S.J.; Andrieu, S.; Cesari, M.; Villareal, D.T.; Garry, P.,; Vellas, B. Sexually dimorphic
patterns of nutritional intake and eating behaviors in community-dwelling older adults with normal and
slow gait speed. J. Nutr. Health Aging 2014, 18, 228-233. [CrossRef] [PubMed]

Oh, C;; Jho, S.; No, ].K.; Kim, H.S. Body composition changes were related to nutrient intakes in elderly men
but elderly women had a higher prevalence of sarcopenic obesity in a population of Korean adults. Nutr. Res.
2015, 35, 1-6. [CrossRef] [PubMed]

Seo, M.H.; Kim, M.K,; Park, S.E.; Rhee, EJ.; Park, C.Y.; Lee, W.Y,; Baek, K.H.; Song, K.H.; Kang, M.I.; Oh, K.W.
The association between daily calcium intake and sarcopenia in older, non-obese Korean adults: The fourth
Korea National Health and Nutrition Examination Survey (KNHANES IV) 2009. Endocr. ]. 2013, 60, 679-686.
[CrossRef] [PubMed]

Park, S.W.; Goodpaster, B.H.; Lee, ].S.; Kuller, L.H.; Boudreau, R.; de Rekeneire, N.; Harris, T.B.; Kritchevsky, S.;
Tylavsky, EA.; Nevitt, M.; et al. Excessive loss of skeletal muscle mass in older adults with type 2 diabetes.
Diabetes Care 2009, 32, 1993-1997. [CrossRef] [PubMed]

Lee, N.; Choi, C.J. Smoking and Diabetes as Predictive Factors of Accelerated Loss of Muscle Mass in
Middle-Aged and Older Women: A Six-Year Retrospective Cohort Study. ]. Womens Health 2019, 28,
1391-1398. [CrossRef]

Abbatecola, A.M.; Chiodini, P.; Gallo, C.; Lakatta, E.; Sutton-Tyrrell, K.; Tylavsky, F.A.; Goodpaster, B.; de
Rekeneire, N.; Schwartz, A.V.; Paolisso, G.; et al. Pulse wave velocity is associated with muscle mass decline:
Health ABC study. Age 2012, 34, 469—478. [CrossRef]

Kim, Y.;; Han, B.G.; Ko, G.E.S.g. Cohort Profile: The Korean Genome and Epidemiology Study (KoGES)
Consortium. Int. J. Epidemiol. 2017, 46, €20. [CrossRef]

Lexell, J.; Taylor, C.C.; Sjostrom, M. What is the cause of the ageing atrophy? Total number, size and
proportion of different fiber types studied in whole vastus lateralis muscle from 15- to 83-year-old men.
J. Neurol. Sci. 1988, 84, 275-294. [CrossRef]

Kim, D.; Kim, B.; Won, C.; Choi, H.; Kim, S.; Jang, M.; Shin, W. The Relationship Between Physical Activity
and Risk of Cardiovascular Disease Among Hypertensive Persons: A Community-Based Prospective Study.
Korean J. Fam. Pr. 2018, 8, 676-683. [CrossRef]

Bushinsky, D.A.; Monk, R.D. Electrolyte quintet: Calcium. Lancet 1998, 352, 306-311. [CrossRef]


http://dx.doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/pubmed/20392703
http://dx.doi.org/10.1016/j.jamda.2013.11.025
http://www.ncbi.nlm.nih.gov/pubmed/24461239
http://dx.doi.org/10.3945/ajcn.2010.28608A
http://dx.doi.org/10.1152/physrev.2000.80.3.1215
http://www.ncbi.nlm.nih.gov/pubmed/10893434
http://dx.doi.org/10.1016/j.jamda.2017.05.026
http://dx.doi.org/10.1016/j.clnu.2015.11.013
http://dx.doi.org/10.1016/j.jamda.2015.12.015
http://www.ncbi.nlm.nih.gov/pubmed/26825685
http://dx.doi.org/10.1007/s12603-014-0004-8
http://www.ncbi.nlm.nih.gov/pubmed/24626748
http://dx.doi.org/10.1016/j.nutres.2014.07.018
http://www.ncbi.nlm.nih.gov/pubmed/25524331
http://dx.doi.org/10.1507/endocrj.EJ12-0395
http://www.ncbi.nlm.nih.gov/pubmed/23357977
http://dx.doi.org/10.2337/dc09-0264
http://www.ncbi.nlm.nih.gov/pubmed/19549734
http://dx.doi.org/10.1089/jwh.2018.7527
http://dx.doi.org/10.1007/s11357-011-9238-0
http://dx.doi.org/10.1093/ije/dyx105
http://dx.doi.org/10.1016/0022-510X(88)90132-3
http://dx.doi.org/10.21215/kjfp.2018.8.5.676
http://dx.doi.org/10.1016/S0140-6736(97)12331-5

Nutrients 2020, 12, 2856 11 of 12

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Levey, A.S,; Stevens, L.A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.F, 3rd; Feldman, H.I; Kusek, ] W.; Eggers, P;
Van Lente, F.; Greene, T.; et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 2009,
150, 604-612. [CrossRef] [PubMed]

Gaddey, H.L.; Holder, K. Unintentional weight loss in older adults. Am. Fam. Physician 2014, 89, 718-722.
[PubMed]

Tai, V.; Leung, W.; Grey, A.; Reid, LR.; Bolland, M.]. Calcium intake and bone mineral density: Systematic
review and meta-analysis. BMJ 2015, 351, h4183. [CrossRef] [PubMed]

Tang, B.M.; Eslick, G.D.; Nowson, C.; Smith, C.; Bensoussan, A. Use of calcium or calcium in combination
with vitamin D supplementation to prevent fractures and bone loss in people aged 50 years and older:
A meta-analysis. Lancet 2007, 370, 657-666. [CrossRef]

Bristow, S.M.; Horne, A.M.; Gamble, G.D.; Mihov, B.; Stewart, A.; Reid, LR. Dietary Calcium Intake and Bone
Loss Over 6 Years in Osteopenic Postmenopausal Women. |. Clin. Endocrinol. Metab. 2019, 104, 3576-3584.
[CrossRef]

Bolland, M.].; Leung, W.; Tai, V.; Bastin, S.; Gamble, G.D.; Grey, A.; Reid, I.R. Calcium intake and risk of
fracture: Systematic review. BM]J 2015, 351, h4580. [CrossRef]

Rosenblum, J.L.; Castro, V.M.; Moore, C.E.; Kaplan, L.M. Calcium and vitamin D supplementation is
associated with decreased abdominal visceral adipose tissue in overweight and obese adults. Am. J.
Clin. Nutr. 2012, 95, 101-108. [CrossRef]

Zhang, F; Ye, ].; Zhu, X,; Wang, L.; Gao, P; Shu, G.; Jiang, Q.; Wang, S. Anti-Obesity Effects of Dietary
Calcium: The Evidence and Possible Mechanisms. Int. . Mol. Sci. 2019, 20, 3072. [CrossRef]

Major, G.C.; Alarie, FP; Dore, J.; Tremblay, A. Calcium plus vitamin D supplementation and fat mass loss in
female very low-calcium consumers: Potential link with a calcium-specific appetite control. Br. |. Nutr. 2009,
101, 659-663. [CrossRef]

Domiciano, D.S.; Figueiredo, C.P.; Lopes, ].B.; Caparbo, V.F; Takayama, L.; Menezes, PR.; Bonfa, E.;
Pereira, R.M. Discriminating sarcopenia in community-dwelling older women with high frequency of
overweight/obesity: The Sao Paulo Ageing & Health Study (SPAH). Osteoporos Int. 2013, 24, 595-603.
[CrossRef]

Bootman, M.D.; Collins, T.].; Peppiatt, C.M.; Prothero, L.S.; MacKenzie, L.; De Smet, P.; Travers, M.; Tovey, S.C.;
Seo, J.T.; Berridge, M.].; et al. Calcium signaling—An overview. Semin. Cell Dev. Biol. 2001, 12, 3-10.
[CrossRef] [PubMed]

Dirks-Naylor, A.J.; Lennon-Edwards, S. The effects of vitamin D on skeletal muscle function and cellular
signaling. J. Steroid Biochem. Mol. Biol. 2011, 125, 159-168. [CrossRef] [PubMed]

Bischoff-Ferrari, H.A.; Borchers, M.; Gudat, F.; Durmuller, U.; Stahelin, H.B.; Dick, W. Vitamin D receptor
expression in human muscle tissue decreases with age. J. Bone Miner. Res. 2004, 19, 265-269. [CrossRef]
[PubMed]

Joo, N.S.; Dawson-Hughes, B.; Kim, Y.S.; Oh, K.; Yeum, K.J. Impact of calcium and vitamin D insufficiencies
on serum parathyroid hormone and bone mineral density: Analysis of the fourth and fifth Korea National
Health and Nutrition Examination Survey (KNHANES IV-3, 2009 and KNHANES V-1, 2010). ]. Bone
Miner. Res. 2013, 28, 764-770. [CrossRef] [PubMed]

Ministry of Health and Welfare. Dietary Reference Intakes for Koreans 2015; Ministry of Health and Welfare:
Sejong, Korea, 2015.

National Institute of Health. Dietary Supplement Fact Sheets: Calcium. Available online: https://ods.od.nih.
gov/factsheets/Calcium-HealthProfessional/ (accessed on 9 May 2020).

Zhu, J.; Xun, P; Bae, J.C.; Kim, ]. H.; Kim, D.J.; Yang, K.; He, K. Circulating calcium levels and the risk of type
2 diabetes: A systematic review and meta-analysis. Br. J. Nutr. 2019, 122, 376-387. [CrossRef]

Bolland, M.].; Avenell, A; Baron, J.A.; Grey, A.; MacLennan, G.S.; Gamble, G.D.; Reid, L.R. Effect of calcium
supplements on risk of myocardial infarction and cardiovascular events: Meta-analysis. BMJ 2010, 341,
c3691. [CrossRef]

Fielding, R.A.; Vellas, B.; Evans, W.].; Bhasin, S.; Morley, ].E.; Newman, A.B.; Abellan van Kan, G.; Andrieu, S.;
Bauer, J.; Breuille, D.; et al. Sarcopenia: An undiagnosed condition in older adults. Current consensus
definition: Prevalence, etiology, and consequences. International working group on sarcopenia. J. Am. Med.
Dir. Assoc. 2011, 12, 249-256. [CrossRef]


http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://www.ncbi.nlm.nih.gov/pubmed/19414839
http://www.ncbi.nlm.nih.gov/pubmed/24784334
http://dx.doi.org/10.1136/bmj.h4183
http://www.ncbi.nlm.nih.gov/pubmed/26420598
http://dx.doi.org/10.1016/S0140-6736(07)61342-7
http://dx.doi.org/10.1210/jc.2019-00111
http://dx.doi.org/10.1136/bmj.h4580
http://dx.doi.org/10.3945/ajcn.111.019489
http://dx.doi.org/10.3390/ijms20123072
http://dx.doi.org/10.1017/S0007114508030808
http://dx.doi.org/10.1007/s00198-012-2002-1
http://dx.doi.org/10.1006/scdb.2000.0211
http://www.ncbi.nlm.nih.gov/pubmed/11162741
http://dx.doi.org/10.1016/j.jsbmb.2011.03.003
http://www.ncbi.nlm.nih.gov/pubmed/21397021
http://dx.doi.org/10.1359/jbmr.2004.19.2.265
http://www.ncbi.nlm.nih.gov/pubmed/14969396
http://dx.doi.org/10.1002/jbmr.1790
http://www.ncbi.nlm.nih.gov/pubmed/23045165
https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/
https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/
http://dx.doi.org/10.1017/S0007114519001430
http://dx.doi.org/10.1136/bmj.c3691
http://dx.doi.org/10.1016/j.jamda.2011.01.003

Nutrients 2020, 12, 2856 12 of 12

41.

42.

43.

44.

45.

46.

Cruz-Jentoft, A.].; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F,; Rolland, Y.;
Sayer, A.A.; et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48,
16-31. [CrossRef]

Chien, M.Y.; Huang, T.Y.; Wu, Y.T. Prevalence of sarcopenia estimated using a bioelectrical impedance
analysis prediction equation in community-dwelling elderly people in Taiwan. J. Am. Geriatr. Soc. 2008, 56,
1710-1715. [CrossRef]

Kim, M.K.; Baek, K.H.; Song, K.H.; Kang, M., II; Park, C.Y.; Lee, W.Y.; Oh, K.W. Vitamin D deficiency is
associated with sarcopenia in older Koreans, regardless of obesity: The Fourth Korea National Health
and Nutrition Examination Surveys (KNHANES IV) 2009. ]. Clin. Endocrinol. Metab. 2011, 96, 3250-3256.
[CrossRef]

Visser, M.; Deeg, D.J.; Lips, P; Longitudinal Aging Study, A. Low vitamin D and high parathyroid hormone
levels as determinants of loss of muscle strength and muscle mass (sarcopenia): The Longitudinal Aging
Study Amsterdam. J. Clin. Endocrinol. Metab. 2003, 88, 5766-5772. [CrossRef] [PubMed]

Rafferty, K.; Walters, G.; Heaney, R.P. Calcium fortificants: Overview and strategies for improving calcium
nutriture of the U.S. population. J. Food Sci. 2007, 72, R152-R158. [CrossRef] [PubMed]

Bristow, S.M.; Gamble, G.D.; Stewart, A.; Horne, L.; House, M.E.; Aati, O.; Mihov, B.; Horne, A.M.; Reid, I.R.
Acute and 3-month effects of microcrystalline hydroxyapatite, calcium citrate and calcium carbonate on
serum calcium and markers of bone turnover: A randomised controlled trial in postmenopausal women.
Br. J. Nutr. 2014, 112, 1611-1620. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1093/ageing/afy169
http://dx.doi.org/10.1111/j.1532-5415.2008.01854.x
http://dx.doi.org/10.1210/jc.2011-1602
http://dx.doi.org/10.1210/jc.2003-030604
http://www.ncbi.nlm.nih.gov/pubmed/14671166
http://dx.doi.org/10.1111/j.1750-3841.2007.00521.x
http://www.ncbi.nlm.nih.gov/pubmed/18034744
http://dx.doi.org/10.1017/S0007114514002785
http://www.ncbi.nlm.nih.gov/pubmed/25274192
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Subjects and Methods 
	Subjects 
	Medical History, Lifestyle Habits, and Anthropometric Measurements 
	Laboratory Tests 
	Food Frequency Questionnaire (FFQ) 
	Definition of Weight Loss and Muscle Loss 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

