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ABSTRACT

As the proportion of the elderly population increases rapidly, interest in musculoskeletal
health is also emerging. Here, we investigated how antioxidant vitamin intake and
musculoskeletal health are related. Adults aged 50 to 80 years with a body mass index

(BMI) 0f18.5 to 27.0 kg/m? were included. Bone mineral density (BMD), lean mass (LM),
appendicular skeletal muscle mass index (ASMI) were measured using dual-energy X-ray
absorptiometry (DXA), and the grip strength and knee extension using hand dynamometer.
Nutrient intakes were measured using a 24-hour recall questionnaire. A total of 153 adults
(44 men and 109 women) participated in this study. A partial correlation analysis showed a
significant positive relationship between vitamin E and BMD and between vitamin C and LM/
Height. Participants were classified into three groups according to whether their vitamin

E and C intake met the recommended intake for Dietary Reference Intakes for Koreans
(KDRIs). The prevalence of having low T-score (< -1.0) and low ASMI (< 7.0 for men and < 5.4
for women) was 51.3% and 15.4% in the group with vitamins C and E intakes below KDRIs.
After adjusting for sex, smoking status and energy, protein, vitamin D, and calcium intake,
the group with vitamins C and E both below the KDRIs displayed a significantly lower BMD
at all test sites and LM/Height compared with vitamin C and/or E intake above the KDRIs
groups. We conclude that sufficient intake of vitamin E and C is important for maintaining
BMD and lean mass in Korean adults over 50 years of age.

Keywords: Antioxidants; Vitamin E; Vitamin C; Bone density; Dietary Reference Intake

INTRODUCTION

South Korea is one of the fastest aging countries in the world. According to the Korean
Statistical Information Service, the population of elderly 65 years of age or older accounted
for 15.7% in 2020; it is expected to exceed 20.0% in 2025, at which point it will become

a super-aged society [1]. Along with these demographic changes, the aging of the
musculoskeletal system is emerging as a major concern in public health. For example, the
prevalence of osteoporosis and related fractures are increasing at a much faster rate than the
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increase in the elderly population in Korea [2]. Since being registered under the International
Classification of Diseases, Tenth Revision (ICD-10) code in 2016, efforts to treat and diagnose
sarcopenia have been increasing worldwide [3]. South Korea has recently included the
diagnosis code for sarcopenia in its 8th revision of the Korean classification of diseases [4].

Adults over the age of 50 years commonly experience a decline of bone density and muscle
mass as they age. In particular postmenopausal women experience bone loss associated
with lower levels of sex steroids in their 50s [5]. Their rate of muscle mass loss is around
1.0%-2.0% per year, and their resulting muscle strength is lost at a rate of 1.5%-3.0% per
year [6]. Importantly, both the structural properties of bone and muscle and their functional
properties show a significant decline with aging [7]. With time, older adults pass generally
through a state of pre-frailty than can lead to frailty and disability [8]. In real terms, the risk
of falls and a loss of autonomy increases in the elderly, which can lead to a corresponding
increase in morbidity and medical costs [9,10].

Though there is no current agreement on the biological mechanisms that explain the aging
of the musculoskeletal system, it is becoming progressively more important to clarify
relevant mechanisms in order to prevent or treat related disorders. As one of the possible
mechanisms, there is a hypothesis that oxidative stress induced by increased reactive
oxygen species (ROS) due to mitochondrial dysfunction can lead to cellular damage,

which can explain age-dependent changes in both bone and muscle [11]. In terms of

bone structural integrity, the increased ROS inhibits the proliferation and maturation of
osteoblasts, resulting in a reduced bone matrix mineralization [11,12]. In one study, there
was a significantly increased level of oxidative stress-related biomarkers in the osteoporosis
population compare to the control group [13]. This increase in ROS not only damages
mitochondrial DNA, leading to the apoptosis of muscle fibers [11,14], but also induces

the expression of inflammatory cytokines such as interleukin-6 and C-reactive protein,
which increases the risk of a decrease in muscle strength in older men and women [15].
The fact that the muscles in older adults have an increase in oxidative stress biomarkers
supports this hypothesis [16]. Thus, the imbalance between the production of ROS and the
antioxidant defense system in older adults can be posited to be associated with age-related
musculoskeletal disorders.

As oxidative stress has been reported to affect the age-related loss of bone and muscle,

the possible role of dietary antioxidants to neutralize effects on free radicals has also been
discussed. However, definitive conclusions from this research remains unclear, with most
studies focusing on the intake of vitamins C and E. One of the reasons for lack of research
on other antioxidant vitamins pertains to the difficulty of estimating the exact intake of
flavonoids due to the different molecular structure and bioavailability of flavonoid types [17]
and the lack of a comprehensive food database [18]. Carotenoids, natural pigment in plants,
are classified into two types depending on whether they can be converted to retinol (vitamin
A). Few studies have shown that a higher bone mineral density (BMD) was significantly
related with the intake of total carotenoids, B-carotene, or lycopene [19,20]. The low intake
or concentration of carotenoids was reported to be associated with low muscle strength or
physical performance [21,22]. On the other hand, vitamin A, a known antioxidant vitamin,
has been reported to reduce BMD and ultimately increase the risk of hip fractures when
consumed in an excessive amount [23].
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An adequate intake of antioxidant vitamins is, therefore, proposed as one of the ways to
prevent or treat musculoskeletal disorders caused by aging [24]. These vitamins, including
vitamin A, vitamin E, and vitamin C, effectively scavenge ROS [25], and in particular vitamin
C in important as it regenerates vitamin E from radicals [26]. In addition, vitamin C is

also involved in synthesizing collagen and carnitine, as well as stimulating the formation
osteoblasts [27]. And as vitamin E is a lipid-soluble antioxidant, it can repair plasma
membrane damage during senescence [28] The use of retinol is still uncertain, though it is
known that it participates in the processes of protein metabolism, collagen formation, and
lipid oxidation [29].

Since no effective pharmacological treatment is available once osteoporosis or sarcopenia
has already progressed, it becomes important to attenuate bone or muscle loss by modifying
lifestyle in advance. Until now, only nutrients such as protein, vitamin D, and calcium have
been highlighted for use in the prevention or treatment of osteoporosis or sarcopenia.
Studies on antioxidant vitamin intake and musculoskeletal health remain insufficient,

with inconsistent results. Therefore, this study investigates the following: i) what type of
antioxidant vitamins are closely related to bone and muscle health of those aged from 50-80
years, and ii) whether their antioxidant vitamin intake relative to the Dietary Reference
Intakes for Korean (KDRIs) is related to these musculoskeletal parameters.

Study population

Participants were healthy adults aged from 50 to 80 years recruited between July 2019 and
January 2020. Measurements and tests were conducted at Ajou University Hospital in Suwon,
Gyeonggi-do, Korea. This study was approved by the Ethics Committee of Ajou University
Hospital (No. AJIRB-MED-FOD-19/048).

Inclusion criteria included adults aged from 50 to 80 years and those with a body mass index
(BMI) range of18.5 to 27.0 kg/m?. Those who consume more than 1,000 IU of vitamin D per day
or take steroid drugs, those who are on a therapeutic diet for disease management, and those
with other chronic disease such as diabetes and cirrhosis were excluded from this study. All
participants were informed about this study and voluntarily agreed to participate in the study.

Measurement

General information

A questionnaire was used to obtain general information, and included smoking status,
education level, living status, and weight history. Participants who currently smoke even a
single cigarette were considered as ‘currently smoking’. ‘Education level’ was classified into
elementary school graduation or lower, middle school graduation, high school graduation,
and college graduation or higher. ‘Living status’ was classified as those living with their
family and those living alone. For ‘weight history’, we asked participants to recall their weight
at the age of 25, and weight was categorized into 3 groups: weight losers (> 3.0% loss), weight
maintainers (+ 3.0%), and weight gainers (> 3.0% gain).

Dual-energy X-ray absorptiometry (DXA) scan and anthropometric measurement

Body composition and BMD were measured using a DXA system (Lunar iDXA; Ge Health
Care, Madison, WI, USA). BMD (g/cm?) was measured at the lumbar spine, femur, and
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total body. Participants with T-score less than -1.0 at the lumbar spine or femur sites were
defined as having low T-score [30]. The total mass (weight, kg), lean body mass (LM) (kg),
appendicular skeletal muscle mass (ASM) (kg), and percent body fat (%) were also measured
by DXA scans, and then adjusted for body size using the following calculations: BMI = Weight
(kg)/Height(m?), LM/Height = LM (kg)/Height (m?), Appendicular Skeletal Muscle Mass Index
(ASMI) = ASM (kg)/Height(m?), ASM/BMI = ASM (kg)/BMI (kg/m?). Participants were defined
as having a low ASMI if the ASMI was < 7.0 kg/m? for men and < 5.4 kg/m? for women, based
on criteria of the Asian Working Group for Sarcopenia [31].

Height was measured using an electronic scale (GL-150; G-tech International, Uijeongbu,
Korea), and recorded to the nearest 0.1 cm.

Muscle strength & physical activity

To evaluate muscle strength, grip strength and knee extension were used as indexes. We used
grip strength, as worldwide the criteria for diagnosing sarcopenia includes the measurement
of grip strength [32]. Although knee extension is also known to reflect limb muscle strength
in older adults, it is less used than grip strength because of its difficulty of measurement.

The grip strength (kg) of both hands was assessed three times using a hand grip
dynamometer (Jamar Plus+ Digital Hand Dynamometer; Jamar, Anaheim, CA, USA), and we
used the highest score for analysis. Participants were defined as having low grip strength if
their grip strength was < 28.0 kg in men and < 18.0 kg in women, according to criteria of the
Asian Working Group for Sarcopenia [31,32]. Knee extension strength was assessed using

a hand-held dynamometer (MicroFET2, HOGGAN Ergo; Hoggan Scientific LLC, Salt Lake
City, UT, USA), obtained by measuring both sides three times, in which the highest score was
again used for analysis. This method more easily measures the knee extension strength and
has been proven to be more valid and reliable compared to an isokinetic dynamometer [33].

Physical activity was assessed based on the International Physical Activity Questionnaire
(IPAQ). The time of physical activity over the last 7 days was investigated according to the
intensity of activity, and then converted to metabolic equivalents (MET) (min/week). Those
having a MET above 600 were considered physically active [34].

Quality of life

Health-related quality of life was evaluated by the Korean Health-related Quality of Life
Instrument with 8 Items (HINT-8), which gives weights for each quality of life area [35].
HINT-8 consists of items asking participants about their degree of difficulty in climbing
stairs, working, sleeping, and remembering, and their current status pertaining to feeling
pain, vitality, depression, and happiness. It was developed by the Korea Centers for Disease
Control & Prevention to more accurately measure a health-related quality of life that fits
the characteristics of Koreans, and to be used in the Korea National Health and Nutrition
Examination Survey (KNHANES). The higher its score, the higher the quality of life.

Eating habits & dietary intake
Nutrient intake, including total energy, protein, vitamin, and mineral intake, were measured using

a24-hour recall method. A trained dietitian investigated meal intake of the day before the test.

Daily eating habits and the use of vitamin supplements were investigated through a
questionnaire.
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The web-based Computer Nutrition Analysis Program (CAN-Pro) version 5.0 (The Korean
Nutrition Society, Seoul, Korea) was used for the diet analysis.

After a correlation analysis to determine which antioxidant vitamin is related to
musculoskeletal indices, the participants were grouped according to whether the vitamin
intake met the requirements for adequate intake (AI) or the reference nutrient intake (RNI),
as stated in the 2020 KDRIs [36].

Statistics

Results are expressed as mean (standard deviation, SD) or number of participants (%).
Normal distribution tests were performed on all continuous variables. Between-group
differences were evaluated using an independent t-test for continuous variables and a y?

test for categorical variables. An analysis of variance (ANOVA) and analysis of covariance
(ANCOVA) were also used, and Bonferroni’s post hoc analysis was conducted in order to
evaluate the between-group differences. The relationship between vitamin intake and
variables such as BMD, muscle mass, and strength was then analyzed using the partial
correlation coefficient, after adjusting for age, sex, BMI, physical activity, energy intake, and
supplement uses.

All statistical analysis was performed using the Statistical Package for the Social Sciences
(SPSS) software version 25.0 (IBM Corp., Armonk, NY, USA). Two-sided p values of < 0.05
were considered as being statistically significant.

Characteristics of study population

A total 0f 153 participants were included, consisting of 44 men and 109 women. The
participants’ characteristics are summarized in Table 1. The mean age of the participants
was about 62.0 years for men and 59.5 years for women. The proportion of current smokers
accounted for 4.4% of all participants. The mean BMI of men was 23.7 kg/m?, which was
significantly higher than that of women (22.8 kg/m?). The body composition variables such
as BMD, ASM, and LM were all significantly higher in men than in women. The mean ASMI
of the study participants was 7.5 kg/m? for men and 5.9 kg/m? for women. The prevalence
of having a low T-score was significantly higher in women, but there was no significant
difference in the prevalence of having a low ASMI. The mean grip strength of men was 38.6
kg, and 6.8% had a low grip strength. The mean grip strength of women was 25.8 kg, and
6.4% had a low grip strength, which is not significantly different from the prevalence of low
grip strength in men. The mean value of knee extension was 211.6 N in men and 181.7 N in
women. About 80.0% of all participants were found to be physically active.

Table 2 shows the nutrient intakes of participants, which are closely related to bone and muscle
health. The average energy intake was 1,798.7 kcal for men and 1,428.2 keal for women, and

the rates of meeting the estimated energy requirement (EER) were 5.6% in men and 19.0%

in women. The total protein intake was significantly higher in men, though the mean value

of protein intake/weight was 0.95 g/kg, which was similar between both sexes. The average
vitamin E intake of the participants was 14.7 mg o-TE, which was above the AI, though the
proportion of participants who met the Al was 61.8%. The average vitamin C intake of the
participants was 66.7 mg, which was less than the RNI of 100 mg. Vitamin E and C supplements
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Table 1. Anthropometric and socio-demographic characteristics of participants according to sex

Variables Total (n =153) Men (n = 44) Women (n =109) p value
Age 60.2 + 6.7 62.0+7.5 59.5+6.2 0.035"
Current smoker 6 (4.4) 4 (10.8) 2 (2.0) 0.025*
Education level 0.009"
Elementary school 6 (4.5) 2 (5.4) 4 (4.)
Middle school 12 (9.0) 2 (5.4) 10 (10.3)
High school 66 (49.3) 11 (29.7) 55 (56.7)
College 50 (37.3) 922 (59.5) 28 (28.9)
Lives with 0.129
Family 128 (95.5) 36 (100.0) 92 (93.9)
Alone 6 (4.5) 0 6 (6.1)
Weight history 0.006"
Weight losers (> 3% loss) 8 (6.1) 5(13.9) 3(3.1)
Weight maintainers (+ 3%) 17 (12.9) 8(22.2) 9(9.4)
Weight gainers (> 3% gain) 107 (81.1) 23 (63.9) 84 (87.5)
Weight (kg) 59.5+7.7 67.3+6.7 56.4 £5.6 0.000"
Height (cm) 160.4 + 7.1 168.3 5.2 157.1+ 4.9 0.000"
BMI (kg/m?) 923.1+9.1 93.7+1.9 22.8 9.1 0.013*
Bone Mineral Density (BMD)
Lumbar spine (mg/cm?) 11+0.2 1.2+0.2 11+0.1 0.000"
Femur (mg/cm?) 0.9+0.1 1.0+ 0.1 0.9+0.1 0.000"
Total body(left) (mg/cm?) 11£0.1 1.2+ 0.1 1.0+ 0.1 0.000"
Low T-score* 63 (41.2)1 12 (27.3) 51 (46.8) 0.026"
Appendicular Skeletal muscle Mass (ASM)
ASMI (kg/m?) 6.4+0.9 7.5+ 0.6 59+0.5 0.000"
ASM/Weight (%) 7.6 £3.3 31.7+1.9 95.9+1.9 0.000*
ASM/BMI [kg/(kg/m?)] 0.7+0.1 0.9+0.1 0.6+ 0.1 0.000*
Low ASMI§ 97 (17.6) 10 (22.7) 17 (15.6) 0.295
Lean mass (LM)
LM (kg) 38.3+6.9 47.7+4.0 34.6+3.2 0.000*
LM/Weight (%) 64.2+ 6.1 71.0 £ 4.1 61.54.4 0.000"
LM/Height (kg/m?) 14.8+1.6 16.8 £ 1.1 14.0 +1.0 0.000"
Muscle strength
Grip strength (kg) 29.4 +7.8 38.6 £ 6.2 25.8 +5.0 0.000"
Low grip strengthl! 10 (6.5) 3(6.8) 7 (6.4) 0.135
Knee extension (N) 189.6 + 52.3 211.6 + 56.4 181.7 + 48.6 0.003"
Physical activity (IPAQ) 1,763.1 1,195.3 2,016.3 +1,388.8 1,675.8 +1,116.6 0.180
> 600 METs 107 (79.9) 31(86.1) 76 (77.6) 0.274
Quality of life (HINT-8)T 0.87 (0.04) 0.88 (0.03) 0.87 (0.05) 0.140

Values are presented as mean + standard deviation or number (%). The p value after independent t-test or y? test.

BMI, body mass index; ASMI, appendicular skeletal muscle mass index; IPAQ, International Physical Activity Questionnaire; MET, metabolic equivalents; HINT-8,
Korean Health-related Quality of Life Instrument with 8 Items.

*Significantly different (p < 0.05); TWeight history: weight change from age 25 to current age; *Participants with T-score < 1.0 at lumbar spine or femur sites were
defined as having low T-score; SParticipants with ASMI < 7.0 for men and < 5.4 for women were defined as having low ASMI; IParticipants with grip strength < 28 kg
for men and < 18 kg for women were defined as having low grip strength; A score of HINT-8 closer to 1.0 indicates a higher quality of life.

https://e-cnr.org

users were 12.9% and 27.2% of the total participants, respectively. The average intakes of
vitamin D, calcium, potassium, and magnesium did not reach KDRIs levels.

Association between antioxidant vitamin intake and bone and muscle health-
related parameters

A partial correlation analysis between antioxidant vitamin intake and various parameters
related to bone and muscle health was performed, and results are presented in Table 3.

The BMD at the femur site was seen to be significantly related to the vitamin E intake. Also,
there was a significant correlation observed between vitamin C intake and LM/Height.

No significant association was found between the antioxidant vitamin intake and muscle
strength variables.
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Musculoskeletal health-related nutrient intakes of participants according to sex

Variables KDRIs Total (n =136) Men (n = 36) Women (n =100) p value
Energy intake (kcal/d) 1,600-2,2001 1,524.7 + 300.8 1,798.7 + 232.3 1,498.2 + 260.9 0.000*
> EER 21 (15.4) 2 (5.6) 19 (19.0) 0.056
Protein intake (g/d) 50-60* 56.6 +13.7 66.0 +10.9 51.5 +13.0 0.000"
Protein intake/Weight (g/kg/d) 1.0 £ 0.2 1.0+ 0.2 0.9+0.3 0.642
Antioxidant vitamins
Vitamin A intake (ug RAE/d) 600-7508 431.5 + 343.6 508.4 + 342.4 405.8 +342.9 0.126
Retinol (ug/d) 118.5 = 111.2 198.6 + 118.5 114.9 +108.8 0.528
B-carotene (pg/d) 3,731.5 + 3,900.9 4,500.16 + 4,123.4 3,454.8 + 3,801.0 0.169
Vitamin E intake (mg a-TE/d) 12 14.7 £7.0 17.76 = 8.0 137+ 6.4 0.003"
> Al 84 (61.8) 28 (77.8) 56 (56.0) 0.021"
Vitamin C intake (mg/d) 100 66.7 + 42.3 76.2 + 45.9 63.6 +40.7 0.126
> EAR 46 (33.8) 17 (47.2) 29 (29.0) 0.048"
> RNI 22 (16.2) 9 (25.0) 13 (13.0) 0.094
Vitamin E supplement users 15 (12.9) 4 (12.9) 11(12.9) 0.996
Vitamin C supplement users 37 (27.2) 10 (27.0) 27 (27.3) 0.977
Bone health-related nutrients
Vitamin D intake (ug/d) 10-15! 2.8+3.1 2.8+3.2 2.8+3.1 0.966
Calcium intake (mg/d) 700-800" 423.2 +175.5 438.5 £199.5 419.1 +167.1 0.578
Potassium intake (mg/d) 3,500 2,359.3 + 751.7 2,579.5 + 687.2 2,280.1 + 761.3 0.040"
Magnesium intake (mg/d) 280-370™" 96.0 + 51.1 104.0 = 48.3 93.1+52.0 0.272

Values are presented as mean + standard deviation or number (%). The p value after independent t-test or y? test.

KDRIs, Dietary Reference Intakes for Koreans; EER, estimated energy requirements; Al, adequate intake; EAR, estimated average requirement; RNI,
recommended nutrient intake.

*Significantly different (p < 0.05); TEER for women above 65 years of age is 1,600 kcal/d, 1,700 kcal/d for women 50-64 years of age, 2,000 kcal/d for men above

65 years of age, and 2,200 kcal/d for men 50-64 years of age; ¥RNI for women above 50 years of age is 50 g/d, and 60 g/d for men above 50 years of age; SRNI for
women above 50 years of age is 600 ug RAE/d, 700 ug RAE/d for men above 65 years of age, and 750 ug RAE/d for men 50-64 years of age; |Al for men and women
50-64 years of age is 10 ug/d and 15 ug/d for men and women above 65 years of age; TRNI for men above 65 years of age is 700 mg/d, 750 mg/d for men 50-64 years
of age, and 800 mg/d for women above 50 years of age; **RNI for women above 50 years of age is 280 mg/d, and 370 mg/d for men above 50 years of age.

Partial correlation coefficients (r) between antioxidant vitamin intakes and musculoskeletal health-related variables

Partial correlation coefficients (r) Vitamin A (ug RAE/d) Retinol (pg/d) B-carotene (pg/d) Vitamin E (mg/d) Vitamin C (mg/d)

BMD
Lumbar spine (mg/cm?) 0.075 -0.022 0.079 0.081 0.080
Femur (mg/cm?) 0.094 -0.042 0.098 0.220" 0.180
Total body(left) (mg/cm?) 0.090 -0.010 0.086 0.177 0.176
ASM
ASMI (kg/m?) 0.022 -0.120 0.053 0.029 0.134
ASM/Weight (%) 0.030 -0m7 0.060 0.048 0.106
ASM/BMI [kg/(kg/m?)] 0.097 -0.049 0.108 -0.011 0.034
LM
LM (kg) 0.149 0.017 0.140 0.013 0.105
LM/Weight (%) 0.092 -0.044 0.100 0.093 071
LM/Height (kg/m?) 0.098 -0.035 0.104 0.088 0.203"
Muscle strength
Grip strength (kg) -0.090 -0.063 -0.084 -0.223 -0.092
Knee extension (N) 0.083 0.018 0.076 0.013 0.086

Adjusted for age, sex, BMI, physical activity (IPAQ), energy intake and supplement uses

BMD, bone mineral density; ASM, appendicular skeletal muscle mass; ASMI, appendicular skeletal muscle mass index; BMI, body mass index; LM, lean body
mass; IPAQ, International Physical Activity Questionnaire.

*The p value < 0.05.

Figure 1 presents the prevalence of low T-scores and low ASMIs in the study participants
according to whether or not their daily vitamin E and C intake meets Al or RNI standards.
The figure also includes those who meet the KDRIs by taking supplements. More than half
of the group with a vitamins C and E intake both under KDRIs (n = 39) are seen to have a
low T-score, and the prevalence of having a low ASMI was 15.4% in that group. Notably,

in men, 80.0% of the group having a vitamins E and C intake both under the KDRIs had
osteopenia or osteoporosis, and 40.0% of the same group had sarcopenia. In women, there
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E or C: Vitamin E intakes > Al or vitamin C intakes > RNI

None: Vitamin E intakes < Al and vitamin C intakes < RNI

Low T-score: T-score < -1.0

Low ASMI: ASMI < 7.0 kg/m?in men and ASMI < 5.4 kg/m? in women

Figure 1. Prevalence of (A) low T-score and (B) low ASMI according to whether daily vitamin E and/or C intake meets Al or RNI.
ASMI, appendicular skeletal muscle mass index; Al, adequate intake; RNI, reference nutrient intake.
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was no significant difference between the 3 groups. The prevalence of sarcopenia was not
significantly different between the three groups in women, though none of the men with
sarcopenia met the KDRIs for vitamin E or vitamin C.

Difference of general characteristics and musculoskeletal health-related
nutrient intake according to whether vitamin E or C intake meet KDRIs

The participants’ BMD and muscle mass and strength according to whether their vitamin E
and/or C intake satisfies the Al or RNI are shown in Table 4. Meeting the KDRIs of vitamin E
and C was significantly associated with a higher BMD at all sites and for muscle mass related
parameters, excluding ASM/BML. In the adjusted model, however, this significance became
attenuated. Only the BMD of the total body and LM/Height were significantly different
among three groups. The muscle strength did not show a significant difference, according to
whether participants’ vitamin intake met the KDRIs.

DISCUSSION

Although it has been suggested that antioxidant vitamins have a close relationship with
musculoskeletal health, there has always been interest in nutrients such as protein, calcium,
vitamin D, and magnesium. Therefore, this study explored the relationship between
antioxidant vitamin intake and the musculoskeletal health status of healthy individuals

aged 50 to 80 years. First, from among various antioxidant vitamins we examined which
vitamins are related to musculoskeletal health, and we found that vitamin E and vitamin

C showed positive correlations with BMD and lean mass. Then we investigated whether
dietary vitamin E and/or C intake or supplement use at a level stated in KDRIs would help
individuals maintain bone mineral density, muscle mass, or strength, and found that the
group consuming vitamin E above Al and vitamin C above RNI had significantly higher BMD
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Musculoskeletal health-related variables according to whether vitamin E and/or C intake meets KDRIs

Variables

BMD
Lumbar spine (mg/cm?)
Unadjusted
Adjusted
Femur (mg/cm?)
Unadjusted
Adjusted
Total body(left) (mg/cm?)
Unadjusted
Adjusted
ASM
ASMI (kg/m?)
Unadjusted
Adjusted
ASM/Weight (%)
Unadjusted
Adjusted
ASM/BMI [kg/(kg/m?)]
Unadjusted
Adjusted
LM
LM (kg)
Unadjusted
Adjusted
LM/Weight (%)
Unadjusted
Adjusted
LM/Height (kg/m?)
Unadjusted
Adjusted
Muscle strength
Grip strength (kg)
Unadjusted
Adjusted
Knee extension (N)
Unadjusted
Adjusted

Vitamin E & C intake both above Vitamin E or C intake above Vitamin E & C intake both under p value
KDRIs (n = 40) KDRIs (n = 57) KDRIs (n = 39)
11+0.9 1101 1.0 £0.2° 0.032*
11+ 0.0 1.1+0.0 11+0.0 0.103
1.0+ 012 1.0+ 0.1 0.9+0.1° 0.018"
1.0+ 0.0 0.9+0.0 0.9+0.0 0.093
11+0.7° 11+0.1 1.0+ 0.1° 0.005"
1.2+ 0.0 11+0.0 1.0+ 0.0 0.047"
6.7 +1.12 6.5+0.9 6.2 +0.8° 0.004"
6.6 + 0.1 6.5+ 0.1 6.3+0.1 0.097
98.6 + 3.3 97.7 + 3.6 96.9 +2.8° 0.021
28.0 + 0.3 97.5+ 0.3 97.5+ 0.3 0.434
0.8 +0.1 0.7 £ 0.1 0.7 +0.1 0.080
0.7 + 0.0 0.7 £ 0.0 0.7 + 0.0 0.125
40.6 +7.9° 38.5+6.3 37.0=6.1° 0.020"
39.2+0.6 38.3+0.5 38.4+0.6 0.379
65.8 £ 5.7° 64.3+6.8 62.9 = 5.6° 0.041*
64.7+0.8 64.2+0.6 63.8+0.8 0.732
15.4 1.9 15.2 +1.6° 14.4 +1.4° 0.000"
15.1+ 0.2 151+ 0.12 14.6 + 0.2° 0.023*
30.5+8.5 29.4 +7.9 98.5+7.2 0.383
98.8 + 0.9 29.2 + 0.7 30.1+0.9 0.618
197.4 + 61.5 190.3 + 51.1 183.8 + 46.4 0.260
195.5+9.3 189.9 + 7.6 184.3+9.3 0.726

Estimated means + standard deviation after adjusting for sex, smoking status, energy intake, protein intake, vitamin D intake, and calcium intake. The p value
after ANOVA (unadjusted) and ANCOVA (adjusted).

KDRIs, Dietary Reference Intakes for Koreans; BMD, bone mineral density; ASM, appendicular skeletal muscle mass; ASMI, appendicular skeletal muscle mass
index; BMI, body mass index; LM, lean body mass; ANOVA, analysis of variance; ANCOVA, analysis of covariance.

*Significantly different (p < 0.05).

2®Mean values with different letters in the same row are significantly different (p value < 0.05) by Bonferroni’s post hoc analysis.
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at all test sites, LM, and ASM when adjusted for height and weight (ASMI and ASM/Weight).
Although significance was attenuated after adjusting for related factors, we could posit that
the sufficient intake of both vitamin E and C could contribute greatly to maintaining BMD
and muscle mass in preparation for healthy aging.

In our study, we found only a significant relationship between vitamin E intake and BMD,
and the association of vitamin C intake and lean mass—after adjusting musculoskeletal
health-related variables. Since we also included participants whose vitamin intake was
through supplements, it is possible that significance was found only between vitamins C and
E, which were frequently consumed through supplement use. Also, previous studies mostly
investigated participants’ dietary intake using a food-frequency questionnaire, which usually
estimates the daily consumption more sensitively compared to the 24-hour recall method. In
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this case, the main sources of antioxidant vitamin intake were vegetables and fruits, which
vary widely from season to season.

Also, there are some cross-sectional studies with Korean women and men, and they

showed significant positive association between dietary vitamin C intake and BMD [37-39].
Furthermore, in a meta-analysis of vitamin C intake and osteoporosis incidence, higher vitamin
C intake had an inverse correlation with the risk of osteoporosis [40]. And two cohort studies
among older adults have shown that low intake or low serum level of vitamin E (a-tocopherol)
also increases the risk of fracture [41,42] On the other hand, a cross-sectional study of

women with osteoporosis showed a dietary antioxidant quality score had no relationship with
BMD [43]. It suggests taking antioxidant vitamins cannot help keeping bone health when
osteoporosis have already progressed. Therefore, in the current study, those who had already
been diagnosed with osteoporosis were excluded from screening. In older adults who were not
diagnosed with osteoporosis, we found a significant association of antioxidant vitamin intake
with BMD at all testing sites, even after adjusting for confounding factors.

In this study, we found a positive association between sufficient intakes of vitamins E and C
and muscle mass index including ASMI, ASM/Weight and LM, LM/Weight and LM/Height,
although it disappeared after adjusting confounding factors. However, further research is
needed to examine effects of long-term antioxidant vitamin intake on muscle mass.

In terms of muscle strength, few cross-sectional studies showed higher consumption of
vitamin C was associated with higher muscle power (leg explosive power) [24] and physical
function such as walking and chair rise time [44]. A higher vitamin E concentration in older
adults was reported to be related with greater muscle strength [21], a lower likelihood of
being frail [45]. The current study, however, did not show any relationships between vitamins
C or E intake and muscle strength. We speculate that this was possibly because the grip
strength of participants was already within the normal range. And additionally, since the
average IPAQ score of the participants was 1,675 METs for women and 2,016 METs for men,
which is higher than those of other Korean adults aged 30-64 years (1,560 METs for women
and 1,782 METs for men), we could suggest that the antioxidant could not exert further effect
on the muscular strength.

In our study, unadjusted model showed the group with vitamins E and C intake both above
the KDRIs had significantly higher BMD, ASMI, and LM than the group with vitamins E
and C intake both under the KDRIs, though the significance disappeared after adjusting
the confounders. This finding indicates the potential importance for both vitamins E and C
intake, in terms of being able to meet the standards.

Despite the potential advantages of antioxidant vitamins, the consumption of vitamin C

in older adults of South Korea was 61.54 mg, which means it did not reach the estimated
average requirement (EAR) [46]. In our study, participants consumed 66.65 mg of vitamin

C through diet, very similar to the average intake investigated by KHNANES. The half of the
group whose vitamin E and vitamin C intake were both above KDRIs consumed less vitamin
C from diet than EAR and met RNI by using supplements. Considering the vitamin C intake,
it is thus deemed necessary to consider supplement use in order to satisfy the RNI of vitamin
C when it is difficult to consume sufficient vitamin C through diet alone. On the other hand,
though vitamin E intake is known to be sufficient in South Korea, we should remember
vitamin E content is expressed as the total of all forms of vitamin E. The United States of
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America (USA), for example, uses only a-tocopherol as the active vitamin E for setting the
recommended intake, considering the affinity of a-tocopherol transportation protein [47].
In our study, approximately 60% of participants appeared to be consuming enough vitamin
E through diet alone. However, in the USA, about 75% of the population over age 71 years
consumed less vitamin E than recommended by the EAR [48], suggesting that more accurate
indicators, such as blood levels of vitamin E, should also be studied together.

Although previous studies failed to draw a dose-response curve between vitamin C dose
including supplements and the BMD at any site [49], the result of this study emphasizes

bone health and the importance of an intake of vitamins E and C that is even higher the
recommended intake. Therefore, further research on the dose-response relationship between
the intake of vitamins E and C and musculoskeletal indicators is needed, at several different
levels of the DRI recommendation.

To the best of our knowledge, this is the first study to investigate meeting KDRIs for both
vitamins E and C and their relationship to bone and muscle health. Another strength of this
study is that we investigated a full range of musculoskeletal health by measuring muscle
strength, as well as BMD and appendicular muscle mass measured using DXA, which is
considered as the gold standard.

However, this study has several limitations. This was a cross-sectional study, which

means it is difficult to identify a direct causal relationship between antioxidant vitamin
intake and outcome variables. Also, we could not obtain data about the blood levels of
antioxidant vitamins, but only collected the nutrient intake through just one day 24-hour
recall questionnaire. Lastly, the adopted inclusion criteria of participants seems to limit the
possibility of generalization because about 80% were physically active, indicating that they
were a health-conscious group.

Overall, we found that antioxidant vitamins E and C were related to BMD and lean mass.

We thus could conclude that the adequate intake of vitamins E and C above the KDRIs is
important for maintaining the BMD in adults over 50, and that this intake shows potential for
the protection of skeletal muscle mass decline.
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