
                                                                                         
                                                                                                 

研究成果の刊行に関する一覧表 
                                                                                                 
      雑誌 
 

  発表者氏名 論文タイトル名  発表誌名 巻号 ページ 出版年 

Yoh K, Uzawa T, Orito T, 
Tanaka K. 

Improvement of quality of 
life （QOL） in osteoporotic 
patients by elcatonin 
treatment: a trial taking the 
participants’ preference into 
account. 

Japanese 
Clinical 
Medicine 

 In press 2012 

Saito K, Yokoyama T, 
Yoshida H, Kim H, 
Shimada H, Yoshida Y, 
Iwasa H, Shimizu Y, 
Yoshitaka K, Handa S, 
Maruyama N, Ishigami A, 
Suzuki T. 

A Significant Relationship 
between Plasma Vitamin C 
Concentration and Physical 
Performance among 
Japanese Elderly Women. 

J Gerontol A 
Biol Sci Med Sci 

67 295-301 2012 

Ogawa A, Naruse Y, 
Shigemura Y, Kobayashi 
Y, Suzuki I, Wada S, 
Hayamizu K, Kuwahata 
M, Kido Y. 

An evaluation of protein 
intake for metabolic 
demands and the quality of 
dietary protein in rats using 
an indicator amino acid 
oxidation method. 

J Nutr Sci 
Vitaminol 

57 418-425 2011 

Ezaki O. The optimal dietary fat to 
carbohydrate ratio to prevent 
obesity in Japanese 
population: a review of the 
epidemiological, 
physiological and molecular 
evidence. 

J Nutr Sci 
Vitaminol 

57 383-393 2011 

 

木戸康博. たんぱく質・アミノ酸の必
要量に関する研究． 

栄養学雑誌 69 285-293 2011 

 

坪田（宇津木）恵. 欧米の循環器疾患予防の
ための食事ガイドライン
の現状. 

循環器内科 70 607-614 2011 

笠岡（坪山）宜代, 桑木
泰子, 瀧沢あす香, 田
中律子，藤生惠子, 斎藤
トシ子，恩田理恵，山岸
博之，江田節子，木村祐
子，小谷一子，小田光子，
田代晶子，池本真二. 

諸外国における栄養士養
成のための臨地･校外実習
の現状に関する調査研究. 

日本栄養士会
雑誌 

54 556-565 2011 

田中清、桑原晶子. 日本人の食事摂取基準に
おける目安量は健康人の
摂取の中央値でよいの
か？ 

ビタミン 85 608-609 2011 

 

167



Journal of Gerontology: MEDICAL SCIENCES © The Author 2011. Published by Oxford University Press on behalf of The Gerontological Society of America.
Cite journal as: J Gerontol A Biol Sci Med Sci All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.
doi:10.1093/gerona/glr174

1

PHYSICAL performance and physical ability are the 
most important indicators of health status in elderly 

people and are also closely related to the quality of life.  
Declines in physical performance and physical activity, 
whether from specific disease, fall, fracture, poor nutrition, 
or aging itself, are associated with future disability, morbid-
ity, and death (1,2).

In recent years, many studies have examined the roles of 
diet, protein, and vitamins in physical performance and 
physical activity(3–5). Several studies have associated low 
serum albumin concentration with deteriorated muscle 
strength and function (6,7). Some other studies have exam-
ined the relationship between serum vitamin D level and 

physical performance such as muscle mass, muscle strength, 
handgrip, walking speed, and functional capacity (8,9). 
Cesari et al. (3) examined the relationship between antioxi-
dant vitamin intake (vitamin C, vitamin E, b-carotene, and 
retinol) and physical performance in elderly people and 
showed significant positive correlations between most  
antioxidants, especially vitamin C, and higher skeletal mus-
cular strength in this group of people.

There are a number of mechanistic hypotheses about the 
potential beneficial effects of antioxidant vitamins(10–12). 
Vitamin C, vitamin E, b-carotene, and retinol are important 
antioxidants that are not synthesized by humans and, there-
fore, are mainly supplied via dietary intake. Vitamin C 
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Background. Maintenance of physical performance could improve the quality of life in old age. Recent studies sug-
gested a beneficial relationship between antioxidant vitamin (eg, vitamin C) intake and physical performance in elderly 
people. The purpose of this study was to examine the relationship between plasma vitamin C concentration and physical 
performance among Japanese community-dwelling elderly women.

Methods. This is a cross-sectional study involving elderly females residing in an urban area in Tokyo, Japan, in 
October 2006. We examined anthropometric measurements, physical performance, lifestyles, and plasma vitamin C  
concentration of participants.

Results. A total of 655 subjects who did not take supplements were analyzed. The mean age (±standard deviation) of 
participants was 75.7 ± 4.1 years in this study. The geometric mean (geometric standard deviation) of plasma vitamin C 
concentration was 8.9 (1.5) mg/mL. The plasma vitamin C concentration was positively correlated with handgrip strength, 
length of time standing on one leg with eyes open and walking speed, and inversely correlated with body mass index. 
After adjusting for the confounding factors, the quartile plasma vitamin C level was significantly correlated with the 
subject’s handgrip strength (p for trend = .0004) and ability to stand on one leg with eyes open (p for trend = .049).

Conclusions. In community-dwelling elderly women, the concentration of plasma vitamin C related well to their 
muscle strength and physical performance.
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(ascorbic acid) is a water-soluble antioxidant present in the 
cytosol and extracellular fluid and can directly react with 
free radicals such as superoxide (O2·−) and hydroxyl radi-
cals (·OH) (13,14). Each one of these oxygen-derived inter-
mediates is considered highly reactive because of their 
unstable electron configurations, which could attract elec-
trons from other molecules, resulting in another free radical 
that is capable of reacting with yet another molecule. This 
chain reaction is thought to contribute to lipid peroxidation, 
DNA damage, and protein degradation during oxidative 
stress. Oxidative damage is thought to play an important 
role in the age-related decline of functional activity in hu-
man skeletal muscle (15). Concentration of plasma vitamin 
C, which has potent antioxidant activity, is known to in-
crease after exercise (4).

An increase in the amount of blood vitamin C content has 
been used as an indicator of increased oxidative reaction (11). 
Previous studies have examined the effects of vitamin C sup-
plementation on physical performance and exercise (4,11). 
Although findings from some of the previous studies do not 
support any beneficial effect of increased antioxidant intake 
on physical performance, other studies have shown improved 
recovery from exercise with antioxidant intake and have 
also shown a preventive role of antioxidant supplementation 
against oxidative damage. These studies were carried out on 
athletes after heavy exercise. So far, however, there has been 
no study examining the relationship between physical perfor-
mance and blood levels of vitamin C, which may be a more 
direct marker of the antioxidative ability of the human body.

The present study, to the best of our knowledge, is the 
first report that examines the relationship between plasma 
vitamin C concentration and physical performance in Japa-
nese community-dwelling elderly women.

Subjects and Methods

Study Subjects
The present cross-sectional study was carried out as part of 

a project involving mass health examination of community-
dwelling people (“Otasha-kenshin” in Japanese) aged 70 years 
and older living in Itabashi-ku, Tokyo. “Otasha-kenshin,” 
which literally means “health examination for successful  
aging,” is a comprehensive health examination program for 
community-dwelling older adults aimed at preventing geriat-
ric syndromes including falls and fractures, incontinence, mild 
cognitive impairment, depression, and undernutrition (16).

The eligible subjects were all female residents, aged be-
tween 70 and 84 years, living in the Itabashi area, an urban 
part of Itabashi-ku, Tokyo, Japan in October 2006. The pop-
ulation of women belonging to this age range and residing 
in the Itabashi area was 5937, and they were recruited  
by invitation through postal mail. Of them, 1,112 women 
applied for admission and 957 women ultimately participated 
in this study. The participants who were taking vitamin C 

supplements (n = 238) were excluded from the primary 
analyses for examination of the relationship between plasma 
vitamin C and physical performance because intake of sup-
plements could strongly influence the plasma vitamin C 
level. Thus, data from 655 subjects were ultimately used for 
the primary analysis. However, data from the 238 supple-
ment users were also used for subanalysis to determine 
whether any relationship exists between vitamin C supple-
mentation and physical performance.

All participants were examined at the Tokyo Metropolitan 
Institute of Gerontology’s hall. Physical performance, blood 
examinations, lifestyle assessments, and anthropometric 
measurements were performed as described below (9).

The present study was approved by the ethics review 
committee of the Tokyo Metropolitan Institute of Gerontol-
ogy. All subjects gave written informed consent.

Anthropometric Measurements
Height and weight of each participant were measured, and 

body mass index was defined as weight/height2 (kg/m2). Body 
composition measurements (percent body fat) were obtained 
by segmental bioelectrical impedance using eight tactile 
electrodes according to the manufacturer’s instructions (In 
Body 3.0; Biospace, Seoul, Korea). Measurements for the tri-
ceps surae muscles were taken between the knee and the ankle, 
at the level of maximum circumference of the medial and ante-
rior calf of the left leg of each participant at sitting position.

Physical Performance
Physical performance was assessed by muscle strength 

(handgrip strength), balance capability, and usual and maxi-
mal walking speeds, without prior practice before the actual 
measurements. These assessments are routinely conducted 
for the elderly community as described previously (9). Hand-
grip strength (kg) was measured once for the dominant hand 
with the subjects in a standing position using a Smedley’s 
Hand Dynamometer (Yagami, Tokyo, Japan). Grip devices 
were calibrated with known weights. Subjects held the dyna-
mometer at thigh level and were encouraged to exert the 
strongest possible force. Balance capability was measured in 
terms of the length of time standing on one leg, that is, we 
asked the subjects to look straight ahead at a dot 1 m in front 
of them and to stand on the preferred leg with their eyes open 
and hands down alongside the trunk. The time until balance 
was lost (or maximum 60 seconds) was recorded. We used 
the better of two trials in the analysis. To determine the walk-
ing speed, participants were asked to walk on a flat surface at 
their “usual and maximum walking speeds.” Two marks 
were used to delineate the start and end of a 5-m path. The 
start mark was preceded by a 3-m approach to ensure that the 
participants achieved their pace of usual or maximum before 
entering the test path. The participants were also instructed 
to continue walking past the end of the 5-m path for a further 
3 m to ensure that their walking pace was maintained 
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 VITAMIN C AND PHYSICAL PERFORMANCE 3

throughout the test path. The time taken to complete the 5-m 
walk was measured by an investigator and used for analysis. 
Walking test at maximum speed was repeated twice, and the 
faster speed was recorded for the test.

All physical performance tests were performed between 
9 am and 4 pm during the day. We have no data on the repro-
ducibility of the measurements. To reduce interexaminer 
variation, each test was conducted by the same staff mem-
ber specifically trained for this study.

Blood Examinations
Blood samples (nonfasting) were collected from the subjects 

between 9 am and 4 pm during the day. There was no differ-
ence in mean plasma vitamin C concentration with regard to 
the time of collection (data not shown). Venous blood samples 
were drawn into Ethylene diamine tetraacetic acid tubes. 
Plasma was then obtained by centrifugation at 3,000 rpm 
for 15 min at 4°C and subsequently used for biochemical 
assays. Plasma was treated with Ethylene diamine tetraacetic 
acid to prevent the spontaneous vitamin C degradation. Next, 
100 ml of the plasma was dispensed into storage tubes, to 
which 450 ml of 3% metaphosphoric acid solution was added, 
and the mixture was stored at −80°C until further use. Vitamin 
C concentration was determined by an High performance liq-
uid chromatography-electrochemical detection–based method 
(17). The analysis was carried out centrally in our laboratory. 
Serum albumin concentration was measured by the Bromo-
cresol Green method (Special Reference Laboratories Inc., 
Tokyo, Japan). The coefficient of variation for serum albumin 
found using this method was less than 1% (9).

Lifestyle Assessment
Information regarding the participants’ general health (such 

as medical history, smoking habits, alcohol drinking habits, 
regular exercise habits, vegetable intake, fruit intake and use of 
vitamin C supplement) was collected by interview, and history 
of medical conditions including hypertension, stroke, heart at-
tack, diabetes mellitus, and hyperlipidemia was self-reported.

Alcohol drinking habits of the subjects were classified as 
nondrinker, current drinker, or ex-drinker. Smoking habits 
of the subjects were classified using three categories: never 
smokers, current smokers, and ex-smokers. The frequency 
of vegetable and fruit intake was asked using four catego-
ries: almost every day, once every two days, once or twice 
per week, and almost never. Subsequently, for analysis, the 
categories were summarized as almost every day and others.

Statistical Analysis
Data were summarized as mean and standard deviation or 

percentage values. The data of plasma vitamin C concentra-
tion was logarithmically transformed to approximate a nor-
mal distribution and was summarized as the geometric 
mean and geometric standard deviation.

The age-adjusted Pearson’s correlation coefficient between 
the plasma vitamin C concentration and other factors were 
calculated. The least square means and SEs adjusted for  
potential confounders were calculated and compared between 
categories by analysis of covariance. To examine the relation-
ship between plasma vitamin C concentration and physical 
performance, statistical adjustment was done by analysis of 
covariance for variables (except for other physical perfor-
mance variables) that were correlated to plasma vitamin C 
concentration with p < .20. The same analyses were repeated 
for the 238 users of vitamin C supplement. All statistical anal-
yses were performed using the SAS (version 9.0; SAS Insti-
tute Inc., NC).

Results
Table 1 summarizes the basic characteristics of the sub-

jects. As shown, the mean age (±standard deviation) of the 

Table 1. Characteristics of Study Subjects (N = 655)

Characteristic Mean (SD)

Age (y) 75.7 (4.1)
Height (cm) 149.1 (5.7)
Weight (kg) 51.0 (8.3)
Body mass index (kg/m2) 22.9 (3.4)
Triceps surae muscle (cm) 33.1 (2.8)
Plasma vitamin C (mg/ml)* 8.9 (1.5)
Serum albumin (mg/dL) 4.3 (0.2)
Body composition
 Percent body fat (%) 32.2 (7.0)
Physical performance tests
 Handgrip strength (kg) 18.7 (4.4)
 One leg standing with eyes open (s) 35.2 (23.5)
 Usual walking speed (m/s) 1.2 (0.3)
 Maximal walking speed (m/s) 1.8 (0.4)

%

Medical history
 Hypertension 50.7
 Stroke 6.6
 Heart attack 21.2
 Diabetes mellitus 9.0
 Hyperlipidemia 34.7
Alcohol drinking habit
 Current 25.3
 Former 5.0
 Never 69.6
Smoking habit
 Current 3.7
 Former 5.7
 Never 90.7
Regular exercise habit
 Yes 69.2
 No 30.8
Vegetable intake
 Everyday 84.2
 Others† 15.8
Fruit intake
 Everyday 81.8
 Others† 18.2

Notes: Data of vitamin C supplement users were excluded.
* The geometric mean and geometric SD.
† Including participants taking vegetables/fruits not everyday or almost never.
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subjects was 75.7 ± 4.1 years. The geometric mean (geo-
metric standard deviation) of plasma vitamin C concentra-
tion was 8.9 (1.5) mg/mL. The prevalence of women eating 
vegetables everyday was 84.2% and those eating fruits  
everyday was 81.8%.

The age-adjusted geometric mean of plasma vitamin C 
concentration was significantly lower in subjects who had a 
medical history of hypertension (8.53 vs 9.22, p = .0015) 
and diabetes mellitus (7.59 vs 9.00, p = .002) as compared 
with those who did not. A history of stroke, heart attack, or 
hyperlipidemia was not associated with plasma vitamin C 
concentration. Subjects who took fruits every day had a sig-
nificantly higher concentration of vitamin C than those who 
did not (9.14 vs 7.78, p < .0001). Vegetable intake, alcohol 
drinking habit and smoking habit were not related to plasma 
vitamin C concentration (not shown in table).

Table 2 shows the age-adjusted correlations between the 
plasma vitamin C concentration and selected factors. As 

shown, the plasma vitamin C concentration was positively 
but modestly correlated with handgrip strength, length of 
time standing on one leg with eyes open, as well as usual 
walking speed and maximal walking speed, and modestly 
inversely correlated with body mass index and percent body 
fat of the subjects.

Table 3 shows the relationship between plasma vitamin C 
concentration and each physical performance after adjusting 
for confounding factors. Results obtained after the adjust-
ment for potential confounders confirmed that the plasma 
vitamin C concentration was correlated with the handgrip 
strength independently from the other factors (eg, p for 
trend = .0004 after adjusting for age, body mass index,  
percent body fat, hypertension, diabetes mellitus, and fruit 
intake; Table 3). There was also a significant relationship 
between the plasma vitamin C level and the subject’s length 
of time standing on one leg with eyes open after adjustments 
for age, body mass index, percent body fat, hypertension, 
diabetes mellitus, and fruit intake (Table 3; p for trend = 
.049). We did not observe any significant association be-
tween the plasma vitamin C level and the usual or the max-
imal walking speed of the subjects.

A subanalysis using data from the 238 vitamin C supple-
ment users showed almost null relationship between hand-
grip strength and plasma vitamin C concentration (data not 
shown).

Discussion
A previous study has shown an association between 

higher daily dietary intake of vitamin C and skeletal muscle 
strength in elderly people (3). Results described in the pres-
ent study indicated that plasma vitamin C concentration was 
positively related with muscle and physical performance in 
community-dwelling elderly women. To the best of our 
knowledge, this is the first study showing a significant  

Table 2. Correlation between Plasma Vitamin C Concentration and 
Selected Factors (N = 655)

Factor

Correlation*

r p

Age −0.004 .91
Height 0.04 .27
Weight −0.05 .19
Body mass index −0.08 .054
Triceps surae muscle 0.001 .98
Serum albumin −0.04 .33
Percent body fat −0.12 .002
Handgrip strength 0.16 <.001
One leg standing with eyes open 0.15 <.001
Usual walking speed 0.14 <.001
Maximal walking speed 0.09 .036

Notes: Number of subjects is slightly different for the selected factors because 
of missing values.

* Age-adjusted Pearson’s correlation coefficient between logarithm of vita-
min C concentration and each factor.

Table 3. Relationship between Plasma Vitamin C Concentration and Physical Performance Adjusted for Potential Confounder

Physical performance

Quartile of plasma vitamin C level

p for trend

Q1 Q2 Q3 Q4

Mean ± SE Mean ± SE Mean ± SE Mean ± SE

Handgrip strength (kg), N 154 159 154 152
 Age adjusted 17.70 ± 0.34 18.75 ± 0.33 18.75 ± 0.34 19.60 ± 0.34 .0001
 Multivariate adjusted* 17.83 ± 0.34 18.83 ± 0.32 18.89 ± 0.33 19.60 ± 0.33 .0004
One leg standing with eyes open† (s), N 162 163 164 161
 Age adjusted 31.44 ± 1.71 33.98 ± 1.70 37.70 ± 1.70 37.83 ± 1.71 .003
 Multivariate adjusted* 33.39 ± 1.74 34.08 ± 1.67 37.63 ± 1.67 37.50 ± 1.70 .049
Usual walking speed (m/s), N 146 154 145 147
 Age adjusted 1.13 ± 0.02 1.19 ± 0.02 1.23 ± 0.02 1.21 ± 0.02 .008
 Multivariate adjusted* 1.18 ± 0.02 1.19 ± 0.02 1.22 ± 0.02 1.21 ± 0.02 .23
Maximal walking speed (m/s), N 146 154 154 147
 Age adjusted 1.70 ± 0.03 1.76 ± 0.03 1.82 ± 0.03 1.76 ± 0.03 .15
 Multivariate adjusted* 1.76 ± 0.03 1.77 ± 0.03 1.80 ± 0.03 1.75 ± 0.03 .94

Notes: Values are least squares mean and SE adjusted for the factors by analysis of covariance. Q1–Q4: first to fourth quartile groups of plasma vitamin C con-
centration, respectively.

* Adjusted for age, body mass index, percent body fat, hypertension, diabetes mellitus and fruit intake.
† Length of time standing on one leg with eyes open.

 by guest on O
ctober 11, 2011

biom
edgerontology.oxfordjournals.org

D
ow

nloaded from
 

http://biomedgerontology.oxfordjournals.org/


 VITAMIN C AND PHYSICAL PERFORMANCE 5

correlation between plasma vitamin C concentration and 
handgrip strength and ability to stand on one leg with eyes 
open. We, however, were unable to find any relationship  
between skeletal muscle mass and plasma vitamin C concen-
tration. Handgrip strength has been found to correlate well 
with the strength of other muscle groups and is thus a good 
indicator of overall strength (18). Consistent with this idea, 
handgrip strength was found to be a strong and consistent 
predictor of all-cause mortality and morbidity of Activities 
of Daily Living in middle-aged people (19). The handgrip 
test is considered an easy and inexpensive screening tool  
to identify elderly people at risk of disability. Handgrip 
strength, an indicator of overall muscle strength, is thought 
to predict mortality through mechanisms other than underly-
ing disease that could cause muscle impairment (18,19). The 
one leg standing test is one of the balance tests (20). The test 
is a clinical tool to assess postural steadiness in a static posi-
tion by quantitative measurement. Many studies have shown 
that the decreased one leg standing time is associated with 
declines in Activities of Daily Living and increases in other 
morbidities including osteoporosis and fall (20).

Our findings suggest that vitamin C may play an impor-
tant role in maintaining physical performance and thereby 
may help to improve healthy life expectancy in the elderly. 
However, the usual and maximal walking speeds did not 
relate to plasma vitamin C concentration. Walking speed 
test may be an efficient tool in screening older persons with 
higher risk of mortality and may easily identify high- 
risk groups in the community (21). Walking is a rhythmic, 
dynamic, and aerobic activity of the large skeletal muscles 
that confers multifarious benefits with minimal adverse  
effects. Muscles of the legs, limbs, and lower trunk are 
strengthened, and the flexibility of their joints are preserved 
(22). One of the reasons why walking speed was not related 
to vitamin C concentration may be because walking  
requires coordinated movements of arms, legs, and many 
parts of the body rather than a simple muscle and balance 
function. Previous reports showed that walking balance 
function did not correlate with standing balance function 
(23). Although we did not find any clear association 
between walking and plasma vitamin C concentration in 
this study, vitamin C may still have effects on relatively 
simple strength and balance functions.

One of the possible explanations for the observed rela-
tionship between vitamin C and physical performance, es-
pecially handgrip strength and the ability to stand on one 
leg with eyes open, may be the potential protective effects 
of the antioxidant vitamins against muscle damage (4,11). 
Vitamin C is a six-carbon lactone that is synthesized from 
glucose in the liver of most mammalian species, but not in 
humans (12). Vitamin C is an antioxidant because, by do-
nating its electrons, it prevents other compounds from being 
oxidized (12). Thus, vitamin C readily scavenges reactive 
oxygen and nitrogen species, thereby effectively protects 
other substrates from oxidative damage (10,24). Although 

habitual exercise reduces systemic inflammation and oxida-
tive stress as the production of endogenous antioxidants are 
enhanced, acute exercise increases the generation of oxy-
gen-free radicals and lipid peroxidation (4,25). Strenuous 
physical performance can increase oxygen consumption by 
10- to 15-folds over the resting state to meet the energy  
demands and results in muscle injury (26). Prolonged sub-
maximal exercise was shown to increase the amount of  
both whole-body and skeletal muscle lipid peroxidation  
by-products; in the case of the former, the increase was  
indicated by greater exhalation of pentane but not of ethane 
(4,27,28). Supplementation with vitamin C was shown to 
decrease the exercise-induced increase in the rate of lipid 
peroxidation (27,28). Several studies suggested that oxida-
tive damage may play a crucial role in the decline of func-
tional activity in human skeletal muscle with normal aging 
(15). Consistent with this idea, several studies showed sig-
nificantly lower plasma vitamin C level in the elderly popu-
lation than in the younger adult population (29–31). Because 
the plasma vitamin C levels in these apparently healthy  
elderly persons rose markedly after an oral dose of vitamin C, 
their initially low plasma levels can be attributed to the low 
intake rather than to an age-related physiological defect.

In fact, the relationship between handgrip strength and 
plasma vitamin C concentration was significantly different 
between supplement users and nonusers, that is, an almost 
null relationship in the former and a positive relationship in 
the latter (data not shown). This finding suggested that vita-
min C supplementation did not have any beneficial effect on 
the physical performance and muscle strength despite the in-
creased plasma level of vitamin C. A number of studies  
reported that vitamin C supplement users had significantly 
higher blood vitamin C concentration than non-users (29, 32, 
33). Several studies have examined the effects of exercise on 
changes in the serum vitamin C concentration (34–36). 
Some other experimental studies have shown that vitamin C 
supplementation can reduce symptoms or indicators of exer-
cise-induced oxidative stress (37–40). However, the results 
regarding vitamin C supplementation are equivocal, and 
most well-controlled intervention studies report no beneficial 
effect of vitamin C supplementation on either endurance or 
strength performance (41,42). Likewise, vitamin C restric-
tion studies showed that a marginal vitamin C deficiency did 
not affect the physical performance (43). Although evidence 
from a number of studies show that vitamin C is a powerful 
antioxidant in biological systems in vitro, its antioxidant role 
in humans has not been supported by currently available 
clinical studies.

Vitamin C is especially plentiful in fresh fruits and veg-
etables. Plasma vitamin C concentration may be merely a 
marker for intake of other nutrients that are abundant in 
fruits and vegetables. However, the statistical adjustment 
for fruit intake did not attenuate the relationship between 
plasma vitamin C and physical performance (Table 3), 
suggesting that vitamin C did have some beneficial effects 

 by guest on O
ctober 11, 2011

biom
edgerontology.oxfordjournals.org

D
ow

nloaded from
 

http://biomedgerontology.oxfordjournals.org/


SAITO ET AL.6

independently of other nutrients. A number of biochemi-
cal, clinical, and observational epidemiologic studies have 
indicated that diets rich in fruits, vegetables, and vitamin C 
may be of benefit for the prevention of chronic diseases 
such as cardiovascular disease and cancer (44,45). Several 
cohort studies have examined associations between plasma 
vitamin C concentration and mortality from stroke or coro-
nary heart disease (30,46,47). The effects of vitamin C 
supplementation are, however, still unclear. A pooled study 
suggested reduced incidences of coronary heart disease 
events with higher intake of vitamin C supplement (48), 
while another study showed that a high intake of vitamin C 
supplement is associated with an increased risk of mortal-
ity due to cardiovascular diseases in postmenopausal 
women with diabetes (49). A randomized placebo con-
trolled 5-year trial, however, did not show any significant 
reduction in the mortality from, or incidence of, any type 
of vascular disease or cancer (50). These studies, in fact, 
have failed to demonstrate any benefit from such supple-
mentation.

There are a number of potential weaknesses in our study 
that should be mentioned here. The subjects used in this 
study were not selected randomly from the study popula-
tion, and they may be relatively healthy elderly women who 
were able to come to the health examination hall from their 
homes. A previous study assessed the correlation of anti-
oxidants with physical performance and muscular strength 
(3) and demonstrated that a higher daily intake of vitamin C 
and carotene associated with skeletal muscle strength. 
However, we have no data regarding the presence of other 
dietary antioxidants in blood such as vitamin E, retinol, and 
carotene. In our questionnaire, participants were asked to 
respond “Yes” or “No” to whether they took supplements, 
and not about the frequency and quantity of intake of the 
supplements. Thus, we were unable to examine the reason 
why plasma vitamin C was not related to the handgrip 
strength in the supplement users by considering the dose of 
vitamin C they took.

This study was a cross-sectional study and, therefore, 
does not provide cause/effect relationships, although we 
demonstrated a significant correlation between physical 
performance and concentration of plasma vitamin C. There-
fore, longitudinal follow-up studies and controlled clinical 
trials are necessary to confirm the role of plasma vitamin C 
and physical performance of the elderly women. These lim-
itations should be considered in future studies.

In conclusion, we found a strong correlation of a higher 
plasma vitamin C concentration with handgrip strength and 
one leg standing time in community-dwelling elderly 
women. Although the elderly are prone to vitamin C defi-
ciency, and they appear to have a higher dietary require-
ment for vitamin C, the beneficial effects of vitamin C 
supplementation to maintain physical performance in el-
derly people are equivocal and thus, need further in-depth 
studies.
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608 ト ピ ッ ク ス 〔ビタミン85巻

日本人の食事摂取基準における目安量は健康人の摂取の中央値でよいのか ?

Adequate intakeは D fOr宙tamin D;how is it to be determined?

本稿はトビックスの原稿として書いたものであるが,

最近の話題を取 り上げて概説するという本来の トピック

スではない 著者らがふだん疑間に感じている点を述べ

て, ビタミン学会会員諸先生のご意見を承りたいという

意図で書いたものであり,い わば著者らの個人的見解を

述べたものであることを,最初におことわりしておく

ビタミンの欠乏により,古典的欠乏症が起こる ビタ

ミンBl欠乏による脚気 ウェルニッケ脳症,ナ イアシン

欠乏によるペラグラ, ビタミンC欠乏による壊血病, ビ

タミンK欠乏による出血傾向など 多数の有名な例があ

る 少なくともわが国においては, これらの多くはほぼ

克服されたといってよいが,近年ビタミンの新たな意義

が注目されている

古典的な欠乏症を起こすほどのビタミン欠乏 (dendc_

")よ
り軽度のビタミン不足 (insumcicncy)で あっても,

疾患のリスクが増加する

ビタミンDを例に述べると,骨はタンパク質 (主 にコ

ラーゲン)の枠組みの上に, リン酸カルシウムが沈着して

(石灰化)形成される ビタミンDの最も基本的な作用は
,

腸管からのカルシウム リン吸J又促進なので, ビタミン

D欠乏の結果,石灰化障害が起こるのがクル病 骨軟化

症である

一方, より軽度の不足の場合,石灰化障害は起こらない

が,骨粗豚症 骨折のリスク増加が起こる 副甲1大腺ホル

モン(PIH)と ビタミンDは血清カルシウム濃度を維持す

るのが重要な役割であり,PTHは ビタミンDの活性化を

促進し,活性型ビタミンDは PrH分泌を抑制するという

形で,両者は協調して,血清カルシウム濃度を維持するの

に作用するが,作用が過剰となって,高カルシウム血症を

起こさないように, フイードバック調節を受けている し

たがって, ビタミンD不足状態においては,PrH分泌が

克進し,それによって骨吸収が尤進して,骨粗穆症をきた

す なお, ビタミンD栄養状態の最もよい指標は:血中

25ヒ ドロキシビタミンD(250HD)濃度である

わが国において,残念ながらまだまだ ビタミン不足

の重要性が十分認識されているとは言いがたい状況であ

るが,その重要性がわかりにくいのも事実である 脚気

クル病 壊血病と列挙すれば明らかなように,古典的欠

乏症は外見上の異常を伴うので,個 々の人ごとにその有

無が判定できる しかし, ビタミンD不足の場合,外見

上は何の異常もなく,疫学調査により初めて疾患リスク

が1曽加していることが明らかになる

食事摂取基準においても,改訂の度に徐々にビタミン

D不足の意義が考慮されるようになつてきたと思われる

例えば,第六次改訂日本人の栄養所要量においては,「 20

～ 46歳 の人で 1 7μ g(681U)ノ 日以下のビタミンD摂取

を数年間続けると骨軟化症が認められるようになり,25
μg(1001U)/日 では発生はみられなかつたとの報告があ

るので,2 5μg(1001U)/日 とした」と述べられており, こ

の記述はクル病 骨軟化症防止を念頭においた,欠乏症

対策と理解される しかし,現行の2010年 版においては,

「成人, とくに高齢者において, ビタミンD欠乏とはい

えないもののビタミンD不足の状態が長期にわたって続

くと,血中副甲状腺ホルモン濃度が上昇し,骨密度が低

下する したがって,正常なカルシウム利用能が保持され,

血中副甲状腺ホルモン濃度が上昇しない血中25-ヒ ドロキ

シビタミンD濃度を維持するのに必要な量のビタミンD
を摂取することが.骨折や骨粗修症などの予防の観点か

ら重要と考えられる しかし,その血中濃度を与えるビ

タミンD摂取量に関する根拠は乏しいため,その血中濃

度を維持していると考えられる集団のビタミンD摂取量

の中央値を目安量としたJと の記述がみられ, これは明ら

かに, ビタミンD不足による骨折リスク増加対策をも意

識したものである このように,不足をも考慮する時代

になると, 目安量の策定において,欠乏対策だけを考え

ていた時代にはなかった,新たな問題点を生じてきたの

ではないかというのが,著者らが最近考えていることで

ある

目安量の策定理論に関して,2010年版の記述を引用す

ると,「 特定の集団において,生体指標等を用いた健康状

態の確認と当該栄養素摂取量の調査を同時に行い。その

結果から不足状態を示す者力ヽ まとんど存在 しない摂取量

を推測し,その値を用いる 対象集団で不足状態を示す

者がほとんど存在 しない場合には栄養素摂取量の中央値

を用いる 」とされている

ビタミンDに関する具体的な数字として,「 成人におい

て血中副甲状腺ホルモン濃度の上昇を抑制し,骨密度の

低下を予防するのに最低限必要な血中 25‐ ヒドロキシビタ

ミンD濃度は 50 nmol几 前後であると考えられる」と書か

れている

表 1は ,食事摂取基準 2010年 版のビタミンDの項に

示されている表を改変引用したものである 確かにここ

で引用されている論文において,50～ 69歳の集団にお

ける平均 250HD濃度は 50 nmo1/L(20 ng/mL)を 越えてい

るが,平均値が 50 nlnol圧 (20nノmL)を越えているからと

いって,「特定の集団において不足状態を示す人がほとん



文献 人数 調査地域
m清 25ヒ ドロキシビタミンD濃度

(nll101 L)

50 nmo1/L

未満者の割合

対応する年齢階級のビタミンD
摂取量中央値 (μゾ 日)

新潟 (9月 ) 83■ 22 67%

7 新潟 (2月 ) 547± 94 309%

長野 (限定せず ) 501± 136 497%

新潟 (9月 ) 80± 16 30%

新潟 (9月 ) フ86± 182 58%

新潟 (2月 ) 597± 171 285%

新潟 (2月 ) 599± 170 280%

117 新潟 (2月 ) 591± 161 286%

新潟 (11月 ) 556± 146 351%

H号 (11月 )2011〕 ト ピ ッ ク ス

表 1 日本人女性を対象として血清 25‐ ヒドロキシビタミンD濃度を測定した報告

日本人の食事摂取基準 2010年版 1よ り改変引用した「50 nmo1/L未 満者の割合」は 正規分布するものと仮定して,平均値 標準偏差に基
づき 著者らが計算したものである
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ど観察されない」と言えるのであろうか 仮に250HD濃

度が正規分布するものとして,摂取基準の表に示されて

いる平均±標準偏差の値に基づき,50 nlnol厄 を下回る

対象者の割合を概算 した結果を,「 50 nlllol几 未満者の割

合Jと して加筆した 一見して明らかに,多 くの文献にお

いて,50 nmol几 未満者の割合はかなり高い値であった

するとこれらの集団はビタミンDが充足 している集団で

あるから,それに対応する性 年齢階級におけるlI取の

中央値をもって目安量としてもよいのだろうかという疑

間が生じてくる

そうすると, ビタミンDの摂取基準策定にどういう方

法論を用いることができるのであろうか 2010年 カルシ

ウム ビタミンDについて,ア メリカ カナダの食事摂

取基準が全面改訂された 方法論からみると, 目安量で

はなく,推定平均必要量 (E思)推奨量 (RDA)に 変わっ

たのが大きな変化である これらは欠乏 充足実験によっ

て定められるの力
'原 則であり,EARは当該集団において

50%の 人が必要量を満たす量,RDAはほとんどの人 (97

～ 98%)が満たす量として定められる このアメリカ カ

ナダの食事摂取基準においては,骨の健康を維持するた

めの血中250HD濃度 (50 nmol L)を 基に, ビタミンDの
摂取量が算定されており,RDAは ,血中250HD濃度と

摂取量の容量依存性試験の結果から定められている ア

メリカ カナダの食事摂取基準におけるRDAは ,1歳か

ら70歳まで6001U/日 となっているカ ー方わが国の平成

19年国民健康栄養調査の結果を見ると,成人で 6001U日

摂取できているのは,集団の上位 10%に限られているの

が実際であり', この数字を日本に適用できるのかどうか

については,多 くの議論が必要であるが, ビタミン不足

をも考慮した場合, この策定の方法論は注目すべきもの

と思われる

誤解のないように一言述べておくと,著者らは2010年

版に定められた目安量の値が不適切であると述べている

のではなく,従来の目安量の概念に従って策定するなら

ば,現行の摂取基準のような定め方にならざるを得ない

であろう しかし,栄養素の不足をも考慮した場合の摂

取基準策定において,そ の摂取の中央値をもって目安量

とすることができるような健常人というものはそもそも

存在するのであろうか 一見して外見上の異常を伴わな

い対象者であっても,不足のリスクの低い人から高い人

まで連続的に分布すると考える方がより摂取基準の精神

に合致するように思われてならない

ビタミン不足をも考慮しなければならない時代におい

ては, 目安量策定の方法論に関して,再検討の時期が来

ているのではないだろうか
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