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Towards a better 
National Health and 
Nutrition Survey in Japan

In his Comment (Oct 1, p 1205),1 
Satoshi Sasaki doubts the value of the 
National Health and Nutrition Survey 
in Japan2 (hereafter, the Survey), 
mentioning that “as long as the Survey 
continues to be done and reported in 
the current manner, it will not fulfi l 
its potential as a valuable resource for 
health.” He raises three points. First, the 
use of data from the Survey is limited; 
second, there are problems with 
methods and quality control; and third, 
access to Survey information is limited. 
We would like to address the fi rst point, 
and off er proposals as to the other two 
points, in light of his comments.

Since 1948, the Survey has been 
carried out annually by the Ministry of 
Health, Labour and Welfare, together 
with the National Institute of Health 
and Nutrition and in collaboration 
with local or registered dietitians and 
randomly selected Japanese people 
(currently about 9000 individuals of 
4000 households). The Survey is, a 
priori, meant to obtain a set of national 
statistics to get an overview of the 
present status of health and nutrition 
in Japan, and of long-term trends 
for launching governmental policy 
and initiatives. It is also concurrently 
serving to provide a wide range of basic 
information for setting dietary reference 
intakes for Japanese people;3 an exercise 
and physical activity reference for 
health promotion;4 regulatory measures 
for food additives and contamination 
with insecticides or pesticides, organic 
mercury, and radioactive substances; 
and reference values for consumption 
of energy and nutrients for the victims 
of the Great Eastern Japan Earthquake 
of March 11, 2011.

Sasaki’s fi rst comments do not seem 
reasonable because the Survey is a set of 
cross-sectional observations that show 
the status quo of health and nutrition 
in Japan as a whole, and has its own 
limits in showing how the traditional 

Japanese diet has con tributed towards 
achieving the world’s highest longevity. 
Furthermore, the Survey cannot be 
counted on to have a role in analytical 
epidemiological approaches, including 
case-control studies, cohort studies, 
or randomised controlled trials, to 
investigate the associations between 
individual health and disease and 
physical activity and nutrition, and the 
interactions between environmental 
factors and host genetic factors.

Second as Sasaki points out, the 
participation rate is rather low at 
about 60%, suggesting that there 
is non-response bias. Descriptions 
remain somewhat unclear about 
presently adopted semi-weighed 
food records, assessment of individual 
intake from household data, stan-
dardisation of consumption data, 
validity, and reproducibility. Thus, 
there might be issues of generalis-
ability. We at the National Institute of 
Health and Nutrition have committed 
ourselves to managing data quality 
control and standardisation of the 
Survey methods, but we should keep 
on exerting every eff ort to improve 
the Survey. Since information on 
energy and nutrients is scarcely given 
for cooked dishes and prepared food, 
in particular, in the Standard Tables of 
Food Composition in Japan, the quality 
and quantity of table data should be 
improved with all due speed.

A research group under the auspices 
of the Ministry of Health, Labour and 
Welfare suggested transfer of the 
Survey method from semi-weighed 
food records to 1-day (or multiple-day) 
24-h dietary recall (with or without 
photos),5 which is currently adopted 
worldwide, making inter national 
comparisons possible. This approach 
allows us to estimate individual 
consumption of energy, food, and 
nutrients; clarify the causative factors 
for health promotion and prevention 
of diseases; and elucidate the factors 
associated with life expectancy.

The third point relates to govern-
mental statistics: that is, secondary 
(post-tabulated) data are provided 

to researchers. Thus, to obtain the 
Survey primary data, researchers must 
go through formal ities and secure 
approval from the Ministry. Round table 
discussion on tabulation items to meet 
the current needs, open access to the 
Survey information, and provision of 
the primary data (or setting-up a data 
archive) should be made. The National 
Institute of Health and Nutrition 
proposes to launch a cohort study 
based on the Survey individual data to 
verify the associations between health 
and disease, physical activity and sports, 
and consumption of food and nutrients 
along with information on smoking, 
alcohol drinking, anthropo metric 
measurements, and blood biomarkers.

Sasaki’s comments serve to alert 
the Ministry and the Institute to 
modify the framework of the Survey, 
including replacement of the Survey 
methods, and to guarantee quality 
control, stan dardisation, and access 
to the Survey data.
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Abstract

Several studies have shown that blood vitamin levels are lower in alcoholic patients than in control subjects. Acute ethanol exposure

enhances the release of vitamins from liver cells in vitro. The aim of the present study is to confirm the effects of ethanol consumption

on vitamin contents in vivo. We compared the contents of B-group vitamins in the liver, blood and urine between ethanol-fed and control

rats fed a diet containing a sufficient- and low-vitamin mixture. The experimental rats were fed a 15 % ethanol solution freely for 28 d, and

then 24 h urine samples were collected, after which the animals were killed. The B-group vitamin contents in the liver, blood and

urine were measured. No differences in liver, blood and urine contents were observed between the control and ethanol-fed rats fed a

diet containing a sufficient-vitamin mixture. On the contrary, in rats fed a diet containing a low-vitamin mixture, consumption of ethanol

caused a decrease in the contents of vitamins B1, B2 and pantothenic acid in the liver; however, the contents of the other vitamins did not

decrease. In the blood, the contents of vitamins B1, B2, B6 and pantothenic acid were lower in the ethanol-fed rats than in the controls.

Urinary excretion of the B-group vitamins, except for niacin, was lower in the ethanol-fed rats. These results show that ethanol consump-

tion affects the absorption, distribution and excretion of each of the vitamins in rats fed a diet containing a low-vitamin mixture.

Key words: Vitamins: Urine: Blood: Liver: Ethanol

Numerous studies have shown that vitamin status of alcoholic

patients differs from non-drinking subjects(1–7), and the

majority have shown that blood vitamin levels are lower in

alcoholic patients than in controls(8–10). In addition, several

reports have suggested that chronic alcohol feeding may lead

to a significant inhibition of carrier-mediated thiamin(11,12) and

folate(13–19) uptake in the intestine and kidney. This phenom-

enon is observed only in alcoholic patients who drink ethanol

chronically. On the contrary, a reduction in circulating levels

of B-complex vitamins often occurred without clinical evi-

dence of hypovitaminosis(20). Sorrell et al.(21) reported that

the in vitro perfusion of rat liver with ethanol caused the

release of all B-vitamins except biotin from the liver stores.

Israel & Smith(22) reported that acute ethanol feeding to rats

inhibited the conversion of pantothenic acid to CoA. These

studies in animal models suggested that acute ethanol intake

results in an increased hepatic release of vitamins and an

impaired utilisation, which means increased levels of free

forms of vitamins in the liver which can in turn permeate

the cell membranes(21,22). This might lead to increases in

blood vitamin contents and in urinary excretion. Although

there are many reports concerning the effects of ethanol on

the absorption and metabolism of vitamins, the conclusion

concerning the controversy remains elusive. The reason

might be that there is no study regarding the simultaneous

measurement of vitamin contents of liver (as a biomarker of

the storage amount of vitamins), blood (as a biomarker of

the circulation amount of vitamins) and urine (as a biomarker

of the reabsorption ability of kidney and an extra amount of

vitamins).

In the present study, we examined the effects of ethanol

consumption on the contents of B-group vitamins of the

liver, blood and urine in rats fed two kinds of diets containing

either a sufficient- or a low-vitamin mixture.

Materials and methods

Chemicals

Vitamin-free milk casein, sucrose and L-methionine were pur-

chased from Wako Pure Chemical Industries. Maize oil was

purchased from Ajinomoto. Gelatinised maize starch, a min-

eral mixture (AIN-93G mineral mixture)(23) and a vitamin mix-

ture (nicotinic acid-free AIN-93 vitamin mixture containing

*Corresponding author: K. Shibata, fax þ81 749 28 8499, email kshibata@shc.usp.ac.jp

Abbreviations: 2-Py, N 1-methyl-2-pyridone-5-carboxamide; 4-Py, N 1-methyl-4-pyridone-3-carboxamide.

British Journal of Nutrition (2012), 108, 1034–1041 doi:10.1017/S0007114511006192
q The Authors 2011

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n



25 % choline bitartrate)(23) were obtained from Oriental Yeast

Company, Limited.

Thiamin hydrochloride (C12H17ClN4OS-HCl; molecular

weight 337·27), riboflavin (C17H20N4O6; 376·37), pyridoxine

hydrochloride (C8H11NO3-HCl; 205·63), cyanocobalamin

(C63H88CoN14O14P; 1355·40), nicotinamide (C6H6N2O;

122·13), calcium pantothenate (C18H32N2O10-Ca; 476·54),

folic acid (C19H19N7O6; 441·40) and D(þ)-biotin (C10H16

N2O3S; 244·31) were purchased from Wako Pure Chemical

Industries. 4-Pyridoxic acid (C8H9NO4 ¼ 183·16) was made

by ICN Pharmaceuticals and obtained through Wako Pure

Chemical Industries.

N 1-Methylnicotinamide chloride (C7H9N2O-HCl; 159·61)

was purchased from Tokyo Kasei Kogyo. N 1-Methyl-2-pyri-

done-5-carboxamide (2-Py, C7H8N2O2 152·15) and N 1-methyl-

4-pyridone-3-carboxamide (4-Py, C7H8N2O2 152·15) were syn-

thesised by the methods of Pullman & Colowick(24) and Shibata

et al.(25), respectively. All other chemicals used were of highest

purity available from commercial sources.

Animals and treatment

The care and treatment of the experimental animals con-

formed to the University of Shiga Prefecture guidelines for

the ethical treatment of laboratory animals. The animals

were maintained under controlled temperature (228C), 60 %

humidity and light conditions (12 h light–12 h dark cycle).

Effects of ethanol feeding on the B-group vitamin contents
of liver, blood and urine in rats fed a diet containing
a sufficient-vitamin mixture (Expt 1)

Male Wistar rats (3 weeks old) obtained from CLEA Japan were

fed freely with a conventional purified diet, consisting of 20 %

vitamin-free milk casein, 0·2 % L-methionine, 46·9 % gelatinised

maize starch, 23·4 % sucrose, 5 % maize oil, 3·5 % AIN-93-G min-

eral mixture(14) and 1 % AIN-93 vitamin mixture(14) containing

chorine bitartrate, but without nicotinic acid, to acclimatise

for 7 d. Nicotinic acid had not been added to this diet because

it is supplied enough from tryptophan in casein(26), and a diet-

ary fibre-free diet was used because it is a tradition not to use

dietary fibre in our laboratory which is not essential for

normal growth(27).

The rats were divided into two groups (n 5 each). Group 1

was fed with a diet containing the 1 % vitamin mixture (a suf-

ficient-vitamin diet) and allowed to drink water for 28 d.

Group 2 was fed with a diet containing the 1 % vitamin

mixture (a sufficient-vitamin diet) and forced to drink a 15 %

ethanol solution instead of water for 28 d. The 24 h urine

samples were collected in amber bottles containing 1 ml of

1 M-HCl at 09.00–09.00 hours of the last day and were

stored at 2258C until required. The rats were killed at about

09.00 hours; blood was collected and tissues were taken to

measure the weights and the contents of B-group vitamins

in the liver, blood and urine. Liver samples were preserved

at 2258C until required.

Effects of ethanol feeding on the B-group vitamin contents
of liver, blood and urine in rats fed a diet containing
a low-vitamin mixture (Expt 2)

A preliminary experiment revealed that the body-weight gain

of young rats was the same when fed a diet containing the 1 %

AIN-93 vitamin mixture and the 0·3 % AIN-93 vitamin mixture,

whereas the body-weight gain was lower in rats fed a diet

containing the 0·2 % AIN-93 vitamin mixture than in those

fed a diet containing the 1 or 0·3 % diets. Thus, we determined

tentatively whether the diet containing the 0·3 % AIN-93

vitamin mixture could supply a minimum amount of vitamins

for the growing rats.

Male Wistar rats (3 weeks old) obtained from CLEA Japan

were fed freely with the conventional purified diet (mentioned

above) to acclimatise for 7 d. The rats were then divided into

two groups (n 5 each). Group 1 was fed a diet containing the

0·3 % vitamin mixture and allowed to drink water for 28 d.

Group 2 was fed a diet containing the 0·3 % vitamin mixture

and forced to drink a 15 % ethanol solution instead of water

for 28 d. The 24 h urine samples and tissues were collected.

Levels of alanine aminotransferase, aspartate aminotransferase

and g-glutamyltranspeptidase were measured at Mitsubishi

Chemical Medience (Tokyo, Japan).

Measurement of B-group vitamins in urine and blood

Preparation and measurement of the extracts of the B-group

vitamins from the urine and blood are described as follows(28).

Vitamin B1

Frozen liver samples, about 0·5 g, were thawed, minced, and

then added to ten volumes of 5 % ice-cold TCA and homogen-

ised with a Digital Homogenizer Hom (Iuchi). The acidified

homogenate was centrifuged at 10 000 g for 10 min at 48C,

and the supernatant was retained and used for the measure-

ment of vitamin B1
(29).

Vitamin B2

Frozen liver samples, about 0·5 g, were thawed, minced, and

then added to ten volumes of 50 mM-KH2PO4–K2HPO4

buffer (pH 7·0) and homogenised with a Teflon/glass

homogeniser (Nikko Hansen). To 0·1 ml of the homogenate,

0·44 ml of water and 0·26 ml of 0·5 M-H2SO4 were added and

then kept at 808C for 15 min. After cooling, 0·2 ml of 10 %

TCA were added and centrifuged at 10 000g for 3 min at

48C. From the supernatant obtained, 0·2 ml was withdrawn

and added to 0·2 ml of 1 M-NaOH. The alkalised mixture was

irradiated with a fluorescent lamp for 30 min and then

0·02 ml of glacial acetic acid were added to the mixture. The

neutralised mixture was passed though a 0·45mm microfilter

and the filtrate was directly injected into the HPLC system

for measuring lumiflavin(30).

B-group vitamin contents in ethanol-fed rats 1035
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Vitamin B6

Frozen liver samples, about 0·5 g, were thawed, minced, and

then added to 90 ml of 55 mM-HCl and homogenised with a

Waring blender. The homogenate was autoclaved at 1218C

for 3 h. After cooling, the mixture was adjusted to pH 5·0

with 1 M-NaOH and then made up to 100 ml with water. The

solution was filtered with qualitative filter no. 2 (ADVANTEC

MFS, Inc.). The filtrate was used for measuring vitamin B6 as

described previously(31).

Vitamin B12

Frozen liver samples, about 0·5 g, were thawed, minced, and

then added to 2·5 ml of 0·57 M-acetic acid–sodium acetate

buffer (pH 4·5) plus 5 ml of water and 0·1 ml of 0·05 % potas-

sium cyanide (KCN). The suspension was homogenised with a

Teflon/glass homogeniser. The homogenate was then put into

a boiling water-bath for 5 min. After cooling, 0·15 ml of 10 %

metaphosphoric acid were added and made up to 10 ml

with water. The solution was filtered with qualitative filter

no. 2 (ADVANTEC MFS, Inc.). The filtrate was used for

measuring vitamin B12 as described previously(32).

Nicotinamide

Frozen liver samples, about 0·6 g, were thawed, minced, and

then added to five volumes of 0·1 g/ml isonicotinamide. The

suspension was homogenised with a Teflon/glass homogen-

iser. The homogenate (1 ml) was withdrawn and added to

4 ml of water, and then autoclaved at 1218C for 10 min. After

cooling, the mixture was centrifuged at 10 000g for 10 min

at 48C. The supernatant was retained and the precipitated

materials were extracted again with 5 ml of water, and the

supernatant was retained. Both the retained supernatants

were combined, and the extract was used for measuring

nicotinamide as described previously(25).

Pantothenic acid

Frozen liver samples, about 0·2 g, were thawed, minced, and

then added to ten volumes of 50 mM-KH2PO4–K2HPO4

buffer (pH 7·0). The suspension was homogenised with a

Teflon/glass homogeniser. The homogenate was incubated

at 378C overnight to convert free pantothenic acid from the

bound type of pantothenate compounds. The reaction was

stopped by putting it into a boiling water-bath for 5 min.

After cooling, the mixture was centrifuged at 10 000 g for

10 min at 48C. The supernatant was retained and the precipi-

tated materials were extracted again with 2 ml of water, and

the supernatant was retained. Both the retained supernatants

were combined, and the extract was used for measuring

pantothenic acid as described previously(33).

Folate

Frozen liver samples, about 0·5 g, were thawed, minced, and

then added to ten volumes of 0·1 M-KH2PO4–K2HPO4 buffer

(pH 6·1). The suspension was homogenised with a Teflon/

glass homogeniser. The homogenate was autoclaved at

1218C for 5 min. After cooling, 2·5 ml of pronase (5 mg/ml;

Pronase MS; Kaken Pharmaceutical Company, Limited) were

added and then incubated at 378C for 3 h. The reaction was

stopped by putting it into a boiling water-bath for 10 min.

After cooling, 0·5 ml of conjugase (extract from porcine kidney

acetone powder, Type II; Sigma-Aldrich) were added and incu-

bated at 378C overnight. The reaction was stopped by putting it

into a boiling water-bath for 10 min. After cooling, the mixture

was centrifuged at 10 000g for 10 min at 48C. The supernatant

was retained, and the precipitated materials were extracted

again with 3 ml of water, and the supernatant was retained.

Both the retained supernatants were combined, and the extract

was used for measuring folate as described previously(34). The

conjugase solution was made as follows: 60 ml of 50 mM-

KH2PO4–K2HPO4 buffer (pH 7·0) were added to 20 g porcine

kidney acetone powder and stirred for 30 min at 48C. The sus-

pension was centrifuged at 10 000 g for 10 min at 48C. The super-

natant was dialysed against a large amount of 50 mM-KH2PO4–

K2HPO4 buffer (pH 7·0) to remove endogenous folate of the

kidney acetone powder. The dialysed conjugase solution was

used.

Biotin

Frozen liver samples, about 0·5 g, were thawed, minced,

and then added to two volumes of 2·25 M-H2SO4 and then

homogenised with a Waring blender. The suspension was

hydrolysed by autoclaving for 1 h at 1218C. After cooling, the

suspension was centrifuged at 10 000g for 10 min at 48C,

and the supernatant was used for measuring biotin(35).

Analyses

The measurements of the B-group vitamins except for vitamin

B6 were described previously(19). The urinary excretion of

4-pyridoxic acid, a catabolite of vitamin B6, was measured

according to the method of Gregory & Kirk(36).

Statistical analysis

Mean values between the treatment groups were compared

using the Mann–Whitney U two-tailed t test. P,0·05 was

considered to be statistically significant. All statistical analyses

were performed using GraphPad Prism version 5.0 (GraphPad

Software).

Results

Effects of ethanol feeding on the B-group vitamin contents
of liver, blood and urine in rats fed a diet containing
a sufficient-vitamin mixture (Expt 1)

There were no differences in body-weight gain and liver

weights between the groups. No differences in the levels of

vitamin B1, vitamin B2, vitamin B6, vitamin B12, nicotinamide,

pantothenic acid, folate and biotin were observed in the liver
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and blood. Although the 24 h urinary excretion of some of the

vitamins was slightly lower in the ethanol-treated group than

in the control, the differences were not significant (data

not shown). Thus, ethanol consumption did not affect the

B-group vitamin contents in the liver, blood and urine when

the rats were fed a diet containing sufficient amounts of

the vitamins.

Effects of ethanol feeding on the B-group vitamin contents
of liver, blood and urine in rats fed a diet containing
a low-vitamin mixture (Expt 2)

As shown in Table 1, body-weight gain, food intake and liver

weights were lower in the ethanol-fed group than in the

controls. The overall food intake was lower in the ethanol-

fed group than in the controls, but energy intake was almost

the same because of ethanol intake.

The effects of ethanol consumption on the activities of

alanine aminotransferase, aspartate aminotransferase and

g-glutamyltranspeptidase in plasma are shown in Table 2.

No significant effects of ethanol consumption were observed

for these indices of liver function.

The effects of ethanol consumption on the B-group vitamin

contents of the liver are shown in Table 3. The contents of the

vitamins in liver are measured as storage amounts of the vita-

mins, thus are expressed as mol/liver. The contents of vitamin

B1, vitamin B2 and pantothenic acid were lower in the etha-

nol-fed group than in the controls, whereas the contents of

vitamin B6, vitamin B12, nicotinamide, folate and biotin were

not significantly different.

The effects of ethanol consumption on the B-group vitamin

contents of the blood are shown in Table 4. The contents of

vitamin B1, vitamin B2, vitamin B6 and pantothenic acid

were lower in the ethanol-fed group than in the controls,

whereas the contents of vitamin B12, nicotinamide, folate

and biotin were not significantly different.

The effects of ethanol consumption on the 24 h urinary

excretion of the B-group vitamins are shown in Table 5. The

excretion of vitamin B1, vitamin B2, 4-pyridoxic acid (a catabo-

lite of vitamin B6), vitamin B12, pantothenic acid, folate and

biotin was lower in the ethanol-fed group than in the controls,

whereas the contents of nicotinamide (sum of the contents of

nicotinamide and its catabolites such as N 1-methylnicotina-

mide, 2-Py and 4-Py) were not significantly different.

Food intake was different in the two groups, so that urinary

excretion ratios of the vitamins were calculated. As shown in

Table 5, the excretion ratios of all vitamins except for vitamin

B12 were lower in the ethanol-fed group.

Discussion

An ordinary diet for rats generally contains sufficient amounts

of nutrients including vitamins(23). Under well-nourished

conditions, rats are generally little affected by factors such as

ethanol consumption. In fact, the present study proves that

ethanol consumption did not affect the body-weight gain or

the vitamin contents in the liver and blood when rats were

fed a diet containing sufficient amounts of vitamins. On the

other hand, when rats were fed a diet low in vitamins,

body-weight gain was lower in the ethanol-fed group than

in the control group and some vitamin contents of the

liver and blood, and urinary excretion were decreased.

These results show that chronic ethanol consumption affects

Table 1. Effects of ethanol consumption on rat body-weight gain, food
intake, ethanol intake, water intake, energy intake, food efficiency ratio
and liver weight (Expt 2)

(Mean values with their standard errors for five rats per group)

Control 15 % Ethanol

Mean SEM Mean SEM

Initial body weight (g) 36 1 36 1
Final body weight (g) 204 7 164* 8
Body-weight gain (g/28 d) 168 7 128* 3
Food intake (g/28 d) 363 14 258* 6
Ethanol intake† (g/28 d) – 45 3
Water intake (ml/28 d) 396 26 –
Energy intake‡ (kcal/28 d) 1488 58 1396 56
Energy intake‡ (kJ/28 d) 6230 242 5845 234
Food efficiency ratio§ 0·46 0·01 0·50 0·00
Energy efficiency ratiok 0·113 0·020 0·092 0·006
Liver weight (g) 9·70 0·55 8·47 0·36

* Mean values were significantly different from those of the control group (P,0·05;
Mann–Whitney U two-tailed t test).

† The value is expressed in g of pure ethanol and not as the volume of 15 %
ethanol.

‡ Energy of 1 g ethanol was calculated as 29·3 kJ (7 kcal)/g.
§ ( Body-weight gain/food intake) £ 100.
k (Body-weight gain/energy intake) £ 100.

Table 2. Effects of ethanol consumption on the activities of alanine
aminotransferase, aspartate aminotransferase and g-glutamyltranspepti-
dase in plasma

(Mean values with their standard errors for five rats per group)

Control 15 % Ethanol

Mean SEM Mean SEM

Alanine aminotransferase (IU/l) 22·4 1·9 24·8 2·0
Aspartate aminotransferase (IU/l) 157 11 136 10
g-Glutamyltranspeptidase (IU/l) 3·2 0·9 3·2 0·9

Table 3. Effect of ethanol consumption on liver B-group vitamin
contents (Expt 2)

(Mean values with their standard errors for five rats per group)

Control 15 % Ethanol

Mean SEM Mean SEM

Vitamin B1 (nmol/liver) 127 6 100* 4
Vitamin B2 (nmol/liver) 686 62 422* 16
Vitamin B6 (nmol/liver) 229 16 281 23
Vitamin B12 (nmol/liver) 0·39 0·03 0·38 0·02
Niacin (mmol/liver) 18·2 1·8 16·6 1·3
Pantothenic acid (mmol/liver) 3·16 0·19 2·42* 0·18
Folate (nmol/liver) 70·0 9·7 73·6 9·3
Biotin (nmol/liver) 9·31 1·10 9·65 0·46

* Mean values were significantly different from those of the control group (P,0·05;
Mann–Whitney U two-tailed t test).
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absorption, distribution and excretion of vitamins, as reported

previously(1–19). The present findings are not consistent with

the in vitro perfusion of rat liver with ethanol, which caused

the release of all B-vitamins except biotin from the liver

stores(23). This phenomenon was not observed in the present

whole-body experiment, because the vitamin contents of

the blood were not increased by ethanol consumption. In the

present in vivo experiment, any vitamins released from the

liver were quickly absorbed by non-hepatic tissues. In humans,

the typical dietary vitamin intakes are generally around the

minimum requirements. Thus, the nutritional status of rats

fed a diet low in vitamins was similar to that of humans. Etha-

nol consumption was 45 g over 28 d, so that daily average

ethanol consumption was about 1·6 g/d, which corresponds

to an energy intake of 46·9 kJ (11·2 kcal)/d. The energy

intake in the ethanol-fed group, including ethanol energy,

was 5845 kJ (1396 kcal) over 28 d (about 209 kJ (50 kcal)/d).

Thus, ethanol accounted for 20 % of dietary energy. Under

these conditions, liver functions in rats were not injured.

If humans were to consume 10 467 kJ (2500 kcal)/d, the equiv-

alent ethanol consumption would be about 70 g/d, which

corresponds to 1 litre of typical beer.

Vitamin depletion, common in malnourished alcoholic

patients(10), can occur despite vitamin supplementation.

Vitamin malabsorption(37), exacerbated by malnutrition, con-

tributes to this depletion(38). Also, in alcoholic patients, the

impaired ability of the liver to bind and store vitamins might

contribute to this depletion. This may probably be due to

the hepatotoxicity of ethanol, which impairs not only the vita-

min-binding capacity but also the vitamin storage of the liver.

In the present study, a diet containing 20 % casein sup-

plemented with methionine was used, which is an excellent

protein source from a nutritional standpoint. This suggest

the reasons why ethanol consumption did not cause any

severe damage, such as an extremely low food intake and

body-weight gain and roughness of fur for the rats, even

when they were fed a low-vitamin diet.

Sorrell et al.(21) reported that the in vitro perfusion of rat

liver with ethanol caused the release of all vitamins from the

liver stores, especially thiamin. It is generally considered

that this phenomenon causes increased urinary excretion

of vitamins, but in the present in vivo experiments, ethanol

consumption did not cause increased urinary excretion, but

rather decreased it. This discrepancy between the expected

and the actual findings may be attributed to the difference

between the in vitro and in vivo experiments. Moreover,

there are differences in short-term and long-term adjustment

mechanisms for ethanol toxicity. The protein nutritional

status was high in the present study because the diet used

20 % casein supplemented with methionine. Protein plays a

pivotal role in vitamin absorption and storage in hepatocytes.

Protein malnutrition causes malabsorption, reduced storage

and impaired utilisation of vitamins. Thus, an adequate

intake of vitamins, and also protein, is essential for preventing

ethanol toxicity.

In the present study on the low-vitamin diet, vitamin B1,

vitamin B2 and pantothenic acid contents in the liver and

blood were lower in the ethanol-fed group than in the con-

trols, even when rats were fed a high-protein diet. Further-

more, the total urinary excretion and excretion ratios of all

three vitamins were also lower in the ethanol-fed group.

Thus, ethanol consumption reduced the intestinal absorption

of these vitamins, as reported by Subramanya et al.(12),

Hamid et al.(13,14,16,17) and Wani & Kaur(19). Vitamins such as

Table 4. Effect of ethanol consumption on blood B-group vitamin
contents (Expt 2)

(Mean values with their standard errors for five rats per group)

Control 15 % Ethanol

Mean SEM Mean SEM

Vitamin B1 (pmol/ml) 159 4 139* 6
Vitamin B2 (pmol/ml) 177 5 142* 4
Vitamin B6 (nmol/ml) 0·49 0·04 0·34* 0·02
Vitamin B12 (pmol/ml) 1·55 0·03 1·41 0·01
Niacin (nmol/ml) 127 6 117 2
Pantothenic acid (nmol/ml) 1·13 0·04 0·89* 0·04
Folate (pmol/ml) 149 4 138 10
Biotin (pmol/ml) 30·4 3·4 25·9 1·0

* Mean values were significantly different from those of the control group (P,0·05;
Mann–Whitney U two-tailed t test).

Table 5. Effect of ethanol consumption on urinary B-group vitamin
excretion (upper row) and urinary excretion ratio (lower row) for each of
the vitamins (Expt 2)†

(Mean values with their standard errors for five rats per group)

Control 15 % Ethanol

Mean SEM Mean SEM

Vitamin B1

nmol/d 3·5 0·1 1·8* 0·1
% 3·4 0·2 2·7* 0·2

Vitamin B2

nmol/d 3·6 0·3 0·15* 0·04
% 3·8 0·2 0·24* 0·05

4-PIC‡
nmol/d 29·4 1·9 7·3* 0·5
% 15·6 0·5 4·5* 0·3

Vitamin B12

pmol/d 9·1 0·4 6·7* 0·2
% 8·9 0·3 9·1 0·2

Niacin§
mmol/d 2·00 0·16 1·82 0·24
% –k –k

Pantothenic acid
nmol/d 24·3 2·4 6·3* 0·3
% 6·5 0·5 2·4* 0·2

Folate
nmol/d 1·85 0·19 0·77* 0·11
% 7·3 0·7 4·4* 0·6

Biotin
nmol/d 0·21 0·02 0·09* 0·01
% 5·0 0·4 3·0* 0·25

4-PIC, 4-pyridoxic acid.
* Mean values were significantly different from those of the control group (P,0·05;

Mann–Whitney U two-tailed t test).
† Percentage urinary excretion ratio was calculated using the following equation:

(24 h urinary excretion (mol/d)/intake of the vitamin during urine collection
(mol/d)) £ 100.

‡ A catabolite of vitamin B6.
§ Niacin content was calculated as the sum of the nicotinamide content and its

catabolites such as N 1-methylnicotinamide, N 1-methyl-2-pyridone-5-carboxamide
and N 1-methyl-4-pyridone-3-carboxamide.

kUrinary excretion ratio was not calculated as niacin was derived from tryptophan.
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vitamin B1, vitamin B2 and pantothenic acid might be directly

and/or indirectly involved in the metabolism of ethanol, indi-

cating that the vitamin catabolites increased and were excreted

into the urine. Of these three vitamins, only the catabolic fate

of vitamin B1 is relatively well known. It has been reported

that the excretion of vitamin B1 metabolites usually exceeds

by far the excretion of intact vitamin B1 using radioactive

tracer experiments(39). The major metabolites of vitamin B1 in

rat urine are 2-methyl-4-amino-5-pyridinecarboxylic acid(40),

4-methylthiazole-5-acetic acid(41) and thiamine acetic acid(42).

Pearson(39) reported that the sum of the metabolites accounted

for about 50 % of the total urinary excretion of vitamin B1 and

its catabolites from radioactive tracer experiments. Although

we cannot measure the catabolites of vitamin B1, these metab-

olites might increase in the urine of the ethanol-fed rats. It is

likely that a similar phenomenon would apply for the fates

of vitamin B2 and pantothenic acid.

The content of vitamin B6 in the blood was lower in

the ethanol-fed group, but the content of vitamin B6 in the

liver was slightly higher in the ethanol-fed group than in the

control. The urinary excretion of vitamin B6, determined

from its catabolite 4-pyridoxic acid, was much lower in

the ethanol-fed group than in the control. Probably ethanol

consumption resulted in an increased storage of vitamin B6

in the liver.

Other B-group vitamin contents in the liver and blood, such

as vitamin B12, nicotinamide, folate and biotin, were not

affected by ethanol consumption. The lack of any effect of

ethanol consumption on the niacin content in this experiment

was probably because nicotinamide was synthesised from

tryptophan, which was present in the diet as casein and was

supplied adequately(43). For rats, NAD precursors such as nic-

otinic acid and nicotinamide are not essential. In fact, the urin-

ary excretion of nicotinamide did not differ between the two

groups. Concerning the effect of ethanol consumption on

biotin, Sorrell et al.(21) reported that the in vitro perfusion of

rat liver with ethanol did not cause the release of biotin, but

caused the release of vitamin B12 first. In the present exper-

iment, a similar phenomenon was observed for biotin, but

not for vitamin B12. Frank et al.(44) reported that the first vita-

min released into the circulation during hepatic insult by etha-

nol is vitamin B12. This disparity between the reported and the

present findings might also arise from the difference in protein

nutritional status.

There are many reports concerning how ethanol consump-

tion affects folate absorption and metabolism(13–18,45–53).

Some studies have reported that ethanol consumption

increased the urinary excretion of folates(46,47,50–53) and

caused decreased serum folate levels. Romanoff et al.(53)

reported that acute ethanol exposure inhibits the apical trans-

port of 5-methyltetrahydrofolate in cultured human proximal

tubule cells, and in subchronic ethanol studies, increasing

concentrations of ethanol resulted in an up-regulation of

folate transporters. Furthermore, Romanoff et al.(53) reported

that both the folate receptor and reduced folate carrier trans-

porter proteins were up-regulated in rats receiving an ethanol

diet. On the contrary, Hamid et al.(13,14,16,17) and Wani &

Kaur(19) reported that ethanol reduced the intestinal uptake

of folate by altering the binding and transport kinetics of the

folate transport system and also the expression of folate trans-

porters in the intestine. In addition, Hamid & Kaur(15) reported

that ethanol consumption reduces folate re-uptake in the renal

absorption system by the decreased expression of transpor-

ters. The present data for folate are not consistent with

previous reports(13–18,45–53); the contents of folate in the

liver and blood were not affected by ethanol consumption,

and the urinary excretion of folate and the excretion ratio

were decreased markedly. A study(52) reported that urinary

folate excretion increased in ethanol-fed rats consuming

folate-containing diets, but not in rats fed folate-deficient

diets. In the present study, the urinary excretion of folate

did not increase, but decreased. This was because the diet

was low in folate. In the present study, the urinary excretion

of folate was lower in the ethanol-fed group than in the

non-ethanol group, suggesting that ethanol consumption

and the feeding of a low-folate diet up-regulated the folate

receptor and reduced folate carrier transporter proteins. This

up-regulation was probably a compensatory response to

counteract the effects of ethanol in inhibiting the reabsorption

of folate. Therefore, the effects of ethanol would depend on

the dose and duration of treatment.

In summary, these results show that ethanol consumption

affects the absorption, distribution and excretion of each of

the vitamins in rats fed a diet containing a low-vitamin

mixture. On the other hand, when rats were fed a 20 %

casein diet containing a sufficient amount of vitamins, ethanol

consumption did not affect any factors that we measured.
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ABSTRACT 

To clarify whether the urinary excretion of calcium, magnesium, phosphorus, iron, zinc, copper, manganese, selenium 
and molybdenum can be used as an index of their intake, the association between urinary excretion and intake in 
free-living individuals was examined. A total of 102 healthy free-living female university dietetics students aged 18 - 33 
years voluntarily participated in this study, of which 76 students were eligible for this assessment. All food consumed 
for four consecutive days was recorded accurately by a weighed food record method. A 24-h urine sample was collected 
on the fourth day, and the urinary levels of sodium, potassium, calcium, magnesium, phosphorus, iron, zinc, copper, 
manganese, selenium and molybdenum were measured. Significant correlation between urinary excretion and intake 
was observed in sodium (r = 0.596, p < 0.001), potassium (r = 0.583, p < 0.001), calcium (r = 0.402, p < 0.001), mag-
nesium (r = 0.365, p < 0.01), phosphorus (r = 0.509, p < 0.001), selenium (r = 0.349, p < 0.01) and molybdenum (r = 
0.265, p < 0.01). On the other hand, urinary excretion was very low and completely independent of the intake in iron, 
zinc, copper and manganese. These results indicate that urinary calcium, magnesium, phosphorus, selenium and mo-
lybdenum can be used as an index of their intake, similarly to sodium and potassium. 
 
Keywords: Mineral Intake; Trace Elements; Urinary Excretion; Assessment; Japanese Young Women 

1. Introduction 

To assess the nutritional status of healthy free-living hu-
mans, the weighed food record method has been used 
widely to record the dietary intake and to calculate nu-
trient intake [1]. Although this method can provide rela-
tively precise information regarding dietary intake com-
pared with other dietary assessment [2], substantial effort 
is required for respondents to complete the dietary re-
cords and to weigh all food consumed. This often leads 
to errors in the records, which reveals the limitation of a 
weighed food record method in terms of accuracy [3]. 
Alternatively, other methods using quantitative biologi-
cal information, such as urinary excretion, or concentra-
tions of nutrient or their metabolites in blood, as bio-
markers to assess dietary intake or nutritional status have 
been well studied in recent years. 

Many preceding studies have investigated urinary ex-
cretion as a biomarker for assessing dietary intake. For 
example, 24-h urinary nitrogen is established as a marker 
for protein intake [4], urinary sugars for sugar intake 

[5,6], and urinary thiamine for thiamine intake [7]. As re- 
gards minerals, urinary potassium is established as a mar- 
ker for potassium intake [8] and urinary iodine for iodine 
intake [9] as well as urinary sodium for sodium intake 
[10,11]. 

In the present study, we measured sodium, potassium, 
calcium, magnesium, phosphorus, iron, zinc, copper, man- 
ganese, selenium and molybdenum in 24-h urine and exa- 
mined the association between urinary mineral excretion 
and their intake in free-living individuals. In addition, we 
examined whether the urinary excretion of calcium, mag-
nesium, phosphorus, iron, zinc, copper, manganese, sele-
nium and molybdenum can be used as an index of their 
intake, similarly to sodium and potassium. 

2. Subjects and Methods 

2.1. Subjects 

This study was reviewed and approved by the Ethics 
Committee of The University of Shiga Prefecture. A total 
of 102 healthy free-living female university dietetics stu- 
dents aged 18 - 33 years voluntarily participated in this *Corresponding author. 

Copyright © 2012 SciRes.                                                                                  FNS 



Correlation between Mineral Intake and Urinary Excretion in Free-Living Japanese Young Women 124 

study. The purpose and protocol of this study was ex-
plained to all participants before joining the study, and 
written informed consent was obtained from each par-
ticipant, and from parents of participants aged < 20 years. 
We excluded participants diagnosed with cold or influ-
enza, and those who had taken mineral supplements at 
least once during the previous month. In addition, we 
excluded participants whose 24-h urine collection or die-
tary records were considered as incomplete, with a col-
lection time outside the 22 - 26 h range, urine volume < 
250 mL, creatinine excretion in relation to body weight 
outside the 10.8 - 25.2 mg/kg range [12], or extremely 
low or high energy intake (<500 or >4000 kcal/d). After 
screening, 76 participants were found to be eligible. An-
thropometric profiles of the 76 participants are shown 
and compared with those of general Japanese young wo- 
men in Table 1. No difference was observed between 
subjects and general women. 

2.2. Dietary Records 

This was a 4-day dietary assessment in which the par-
ticipants were living freely at college and consuming 
their normal diet. The first day (Monday) of the experi-
mental period was defined as Day 1, etc. To measure 
dietary intake during the 4-day period precisely, we used 
a weighed food record method, which is the highest qual-
ity in Japan at this time [13,14]. A digital cooking scale 
(1 g unit; Tanita Inc., Tokyo, Japan), a set of dietary re-
cord forms, a dietary record manual, and a disposable 
camera were distributed to the participants in advance. 
Upon entry of the dietary record, the status of food at 
oral intake was identified as “raw”, “cooked”, “the pres-
ence of skin”, “cooking ingredient”, or “with or without 
seasoning”, and coded according to the Fifth Revised and 
Enlarged Edition of the Standard Tables of Food Com-
position in Japan [15]. The participants took photographs 
with a disposable camera of the dish before and after 
eating. Several experienced dietitians used the photogra- 
phs to complete the data, and asked the participants to 
resolve any discrepancies or to obtain further information 
when needed. The food that remained after eating was 
measured by a digital scale and was deduced from the 
dietary record. Food, nutrient and energy intake was cal-
culated using the Standard Tables of Food Composition  
 

Table 1. Comparison of anthropometric profiles between 
subjects and general Japanese young women. 

 Subjects (n = 76) NHNSJ-20081 (n = 284)

Age 
Height (cm) 
Weight (kg) 
Body mass index (kg/m2) 

20.1 ± 2.3 
158.3 ± 5.0 
50.8 ± 5.2 
20.2 ± 1.7 

20 - 29 
158.3 ± 5.4 
51.9 ± 9.5 
20.7 ± 3.6 

Values are the means ±SD. 1Values for general Japanese young women aged 
20 to 29 years described in the National Health and Nutrition Survey of 
Japan in 2008. 

in Japan. For mineral intake, sodium, potassium, calcium, 
phosphorus, iron, zinc, copper and manganese were as-
sessed. Because selenium and molybdenum are not des- 
ignated in the Standard Table of Food Composition in 
Japan, intake of these microminerals was calculated us-
ing averaged values of the contents for every food groups 
described in the literature [16,17]. 

2.3. 24-h Urine Sampling 

A single 24-h urine sample was collected on Day 4 to 
measure urinary mineral excretion. In the morning, par-
ticipants were asked to discard the first specimen and to 
record the time on the sheet. The next morning, partici-
pants were asked to collect the last specimen at the same 
time as when the specimen had been discarded the pre-
vious morning, and to record the time on the sheet. After 
the urine sample had been collected, the volume of the 
sample was measured. The urine samples were stored at 
–20˚C until analysis. 

2.4. Measurement of Urinary Minerals 

Urine samples were diluted with 9 or more volumes of 
0.1 M HNO3 and filtrated through a 0.45-µm-membrane 
filter. Filtrate thus obtained was used for the measure-
ment of minerals. Sodium, potassium, calcium and mag-
nesium were determined by atomic absorption spectro- 
meter (AA-6300; Shimadzu, Kyoto, Japan). Phosphorus, 
iron, zinc and copper were determined by inductively 
coupled plasma-atomic emission spectrometer (ULTIMA2; 
Horiba Ltd., Kyoto, Japan). Manganese, selenium and 
molybdenum were determined by inductively coupled 
plasma-mass spectrometer (ICPM-8500; Shimadzu) us-
ing rhodium (for manganese and molybdenum) and tellu-
rium (for selenium) as internal standards. In these uri-
nalyses, recovery of each mineral adding urine was 97% 
to 101%. 

2.5. Statistical Analysis 

For each subject, means of daily nutrient and energy in-
take were calculated from the consecutive 4-day dietary 
records. The mean values of the subjects were calculated 
based on the resulting individual mean values. Pearson 
correlation coefficients were calculated to determine the 
association between urinary and dietary measurements of 
minerals. These statistical tests were performed using a 
personal computer (eMac; Apple Computer, Cupertino, 
CA, USA) with the operating system Mac OS 9.2 and 
statistical program package StatView-J version 5.0 (Aba- 
cus Concept, Berkeley, CA). 

3. Results and Discussion 

In Table 2, the daily energy and nutrient intake of the 76  
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Table 2. Daily intake of energy, major nutrients and miner-
als of subjects at experimental period. 

 
Subjects1 
(n = 76) 

NHNSJ-20082 
(n = 418) 

Energy (kcal) 

Protein (g) 

Lipid (g) 

Carbohydrate (g) 

Minerals 

Sodium (mg) 

Potassium (mg) 

Calcium (mg) 

Magnesium (mg) 

Phosphorus (mg) 

Iron (mg) 

Zinc (mg) 

Copper (mg) 

Manganese (mg) 

Selenium (µg) 

Molybdenum (µg) 

1658 ± 302 

57.3 ± 11.9 

52.8 ± 15.5 

232.8 ± 39.8 

 

2923 ± 834 

1873 ± 472 

503 ± 142 

194 ± 53 

852 ± 193 

6.7 ± 1.9 

6.9 ± 1.5 

0.90 ± 0.21 

2.8 ± 0.8 

189 ± 67 

272 ± 77 

1669 ± 475 

61.0 ± 21.4 

53.7 ± 22.6 

227.3 ± 66.6 

 

3617 ± 1415 3 

1886 ± 710 

406 ± 205 3 

201 ± 70 

844 ± 292 

6.7 ± 2.7 

7.2 ± 2.6 

0.98 ± 0.34 

- 

- 

- 

Values are the means ±SD. 1Daily intake was assessed from the consecutive 
4-day dietary records. 2Values for general Japanese young women aged 18 
to 29 years described in the National Health and Nutrition Survey of Japan 
in 2008. 3Significant difference was observed between subjects and general 
Japanese young women at p < 0.001 by Student’s t-test.  

 
eligible participants is presented and compared with those 
of general Japanese young women described in the Na-
tional Health and Nutritional Survey of Japan (NHNSJ) 
[18]. Similarity was observed between the subjects and 
general Japanese in the intake of energy and macronutri-
ents. Among minerals, no difference was observed in po- 
tassium, magnesium, phosphorus, iron, zinc and copper 
intake. In addition, manganese and molybdenum intake 
in the participants was close to the reported values for 
general Japanese [19,20]. On the other hand, lower so-
dium intake and higher calcium intake were observed in 
the subjects than in general young women. In Japan, be-
cause excess intake of sodium and low intake of calcium 
have been major nutritional problems, dietetics students 
have received education so that sodium intake is reduced 
and calcium intake is increased; therefore, it is thought 
that the subjects made efforts to reduce their sodium in-
take and increase their calcium intake intentionally. Se-
lenium intake in the participants was quite a bit higher 
than the reported value for general Japanese [16,21]. This 
indicates that overestimation arose in selenium intake 
roughly calculated using averaged values of the contents 
for every food group because no difference was observed 
between the subjects and general Japanese adolescents in 
the intake of energy and many nutrients. 

Table 3 shows 24-h urinary excretion and the apparent 
urinary excretion rate of minerals. As regards manganese, 
since almost all samples showed less than the detection 
limit (<10 µg/L), it is excluded from the table. 

Table 3. Daily urinary mineral excretion in subjects. 

 Excretion amounts Apparent excretion rate 

 (mg/d) (%) 

Sodium 
Potassium 
Calcium 
Magnesium 
Phosphorus 

2616 ± 1010 
1456 ± 498 
100.5 ± 36.4 
39.9 ± 16.4 
660 ± 223 

90.7 ± 30.8 
79.5 ± 23.0 
20.9 ± 8.2 
22.4 ± 15.4 
79.1 ± 23.8 

 (µg/d)  

Iron 
Zinc 
Copper 
Selenium 
Molybdenum 

220 ± 138 
374 ± 125 
52.5 ± 37.1 
84.8 ± 26.6 
211 ± 93 

3.6 ± 2.5 
6.3 ± 2.8 
6.3 ± 5.1 
49.7 ± 21.3 
82.2 ± 44.3 

Values are the means ±SD. Apparent excretion rate was calculated as fol-
lows: (daily urinary excretion amounts)/(daily intake) × 100. 

 
A high rate of urinary excretion (>70%) was observed 

for sodium and potassium, which intake has been as- 
sessed using urine. In addition, phosphorus and molyb-
denum also showed a high excretion rate, parallel to so-
dium and potassium. Because most phosphorus and mo-
lybdenum ingested from food are absorbed in the intes-
tine and their main excretion route is urine [20,22], this 
high excretion rate is valid. Although dietary selenium is 
also mostly absorbed and its main excretion route is urine 
[23], the excretion rate was 50%, which was lower than 
several reported values [24]. This was surely caused by 
an overestimation of selenium intake; if the excretion 
rate were 70%, selenium intake would be estimated to be 
about 120 µg/d, which is almost coincident with the re-
ported value for general Japanese [16,21]. 

The apparent urinary excretion rate of calcium and 
magnesium was about 20%, which was coincident with 
the reported value [22,25]. On the other hand, urinary ex- 
cretion of iron, zinc and copper was very low, which re- 
flects that urine is not the main excretion route of these 
minerals [26-28]. 

Figure 1 shows the correlation between daily intake 
and 24-h urinary excretion of sodium, potassium, cal-
cium, magnesium and phosphorus. Significant correla-
tion was observed with all of these five minerals. In par-
ticular, a strong correlation (r > 0.5) was observed for 
sodium, potassium and phosphorus; therefore, in these three 
minerals, intake could be estimated from the amount of 
urinary excretion for every individual with high accuracy. 
Urinary sodium and potassium are already used as im-
portant indices of their intake for individuals [10,11]. In 
addition, urinary phosphorus could also be used as an 
index of its intake.  

Also, in the case of calcium and magnesium, a signifi-
cant correlation between urinary excretion and intake 
was observed. The intestinal absorption rate of calcium 
and magnesium is 30% to 50% and the main excretion  
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Figure 1. Correlation between daily intake and urinary ex- 
cretion of sodium, potassium, calcium, magnesium and pho- 
sphorus in subjects. 
 
route is urine [22,25]; therefore, urinary excretion of these 
minerals reflects absorption amounts. Since intestinal ab- 
sorption of these minerals changes with various factors 
[29], it may be difficult to estimate the intake of these 
minerals from the urinary excretion for every individual. 
Nevertheless, it will be possible to estimate the intake 
from urinary excretion at least in a group. 

Figure 2 shows correlation between intake and urinary 
excretion in iron, zinc, copper, selenium and molybde-
num. In iron, zinc and copper, the scale is changed be-
tween the X- and Y-axis since their excretion rate to 
urine is very low. In these three minerals, urinary excre-
tion was almost completely independent of the intake. 
Accordingly, intake of these minerals cannot be esti-
mated from urinary excretion. In addition, because uri-
nary manganese excretion was very low, similarly to iron, 
zinc and copper, it may be difficult to use urinary man-
ganese as an index of manganese intake. Probably, it is 
the reason that their urinary excretion is constantly low 
regardless of the intake, since they are bound to protein 
in blood. In the case of selenium and molybdenum, a 
significant correlation was observed; however, in spite of 
having said that a large part of ingested selenium and 
molybdenum was excreted into urine, similarly to potas  

 

Figure 2. Correlation between intake and urinary excretion 
of iron, zinc, copper, selenium and molybdenum of subjects. 
 
sium, sodium and phosphorus [20,23], the correlation co-
efficients were smaller than those of calcium and magne-
sium. Probably, these weak correlations were due to rough 
intake estimation using averaged values of the contents 
for every food group; therefore, it is considered that a 
greater correlation coefficient was obtained when intake 
was estimated using the content of every food, as for 
other minerals. 

In the present study, it was confirmed that excretion 
amounts in 24-h urine were good indices of daily intake 
of phosphorus, calcium, magnesium, selenium and mo-
lybdenum similarly to sodium and potassium. In minerals, 
estimation of the intake using 24-h urine is possible when 
the main excretion route is urine. To estimate the intake 
of these minerals from the urinary excretion, the precise 
regression between intake and urinary excretion needs to 
be established by a balance test in the future. 
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Abstract

Prolonged starvation changes energy metabolism; therefore, the metabolic response to starvation is divided into three phases according to

changes in glucose, lipid and protein utilisation. B-group vitamins are involved in energy metabolism via metabolism of carbohydrates,

fatty acids and amino acids. To determine how changes in energy metabolism alter B-group vitamin concentrations during starvation,

we measured the concentration of eight kinds of B-group vitamins daily in rat blood, urine and in nine tissues including cerebrum,

heart, lung, stomach, kidney, liver, spleen, testis and skeletal muscle during 8 d of starvation. Vitamin B1, vitamin B6, pantothenic acid,

folate and biotin concentrations in the blood reduced after 6 or 8 d of starvation, and other vitamins did not change. Urinary excretion

was decreased during starvation for all B-group vitamins except pantothenic acid and biotin. Less variation in B-group vitamin concen-

trations was found in the cerebrum and spleen. Concentrations of vitamin B1, vitamin B6, nicotinamide and pantothenic acid increased

in the liver. The skeletal muscle and stomach showed reduced concentrations of five vitamins including vitamin B1, vitamin B2, vitamin B6,

pantothenic acid and folate. Concentrations of two or three vitamins decreased in the kidney, testis and heart, and these changes showed

different patterns in each tissue and for each vitamin. The concentration of pantothenic acid rapidly decreased in the heart, stomach,

kidney and testis, whereas concentrations of nicotinamide were stable in all tissues except the liver. Different variations in B-group vitamin

concentrations in the tissues of starved rats were found. The present findings will lead to a suitable supplementation of vitamins for the

prevention of the re-feeding syndrome.

Key words: Starvation: Fasting: Energy metabolism

Starvation produces a series of metabolic changes that lead to

a reduction in body weight, alterations in body composition

and metabolic gene expression(1,2). In mammals and birds,

three distinct levels of energy depletion have been estab-

lished(3–10). The first phase (phase 1) is a rapid period of

adaptation marked by an increase in mobilisation of fat

stores and a lowering in protein utilisation. During the

second phase (phase 2), which is a long period of thrift,

most of the energy expenditure is derived from fats, and

then fat stores are progressively exhausted, while body

proteins are efficiently spared. The third phase (phase 3) is

characterised by an increase in protein utilisation. In

humans, the negative energy balance resulting from starvation

can arise due to disease, eating or psychological disorders,

or hunger strikes. Starvation and consequent re-feeding

syndrome can lead to electrolyte disorders, especially

hypophosphataemia, along with neurological, pulmonary,

cardiac, neuromuscular and haematological complications(11).

To avoid the re-feeding syndrome, an additional load of

vitamins has been suggested to correct the vitamin deficien-

cies(11). However, little is known about B-group vitamin

status during starvation.

Several B-group vitamins take part in energy metabolism.

For instance, vitamin B2 functions as FAD and FMN in redox

reactions including the electron transport chain and fatty acid

oxidation. Nicotinamide is involved in more than 200 reactions,

including the metabolism of carbohydrates, amino acids and

fatty acids, and also in the electron transport chain. Vitamin

B1 catalyses carbohydrate metabolism including decarboxyla-

tion of a-ketoacids and trans-ketolation as a cofactor thiamin

diphosphate; vitamin B6 functions as pyridoxal 50-phosphate

in amino acid metabolism including aminotransferases,

*Corresponding author: K. Shibata, fax þ81 749 28 8499, email kshibata@shc.usp.ac.jp

Abbreviations: 2-Py, N 1-methyl-2-pyridone-5-carboxamide; 4-Py, N 1-methyl-4-pyridone-5-carboxamide; 3-HBA, 3-hydroxybutyric acid; MNA,
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decarboxylases, racemases and dehydratases as pyridoxal

50-phosphate; and pantothenic acid is involved in fatty acid

metabolism such as oxidation and synthesis. For these reasons,

in the ‘Dietary Reference Intakes for Japanese, 2010’, dietary

requirements for vitamin B1, vitamin B2 and niacin are

expressed per 4186 kJ (1000 kcal), and the requirement for vita-

min B6 is expressed in terms of protein intake(12).

As mentioned earlier, prolonged starvation sifts the energy

source from glucose to fats and then to protein, and

B-group vitamins are involved in the metabolism of carbo-

hydrates, fatty acids and amino acids. Thus, in the present

study, we investigated how changes in energy metabolism

altered B-group vitamin utilisation during starvation. We

comprehensively determined eight kinds of B-group vitamin

concentrations in rat blood, urine and tissues including the

brain, heart, lung, stomach, kidney, liver, spleen, testis and

skeletal muscle during 8 d of starvation.

Materials and methods

Diets

The composition of the purified diet is shown in Table 1.

Vitamin-free milk casein, L-methionine and sucrose were

purchased from Wako Pure Chemical Industries Limited

(Osaka, Japan). Maize oil was purchased from Nisshin OilliO

Group, Limited (Tokyo, Japan). Gelatinised maize starch, the

mineral mixture (AIN-93G) and the vitamin mixture

(AIN-93VX) were obtained from Oriental Yeast Company,

Limited (Tokyo, Japan).

Animals

Male rats of the Wistar strain, weighing 225–235 g, were

obtained from CLEA Japan, Inc. (Tokyo, Japan). The rats

were individually housed in a temperature-controlled room

(22 ^ 28C and 50–60 % humidity) with a 12 h light–12 h

dark cycle and were allowed to acclimate to the environment

for 7 d before starting the experiment. Body mass, food

consumption and water intake were recorded daily (^0·1 g).

We also collected 24 h urine samples every day.

Experimental procedures

A total of twenty-five rats were randomly divided into five

groups. After 1 week of acclimatisation, five rats were killed

by decapitation as a control group (CONT, n 5). The other

rats were deprived from food for 1 d (S1, n 5), 2 d (S2, n 5),

6 d (S6, n 5) or until they had been in phase 3 for 2 d; that

is, they were starved for a total duration of 6–9 d (P3, n 5).

The starving phase was determined by calculating the specific

daily rate of body mass loss dM/Mdt (g/kg per d) for each

animal (dM represents the loss of body mass during dt ¼ t1-t0
and M is the body mass of the rat at t0

(10,14). Blood was

taken from the tail vein at 09.00 hours every day, and 3-hydro-

xybutyric acid (3-HBA) concentration in the blood was

measured with a 3-HBA Kit (Abbott Japan Company, Limited,

Tokyo, Japan) to confirm the metabolic state of each animal

because blood 3-HBA reflects fatty acid oxidation.

After the animals were killed, blood samples were collected

into EDTA-2K tubes from the carotid artery and were centri-

fuged at 1700g for 10 min at 48C. Plasma glucose, TAG, urea

N, aspartate aminotransferase and alanine aminotransferase

were measured with FUJI DRI-CHEM (FUJIFILM Company,

Tokyo, Japan).

The cerebrum, heart, lungs, stomach, kidneys, liver, spleen,

testes and leg muscles were dissected and weighed

(^0·001 g). The stomach was cleared of its contents. All

tissue samples were immediately homogenised in ultra-pure

water at 1:10 (w/v) using a Teflon glass homogeniser and

stored at 2208C until needed. The present study was

conducted according to the guidelines for the care and use

of laboratory animals, and was approved by the Ethics

Committee of the University of Shiga Prefecture (Shiga, Japan).

Analytical methods

Vitamin B1. Thiamin in urine was measured directly. The vita-

min B1 content in the blood and tissue was determined as the

sum of thiamin, thiamin monophosphate and thiamin dipho-

sphate and was expressed as total thiamin. TCA (5 %) was

added to whole blood and tissue homogenates, and the

blood and homogenates were centrifuged for 5 min at

20 000g, and the supernatant of the mixture was used for

measurement. Vitamin B1 levels in the urine, blood and

tissue were determined by the HPLC post-labelled fluor-

escence method(15).

Vitamin B2. Riboflavin in urine was measured directly by

HPLC(16). Riboflavin, FMN and FAD in blood and tissue were

converted to lumiflavin by photolysis. Briefly, the supernatant

from a TCA-treated blood or tissue sample was added to an

equal volume of 1 M-NaOH. The alkalised mixture was irra-

diated with a fluorescent lamp for 30 min, and acetic acid

was added to the mixture. The neutralised mixture was filtered

with a 0·45mm microfilter and the filtrate was directly injected

into the HPLC system for the measurement of lumiflavin(17).

The measured lumiflavin was expressed as total vitamin B2.

Vitamin B6. 4-Pyridoxic acid, a catabolite of vitamin B6, in

urine was measured directly by HPLC(18). Serum pyridoxal

and pyridoxal 50-phosphate were determined by the HPLC

method(19). Vitamin B6 vitamers, including phosphate esters

in the tissue, were converted to free vitamin B6 vitamers

such as pyridoxal and pyridoxamine using an autoclave

under acidic conditions. Briefly, the homogenate was added

Table 1. Composition of the diet

(g/100 g)

Vitamin-free milk casein 20·0
L-Met 0·2
Gelatinised maize starch 46·9
Sucrose 23·4
Maize oil 5·0
Mineral mixture (AIN-93-G) 3·5
Vitamin mixture (AIN-93VX)* 1·0

* The composition of the vitamin mixture is described by
Reeves et al.(13).
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to 0·06 M-HCl at 1:8 (v/v) and autoclaved at 1218C for 3 h, and

the mixture was adjusted to pH 5·0 using 1 M-NaOH. These

were measured as total vitamin B6 by the microbioassay

method using Saccharomyces carlsbergensis strain 4228

ATCC 9080(20).

Vitamin B12. Urine, plasma and tissue homogenates were

added to a 0·2 mM-acetate buffer (pH 4·8) with 0·0006 % pot-

assium cyanide. These were put into a boiling water bath

for 5 min to be converted to cyanocobalamin, and then 10 %

metaphosphoric acid was added to be neutralised. Cyanoco-

balamin was determined by the microbioassay method using

Lactobacillus leichmannii ATCC 7830(21).

Niacin. Nicotinamide(22) and its catabolites, N 1-methylnico-

tinamide (MNA)(23), N 1-methyl-2-pyridone-5-carboxamide

(2-Py) and N 1-methyl-4-pyridone-3-carboxamide (4-Py)(22),

in urine were measured directly by HPLC. For measuring the

total nicotinamide content in blood and tissues, the whole

blood and tissue homogenates were autoclaved at 1218C

for 20 min to convert the coenzymes to nicotinamide.

The resulting nicotinamide was then determined by the

HPLC method(22,24).

Pantothenic acid. Pantothenic acid in urine was determined

by HPLC(25). To digest the bound pantothenic acid including

coenzyme A and phosphopantetheine in tissue and plasma

to free form, the homogenate or blood was incubated at

378C for 24 h. Pantothenic acid in the plasma and tissue was

determined by the microbioassay method using Lactobacillus

plantarum ATCC 8014(26).

Folate. Folate in urine and plasma was directly determined

by the microbioassay method using Lactobacillus casei ATCC

27 773(27). Folate in tissues was digested to monoglutamate

forms by treatment with protease and conjugase. Briefly,

1 M-KH2PO4–K2HPO4 buffer (pH 6·1) was added to the

tissue homogenate at 1:9 (v/v), and the homogenate was auto-

claved at 1218C for 5 min. Proteinase MS (Kaken Pharmaceuti-

cal Company, Limited, Tokyo, Japan) was added to the

homogenate at a final concentration of 2·5 mg/ml and then

incubated at 378C for 3 h. The reaction mixture was added

to the conjugase solution (extract from porcine kidney

acetone powder, Sigma, Porcine, Type II) at 30:1 (v/v) and

incubated at 378C for 12 h. After centrifugation at 10 000 g for

10 min, the supernatant was used for determination by the

microbioassay.

Biotin. Bound biotin in tissues was converted to the

free form using autoclave under acidic conditions. Briefly,

1·5 M-H2SO4 was added to the homogenate at 1:1 (v/v), and

the homogenate was autoclaved for 1 h at 1218C. The suspen-

sion was centrifuged at 10 000 g for 10 min at 48C, and the

supernatant was used to measure biotin. Biotin in urine and

plasma was measured directly. The biotin content in urine,

plasma and tissue was determined by the microbioassay

method using L. plantarum ATCC 8014(28).

Statistical analysis

Values are expressed as means with their standard errors. P3

rats (starved for 6–9 d) were expressed at 8 d on the graph

for convenience. To test the significance of the differences

in mean values among all groups, one-way ANOVA with

Tukey’s post hoc test was employed. Repeated ANOVA with

Bonferroni’s post hoc test was used to analyse urinary

excretion of B-group vitamins in P3 rats, and individual data

points were compared with their data at day 0. All differences

at P,0·05 were considered to be statistically significant. Prism

software (version 5; obtained from GraphPad Software, Inc.,

San Diego, CA, USA) was used for all analyses.

Results

Changes in body mass during starvation

Changes in body mass during starvation are shown in Table 2.

Starvation for the first 24 h produced a weight loss of 7 %.

From the second day to the last day of starvation, the rats

lost 5 % weight for each 24 h (data not shown). The specific

daily rate of body mass loss (dM/Mdt) v. time in starved rats

is presented in Fig. 1. The pattern of dM/dMt showed a

Table 2. Body mass and organ mass in the control and starved rats

(Mean values with their standard errors, n 5)

CONT* S1 S2 S6 P3†

Mean SE Mean SE Mean SE Mean SE Mean SE

Initial body mass (g) 252·9 3·3 253·1 2·8 246·4 6·2 252·2 3·1 249·0 3·2
Final body mass (g) 252·9a 3·3 235·1a,b 2·3 219·3b 5·6 182·7c 2·5 166·6c 5·4
Organ mass (g, wet wt)

Cerebrum 1·29 0·02 1·30 0·01 1·28 0·01 1·27 0·02 1·23 0·03
Heart 0·84a 0·04 0·87a 0·03 0·81a 0·04 0·66b 0·02 0·58b 0·02
Lungs 1·28 0·08 1·19 0·10 1·09 0·06 1·09 0·13 0·95 0·06
Stomach 1·16 0·02 1·15 0·04 1·14 0·04 1·20 0·05 1·19 0·08
Kidneys 1·94a 0·05 1·89a,b 0·6 1·69b,c 0·03 1·53c,d 0·02 1·43d 0·04
Spleen 0·75a 0·04 0·67a 0·03 0·50a 0·05 0·30b 0·01 0·25c 0·04
Testes 2·75a,b 0·07 2·66b,c 0·05 2·66b,c 0·04 2·47b,c 0·03 2·45c 0·06
Liver 11·18a 0·23 7·25b 0·22 6·07b 0·19 4·69c 0·12 3·83c 0·42

CONT, non-starved control rats; S1, 1-day starved rats; S2, 2-day starved rats; S6, 6-day starved rats; P3, starved to phase 3 rats.
a,b,c Mean values within a row with unlike superscript letters were significantly different determined by one-way ANOVA with Tukey’s multiple comparison tests

(P,0·05).
* Since the control rats were killed at the beginning of the experiment, the initial body weight was same as the final body weight.
† Phase 3 is determined by the rapid increase in dM/dMt (refer to Fig. 1).
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sharp decrease during the first hours of starvation and a steady

rate at days 2–6 of starvation. Since obvious rapid increase

was not observed after day 7 of starvation, we showed that

the last part of starvation was counted to the end of starvation

in the P3 group. The dM/dMt in the P3 group clearly showed a

rapid increase from 3 d before the end of starvation. These

patterns were exactly consistent with previous reports(10,14).

Therefore, we defined the phase at first decrease as phase 1,

that of steady rate as phase 2 and the third part of the curve

as phase 3 according to previous reports(10,14). The S6 group

showed the steady rate of body mass loss and the low

blood 3-HBA concentration, and these were characteristics

of both phases 2 and 3. These results showed that the S1

group was representative of phase 1, the S2 was of phase 2,

the S6 group was in the marginal range between phases 2

and 3, and the P3 group was in phase 3.

Changes in mass of individual organs during starvation

Table 2 shows the changes in the mass of individual organs

during starvation. The cerebrum, lung and stomach mass

was not affected by starvation. The liver weight was gradually

reduced by starvation, and that in the P3 group was 30 % of

the control group. From 2 d of starvation, kidney mass

decreased. Heart and spleen mass decreased from 6 d. Testes

mass decreased in P3 rats. Prolonged starvation reduced the

spleen and liver weight the most.

Blood/plasma parameters

Table 3 shows the blood parameters. Blood 3-HBA increased

more in S1 and S2 rats than in control rats. In contrast, the urea

concentration in plasma was significantly higher in S6 and P3

rats, whereas there was a non-significant increase in the S1

and S2 rats. Plasma glucose level was 60 % significantly

lower in the S1, S2 and S6 rats than in the control rats. Inter-

estingly, plasma glucose returned to the basal level in the P3

rats. Plasma TAG was dramatically decreased after 1 d of

starvation and then continued to decrease gradually through-

out the remainder of the starvation period. Plasma aspartate

aminotransferase was not affected by starvation. Plasma ala-

nine aminotransferase began to increase after 6 d of starvation.

Effect of starvation on vitamin status

Table 4 shows B-group vitamin content in tissue, blood and

urine in the control rats. We determined the B-group vitamin

contents in nine tissues including the cerebrum, heart, lung,

stomach, kidney, spleen, testis, skeletal muscle and liver,

and five tissues were selected as representative variations in

Fig. 2.

Cerebrum (Fig. 2(A)) and spleen. With the exception of

biotin, all vitamin concentrations were unchanged by star-

vation. Biotin concentration was initially elevated to 150 % in

the S1 rats, and then returned to basal level. B-group vitamin

concentrations in the spleen showed a similar pattern that star-

vation did not affect their concentrations except for vitamin

B2. Vitamin B2 concentration in the testis was elevated to

130 % after 6 d of starvation.

Heart (Fig. 2(B)). Vitamin B1 and folate concentrations

significantly decreased to approximately 60 % after 6 d of

starvation. Pantothenic acid concentration was significantly

lower in the S2 and S6 rats than in the control rats. Biotin

and vitamin B6 concentrations significantly increased to

160 and 250 % in the S1 and S6 rats, respectively. The other

B-group vitamin concentrations were unchanged.
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Fig. 1. Rate of body mass loss (dM/Mdt) in starved rats. Values are means

with their standard errors (n 1–20 per d in the left; n 5 per d in the right).

dM/Mdt (dM represents the loss of body mass during dt ¼ t1 2 t0 and M is

the body mass of rat at t0) was calculated for each animal. Abscissa: left,

days counted from the beginning of starvation in all rats; right, counted to the

end of starvation in the P3 group.

Table 3. Blood parameters in the control and starved rats

(Mean values with their standard errors, n 5)

CONT S1 S2 S6 P3

Mean SE Mean SE Mean SE Mean SE Mean SE

3-HBA (mmol/l)* 0·1a 0·0 1·8a 0·1 2·5b 0·2 0·7a 0·1 0·3a 0·1
Glucose (mmol/l) 6·36a 0·28 3·86b 0·32 3·84b 0·29 3·71b 0·37 6·44a 0·60
TAG (mmol/l) 3·01a 0·45 0·82b 0·08 0·81b 0·07 0·54b 0·10 0·46b 0·05
Urea (mmol/l) 7·45a 0·27 6·21a 0·42 6·21a 0·30 8·23b 2·36 13·08b 0·68
AST (U/l) 263 21 245 10 242 21 240 10 252 8
ALT (U/l) 39·8a 3·8 29·4a 1·9 31·8a 1·8 65·5b 10·0 73·3b 5·9

CONT, non-starved control rats; S1, 1-day starved rats; S2, 2-day starved rats; S6, 6-day starved rats; P3, starved to phase 3 rats; 3-HBA, 3-hydroxybutyrate;
AST aspartate aminotransferase; ALT, alanine aminotransferase.

a,b Mean values within a row with unlike superscript letters were significantly different determined by one-way ANOVA with Tukey’s multiple comparison tests
(P,0·05).

* 3-HBA was measured in whole blood, and the others in serum.
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Kidney (Fig. 2(C)) and testis. Pantothenic acid concen-

tration dramatically decreased to 50 % of control during star-

vation. Folate concentration significantly decreased to 40 %

in the S6 and P3 rats. Vitamin B2 concentration significantly

decreased to 70 % in the P3 rats. The reduction in pantothenic

acid concentration from day 1 of starvation was also observed

in the stomach and testis, and their maximal reduction was

60 %. In the testis, vitamin B2 concentration also significantly

reduced to 50 % during starvation, and other vitamin concen-

trations were not changed.

Skeletal muscle (Fig. 2(D)) and stomach. Concentrations of

vitamin B1, vitamin B2 and vitamin B6 significantly decreased

to 50 % from 2 d of starvation, but only vitamin B2 concen-

tration returned to control levels in the P3 rats. Vitamin B12

concentration significantly decreased to 40 % only in the S2

rats. Pantothenic acid concentration significantly decreased

in the P3 rats. Folate concentration significantly decreased to

50 % in the S6 and P3 rats. Pantothenic acid concentration

was same as control until 6 d of starvation, and then dramati-

cally decreased to 30 % in the P3 rats. Similar pattern was

observed in the stomach that starvation reduced several

B-group vitamin concentrations. In brief, pantothenic acid

and biotin concentrations reduced to 30 and 60 % from day

1 of starvation, respectively. Vitamin B6 concentration signifi-

cantly decreased to 50 % from day 2, and vitamin B2 did to

40 % from day 6 of starvation.

Liver (Fig. 2(E)). Vitamin B6 concentration was significantly

higher in the S1, S6 and P3 rats, and the relative value in the P3

rats was 160 % of the control animals. Nicotinamide concen-

tration increased in the S2, S6 and P3 rats. Vitamin B1 and

pantothenic acid concentrations were higher in the P3 rats,

and their values were 150 and 250 %, respectively. Other

B-group vitamins concentrations were unchanged.

Blood (Fig. 2(F)). Whole blood vitamin B1, serum vitamin

B6 and plasma pantothenic acid concentrations decreased in

the S6 and P3 rats. Plasma folate and biotin concentrations

decreased in the P3 rats. The relative values of vitamin B1

and vitamin B6 in the P3 rats were 60 % of control, those

of folate and biotin were 50 %, and those of pantothenic

acid were 30 %.

Urinary contents of B-group vitamins (Fig. 3). Vitamin B1

excretion acutely decreased to 10 % after 1 d of starvation.

Urinary excretion of riboflavin, pyridoxal metabolite 4-pyri-

doxic acid and vitamin B12 gradually decreased during 4 d of

starvation. Subsequently these values were stable, at approxi-

mately 20, 20 and 50 % of each control value. Urinary folate

was initially unchanged in the S1 rats and then decreased to

40 % of the baseline value. Urinary pantothenic acid was

increased to 170 % in 3rd and 4th days of starvation, and

then returned to the control level. Although biotin excretion

increased to 460 % during the first 3 d of starvation, it sub-

sequently returned to the basal level.

Urinary contents of nicotinamide and its catabolites (Fig. 4).

Nicotinamide excretion increased after 1 d of starvation and

then returned to the basal level. 2-Py and 4-Py decreased

after an initial increase on day 1. In contrast, MNA excretion
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increased during the starvation period. Urinary excretion of

the sum of nicotinamide and its catabolites increased 1·4-

fold after 1 d of starvation and then decreased by less than

half of the food sufficient state.

Discussion

The effects of metabolic changes, which are designated as

the changes in the main energy sources such as glucose,

lipids and protein, during starvation on the tissue and urine

vitamin concentrations are currently poorly understood(11).

Elucidation of the effects will lead to a suitable supplemen-

tation for preventing the refeeding syndrome. Therefore,

we investigated the effects of short- and long-term starvation

on the vitamin concentrations in organs, muscle, blood and

urine in rats.

Vitamin concentrations in organs and muscle showed differ-

ent patterns for each vitamin. For noticeable characteristics,

biotin concentration, which means the value in terms of g

tissue, was increased in most organs of the S1 rats. A part of

the reason is a reduced organ mass at S1. It was unclear

why the biotin concentrations in organs remained at the

same level regardless of organ mass during starvation. Vitamin

B1 is the vitamin that has the most rapid turnover(30), but the

levels in the kidney were maintained. This may point to the

necessity of vitamin B1 in kidneys of starving rats. In terms

of the metabolic state, vitamin B1 was expected to decrease

in the early days of starvation, because glucid is the main

energy source in this period(3). However, vitamin B1 concen-

trations in tissues and blood were stable in the S1 rats. This

is due to the sharp decrease in liver weight and in the urinary

excretion of vitamin B1. Along with the shifts in the main

energy source from glucid to fat, vitamin demands appear to

change. Next to vitamin B1, pantothenic acid requirement

may be the highest because it is involved in the metabolism

of fatty acids(31), and also, biotin requirement may be higher

because the gluconeogenesis is more active at the deficient

state of glucose(32). However, the present results were contrary

to our expectations. Pantothenic acid concentrations in the

heart, stomach, kidneys and testes were decreased in the S1

rats, and a similar phenomenon was observed in biotin con-

centrations. The urinary excretion of pantothenic acid and

biotin was significantly increased by starvation. A similar

phenomenon was already reported by Fukuwatari et al.(30).

Shibata and co-workers reported(33–38) that the urinary excre-

tion of water-soluble vitamins reflects recent intake of the vita-

mins over the last few days, and in addition, the decreased

urinary excretion of vitamins means the elevated demand for

vitamins, whereas the increased urinary excretion of vitamins

means the reduced demand for vitamins when their intake of

vitamins is almost the same(33). The increased urinary excretion

suggests that the requirement of pantothenic acid and biotin

was reduced by starvation, that is, lower concentrations of pan-

tothenic acid and biotin in the body might prefer to live for a

long time during starvation. A possible inferable reason for

the increase in urinary pantothenic acid and biotin might be a

mechanism to prevent the stored fat in the body from over-

spending or to decrease the amount of acetyl-coenzyme A,T
a
b
le

4
.

C
o
n
te

n
ts

o
f

B
-g

ro
u
p

v
it
a
m

in
s

in
e
a
c
h

ti
s
s
u
e
,

b
lo

o
d

a
n
d

u
ri
n
e

o
f

c
o
n
tr

o
l
ra

ts

(M
e
a
n

v
a
lu

e
s

w
it
h

th
e
ir

s
ta

n
d
a
rd

e
rr

o
rs

,
n

4
–

5
)

V
it
a
m

in
B

1

(n
m

o
l/
g

ti
s
s
u
e
)

V
it
a
m

in
B

2

(n
m

o
l/
g

ti
s
s
u
e
)

V
it
a
m

in
B

6

(n
m

o
l/
g

ti
s
s
u
e
)

V
it
a
m

in
B

1
2

(p
m

o
l/
g

ti
s
s
u
e
)

N
ic

o
ti
n
a
m

id
e

(n
m

o
l/
g

ti
s
s
u
e
)

P
a
n
to

th
e
n
ic

a
c
id

(n
m

o
l/
g

ti
s
s
u
e
)

F
o
la

te
(n

m
o
l/
g

ti
s
s
u
e
)

B
io

ti
n

(n
m

o
l/
g

ti
s
s
u
e
)

M
e
a
n

S
E

M
e
a
n

S
E

M
e
a
n

S
E

M
e
a
n

S
E

M
e
a
n

S
E

M
e
a
n

S
E

M
e
a
n

S
E

M
e
a
n

S
E

C
e
re

b
ru

m
9
·1

0
·4

6
·6

0
·1

1
8

·3
0
·4

3
5

2
2
9
2

1
2

6
1

3
0
·5

2
0
·0

2
0
·1

9
0
·0

1
H

e
a
rt

1
8

·9
1
·5

3
4

·4
1
·6

1
4

·5
1
·6

2
0
2

2
0

5
7
8

4
6

1
6
6

9
0
·7

5
0
·0

3
0
·2

3
0
·0

4
L
u
n
g

5
·7

0
·5

8
·4

0
·6

3
·6

0
·3

4
9

4
3
7
5

1
1

5
9

8
0
·7

8
0
·0

3
0
·1

3
0
·0

2
S

to
m

a
c
h

1
1

·7
1
·7

1
1

·5
0
·3

3
·4

0
·6

7
7

1
2

2
2
1

2
2

5
1

5
1
·1

4
0
·0

2
0
·2

7
0
·0

1
K

id
n
e
y

1
6

·8
3
·1

5
7

·2
2
·7

1
8

·8
1
·1

2
6
9

1
9

9
2
0

2
7

2
5
0

1
8

6
·4

7
0
·3

5
1
·4

0
0
·1

2
S

p
le

e
n

7
·0

0
·6

6
·4

0
·4

1
·4

0
·2

7
4

8
6
4
5

2
6

3
3

4
1
·1

7
0
·0

4
0
·0

5
0
·0

1
T

e
s
ti
s

2
5

·2
6
·4

9
·6

0
·8

1
3

·9
0
·4

6
1

7
1
8
6

7
1
0
1

8
0
·0

7
0
·0

0
0
·0

8
0
·0

1
S

k
e
le

ta
l
m

u
s
c
le

4
·3

0
·2

7
·5

0
·5

3
5

·5
1
·8

3
8

5
4
0
0

2
4

2
2

2
0
·3

0
0
·0

1
0
·0

3
0
·0

0
L
iv

e
r

3
2

·2
1
·8

6
8

·0
3
·2

1
7

·1
0
·6

1
4
4

1
0

8
6
2

3
4

2
4
2

1
0

1
4
·1

4
0
·6

9
1
·8

4
0
·1

1

(p
m

o
l/
m

l
W

B
)

(p
m

o
l/
m

l
W

B
)

(p
m

o
l/
m

l
s
e
ru

m
)

(p
m

o
l/
m

l
p
la

s
m

a
)

(n
m

o
l/
m

l
W

B
)

(n
m

o
l/
m

l
p
la

s
m

a
)

(p
m

o
l/
m

l
p
la

s
m

a
)

(p
m

o
l/
m

l
p
la

s
m

a
)

B
lo

o
d

2
8
5

1
5

2
0
8

1
2

1
·4

6
0
·1

6
4
·9

7
0
·1

3
1
2
1

5
7
·0

2
0
·3

9
4
3
·2

3
·6

5
4
·6

3
·5

(n
m

o
l/
d
)

(n
m

o
l/
d
)

(n
m

o
l/
d
)

(p
m

o
l/
d
)

(m
m

o
l/
d
)

(n
m

o
l/
d
)

(n
m

o
l/
d
)

(p
m

o
l/
d
)

U
ri
n
e

9
6

4
6
5

1
2

3
4
5

4
3
8

2
3
·9

3
0
·1

7
5
6
7

6
8

6
·2

0
0
·6

8
2
·9

6
0
·2

5

W
B

,
w

h
o
le

b
lo

o
d
.

B-group vitamin contents in starved rats 57

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n



which modifies several functional proteins such as histone(39)

and some enzymes(40), and in addition, to decrease holoen-

zymes of carboxylases(41,42). Acetylation generally activated

some enzymes in fatty acid oxidation(40). The physiologically

active form of biotin is covalently attached at the active site of

a class of important metabolic enzymes in gluconeogenesis,

lipogenesis and amino acid metabolism(41,42). Accordingly,

decreased acetylation and biotin-dependent enzymes lead to

reduced fatty acid oxidation and to save fat in the body.

Vitamin B6 concentrations, expected to be the last vitamin

decreased in tissues by starvation(3), decreased in the stomach,

skeletal muscle and serum of the S2 rats. Vitamin B6 in the
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Fig. 3. Relative value of urinary B-group vitamin contents in P3 rats during starvation. Those of vitamin B1, vitamin B2, vitamin B6, vitamin B12, nicotinamide and

folate are shown in (A), and pantothenic acid and biotin in (B). Thiamin is expressed as vitamin B1, riboflavin as vitamin B2, 4-pyridoxic acid as vitamin B6, and

sum of nicotinamide and its catabolites as nicotinamide. Values are reported as means with their standard errors, n 5 per d. Values of control rats are expressed

as 100 %. P3 is expressed at 8 d of starvation. Means with unlike letters were significantly different from day 0 in avitamin B1 (W), bvitamin B2 (X), cvitamin B6* (D),
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lung and serum decreased in the S6 rats. The differences in the

pattern of vitamin B6 decline may be due to the fat content of

each tissue. Nicotinamide concentrations in tissues and blood

were unchanged by starvation, despite this vitamin being

involved in energy metabolism. Since nicotinamide is bio-

synthesised from tryptophan(43), nicotinamide concentrations

in organs and blood were maintained. Urinary excretion of

the sum of nicotinamide and its catabolites was high after

1 d of starvation and subsequently decreased. These results

are in agreement with those reported by a previous

study(30). The proportion of nicotinamide, MNA, 2-Py and

4-Py in urine is controlled by enzymes involved in the metab-

olism of tryptophan to niacin. Starvation or food restriction

induces a decline in MNA oxidase activity(44) and an elevation

in nicotinamide methyltransferase(44). This may explain why

levels of 2-Py and 4-Py in urine decreased while those of

MNA increased. MNA is an inhibitor of nicotinamide methyl-

transferase(45). Therefore, an accumulation of MNA inhibits

the activity of nicotinamide methyltransferase and leads

to an increase in free form of nicotinamide, which inhibits

the activities of histone deacetylase(46) and poly(ADP-ribose)

synthetase(47). This control might be suitable for living long

during starvation.

To our knowledge, the present study presents the first

data on vitamin status during the three phases of starvation.

The changes in B-group vitamin concentrations in tissues

and blood did not always correspond to metabolic states.

The changes in vitamin content can be divided into three

groups. First, vitamin B1, vitamin B2, nicotinamide and biotin

levels declined gradually. Second, vitamin B6 and vitamin

B12 levels rapidly decreased after 1 d of starvation and then

remained at a steady level. Finally, pantothenic acid and

folate initially decreased in the S1 rats, then returned to near

basal levels in the next day of starvation, then subsequently

decreased again. This might mean that pantothenic acid

and folate were mobilised to other tissues. We are unsure

why such complicated changes occur. It is clear that further

investigation, such as separate measurement of the free

forms of the vitamins and of coenzymes, into the changes in

the vitamin requirements of starving rats would be useful for

the prevention of vitamin deficiency during starvation or for

consequent refeeding.
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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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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.
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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 
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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.

Funding

Ministry of Education, Culture, Sports, Science and Technology, Japan 
(grant-in-aid 16390187 for Scientific Research [B] and grant-in-aid 
[21790591] for Young Scientists [B]).

Acknowledgment

We offer special thanks to Dr. Satoshi Sasaki for his suggestions and 
useful comments to this paper; we are indebted to Dr. Shoji Sinkai, Dr. 
Yoshinori Fujiwara, Mr Toshiro Tango, Mrs Sachiko Imai, Mrs Turuko 
Maekawa, Miss Erika Hosoi and the staff of the Otasha-kenshin who par-
ticipated in this study.

References
 1. Fried LP. Epidemiology of aging. Epidemiol Rev. 2000;22:95–106.
 2. Bartali B, Salvini S, Turrini A, et al. Age and disability affect dietary 

intake. J Nutr. 2003;133:2868–2873.
 3. Cesari M, Pahor M, Bartali B, et al. Antioxidants and physical perfor-

mance in elderly persons: the Invecchiare in Chianti (InCHIANTI) 
study. Am J Clin Nutr. 2004;79:289–294.

 4. Evans WJ. Vitamin E, vitamin C, and exercise. Am J Clin Nutr. 
2000;72:647S–652S.

 5. Houston DK, Cesari M, Ferrucci L, et al. Association between vitamin 
D status and physical performance: the InCHIANTI study. J Gerontol 
A Biol Sci Med Sci. 2007;62:440–446.

 6. Corti MC, Guralnik JM, Salive ME, Sorkin JD. Serum albumin level 
and physical disability as predictors of mortality in older persons. 
JAMA. 1994;272:1036–1042.

 7. Baumgartner RN, Koehler KM, Romero L, Garry PJ. Serum albumin 
is associated with skeletal muscle in elderly men and women. Am J 
Clin Nutr. 1996;64:552–558.

 8. Howard C, Ferrucci L, Sun K, et al. Oxidative protein damage is  
associated with poor grip strength among older women living in the 
community. J Appl Physiol. 2007;103:17–20.

 9. Kwon J, Suzuki T, Yoshida H, Kim H, Yoshida Y, Iwasa H. Concomitant 
lower serum albumin and vitamin D levels are associated with decreased 
objective physical performance among Japanese community-dwelling 
elderly. Gerontology. 2007;53:322–328.

 10. Carr AC, Frei B. Toward a new recommended dietary allowance for 
vitamin C based on antioxidant and health effects in humans. Am J 
Clin Nutr. 1999;69:1086–1107.

 11. Clarkson PM, Thompson HS. Antioxidants: what role do they play in 
physical activity and health? Am J Clin Nutr. 2000;72:637S–646S.

 12. Padayatty SJ, Katz A, Wang Y, et al. Vitamin C as an antioxidant: 
evaluation of its role in disease prevention. J Am Coll Nutr. 2003;
22:18–35.

 13. Nishikimi M. Oxidation of ascorbic acid with superoxide anion gener-
ated by the xanthine-xanthine oxidase system. Biochem Biophys Res 
Commun. 1975;63:463–468.

 14. Bielski BH, Richter HW, Chan PC. Some properties of the ascorbate 
free radical. Ann N Y Acad Sci. 1975;258:231–237.

 15. Pansarasa O, Castagna L, Colombi B, Vecchiet J, Felzani G,  
Marzatico F. Age and sex differences in human skeletal muscle: role of 
reactive oxygen species. Free Radic Res. 2000;33:287–293.

 16. Suzuki T, Iwasa H, Yoshida H, et al. [Comprehensive health examina-
tion (“Otasha-Kenshin”) for the prevention of geriatric syndromes and 
a bed-ridden state in the community elderly. 1. Differences in charac-
teristics between participants and non-participants]. Nippon Koshu 
Eisei Zasshi. 2003;50:39–48.

 17. Sato Y, Uchiki T, Iwama M, Kishimoto Y, Takahashi R, Ishigami A. 
Determination of dehydroascorbic acid in mouse tissues and plasma 
by using Tris(2-carboxyethyl)phosphine hydrochloride as reductant in 
metaphosphoric acid/ethylenediaminetetraacetic acid solution. Biol 
Pharm Bull. 2010;33:364–369.

 18. Rantanen T, Guralnik JM, Foley D, et al. Midlife hand grip strength as 
a predictor of old age disability. JAMA. 1999;281:558–560.

 by guest on O
ctober 11, 2011

biom
edgerontology.oxfordjournals.org

D
ow

nloaded from
 

http://biomedgerontology.oxfordjournals.org/


 VITAMIN C AND PHYSICAL PERFORMANCE 7

 19. Rantanen T, Volpato S, Ferrucci L, Heikkinen E, Fried LP,  
Guralnik JM. Handgrip strength and cause-specific and total mortality 
in older disabled women: exploring the mechanism. J Am Geriatr Soc. 
2003;51:636–641.

 20. Michikawa T, Nishiwaki Y, Takebayashi T, Toyama Y. One-leg standing 
test for elderly populations. J Orthop Sci. 2009;14:675–685.

 21. Rolland Y, Lauwers-Cances V, Cesari M, Vellas B, Pahor M,  
Grandjean H. Physical performance measures as predictors of mortal-
ity in a cohort of community-dwelling older French women. Eur J 
Epidemiol. 2006;21:113–122.

 22. Morris JN, Hardman AE. Walking to health. Sports Med. 1997;23:
306–332.

 23. Shimada H, Obuchi S, Kamide N, Shiba Y, Okamoto M, Kakurai S. 
Relationship with dynamic balance function during standing and 
walking. Am J Phys Med Rehabil. 2003;82:511–516.

 24. Halliwell B. Vitamin C: antioxidant or pro-oxidant in vivo? Free Radic 
Res. 1996;25:439–454.

 25. Petersen AM, Pedersen BK. The anti-inflammatory effect of exercise. 
J Appl Physiol. 2005;98:1154–1162.

 26. Clarkson PM. Antioxidants and physical performance. Crit Rev Food 
Sci Nutr. 1995;35:131–141.

 27. Gee DL, Tappel AL. The effect of exhaustive exercise on expired  
pentane as a measure of in vivo lipid peroxidation in the rat. Life Sci. 
1981;28:2425–2429.

 28. Davies KJ, Quintanilha AT, Brooks GA, Packer L. Free radicals and 
tissue damage produced by exercise. Biochem Biophys Res Commun. 
1982;107:1198–1205.

 29. Blanchard J, Conrad KA, Mead RA, Garry PJ. Vitamin C disposition 
in young and elderly men. Am J Clin Nutr. 1990;51:837–845.

 30. Fletcher AE, Breeze E, Shetty PS. Antioxidant vitamins and mortality 
in older persons: findings from the nutrition add-on study to the Med-
ical Research Council Trial of Assessment and Management of Older 
People in the Community. Am J Clin Nutr. 2003;78:999–1010.

 31. Jacob RA, Otradovec CL, Russell RM, et al. Vitamin C status and 
nutrient interactions in a healthy elderly population. Am J Clin Nutr. 
1988;48:1436–1442.

 32. Sinha R, Block G, Taylor PR. Determinants of plasma ascorbic acid in 
a healthy male population. Cancer Epidemiol Biomarkers Prev. 
1992;1:297–302.

 33. Newton HM, Schorah CJ, Habibzadeh N, Morgan DB, Hullin RP. The 
cause and correction of low blood vitamin C concentrations in the el-
derly. Am J Clin Nutr. 1985;42:656–659.

 34. Gleeson M, Robertson JD, Maughan RJ. Influence of exercise on 
ascorbic acid status in man. Clin Sci (Lond). 1987;73:501–505.

 35. Camus G, Felekidis A, Pincemail J, et al. Blood levels of reduced/oxi-
dized glutathione and plasma concentration of ascorbic acid during 
eccentric and concentric exercises of similar energy cost. Arch Int 
Physiol Biochim Biophys. 1994;102:67–70.

 36. Duthie GG, Robertson JD, Maughan RJ, Morrice PC. Blood antioxi-
dant status and erythrocyte lipid peroxidation following distance run-
ning. Arch Biochem Biophys. 1990;282:78–83.

 37. Maxwell SR, Jakeman P, Thomason H, Leguen C, Thorpe GH. 
Changes in plasma antioxidant status during eccentric exercise and the 
effect of vitamin supplementation. Free Radic Res Commun. 1993;19:
191–202.

 38. Jakeman P, Maxwell S. Effect of antioxidant vitamin supplementation 
on muscle function after eccentric exercise. Eur J Appl Physiol Occup 
Physiol. 1993;67:426–430.

 39. Kaminski M, Boal R. An effect of ascorbic acid on delayed-onset 
muscle soreness. Pain. 1992;50:317–321.

 40. Bryer SC, Goldfarb AH. Effect of high dose vitamin C supplemen-
tation on muscle soreness, damage, function, and oxidative stress 
to eccentric exercise. Int J Sport Nutr Exerc Metab. 2006;16:
270–280.

 41. Thompson D, Williams C, Kingsley M, et al. Muscle soreness and 
damage parameters after prolonged intermittent shuttle-running  
following acute vitamin C supplementation. Int J Sports Med. 2001;
22:68–75.

 42. Gey GO, Cooper KH, Bottenberg RA. Effect of ascorbic acid on  
endurance performance and athletic injury. Jama. 1970;211:105.

 43. van der Beek EJ, van Dokkum W, Schrijver J, Wesstra A, Kistemaker C, 
Hermus RJ. Controlled vitamin C restriction and physical perfor-
mance in volunteers. J Am Coll Nutr. 1990;9:332–339.

 44. Ness AR, Powles JW. Fruit and vegetables, and cardiovascular disease: 
a review. Int J Epidemiol. 1997;26:1–13.

 45. Genkinger JM, Platz EA, Hoffman SC, Comstock GW, Helzlsouer KJ. 
Fruit, vegetable, and antioxidant intake and all-cause, cancer, and car-
diovascular disease mortality in a community-dwelling population  
in Washington County, Maryland. Am J Epidemiol. 2004;160:1223–
1233.

 46. Yokoyama T, Date C, Kokubo Y, Yoshiike N, Matsumura Y, Tanaka H. 
Serum vitamin C concentration was inversely associated with subse-
quent 20-year incidence of stroke in a Japanese rural community. The 
Shibata study. Stroke. 2000;31:2287–2294.

 47. Gale CR, Martyn CN, Winter PD, Cooper C. Vitamin C and risk of 
death from stroke and coronary heart disease in cohort of elderly peo-
ple. BMJ. 1995;310:1563–1566.

 48. Knekt P, Ritz J, Pereira MA, et al. Antioxidant vitamins and coronary 
heart disease risk: a pooled analysis of 9 cohorts. Am J Clin Nutr. 
2004;80:1508–1520.

 49. Lee DH, Folsom AR, Harnack L, Halliwell B, Jacobs DR Jr. Does 
supplemental vitamin C increase cardiovascular disease risk in women 
with diabetes? Am J Clin Nutr. 2004;80:1194–1200.

 50. Heart Protection Study Collaborative Group. MRC/BHF Heart Protection 
Study of antioxidant vitamin supplementation in 20,536 high-risk indi-
viduals: a randomised placebo-controlled trial. Lancet. 2002;360:23–33.

 by guest on O
ctober 11, 2011

biom
edgerontology.oxfordjournals.org

D
ow

nloaded from
 

http://biomedgerontology.oxfordjournals.org/






















Japanese Clinical Medicine 2012:2 9–14

doi: 10.4137/JCM.S8291

This article is available from http://www.la-press.com.

© the author(s), publisher and licensee Libertas Academica Ltd.

This is an open access article. Unrestricted non-commercial use is permitted provided the original work is properly cited.

Open Access
Full open access to this and 
thousands of other papers at 

http://www.la-press.com.

Japanese Clinical Medicine

O r i g i n A L  r e S e A r C h

Japanese Clinical Medicine 2012:2 9

Improvement of Quality of Life (QOL) in Osteoporotic patients 
by elcatonin Treatment: A Trial Taking the participants’ 
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Abstract: Osteoporosis is associated with compromised quality of life (QOL), to which pain has the most important contribution. 
Elcatonin, a derivative of calcitonin, is widely used in the treatment of osteoporosis in two ways. One is as the inhibitor of osteoclastic 
bone resorption. The other is for osteoporosis-related pain based on the unique analgesic effects of elcatonin. Since pain is subjective 
in nature, and QOL is the only clinical outcome representing the patients’ subjective perception of health status, pain associated with 
osteoporosis would be best evaluated based on QOL assessment. Evidence based medicine gives the highest remarks to the double-
blinded, randomized controlled trial, which, however, cannot be free from methodological problems on some occasions. For example, 
it is practically impossible to remain blinded in the trial of a potent analgesia, which in turn causes biases. Thus, the significance of 
 taking the patients’ preference into account is increasingly acknowledged. In this study, 45 osteoporotic patients were given brochures 
describing the pros and cons on the three treatment choices; calcium and alfacalcidol, additional use of elcatonin, and additional use 
of bisphosphonate. Those who favored elcatonin were older, had more vertebral fractures, and lower QOL scores. QOL was evaluated 
before and three months after the treatment using SF-8; the most widely used generic questionnaire, and RDQ; a lumbago-specific 
 measure. Elcatonin treatment improved physical function, general health, and vitality of SF-8, and RDQ score. Although this is a 
preliminary study, our results suggest that patients with vertebral fracture(s) have impaired QOL and more likely to favor elcatonin 
treatment expecting analgesia.

Keywords: osteoporosis, elcatonin, patient preference trial, quality of life
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Introduction
Calcitonin is a hormone secreted from the para-
 follicular cells of the thyroid gland. It is involved in 
calcium homeostasis by inhibiting osteoclast- mediated 
bone resorption and decreasing serum calcium levels. 
It is clinically used in various clinical conditions. For 
example, it is prescribed to osteoporotic patients,1–3 
especially those with enhanced bone resorption. 
Additionally, it is a therapeutic drug in the treatment 
of malignancy associated hypercalcemia.4

Elcatonin is a derivative of calcitonin5 with potent 
analgesic action.6 Therefore, it is clinically adminis-
tered to osteoporotic patients with pain.7,8 Japanese 
guidelines for the prevention and treatment of 
osteoporosis have given grade A, the highest possible 
mark, to the analgesic action of elcatonin.9

Of the various measurement scales clinically 
available, QOL (Quality of Life) is the only  clinical 
outcome representing the patients’ subjective per-
ception of health.10 Pain is subjective in its nature, 
and could be evaluated only by subjective index: 
QOL. It  follows that the analgesic effect of elcatonin 
would be best evaluated with QOL as the outcome. 
A  theoretical problem arises, however, if one attempts 
to evaluate the analgesic effects of a certain drug 
based on QOL scores.

Recently, the concept of evidence based  medicine 
(EBM) has been advocated in which, a hierarchy of 
 evidence exists, with double-blinded randomized 
controlled trial (hereafter in this paper, abbreviated as 
DB-RCT) given the highest remark. DB-RCT is con-
sidered to be least affected by various biases. In some 
types of trials, however, double-blindness or random-
ization cannot be strictly guaranteed with DB-RCT, 
and even DB-RCT cannot be free from such biases. 
As will be detailed in the “Discussion, some forms 
of bias” to skew the results is known to take place in 
studies in which blindness or randomization is dis-
rupted.11,12 Thus in this paper, we have attempted to 
study the effects of elcatonin treatment on the QOL of 
 osteoporotic patients taking the patients’  preference 
into account.

subjects and Methods
Subjects
Forty-five (42 females, 3 males) osteoporotic patients 
with back pain or lumbago were encouraged to participate 
in the study. The diagnosis of osteoporosis was made 

based on the diagnostic criteria for primary osteoporosis 
in Japan.13 The purpose of the study was explained, and 
written  consent was obtained. Ethical approval was 
obtained for the use of humans in this research

The exclusion criteria were as follows. Patients 
receiving bone-active drugs were excluded unless they 
were drug free for 48 weeks for bisphosphonates and 
for 8 weeks for other drugs. Patients under  sustained 
analgesic treatment were also excluded unless the 
analgesics were halted for at least 2 weeks. Patients 
were also excluded when the attending  physician 
made a judgment that the patient was not eligible for 
entry based on the clinical condition.

Vertebral fractures were diagnosed based on a 
plain roentgenogram. The diagnosis of compression 
fracture was made by one of the authors (KY) before 
obtaining the information on QOL.

Intervention protocol
The study design was an open-labeled one based on the 
patients’ preference, further details of which will be 
described below. There were three  treatment groups; 
group (1): calcium lactate 1 g or  calcium aspartate 
and 1 µg of alacalcidol daily, group (2): once-weekly 
injection of elcatonin in addition to the regimen in 
group (1), and group (3): alendronate 5 mg daily or 
risedronate 2.5 mg daily in addition to the regimen in 
group (1). Patients were given brochures describing 
the pros and cons of each treatment, and asked to 
select the treatment of their preference. Six, twenty-
seven, and twelve patients chose group (1), group (2), 
and group (3) treatment, respectively.

QOL (Quality of Life) evaluation
QOL was evaluated with two questionnaires; SF-8 
and RDQ (Roland Morris Disability Questionnaire). 
SF-36 is a generic (non-disease specific) QOL ques-
tionnaire, and one of the most widely used worldwide. 
SF-8 is an abridged edition of SF-36. According to 
the authorized instruction, the data were transformed 
to the deviation value adjusted by Japanese national 
norms.14,15 Eight subscales were obtained: PF (physical 
function), RP (role physical), BP (bodily pain), GH 
(general health), VT (vitality), SF (social function), 
RE (role emotional), and MH (mental health). These 
scores are further summarized into two summary 
scores: PCS (physical component summary) and 
MCS (mental component summary). These subscales 
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and summary scores are interpreted as follows: 50 
corresponding to the national norms, and 40 indicat-
ing one standard deviation lower than the norm.

RDQ is a questionnaire specifically targeted to 
lumbago. It is composed of 24 questions. The subjects 
are asked to give “yes” or “no” to each question. 
Total number of questions given “yes” is calculated. 
Thus higher number is associated with more severe 
lumbago.16,17

QOL evaluation was made before and three months 
after initiating the intervention.

statistical Analyses
Data were analyzed using SPSS 17.0J for  Windows. 
Comparison of three independent groups was 
done with one-way analysis of variance (ANOVA) 
 followed by Tukey’s test as the post-test. Contingent 
tables were analyzed by the chi-square test. Statistical 
significance was judged based on P , 0.05.

Results
Table 1 shows patients characteristics. Patients in 
group (2) were significantly older than those in other 
groups, but there was no significant difference in their 
height or weight. All patients in group (1) and most 
in group (3) had no  vertebral fractures. In contrast, 
most patients in group (2) had vertebral fracture(s). 
These differences were statistically significant based 
on chi-square test.

Baseline QOL scores are shown in Table 2. There 
was a significant difference between the three groups 
in four of the eight subscales of SF-8; RP, BP, GH, 
and VT and total scores of RDQ. Patients in group (2) 
had worse QOL scores. Although not statistically 

significant, those in group (2) had worse QOL scores 
in practically all scales.

In Table 3 is shown the post-intervention changes 
in the QOL scores. Elcatonin treatment markedly 
improved in several subscales of QOL score.

Discussion
Osteoporosis is defined as a skeletal disorder 
characterized by compromised bone strength 
 predisposing a person to an increased risk of frac-
ture including vertebral, hip and wrist fractures.18 
Hip fracture is associated with high mortality and 
markedly impaired activity of daily living (ADL). It 
is not only a tragedy for the elderly individual, but 
also a great burden to society.19 Vertebral fracture is 
the most prevalent osteoporosis-related fracture.20 
Recent  studies have clarified that it is a fracture of 
great clinical importance associated with increased 
mortality,  co-morbidity, and compromised ADL.21–23 
 Nevertheless, vertebral fracture has not received 
much attention until recently. One of the reasons for 
the ignorance of the importance of vertebral fracture 
is that approximately two-thirds of patients are 
without overt clinical signs. Its lack, however, does 
not necessarily mean that the patients are symptom 
free or subjectively well. Since QOL is the only index 
representing the patients’ subjective status, QOL 
would be quite suitable in the evaluation of patients 
with vertebral fracture.

Recently, many questionnaires for QOL evalua-
tion have become available. They are classified into 
two major categories; generic and disease-targeted. 
Generic ones, by their definition, only consist of 
questions related to the subjects’ general status, and 

Table 1. Baseline characteristics of participants in three treatment groups.

Group (1) Group (2) Group (3) P

n 6 27 12
Age 72.3 ± 9.8 77.6 ± 7.0* 69.4 ± 9.8* 0.017 (2–3)
height 144.2 ± 6.5 147.7 ± 7.9 149.2 ± 6.6 0.536
Weight 49.2 ± 6.0 50.7 ± 7.3 47.3 ± 6.8 0.458
Vertebral fracture number
 0 5 (+2.7) 5 (-4.2) 8 (+2.6) 0.001
 1 0 (-1.4) 10 (+2.8) 0 (-2.1)
  ≥2 0 (-1.6) 11 (+1.9) 2 (-0.9)

notes: The treatment groups were as follows; group (1): calcium and alfacalcidol, group (2) elcatonin, group (3): bisphosphonate. Age, height, and weight 
were compared by AnOVA followed by Tukey’s test. Vertebral fracture number in each group was analyzed by chi-square test. Figures in the parentheses 
represent the adjusted residual; those above +1.96 denotes that more subjects were distributed in the cell than expected, and those below -1.96 less 
subjects than expected.
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do not include questions related to the features which 
are specific to a certain disease. Therefore, they are 
applicable to such studies as comparing the impact 
of various  diseases on QOL, or even to the evalua-
tion of healthy subjects. In contrast, disease-targeted 
ones include items specific to a certain disease. They 
can be more sensitive than the generic ones in detect-
ing the QOL impairment closely related to a certain 
disease state, but are not applicable to the evaluation 
of patients with other diseases. The most widely used 
generic QOL questionnaire is SF-36 and its abridged 
form, SF-8.14

Roland-Morris Disability Questionnaire (RDQ) 
is rather different from the above-mentioned 

Table 2. QOL scores at entry.

Group (1) Group (2) Group (3) Total P

PF 41.4 ± 13.9 37.4 ± 8.2 43.6 ± 3.9 39.6 ± 8.8 0.123
rP 42.0 ± 12.4 36.4 ± 10.1 45.4 ± 6.1 39.6 ± 10.2 0.037 (2–3)
BP 47.2 ± 7.7 36.8 ± 7.5 42.3 ± 6.1 39.8 ± 8.1 0.003 (1–2)
gh 47.8 ± 7.7 40.4 ± 7.9 47.9 ± 5.9 43.5 ± 8.1 0.009 (2–3)
VT 50.7 ± 9.9 42.9 ± 7.3 48.1 ± 5.3 45.4 ± 7.9 0.023 (1–2)
SF 48.5 ± 12.8 41.1 ± 11.6 48.1 ± 5.6 44.0 ± 11.0 0.107
re 43.1 ± 15.0 38.0 ± 14.0 48.7 ± 6.9 41.5 ± 13.3 0.077
Mh 49.8 ± 8.5 43.9 ± 9.6 50.9 ± 7.5 46.6 ± 9.4 0.063
PCS 41.9 ± 11.3 34.9 ± 7.6 41.2 ± 5.3 37.7 ± 8.3 0.032
MCS 49.6 ± 10.1 44.0 ± 12.4 51.8 ± 7.0 46.9 ± 11.3 0.127
rDQ  6.3 ± 5.7 14.0 ± 5.8  9.5 ± 4.4 11.7 ± 6.1 0.003 (1–2)

notes: The treatment groups were as follows; group (1): calcium and alfacalcidol, group (2) elcatonin, group (3): bisphosphonate. Age, height, and 
weight were compared by AnOVA. The results from post-test by Tukey’s test are shown in the parentheses. For example, (2–3) indicates the statistically 
significant difference between groups (2) and (3).

Table 3. incremental QOL scores after the intervention.

Group (1) Group (2) Group (3) P

PF    -9.3 ± 17.4  5.3 ± 10.7  2.8 ± 6.9 0.043 (1–2)
rP   3.4 ± 5.1  4.8 ± 11.9  3.0 ± 7.6 0.912
BP    -1.6 ± 7.2  9.6 ± 11.2  7.2 ± 7.5 0.098
gh    -3.8 ± 5.3  7.4 ± 8.9  1.4 ± 8.1 0.021 (1–2)
VT    -6.6 ± 6.4  6.5 ± 8.4  2.1 ± 3.7 0.004 (1–2)
SF    -6.9 ± 6.7  3.1 ± 12.3 -4.9 ± 10.4 0.102
re -10.0 ± 14.8  6.6 ± 15.8  3.0 ± 6.9 0.079
Mh    -3.8 ± 5.5  5.7 ± 11.3  2.6 ± 10.9 0.197
PCS    -1.7 ± 5.1  6.6 ± 10.7  4.0 ± 7.5 0.221
MCS    -7.8 ± 10.4  4.4 ± 14.0 -0.4 ± 10.1 0.161
rDQ   0.4 ± 2.3 -5.6 ± 5.7 -2.7 ± 1.8 0.042 (1–2)

notes: The treatment groups were as follows; group (1): calcium and alfacalcidol, group (2) elcatonin, group (3): bisphosphonate. Age, height, and 
weight were compared by AnOVA. The results from post-test by Tukey’s test are shown in the parentheses. For example, (1–2) indicates the statistically 
significant difference between groups (1) and (2).

questionnaires, and unique in that it is specific to 
lumbago.16

We have recently shown that patients with  vertebral 
fracture(s) had compromised quality of life (QOL) 
and elcatonin treatment remarkably improved it.7 In 
the course of the study, we have noticed a  challenging 
problem. QOL evaluation could be done by giving 
the questionnaire to the subjects and asking them 
to mail it back. In this study, however, the patients’ 
QOL was evaluated by the interviewers considering 
that most subjects are elderly osteoporotic patients. 
The attending physician only obtained the consent to 
participate in the study without participating in the 
interview. The interviewers were blinded about the 
treatment regimen for each patient to minimize bias. 
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 Nevertheless, the blindness could not be  maintained, 
since elcatonin treatment markedly relieved pain in 
some patients, whereas such marked improvement 
occurred in none of the subjects in the control groups.

Recently, such phenomena have been reported 
to be a challenging problem to DB-RCT, and the 
importance of patients’ preference has been recog-
nized.11,24,25 Clinical studies are performed based on 
the assumption that subjects both in  intervention and 
control arms are randomly sampled from a single 
population. In RCT, patients are conceptualized 
as relatively passive recipients of intervention. In 
reality however patients are far from passive, and 
in fact are quite active participants in the research. 
Therefore, patients often have preferences for a 
certain intervention, and will prefer one over the oth-
ers where they are given the opportunity to choose.

In RCT, the possible interference is minimized by 
blinding. In some cases, however, participants know 
which intervention they have received. Then it is pos-
sible that patients not allocated to the intervention of 
their choice have lower compliance to the therapy, 
which will impair the validity of the study. Several 
theoretical frameworks have been developed to take 
the patients’ preference into account.24

In this paper, we have attempted to study the anal-
gesic effects of elcatonin considering the participants’ 
preference. When the patients were given brochures 
describing the benefit and possible side effects of 
each treatment, and asked which treatment regimen 
they would like to receive, those who preferred elca-
tonin were significantly older and more likely to have 
vertebral fracture(s). Those in the calcitonin group 
had lower SF-8 scores and higher RDQ scores, indi-
cating more compromised QOL. Thus subjects with 
vertebral fracture(s) have impaired QOL, and are 
more likely to prefer elcatonin treatment expecting 
its analgesic effects.

Elcatonin treatment resulted in more pronounced 
improvement in the subjects’ QOL scores, although 
statistically significant in only some of the scores 
 probably due to the limited number of patients 
studied.

This is a preliminary study to identify the analge-
sic effects of elcatonin taking the patients’ preference 
into account. Despite the limitations described above, 
patients with vertebral fracture(s) have compromised 

QOL, and are more likely to prefer  elcatonin  treatment, 
and more likely to be benefited by its  treatment due to 
its potent analgesic effects.
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妊娠初期の骨密度とライフスタイル，

栄養摂取状態についての検討
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1　目　　　的

　妊娠・授乳期の骨代謝動態は，胎盤・母乳を

介して，カルシウム，ビタミンD，Kなどの栄養

素を児へ大量に供給するために大きく変化す

る1，2）。近年，世界各国においてビタミンD不足

者が高頻度に存在することが問題となってお

り3～6），小児くる病や，新生児頭蓋ろうの発生率

増加は，妊婦・授乳婦のビタミンD，カルシウム

不足と関連する可能性が高い7）。現在われわれは，

ライフスタイル，栄養摂取状態と，減量，血清

マーカーの推移について妊婦対象のコホート研

究を行っている。今回は，妊娠初期の研究結果

について報告する。

2　方　　　法

　対象は2010年11，月から2011年2，月に当院を

受診した，妊娠5週から12週で，本研究内容に

同意の得られた妊婦160名である。糖尿病，腎

疾患など骨代謝に関連する慢性疾患を有する妊

婦，およびステロイド剤，ビタミン剤を服用す

る妊婦は除外した。

　測定項目は，定量的超音波骨密度測定（QUS：

GEヘルスケア・ジャパン社A－1000），食物摂取

頻度調査（FFQ法：上西らによる），運動量調査，

日照時間（UVケアの有無を確認）のほか，骨代

謝関連マーカーを測定した。研究プロトコール

を図1に示す。

　なお，本研究は横浜市立大学倫理委員会の認

可のもとに行われた。

3　結　　　果

　全対象の背景は，年齢32±3．7歳，身長159．2

±4．9cm，　BMI（body　mass　index）20．3±2．3で，

QUSによる骨密度の指標は，　stiffness　92±14．2，

BUA　115±15．5，　SOS　1553±31．30m／sec，標準化

SOS　1539±23．70m／sec，　T－score　100±15．5％であ

った。妊娠初期の踵骨骨密度は平均では良好な

値を示したが，T－score　80％未満の低骨密度妊婦

が6名（5％）存在した。

　ライフスタイル調査の結果は，運動回数7±

33．9回／月，運動時間9±82．9時間／E，運動力量

1±0．6／月，日照時間38±49．8時間／，月（UVケア

なし14±29．3時間／月）であった。

　妊娠初期のFFQ法による食物摂取頻度調査の

結果では，2010年版栄養摂取基準に従い総エネ

ルギーは1610±293．OkcaY日で必要量以下，タン

パク質65±16．1g／日，脂質61±14．2疹日，糖質204

±41．2g／日は目標範囲内，食塩10±1．69／日は摂取

1）よしかた産婦人科，2）横浜市立大学産婦人科，3）神戸薬科大学衛生化学研究室，4）女子栄養大学栄養生理学

研究室，5）横須賀共済病院産婦人科，6）横浜労災病院産婦人科
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　　　におけるカルシウ

　　　ム不足者の割合

表1　初産・経産での比較

年齢
i歳）

標準化SOS
@（m／sec）

総エネルギー

@（kcay日）

カルシウム
im拶日）

ビタミンD
iμ拶日）

ビタミンK
iμ疹日）

UVなし
叝ﾆ時間
i時間／，月）

初産婦

i52名）

o産婦
i108名）

@ρ

30．3±3．5

R2．8±3．5

T．6E－0．5

1536±27．2

P527±23．5

O．04487

1629±322

P673±278

O．59307

414±136．8

S21±144．0

@0．61899

9±2．5

X±2．0

O．38301

205±12。9

Q04±91．0

O．61894

10。9±19．5

P5．9±33．8

O．33364

表2　35歳以上・35歳未満での比較

年齢
i歳）

標準化SOS
@（m／sec）

総エネルギー

@（kcay日）

カルシウム

imgt日）

ビタミンD
iμ91日）

ビタミンK
iμ9／日）

UVなし
叝ﾆ時間
i時間／月）

35歳未満
i112名）

R5歳以．ヒ

i48名）

@　ρ

30．3±2．7

R6．5±1．6

Q．2E－28

1533±27

P523±17

O．0284

1602±310

P631±244

@0．579

423±146

S08±134

@0．551

9±2

X±2

O，875

207±106

P96±89．4

@0．552

14．1±22．0

P4．5±45．4

@0．939

過多，カルシウム418±141．4mg／日は目安量以

下，鉄8±4．8mgl日目安量以下，ビタミンA767

±525．6μgRE／日，ビタミンD9±1．9μg／日，ビ

タミンK204±101．7μg／日で推奨量を充足して

いた。カルシウム摂取は94％の妊婦において不

足していたが（図2），ビタミンD，ビタミンK

の摂取量は推奨量に達していた。

　対象を初産・経産で比較した結果を表1に，

35歳以上と35歳未満で比較した結果を表2に示

す。それぞれ栄養摂取やライフスタイルに差は

みられなかったが，踵骨骨密度は35歳以上妊婦

と経産婦で有意に低かった。

4　考察および結語

　カルシウム摂取不足は妊娠適齢期女性の多く

にみられる傾向にある。2010年版国民栄養摂取

基準では，妊娠・授乳期の付加量はゼロである

が，積極的なカルシウム摂取が推奨される。
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　本研究の結果，初産・経産婦の栄養摂取に差

は認められなかったが，ライフスタイルでは経

産婦のほうが日照時間が多い傾向にあり，これ

は上の子どもと外遊びをするなどの生活パター

ンの違いによるものと考えられた。

　妊娠初期の踵骨骨密度は，35歳以上，経産婦

のほうが有意に低く，

れた。
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Original Article 
 
Association between 24 hour urinary α-tocopherol 
catabolite, 2,5,7,8-tetramethyl-2(2'-carboxyethyl)-6-
hydroxychroman (α-CEHC) and α-tocopherol intake in 
intervention and cross-sectional studies 
 
Eri Imai MSc1, Tomiko Tsuji PhD1,2, Mitsue Sano PhD1, Tsutomu Fukuwatari PhD1,  
Katsumi Shibata PhD1 
 
1
Department of Food Science and Nutrition, School of Human Cultures, The University of Shiga Prefecture, 

Shiga, Japan 
2
Department of Health and Nutrition, School of Health and Human Life, Nagoya Bunri University, Aichi,  

Japan 
 

 
The objective is to determine the association between the 24 hour urinary α-tocopherol catabolite, 2,5,7,8-
tetramethyl-2(2'-carboxyethyl)-6-hydroxychroman (α-CEHC) and α-tocopherol intake in an intervention and a 
cross-sectional studies. In the 4-weeks intervention study, Japanese men (n = 10) consumed the test diet in week 
1, and the test diet plus varying amounts of α-tocopherol in the three subsequent weeks: 21 μmol/d α-tocopherol 
in week 2, 63 μmol/d in week 3, and 125 μmol/d in week 4. A significant association between α-tocopherol in-
take and urinary α-CEHC was observed in this strictly controlled experiment (r = 0.99, p<0.001). In the cross-
sectional study, all foods consumed over 4 consecutive days were recorded in 76 free-living young subjects (18-
33 years). The association was weak, but a significant relationship was observed (r = 0.29, p<0.05) even in the 
cross-sectional study. In the cross-sectional study adults, mean estimated α-tocopherol intake calculated by uri-
nary α-CEHC and the excretory ratio was 91% of their mean intake over the 4 days. The results show that uri-
nary α-CEHC level reflected recent α-tocopherol intake in free-living young Japanese adults, and could be used 
as a measure of intake during the previous few days, both for group means and for individual rankings within a 
group. 
 

Key Words: α-tocopherol, catabolism, CEHC, urine, biomarker 
 
 
 
INTRODUCTION 
Measurements of food intake are widely used for surveys 
of nutritional assessment. However, there are limitations 
in assessing only information from food surveys,1 and 
methods that measure biological parameters can reveal 
new information. Urine, which is a noninvasive bio-sample, 
might overcome the limitations of nutritional assessment 
by food survey. For example, 24-hour urinary nitrogen 
level is established as a marker for protein intake,2 uri-
nary potassium level as a marker for potassium intake,3 
and urinary sugar level as a marker for sugar intake.4,5 In 
previous studies, we investigated the relationship between 
water-soluble vitamin intake and their urinary excretion 
of these nutrients. We clarified that urinary water-soluble 
vitamin levels are strongly correlated with their intake.6-9 
These studies 6-9 have indicated that 24-h urinary excre-
tion of water-soluble vitamins is a potential biomarker for 
recent vitamin intake in both intervention and cross-
sectional studies. 

Generally, fat-soluble vitamins are not excreted in 
urine. However, In 1995, Schultz et al,10 reported that a 
catabolite of α-tocopherol, 2,5,7,8-tetramethyl-2(2'-carboxy- 
ethyl)-6-hydroxychroman (α-CEHC), which is a metabo-

lite with an intact chroman ring, is excreted in urine. Pre-
viously, α-CEHC was proposed as a potential excretion 
product of α-tocopherol in 1965 by Schmandke et al,

11 
but had not been described again until Schultz’s report. 
Schultz et al,10 suggested that α-CEHC excretion indi-
cates the saturated binding capacity of α-tocopherol in the 
plasma, and thus may be considered to be a marker of 
optimum α-tocopherol intake. This proposal was strength-
ened by Shuelke et al,12 who found that α-CEHC was 
excreted into the urine of patients with α-tocopherol bind-
ing protein defects regardless of the plasma α-tocopherol 
concentration, whereas it was not excreted by healthy 
subjects until the plasma α-tocopherol concentration 

 
 
Corresponding Author: Dr Katsumi Shibata, Department of 
Food Science and Nutrition, School of Human Cultures, The 
University of Shiga Prefecture, 2500 Hassaka, Hikone, Shiga 
522–8533, Japan. 
Tel: +81–749–28–8449; Fax: +81–749–28–8499 
Email: kshibata@shc.usp.ac.jp 
Manuscript received 7 February 2011. Initial review completed 
2 June 2011. Revision accepted 12 July 2011. 



508 E Imai, T Tsuji, M Sano, T Fukuwatari and K Shibata 

surpassed 40 μmol/L. These findings indicate that the 
urinary content of α-CEHC in the Japanese is almost be-
low detection, because the average plasma concentration 
of α-tocopherol in the Japanese is around 20 μmol/L.13 

However, as Schultz et al,10 pointed out in their paper, 
their results were obtained with only seven participants, 
and therefore, further research is necessary to allow the 
results to be applied generally. 

In 2003, Morinobu et al,14 reported a straightforward 
and reliable method of determining α-CEHC, which was 
later modified by Stahl et al

15 and Lodge et al
16 Morinobu 

et al
14 also reported that α-CEHC was detected in healthy 

adult male Japanese volunteers (n = 14). Therefore, it is 
probable that α-CEHC is excreted into urine in Japanese 
individuals who take an ordinary amount of α-tocopherol. 

The aim of the present study was to determine the pos-
sibility that α-CEHC can be used as a biomarker of α-
tocopherol status in young Japanese adults. We examined 
the association between 24 h urinary α-CEHC levels and 
the intakes of α-tocopherol in strictly controlled-living 
and in free-living participants. 
 
MATERIALS AND METHODS 
Both studies were reviewed and approved by the ethics 
committee of The University of Shiga Prefecture. The 
purpose and protocol of this study was explained to all 
participants before joining the study, and written informed 
consent was obtained from each participant. 
 
Subjects and experimental design 
Intervention study group 
We recruited students from a registered dietician depart-
ment. All subjects (male Japanese college students, n = 10) 
were housed in the same facility and given the same diet. 
The experimental period was 4 weeks. They did not have 
regular use of medications or dietary supplements, or ha-
bitual alcohol or cigarette consumption. Age, body weight, 
height, and body mass index (mean ± SD) were 22.1 ± 
2.3 years (18–25 years), 63.6 ± 5.2 kg, 174 ± 5 cm, and 
21.0 ± 1.6 kg/m2, respectively. 
 
Cross-sectional study group 
A total of 102 healthy, free-living Japanese females, aged 
18-33 years, voluntarily participated in this study. The 
exclusion criteria were: presence of cold or influenza, and 
use of multivitamin supplements at least once during the 
previous month. In addition, we excluded participants 
whose 24-hour urine collection or dietary records were 
considered as incomplete, with a collection time outside 
the 22-26 h range, a urine volume of <250 ml, creatinine 
excretion in relation to body weight outside the 10.8-25.2 
mg/kg range,17,18 or extremely low or high energy intake 
(<2,090 or >16,700 kJ/d).19 After these exclusions, 76 of 
the 102 female students were found to be eligible and 
were enrolled into the group. 
 
Dietary records 
Intervention study group 
The diet given to the participants consisted of a breakfast 
of bread, margarine, ham, yoghurt, tomato, lettuce, and 
milk; a lunch of rice, toasted and seasoned laver (a type 
of seaweed), luncheon meat, boiled egg, raw cabbage, 

miso soup, and Japanese tea; and an evening meal of rice, 
soy sauce, seasonal Pacific saury (a type of fish), tofu 
(soybean curd), boiled spinach leaves, kiwi fruit and Jap-
anese tea, with a midnight snack of cheese and jelly fruit 
mix. The daily intakes of energy and nutrients form the 
basal diet are shown in Table 1. Nutrients were calculated 
by using Standard Tables of Food Composition in Japan, 
(fifth revised and enlarged edition).20 The subjects ate this 
diet on days 1-5 of each week over the experimental peri-
od of 4 weeks and were free to eat what they wanted on 
days 6 and 7. In the latter three weeks, the participants 
took α-tocopherol acetate in addition to the diet: 21 
μmol/d in week 2, 63 μmol/d in week 3, and 125 μmol/d 
in week 4. 
 
Cross-sectional study group  
This group underwent a 4-day dietary assessment in 
which the participants were living freely in the university 
and consuming their normal diet. The 4-day assessment 
began on a Monday (day 1) and ended on Thursday (day 
4). All food consumed during the 4-day period was rec-
orded using a weighed food recording method.21 A digital 
cooking scale capable of weighing in 1 g increments 
(Tanita Inc., Tokyo, Japan), a set of dietary record forms, 
a dietary record manual, and a disposable camera were 
distributed to the participants in advance. In the dietary 
record, the ingested food was described (eg “raw”, “boiled”, 
“cooked”, “skin present”, “a part of cooking ingredients”, 
or “with or without seasoning”), and coded according to 
the Standard Tables of Food Composition in Japan (fifth 
revised and enlarged edition) as for the intervention 
group.20 The participants took photographs with a dispos-
able camera of the dishes before and after eating. Several 
experienced dietitians used the photographs to complete 
the data, and asked the participants to resolve any dis-
crepancies or to obtain further information when needed. 
The food that remained after eating was measured on the 
digital scales and was deducted from the dietary record. 
Food, nutrient and energy intakes were calculated using 
SAS statistical software (version 6.12; SAS Institute, 
Cary, NC, USA), based on the Standard Tables of Food 
Composition in Japan. 
 
Collection of 24 hour urine sample 

For the intervention study group, the 24 hour urine sam-
ples were collected from the second urination on day 4 to 
the first urination after 06:30 hours (wake-up time) on 
day 5 in each week. 

For the cross-sectional group, a single 24-hour urine 
sample was collected on day 4 to measure the α-

Table 1. Daily intake of energy and nutrients form the 
basal diet in intervention study 
 
Energy and nutrients1 Amount 
Energy (kJ) 11,100 
Protein (g) 97.5 
Fat (g) 86.7 
Carbohydrates (g)  361 
α-Tocopherol (mg) 8.7 (20.2 μmol) 

 

1Nutrients were calculated from the Standard Tables of Food 
Composition in Japan.20 
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tocopherol metabolite, α-CEHC. In the morning, partici-
pants were asked to discard the first specimen and to rec-
ord the time on the sheet. The following morning, partici-
pants were asked to collect a specimen at the same time 
as the discarded specimen from the previous morning and 
to record the time on the sheet. 

After the urine samples were collected, the sample 
volumes were measured, and aliquots of the urine were 
stabilized to avoid destruction of α-CEHC. All treated 
urine samples were then stored at –20°C until analysis. 

 
Chemicals 
α-CEHC was purchased from Cayman Chemical Co., Ltd 
(Ann Arbor, Michigan, USA). β-Glucuronidase derived 
from Escherichia coli was obtained from Nacalai Tasque 
Co., Ltd (Kyoto, Japan). All other chemicals used were of 
the highest purity available from commercial sources. 
 
Analysis of α-CEHC 
The concentrations of α-CEHC in urine were measured 
by high performance liquid chromatography with electro-
chemical detection (HPLC-ECD), as described by Mori-
nobu et al.14 β-Glucuronidase (25,000 units) was dis-
solved in 2.5 ml of 0.1 mol/L sodium acetate-acetate 
buffer (pH 4.5) on ice and used to hydrolyze the conju-
gate immediately after preparation. Urine (1 ml) was 
placed into a tube with 1,000 U (100 μl) of β-
glucuronidase, 100 μl of 57 mmol/L ascorbic acid, and 20 
μl of 0.015% dibuthylhydroxytoluene (BHT). After which 
the mixture was incubated for 4 hours at 37oC to achieve 
hydrolysis, 50 μl of 6 mol/L HCl and 2 ml of diethylether 
were added to stop the reaction. After mixing by vortex 
and separating by centrifugation at 1,800×g for 10 min, 1 
ml of the diethylether layer was collected and evaporated 
to dryness. The residue was dissolved in 200 μl of 
0.015% BHT, and a 20 μl aliquot was injected into the 
HPLC-ECD. 
 
Statistics 
SPSS software (version 16 for Windows; SPSS Inc., Chi-
cago, IL, USA) was used for statistical analysis. Values 

were presented as means ± SD. The daily measurements 
of urinary α-CEHC and the dietary α-tocopherol intakes 
were not normally distributed, therefore, the data were 
converted logarithmically. Pearson correlation coeffi-
cients were calculated to determine the association be-
tween urinary and dietary measurements. The value of the 
urinary excretory ratio (%) was calculated as follows: [α-
CEHC excretion in the fourth day (μmol/d)/the average α-
tocopherol intake during 4-days (μmol/d)]100. An anal-
ysis of variance (ANOVA) random effects model was 
used to quantify inter- and intra-individual percentage 
coefficient of variance (% CV), which was used to esti-
mate the variability in α-tocopherol intake. 

 
RESULTS 
Relationship between the intake of α-tocopherol and the 
urinary excretion of α-CEHC 
Intervention study group 
Figure 1 shows the relationship between the intake of α-
tocopherol and the urinary excretion of α-CEHC. A 
strong significant association was observed (r = 0.99, p = 
0.0043). The average urinary α-CEHC concentration at 
baseline (week 1) was 0.74 μmol/d, which increased to 
0.94, 1.89, and 3.34 μmol/d after supplementation at the 
doses of 21, 63 and 125 μmol/d, respectively. The excre-
tory ratio of α-CEHC was 3.7 ± 1.3, 2.3 ± 0.7, 2.3 ± 1.1, 
and 2.3 ± 0.6% for α-tocopherol intakes of 20, 41, 83 and 
146 μmol/d, respectively.  
 
Cross-sectional study group 
The basic characteristics of the 76 young women are pre-
sented in Table 2. Each values were similar to those re-
ported for young adults female aged 18–22 years.19 In 
brief, the participants were considered as typical female 
university  students in Japan, characterized by relatively 
low BMI (20.2 kg/m2), and low intake of fat (28.4%). 
During the experimental period, all participants were liv-
ing freely, and none of the participants were drinking or 
smoking. Average intake of α-tocopherol in participants 
was 13.7 ± 3.8 μmol/d, and daily intake of α-tocopherol 

 
Figure 1. Relationship between urinary excretion of α-CEHC and 
the intake of α-tocopherol in strictly controlled participants (inter-
vention study). Individual average intake of α-tocopherol is plotted 
on the x-axis, and the 24-h urinary excretion of α-CEHC, a catabo-
lite of α-tocopherol, is plotted on the y-axis. In total, 10 healthy 
male Japanese college students aged 18-25 years were enrolled. 
Values are mean ± SD. A significant correlation (r = 0.99, p = 
0.0043) was obtained. Regression line: y = 0.0214 ( ± 0.0014) x + 
0.180 (± 0.122). 

 

 
Figure 2. Relationship between urinary excretion of α-CEHC 
and intake of α-tocopherol in young adults’ female (cross-
sectional study). Measurements were taken of food intake on 4 
consecutive days. The urine samples were collected at day 4. 
Individual average intake of α-tocopherol is plotted on the x-
axis, and the urinary excretion of α-CEHC on day 4 is plotted 
on the y-axis. In total, 76 healthy, free-living, female college 
students aged 18–33 years were enrolled. A significant correla-
tion (r = 0.29, p = 0.0147) was obtained. Regression line: y = 
0.0228 ( ± 0.0091) x + 0.137 ( ± 0.130). 
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was similar to adequate intake for Japan. 20 Urinary excre-
tion of α-CEHC was twofold higher in elderly subjects 
than healthy peoples. The value of the excretory ratio of 
vitamin E in elderly subjects was 1.4-fold higher than in 
healthy individuals. Intra and inter-individual variations in 
α-tocopherol intakes, the values were both around 50% 
(Table 2). 

Correlations between 24-hour urinary excretion of α-
tocopherol metabolite, α-CEHC on day 4 and the average 
α-tocopherol intake on 4 consecutive days are shown in 
Figure 2. A significant association was observed in young 
adult females. 

 
Estimated mean α-tocopherol intake calculated by uri-
nary excretion of α-CEHC and the excretory ratio in the 
cross-sectional study 
Mean dietary α-tocopherol intake and 24-hour urinary α-
CEHC, excretory ratio, and estimated mean α-tocopherol 
intakes in young women are shown in Table 3. The excre-

tory ratio was determined from the urinary excretion of α-
CEHC and the average α-tocopherol intake over 4 days. 
The individual estimated α-tocopherol intake was calcu-
lated by average excretory ratio and the individual urinary 
α-CEHC value. The estimated mean α-tocopherol intake 
in young women was 91% of the real mean α-tocopherol 
intake over 4 days in young adult females. 

 
DISCUSSION 
Alpha-CEHC, a urinary metabolite of α-tocopherol, was 
described in 1995 by Schultz et al

10 Excretion of α-CEHC 
is considered to reflect saturation of α-tocopherol in the 
body, because it is not a metabolite of the α-tocopherol 
consumed for antioxidant defense. In other words, the 
detection of α-CEHC in urine generally indicates a better 
α-tocopherol nutritional status. Therefore, it is generally 
considered that the content of α-CEHC is below the limit 
of detection under an ordinary dietary habitant. Morinobu 
et al,14 however, reported that α-CEHC was detected in 
healthy adult male Japanese volunteers. Therefore, it is 
probable that α-CEHC is excreted into urine in Japanese 
individuals who consume an ordinary amount of α-
tocopherol. But, the data are based on only seven persons. 
Further research is necessary to allow the results to be 
applied generally. 

In the present first study, the intervention study was 
performed to determine whether urinary α-CEHC excre-
tion correlates with intake of α-tocopherol. We found a 
significant positive correlation between urinary α-CEHC 
and intake of α-tocopherol in healthy young male Japa-
nese adults who consumed a strictly controlled diet with 
doses of α-tocopherol ranging from 20 to 145 μmol/d.  

In the second experiment, to determine the usefulness 
of urinary α-CEHC as a biomarker for α-tocopherol nutri-
tional status, a cross-sectional study was performed on 
free-living subjects. A weak but significant correlation 
was found between urinary α-CEHC and the mean α-
tocopherol intake. These results indicate that α-CEHC 
levels in 24-h urine reflect dietary α-tocopherol intakes 
over the past few days, and suggest that α-tocopherol in-
take can be estimated from urinary α-CEHC values in 
free-living subjects. 

Table 2. Characteristics and dietary intakes of female subjects 
 
Variables Young adult female (n = 76) 
Anthropometric variable  
Age (years) 20.1 ± 2.3 

Body height (cm) 158 ± 5 
Body weight (kg) 50.6 ± 5.4 
Body mass index (kg/m2) 20.2 ± 1.8 

Dietary mean intake at days 1-4  
Total energy (kJ/d) 6950 ± 1260 
Protein (% of energy) 13.8 ± 2.2 
Fat (% of energy) 28.4 ± 4.5 
Carbohydrate (% of energy) 56.5 ± 4.9 
α-Tocopherol intake (μmol/d) 13.7 ± 3.8 
Inter-individual variations on the vitamin E intake (% CV)1 41.5 
Intra-individual variations on the vitamin E intake (% CV)1 55.3 
Urinary α-CEHC (μmol/d) 0.444 ± 0.292 

Excretory ratio2 of vitamin E (%) 3.58 ± 3.39 
 

1% CV, percentage coefficient of variance. 
2Calculated by the formula [α-CEHC excretion on day 4 (μmol/d) / the average α-tocopherol intake over the 4 days (μmol/d)]  100. 
 
 

Table 3. Mean dietary α-tocopherol intake and 24-hour 
urinary α-CEHC, excretory ratio, and estimated mean  
α-tocopherol intake in young adult females 
 
 Young adult female  

(n = 76) 
Mean α-tocopherol intake1 
(μmol/d) 

13.7 ± 3.8 

Excretory ratio2 (%) 3.58 ± 3.39 
Estimated mean α-tocopherol 
intake3 (μmol/d) 

12.4 ± 8.2 

% ratio4 91 
 

1Calculated by average α-tocopherol intake over the 4 days for 
each individual. 
2Calculated by the formula [α-CEHC excretion on day 4 (μmol/d) / 
the average α-tocopherol intake over the 4 days (μmol/d)]  100. 
3The estimated α-tocopherol intake in young adult was calculated 
by the individual value of the 24-h urinary excretion of α-CEHC 
and the excretory ratio of 3.58 %, and the estimated mean α-
tocopherol intake was calculated by the resulting estimated α-
tocopherol intake. 
4%Ratio between the mean and the estimated mean α-tocopherol 
intake. 
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This phenomenon might be only applicable for the 
Japanese and East-Asian populations. The subjects ate a 
lot of vegetable and were of relatively low BMI and had 
low intake of fat. The requirement of α-tocopherol is de-
pendent on the intakes of polyunsaturated fatty acids. The 
average intakes of the polyunsaturated fatty acids were 
around 10 g/d. The optimum ratio of α-tocopherol (mg/d) 
to polyunsaturated fatty acids (g/d) is reported to be 
0.60.22 Its average ratio was about 0.60 in the present sub-
jects. This is a reason why a significant association was 
observed even with low intake of α-tocopherol for the  
Japanese. 

Metabolism of α-CEHC from α-tocopherol is some-
what different between Japanese, America and European 
populations. For example, the metabolic activity of α-
tocopherol to α-CEHC might be higher in the Japanese 
than in the Americans and Europeans. The precise regula-
tory mechanism of post-absorption α-tocopherol elimina-
tion is not clear. The current knowledge is only of a 
pathway involving cytochrome P450-mediated ω-
hydroxy lation of the α-tocopherol phytyl side chain, fol-
lowed by stepwise removal of two or three carbon mole-
cules such as acetyl-CoA or propionyl-CoA, ultimately 
yielding the α-CEHC that is excreted in urine.23 Low fat 
intakes in the Japanese might bring about surplus ability 
to the β oxidation system, which results in increased ac-
tivity of α-tocopherol to α-CEHC. Sesamin increases tis-
sue α-tocopherol concentration by inhibiting the α-
tocopherol oxidation pathway;24 sesame oil, which con-
tains sesamin, is often used in Japanese cooking, which 
might bring about the saving effect of α-tocopherol. 
Compared to Caucasian, Asian population had signifi-
cantly lower plasma vitamin E levels in the same envi-
ronment.25 However, there are no data regarding its me-
tabolism or immune functions among two populations. In 
Asian populations, they may be easily excreted into urine 
as α-CEHC compared to Caucasians. This is also a reason 
why the significant association was observed even with 
low intake of α-tocopherol for the Japanese. 

The limiting factor of the transport capacity appears to 
be plasma lipid concentration. In general, subjects with a 
low total plasma lipid concentration did not accumulate 
as high concentration of α-tocopherol, as those with a 
higher total lipid content; and they started to excrete α-
CEHC earlier10. If the urinary excretion of α-CEHC is 
related to the α-tocopherol content of plasma lipid, the 
range of thresholds of excretion is much wider and the 
correlation between plasma concentration and urinary 
excretion becomes more pronounced. In the present 
cross-sectional study, we did not measure plasma lipid 
concentration, and how plasma lipid affected urinary ex-
cretion of α-CEHC is unclear. 

In terms of the completeness of the dietary assessment 
in the present study, there are several limitations in terms 
of using a weighed food record method. To reduce errors 
associated with self report, several dietitians reviewed the 
collated records along with the photographs. The selec-
tion of participants from a dietetics course also contribut-
ed to reduce reporting errors, as they had nutritional 
knowledge and were well trained. Another limitation ex-
ists in the present food composition table developed for 
Japan. In a dietary assessment of free-living people, po-

tential errors caused by the quality of this table, such as 
defects in food composition, are inevitable. These limita-
tions might cause the relatively low correlation in the 
free-living experiment population compared with that of 
the intervention study. 

In conclusion, a significant relationship between the α-
tocopherol intake and urinary excretion of α-CEHC was 
observed in young Japanese adults. 
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Association between 24 hour urinary α-tocopherol 
catabolite, 2,5,7,8-tetramethyl-2(2'-carboxyethyl)-6-
hydroxychroman (α-CEHC) and α-tocopherol intake in 
intervention and cross-sectional studies 
 
Eri Imai MSc1, Tomiko Tsuji PhD1,2, Mitsue Sano PhD1, Tsutomu Fukuwatari PhD1,  
Katsumi Shibata PhD1 
 
1
Department of Food Science and Nutrition, School of Human Cultures, The University of Shiga Prefecture, 

Shiga, Japan 
2
Department of Health and Nutrition, School of Health and Human Life, Nagoya Bunri University, Aichi,  

Japan 

 
24小時尿液 α-生育醇代謝產物 2,5,7,8-tertranetgyl-2 
(2’carboxyethyl)-6-hydroxychroman(α-CEHC)與 α-生
育醇攝取之介入及橫斷研究之相關 
 
本研究的目的為評估在介入及橫斷研究中，24 小時尿液的 α-生育醇代謝產物
2,5,7,8-tertranetgyl-2(2’carboxyethyl)-6-hydroxychroman (α-CEHC) 與 α-生育醇攝
取量之相關性。在四週的介入性研究，日本男性 (n=10) 在第一週攝取測試飲
食，後續三周攝取添加不同量 α-生育醇的測試飲食：第二週為 21 μmol/dα-生育
醇、第三週為 63 μmol/dα-生育醇與第四週為 125 μmol/dα-生育醇。在這個嚴格
控制的實驗中，觀察到 α-生育醇的攝取量與尿液中的 α-CEHC 有顯著的相關 
(r=0.99, p<0.001)。在橫斷性研究，76名年輕一般研究對象 (18-33歲) 紀錄連續
四天攝取的所有食物。在橫斷性研究這個相關性儘管不強，但是顯著的 
(r=0.29, p<0.05)。在橫斷性研究中的成年人，以尿液 α-CEHC 計算其平均估計
α-生育醇攝取量，其排泄率為四日平均攝取量的 91%。無論組別平均值或是組
別中個體的排序結果，都顯示尿液中的 α-CEHC 量可反映年輕日本一般成年人
近期的 α-生育醇攝取量，且可以當作過去幾天的攝取量測量方法。 
 
關鍵字：α-生育醇、代謝產物、CEHC、尿液、生物標記 
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Abstract

Objective: To examine the association between 24 h urinary water-soluble vitamin
levels and their intakes in free-living Japanese schoolchildren.
Design: All foods consumed for four consecutive days were recorded accurately
by a weighed food record. A single 24 h urine sample was collected on the fourth
day, and the urinary levels of water-soluble vitamins were measured.
Setting: An elementary school in Inazawa City, Japan.
Subjects: A total of 114 healthy, free-living, Japanese elementary-school children
aged 10–12 years.
Results: The urinary level of each water-soluble vitamin was correlated positively
to its mean intake in the past 2–4 d (vitamin B1: r 5 0?42, P , 0?001; vitamin B2:
r 5 0?43, P , 0?001; vitamin B6: r 5 0?49, P , 0?001; niacin: r 5 0?32, P , 0?001;
niacin equivalents: r 5 0?32, P , 0?001; pantothenic acid: r 5 0?32, P , 0?001; folic
acid: r 5 0?27, P , 0?01; vitamin C: r 5 0?39, P , 0.001), except for vitamin B12

(r 5 0?10, P 5 NS). Estimated mean intakes of water-soluble vitamins calculated
using urinary levels and recovery rates were 97–102 % of their 3 d mean intake,
except for vitamin B12 (79 %).
Conclusions: The results show that urinary levels of water-soluble vitamins, except
for vitamin B12, reflected their recent intakes in free-living Japanese schoolchildren
and could be used as a potential biomarker to estimate mean vitamin intake.

Keywords
Urinary water-soluble vitamin

Biomarker
Free-living

Japanese schoolchildren

Since vitamin deficiencies cause various disorders in the

growth of schoolchildren, a method to evaluate vitamin

status easily and accurately is desired for early screening

at a primary preventive stage. Methods using biomarkers

for assessing vitamin intakes offer an effective approach

to evaluate vitamin status in individuals. Many preceding

studies have investigated urinary excretion as a biomarker

for vitamin intake(1–3). We have also reported recently

that 24 h urinary levels of water-soluble vitamins correlate

highly with their intakes for Japanese college students in

a strictly controlled environment(4,5). Performing a study

under a free-living environment without any interventions

is the next step to confirm the applicability of the bio-

marker method. In the present study, we examined the

association between 24h urinary excretion of water-soluble

vitamins and their dietary intakes for free-living school-

children to confirm the validity of the findings obtained in

the controlled environment.

To capture dietary intake and calculate nutrients under

a free-living environment, we used a weighed food

record for four consecutive days. Although a weighed

food record can provide relatively precise information

regarding dietary intake compared with other dietary

assessment methods(6), it is difficult for schoolchildren

to complete a weighed food record without support.

Few studies have reported this kind of assessment for

free-living schoolchildren(7), while many studies have

reported using a 24 h recall(8), a dietary diary(9) or an

FFQ(10). To overcome the difficulty of using a weighed

food record for schoolchildren, we formed a close and

cooperative relationship not only with the children but

also their parents and teachers in the target elementary

school before starting the study, through supporting the

prolonged dietary education programme provided by

the school board.

Methods

Participants

A total of 132 healthy, free-living schoolchildren aged

10–12 years voluntarily participated in the present study.

*Corresponding author: Email kshibata@shc.usp.ac.jp r The Authors 2010



The purpose and protocol were explained to all partici-

pants, as well as their parents, before joining the study, and

written informed consent was obtained from each parent

because all participants were less than 20 years old. We

excluded participants diagnosed with the common cold or

influenza, and those who had taken multivitamin supple-

ments at least once during the previous month. In addition,

we excluded participants whose 24h urine collection

or dietary records were considered incomplete, with a

collection time outside the range of 22–26h, urine volume

,250ml, creatinine excretion in relation to body weight

outside the range of 10?8–25?2mg/kg(11,12) or extremely

low or high energy intake (,2092 or .16 736 kJ/d)(13).

After these screenings, 114 schoolchildren (sixty-seven

boys and forty-seven girls) were found to be eligible.

The study was reviewed and approved by The Ethical

Committee of The University of Shiga Prefecture.

Dietary records

This was a 4 d dietary assessment in which the partici-

pants were living freely and consuming their normal diet.

The assessment was performed at one of the elementary

schools in Inazawa City (population .130 000) in Aichi

Prefecture, Japan, in June 2007 and June 2008. The first

day (Monday) of the experimental period was defined

as day 1, the second day as day 2, the third day as day 3,

and the fourth day as day 4. All foods consumed during

the 4 d period were recorded using a weighed food

record(14). A digital cooking scale (1 g unit; Tanita Inc.,

Tokyo, Japan), a set of dietary record forms, a dietary

record manual and a disposable camera were distributed

to the participants in advance. Upon entry in the dietary

record, the status of food at oral intake was identified

as ‘raw’, ‘boiled’, ‘cooked’, ‘the presence of skin’, ‘a part of

cooking ingredients’ or ‘with or without seasoning’, and

coded according to the fifth revised and enlarged edition

of the Standard Tables of Food Composition in Japan(15).

The participants with support from their parents took

photographs with the disposable camera of the dishes

before and after eating. Several experienced dietitians

used the photographs to check the records, asking par-

ticipants or their parents to resolve any discrepancies or

to give further information when needed. The food that

remained after eating was measured with a digital scale

and was deducted from the dietary record. For school

meals, the registered dietitians completed the records on

behalf of the participants. Nutrient and energy intakes

were calculated using the SAS statistical software package

version 6?12 (SAS Institute Inc., Cary, NC, USA), based

on the current Standard Tables of Food Composition in

Japan(15). For vitamins, the intakes of eight water-soluble

vitamins –vitamins B1, B2, B6, B12, niacin, pantothenic

acid, folic acid and vitamin C – were calculated, except

for biotin which is not designated in the current Standard

Tables of Food Composition in Japan. Since niacin is syn-

thesized from tryptophan, the amount of niacin equivalents

was handled separately from niacin. Since 1mg nicotin-

amide is synthesized from 60mg tryptophan(16), niacin

equivalents was calculated as the sum of niacin and 1/60

tryptophan intakes. For calculating mean vitamin intakes,

the 2 d mean intake corresponds to average intakes on

days 3 and 4. Similarly, the 3 d mean intake corresponds

to average intakes on days 2–4, and the 4 d mean intake

corresponds to average intakes on days 1–4.

24 h urine sampling

A single 24h urine sample was collected on the fourth day

to measure urinary levels of water-soluble vitamins and their

metabolites. It was collected from the second passage of

urine on the fourth day to the first passage on the fifth day.

The participants were asked to record all the times of uri-

nation on the sheet. After the total urine sample was col-

lected, the volume was measured. Aliquots of the urine were

stabilized to avoid destruction of water-soluble vitamins and

their metabolites, and then stored at 2208C until analysis.

Urinalysis

Urinary thiamine was determined by post-HPLC labelled

fluorescence(17). Urinary riboflavin was determined by

HPLC(18). Urinary vitamin B6 metabolite, 4-pyridoxic acid,

was determined by HPLC(19). To measure urinary vitamin

B12, urine samples were added to 0?2-mM acetate buffer

(pH 4?8), vitamin B12 was converted to cyanocobalamin

by boiling for 30min with 0?0006% w/w potassium cyanide

at acidic pH, and cyanocobalamin was determined by a

microbioassay using Lactobacillus leichmanii ATCC

7830(20). Urinary N1-methyl-2-pyridone-5-carboxamide and

N1-methyl-4-pyridone-3-carboxamide(21) and N1-methyl-

nicotinamide(22) were determined by HPLC, and the sum of

these compounds was determined as nicotinamide meta-

bolites. Urinary pantothenic acid was determined by a

microbioassay using Lactobacillus plantarum ATCC

8014(23). Urinary folic acid was determined by a micro-

bioassay using Lactobacillus casei ATCC 2733(24). Urinary

reduced and oxidized ascorbic acid and 2,3-diketogluconic

acid were determined by HPLC(25).

Statistical analysis

To exclude extraordinarily abnormal urinary vitamin levels

which might be caused by taking unexpected fortified

foods, participants in the upper 5% limit in terms of

urinary excretion for each vitamin were removed from the

114 eligible participants, and a total of 108 samples were

identified to be valid for data analysis for each water-

soluble vitamin. Similar to a previous free-living study(2),

males and females were not separated for analysis. The

SPSS for Windows statistical software package version

16 (SPSS Inc., Chicago, IL, USA) was used for statistical

analysis. Values are presented as means and standard

deviations. Since measurements of urinary and dietary

water-soluble vitamins were not distributed normally, the

data were converted logarithmically. Pearson correlation
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coefficients were calculated to determine the association

between urinary and dietary measurements, and between

dietary and estimated water-soluble vitamin intakes.

P ,0?05 was considered statistically significant. An ANOVA

random-effects model was used to quantify inter- and intra-

individual CV (%CV), which was used to estimate variability

in vitamin intake.

Results

The characteristics of the 114 eligible participants are

presented in Table 1. Since each value was almost the

same as those reported for children aged 10–11 years in

the Dietary Reference Intakes for Japanese in 2005(13), the

participants were considered as typical elementary-school

children in Japan. During the experimental period, all

participants were living freely. Inter- and intra-individual

variations in dietary intake of water-soluble vitamins for the

consecutive 4d period are shown in Table 2. For intra-

individual variations, %CV was 25–45%, except for vitamin

B12 and vitamin C. For inter-individual variations, vitamin

B1, vitamin B12, folic acid and vitamin C exceeded 50%.

The correlations between 24 h urinary excretion of

water-soluble vitamins and their intakes are shown in

Table 3. For all vitamins except for vitamin B12, a sig-

nificant positive correlation was found between urinary

excretion and dietary intake on day 4. For all vitamins

except for pantothenic acid, the correlations on day 4

were higher than those on other days.

To examine the influence of dietary intake during the

past few days on 24h urinary excretion, we calculated the

correlations between 24h urinary excretions and mean

dietary intakes, which are shown in Table 4. For all vitamins

except for B12, niacin equivalents and folic acid, the corre-

lations between the urinary excretion (column 2 in Table 3)

and the 3d mean intake (column 5 in Table 4) were higher

than those based on daily intake shown in Table 3 (columns

6, 9, 12 and 15). Because the most significant correlations

were found between the urinary excretion and the 3d mean

intake, recovery rates (column 11 in Table 4) were derived

from the urinary excretions (column 2 in Table 3) and the

3d mean intakes (column 5 in Table 4), which are also

shown in Table 4. Estimated mean intakes of water-soluble

vitamins (column 13 in Table 4) were calculated using these

recovery rates and urinary excretions. Estimated mean

intakes, except for vitamin B12, niacin equivalents and folic

acid, correlated with 3d mean intakes and were 97–102% of

the 3d mean intake, except for vitamin B12 (79%).

Discussion

In the present study we found a significant positive cor-

relation between the urinary excretion and the dietary

Table 1 Characteristics of the participants: 114 eligible Japanese elementary-school children aged 10–12 years

Total (n 114) Boys (n 67) Girls (n 47)

Variable Mean SD Mean SD Mean SD

Anthropometric variables
Age (years) 10?8 0?7 10?7 0?7 11?0 0?7
Body height (cm) 144?0 7?7 142?2 7?7 146?5 7?0
Body weight (kg) 36?7 8?3 34?6 7?2 39?8 8?9
Rohrer index (kg/cm33107) 122?0 17?9 119?3 15?9 125?7 20?1
Obesity index (%) 24?01 3?8 26?5 13?3 0?4 13?8

Dietary intake-
Total energy (kJ/d) 8489 1298 8665 1409 8238 1086
Protein (% of energy) 14?9 2?5 14?9 2?6 14?8 2?1
Fat (% of energy) 29?0 5?8 29?1 6?0 28?8 5?5
Carbohydrate (% of energy) 54?8 8?7 54?7 9?3 55?1 7?7

% Energy intake-

-

Breakfast 21?3 21?7 20?8
Lunch 32?7 32?1 33?6
Supper 31?1 31?4 30?8
Snacks 14?8 14?8 14?9

-Dietary intake assessed from the consecutive 4 d dietary records.
-

-

Average starting time of each meal: breakfast, 06.50 hours; lunch, 12.30 hours; supper, 18.40 hours.

Table 2 Inter- and intra-individual variations in the dietary intake of
water-soluble vitamins measured for the consecutive 4 d experi-
mental period: eligible Japanese elementary-school children aged
10–12 years

%CV (n 108)-

Vitamin
Inter-individual

variations
Intra-individual

variations

Vitamin B1 71?0 31?1
Vitamin B2 28?8 29?5
Vitamin B6 5?7 32?1
Vitamin B12 166?8 95?0
Niacin 30?4 33?1
Niacin equivalents 8?8 25?2
Pantothenic acid 42?7 25?0
Folic acid 87?4 45?0
Vitamin C 62?2 65?5

-A total of 108 samples were valid for data analysis after removing the upper
5 % limit in terms of urinary excretion for each vitamin.
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Table 3 Measured values for 24 h urinary excretion collected on day 4 and daily vitamin intake for each water-soluble vitamin, and correlation between 24 h urinary excretion and daily vitamin
intake (n 108), among eligible Japanese elementary-school children aged 10–12 years

24 h urinary vitamin excretion- Vitamin intake at day 4 Vitamin intake at day 3 Vitamin intake at day 2 Vitamin intake at day 1

Vitamin Mean SD Mean SD r-

-

Mean SD r-

-

Mean SD r-

-

Mean SD r-

-

Vitamin B1 (mmol/d) 0?766 0?383 3?13 1?01 0?41*** 2?90 0?85 0?25** 2?60 0?74 0?22* 2?75 0?92 0?07
Vitamin B2 (mmol/d) 0?290 0?209 3?47 0?94 0?36*** 3?75 1?13 0?36*** 3?59 1?00 0?33*** 3?60 1?17 0?23*
Vitamin B6 (mmol/d) 2?36 0?92 5?93 1?86 0?42*** 5?96 1?65 0?32*** 5?97 1?69 0?36*** 6?00 2?41 0?17
Vitamin B12 (nmol/d) 0?0256 0?0147 3?15 1?97 0?18 4?85 5?93 0?14 4?76 4?29 20?02 4?64 3?37 0?11
Niacin (mmol/d) – 97?0 32?3 0?28*** 101?7 38?2 0?11 105?3 31?3 0?21* 101?4 32?5 0?23*
Niacin equivalents (mmol/d) 65?6 27?6 214 56 0?28** 218 56 0?23** 218 52 0?16 218 56 0?25**
Pantothenic acid (mmol/d) 11?6 5?5 27?6 6?9 0?23* 30?1 7?4 0?20* 27?0 6?3 0?31*** 28?7 7?8 0?25**
Folic acid (nmol/d) 16?8 6?6 575 170 0?27** 615 423 0?12 491 123 0?18 532 164 0?24*
Vitamin C (mmol/d) 161 221 477 225 0?35*** 448 313 0?23* 403 289 0?26** 445 328 0?18

-Urinary excretion for each vitamin corresponds to: thiamin for vitamin B1; riboflavin for vitamin B2; 4-pyridoxic acid for vitamin B6; the sum of nicotinamide, N1-methylnicotinamide, N1-methyl-2-pyridone-5-carboxamide
and N1-methyl-4-pyridone-3-carboxamide for niacin equivalents; the sum of reduced and oxidized ascorbic acid and 2,3-diketogluconic acid for vitamin C.
-

-

r indicates the correlation between urinary excretion and dietary intake of the vitamin; significance of the correlation: *P , 0?05, **P , 0?01, ***P , 0?001.

Table 4 Summary of values derived from measured values (daily vitamin intake and 24 h urinary excretion in Table 3), i.e. mean dietary intakes and their correlations with 24 h urinary excretion,
recovery rates and estimated mean intakes (n 108), among eligible Japanese elementary-school children aged 10–12 years

2 d mean vitamin intake-
(day 3–day 4)

3 d mean vitamin intake
(day 2–day 4)

4 d mean vitamin intake
(day 1–day 4) % Recovery-

-

Estimated mean vitamin intakey

Vitamin Mean SD rJ Mean SD rJ Mean SD rJ Mean SD Mean SD rz % Ratio--

Vitamin B1 (mmol/d) 3?02 0?77 0?42*** 2?88 0?63 0?42*** 2?85 0?58 0?35*** 27?6 12?2 2?83 1?42 0?37*** 100
Vitamin B2 (mmol/d) 3?61 0?85 0?41*** 3?60 0?79 0?43*** 3?60 0?78 0?42*** 7?9 5?2 3?66 2?63 0?26** 102
Vitamin B6 (mmol/d) 5?94 1?41 0?45*** 5?95 1?29 0?49*** 5?96 1?35 0?43*** 39?8 14?0 5?90 2?30 0?41*** 100
Vitamin B12 (nmol/d) 4?00 3?14 0?19* 4?25 2?55 0?10 4?35 2?10 0?10 0?7 0?6 3?72 2?14 0?06 79
Niacin (mmol/d) 99?4 26?0 0?24* 101?3 21?7 0?29** 101?4 20?4 0?32*** – – – –
Niacin equivalents (mmol/d) 216 48 0?29** 217 43 0?29** 217 39 0?32*** 30?7 12?6 215 91 0?20* 99
Pantothenic acid (mmol/d) 28?8 6?0 0?26** 28?2 5?6 0?32*** 28?3 5?7 0?32*** 41?4 19?5 28?1 13?3 0?27** 99
Folic acid (nmol/d) 595 236 0?23* 560 174 0?24* 553 147 0?27** 3?1 1?3 536 211 0?09 97
Vitamin C (mmol/d) 462 200 0?39*** 442 183 0?39*** 443 170 0?39*** 36?4 50?3 447 613 0?39*** 100

-Mean dietary intake was calculated using daily dietary intake (Table 3).
-

-

% Recovery rate was derived from 24 h urinary excretion (Table 3)/3 d mean intake 3100.
yEstimated mean intake was calculated using 24 h urinary excretion (Table 3) and recovery rate.
Jr indicates the correlation between 24 h urinary excretion (Table 3) and mean intake; significance of the correlation: *P , 0?05, **P , 0?01, ***P , 0?001.
zr indicates the correlation between 3 d mean dietary intake and estimated intake; significance of the correlation: *P , 0?05, **P , 0?01, ***P , 0?001.
--% Ratio indicates the ratio between 3 d mean intake and mean estimated intake.
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intake of seven water-soluble vitamins, except for vitamin

B12, in free-living Japanese schoolchildren aged 10–12

years. The correlation between the urinary excretion and

the dietary intake on the same day as urine collection was

highest, except for pantothenic acid, compared with the

correlations on other days. Moreover, the correlations

between the urinary excretion and the mean dietary

intakes during the past 2–4 d showed higher correlations,

except for vitamin B12 and folic acid, than those for daily

intakes. These findings show that urinary levels of water-

soluble vitamins are affected by not only their dietary

intakes on the same day as urine collection, but also their

intakes over the past few days.

The earlier intervention study showed extremely high

positive correlations between urinary levels of water-

soluble vitamins and their intakes(4). In the earlier study,

participants comprised college students and they con-

sumed exactly the same defined diets, with or without

synthesized water-soluble vitamin mixtures, for 4 weeks.

In the present study, the dietary assessment for school-

children using a weighed food record was performed for

four consecutive days without intervention. Assuming the

dietary assessment protocol in the present study con-

tributed best to reduce the errors in the dietary records,

the similar results from the different groups and protocols

indicate that the urinary levels of water-soluble vitamins

are closely associated with vitamin intakes, and that this is

true even for free-living schoolchildren.

Correlation coefficients between the urinary excretions

and the 3d mean intakes ranged from 0?24 to 0?49 with a

mean of 0?36, except for vitamin B12, which showed a lower

level than reported in our earlier study(4). The considerable

inter- and intra-individual variability for vitamin intakes in a

free-living environment might affect these modest correla-

tions. In addition, several factors are also known to affect

water-soluble vitamin metabolism. For example, carbohy-

drate and physical activity are known to affect vitamin B1

metabolism(26–28), the bioavailability of pantothenic acid in

food is half that of free pantothenic acid(29), and the single-

nucleotide polymorphism of the methylenetetrahydrofolate

reductase gene affects folic acid metabolism(30). These

factors might also affect the modest correlations.

The dietary habits of the schoolchildren who participated

in this study were well disciplined. They had regular

breakfast (before 07.00 hours), school lunch (around 12.30

hours) and supper (around 18.40 hours), with few snacks.

The daily distributions of energy intakes were 21% at

breakfast, 33% at lunch, 31% at supper and 15% for

snacks, which is thought to be well balanced compared

with that reported in a previous study: 24% at breakfast,

30% at lunch, 23% at supper and 23% for snacks(31). Fifty-

five per cent of energy intake was obtained from carbo-

hydrates, 30% from fats and 15% from protein, which fits

with the Dietary Reference Intakes for Japanese(13). These

data show that the participants had regular dietary habits

with well-balanced nutrition.

In terms of the completeness of the dietary assessment

in the present study, there are several limitations of using

a weighed food record method. One of the limitations

is the reliance on self-report. In the present study, to

reduce errors associated with self-report, several dietitians

reviewed the collated records along with the photos.

Another limitation exists in the present food composi-

tion table in Japan. In a dietary assessment for free-living

people, potential errors caused by the quality of the food

composition table are inevitable, such as defects in food

composition. For example, the composition of Japanese

tea may vary depending on whether the extract of tea was

made personally or whether it was a bottled tea beverage,

because the present Japanese food composition table

cannot differentiate such products. Such restrictions may

lower the accuracy of the data obtained from a weighed

food record. However, identifying the food status at oral

intake and coding the intake according to the food com-

position table should contribute to increase the accuracy of

the records.

In terms of completeness of 24 h urine collection, we

used the INTERMAP criteria(11) as already described.

Because the p-aminobenzoic acid (PABA) method

requires intervention by taking PABA tablets orally and

would be difficult for schoolchildren, we did not use that

method to avoid any interventions. Because the partici-

pants in the present study were well motivated for the

study, the proportion of them with incomplete urine

samples was presumed to be small(32).

We have recently reported the intra-individual varia-

tions of urinary water-soluble vitamins in young Japa-

nese, and our intervention study showed that the

collection of 24 h urine samples for 1–5 d was required to

estimate those values within 20 % of the true mean(33).

Indeed, correlation between the 30 d mean urinary thia-

min excretion and 30 d mean thiamin intake was higher

than that between daily excretion and daily intake(1). In

the present study, urinary water-soluble vitamins were

measured based on a single 24 h urine sample. Thus the

urinary vitamin contents have potential for data inaccu-

racy from variability, and the results should be interpreted

cautiously. However, recent findings also suggest that

using several days of 24 h urine sample would improve

the relationships between urinary excretion and intake of

water-soluble vitamins.

A significant correlation was not found between urinary

vitamin B12 and dietary intake in this or a previous study(4).

This is consistent with studies showing that urinary vitamin

B12 increased by only 1?5 to 2 times when 1mg of vitamin

B12, which is 300 times higher than usual intake, was

administered orally, and by 2–3 times when 0?45mg was

injected intramuscularly(34,35). Foods including vitamin B12

were so limited that its intake showed an extremely high

inter- and intra-individual variation in the present study.

Estimated mean intakes of water-soluble vitamins calcu-

lated using the urinary levels and recovery rates correlated
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well with the 3 d mean intakes, except for vitamin B12

and folic acid, and the estimated mean intakes agreed

exactly with the 3 d mean intakes. These findings suggest

that urinary levels of water-soluble vitamins can be used

as a biomarker to assess their estimated mean intakes.

As training schoolchildren to collect urine samples is

easier than completing weighed food records, a nutri-

tional assessment for water-soluble vitamins using urine

samples and recovery rates is expected to be one of the

applications of the present study.

In conclusion, for free-living Japanese schoolchildren

aged 10–12 years, we found that 24 h urinary levels of

water-soluble vitamins, except for vitamin B12, correlated

with their recent intakes, and can be used as a biomarker

to assess, compare and validate estimated mean intakes of

water-soluble vitamins.
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ABSTRACT 

Thirty-six daily duplicate diet samples were col- 
lected from 12 healthy female Japanese vegans 
and sodium, potassium, calcium, magnesium, 
phosphorus, iron, zinc, copper, manganese, 
iodine, selenium, chromium and molybdenum in 
the diets were measured to estimate mineral 
and trace element intake by Japanese vegans. 
Significantly higher intake of potassium, mag- 
nesium, phosphorus, iron, copper, manganese 
and molybdenum was observed in vegans than 
in general Japanese women, but no difference 
was observed in sodium, iodine, selenium and 
chromium intake. Vegan calcium intake tended 
to be low compared to that of general women 
but the difference was not significant. Since 
high potassium, magnesium and iron intakes 
cannot be achieved by general Japanese diets 
and high intake of potassium and magnesium 
may prevent hyperextension and cardiovascular 
disease in vegans, there are few problems with 
Japanese vegan diets regarding mineral and 
trace element intake, except for calcium intake, 
which is low as it is in the general Japanese 
people. 

Keywords: Vegan; Mineral intake; Trace Element 
Intake; Duplicate Diets; Japan  

1. INTRODUCTION  
Vegetarian diets, essentially excluding animal foods, 

have become increasingly popular in developed coun-
tries [1]. These diets are classified according to the types 
of animal foods consumed, and strict vegetarians con-
suming no foods of animal origin are known as vegans. 
Although vegan diets cause lower serum cholesterol, 
lower blood pressure and a reduced risk of cardiovascu-
lar diseases, eliminating all animal foods from the diet 

increases the risk of several micronutrient deficiencies, 
including vitamin B12, vitamin D and n-3 fatty acids [2]. 
Regarding the intake of minerals and trace elements, 
vegetarians, including vegans, show low intakes of cal-
cium, zinc and selenium because the main sources of 
these micronutrients are animal foods in Western diets 
[3,4]. 

Traditional Asian diets are predominately plant-based, 
differing from Western diets. In Japan, although the 
consumption of meat and dairy products has increased 
along with the Westernization of society, more than 
three quarters of the energy intake still depends on plant 
foods [5]. Accordingly, it is thought that the effect of 
adopting a vegan diet on the nutrient intake pattern is 
different between the West and Japan. However, little 
research has examined the nutrient intake of vegetarians 
in Japan [6], and research on the intake of minerals and 
trace elements by Japanese vegans is scarce. In the pre-
sent study, to evaluate mineral and trace element intake 
by Japanese vegans, duplicate diet samples were col-
lected from Japanese vegans, and concentrations of so-
dium, potassium, calcium, magnesium, phosphorus, iron, 
zinc, copper, manganese, iodine, selenium, chromium 
and molybdenum were measured. 

2. SUBJECTS AND METHODS 

2.1. Subjects and Duplicate Diet  
Sampling 

In the present study, vegans were defined as people 
eating food of plant origin only. Twelve healthy female 
vegans were recruited through a vegetarian food shop 
located in Chiba Prefecture, Japan. The characteristics of 
the subjects are described in Table 1. Duplicate meals, 
beverages and between-meal snacks were collected over 
24 h period; 36 duplicate diets from 12 subjects were 
sampled for 3 consecutive days between September and 
November 2010. All subjects gave informed consent for 
the use of their personal information in this study. 
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Table 1. Characteristics of vegan subjects (n = 12). 

 Mean ± SD Median 

Age (y) 48.4 ± 12.9 47.5 

Duration of vegan diet (y) 20.7 ± 14.5 12.0 

Height (cm) 156.4 ± 7.7 157.0 

Weight (kg) 49.1 ± 8.9 48.5 

Body mass index (kg/m2) 19.9 ± 2.4 19.7 

 

2.2. Treatment of Samples 
The daily duplicate diet sample was freeze-dried, ho-

mogenized and milled. Approximately 1 g of the dried 
sample was mixed with 200 mL of 1% HCl, shaken for 
30 min and centrifuged. The supernatant was filtrated 
with 0.45-µm membrane filter. Filtrate thus obtained 
was used for the determination of sodium and potassium. 
Another 1 g of the dried sample was heated with 10 mL 
metal-free HNO3 until the disappearance of insoluble 
components, and then, 2 mL metal-free HClO4 was 
added to the digestion mixture, which was further heated 
until the appearance of white vapor of HClO4. The vol-
ume of the digest was made up to 10 mL with pure water. 
Diluted digest thus obtained was used for the determina-
tion of calcium, magnesium, phosphorus, iron, zinc, 
copper, manganese, selenium and molybdenum. For the 
analysis of chromium, approximately 1 g of the dried 
sample was heated in an electric furnace (F-B1414M; As 
One, Osaka, Japan) at 550˚C for 16 h [7]. After dry in-
cineration, the remaining ash was dissolved in 10 mL of 
0.1 M HNO3. Iodine in the dried samples was extracted 
with 0.5% tetramethylammonium hydroxide (TMAH) 
[8]. Two hundred milligrams of the dried samples was 
mixed with 40 mL of 0.5% TMAH and left overnight. 
The mixture was heated at 60˚C for 6 h and centrifuged. 
The supernatant was filtrated through a 0.45-µm mem-
brane filter. 

2.3. Analysis 
Sodium, potassium, calcium, magnesium, iron, zinc, 

copper and manganese were measured using atomic ab-
sorption spectrometer (AA-6300; Shimadzu, Kyoto, Ja-
pan). Iodine, selenium, chromium and molybdenum were 
determined by inductively coupled plasma mass spec-
trometry (ICPMS) with direct nebulization. The ICPMS 
operating conditions were as follows: instrument, ICPM- 
8500 (Shimadzu); forward power, 1200 W; coolant gas 
flow rate, 7.0 L/min; auxiliary gas flow rate, 1.5 L/min; 
nebulizer gas flow rate, 0.58 L/min; sampling depth, 5.0 
mm; integration time, 2.0 s; number of run, 20; mode of 

analysis, pulse; isotopes monitored, 52Cr, 82Se, 95Mo, 
97Mo, 98Mo and 127I. Rhodium (103Rh) and tellurium 
(126Te, 128Te and 130Te) were used as internal standards. 
Phosphorus was determined with vanadomolybdate ab-
sorption spectrometry [9]. Protein, total lipid and energy 
were analyzed by a commercial service system (Japan 
Functional Food Analysis and Research Center, Fukuoka, 
Japan). 

2.4. Statistical Analysis 
For each subject, mean daily intake was calculated 

from the analytical results of duplicate diet samples from 
3 consecutive days. The mean and median of the daily 
intake for 12 subjects were then calculated. For iodine, 
the mean and median were also calculated when each 
value was logarithmically transformed because values 
highly varied. Mean daily intake for 12 subjects was 
statistically compared with the mean daily intake by 
general Japanese women aged 30 to 49 y described in 
the National Health and Nutritional Survey in Japan 
(NHNSJ) [10] by calculation of the Z-score; in which 
women aged 30 to 49 y in NHNSJ, 2008 (n = 1053) 
were regarded as a population. 

3. RESULTS AND DISCUSSION 
In Table 2, daily intake of major nutrients, minerals 

and trace elements by 12 Japanese female vegans was 
summarized and compared with those by general Japa-
nese women and several criteria in the Dietary Reference 
Intakes for Japanese (DRIJ) [11]. For the intake of en-
ergy, protein and total lipids, no difference was observed 
between vegans and general women.  

Among major mineral intake, calcium intake by ve-
gans was below the estimated average requirement 
(EAR) and tended to be low compared to that by the 
general population. In several Western researches, cal-
cium intake by vegans was markedly lower than that by 
omnivores [12] and lacto-vegetarians [13]. In the present 
analysis, vegan calcium intake was somewhat low but 
was not significantly lower than in the general Japanese 
calcium intake. Since calcium intake by general Japa-
nese people is always low due to the low consumption of 
dairy products, the low calcium intake of Japanese ve-
gans may be inconspicuous.  

Phosphorus intake by vegans was markedly higher 
than by general women. In Western research, a vegan 
diet contains low phosphorus and is appropriate for pa-
tients with renal failure [14]. In the West, because the 
major source of phosphorus in general diets is dairy 
products, vegan phosphorus intake is comparatively low; 
however, Japanese people ingest phosphorus mainly 
from plant foods [5]. The difference in the source of     
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Table 2. Intake of energy, protein, lipids, minerals and trace elements in Japanese vegans. 

Vegans (n = 12) NHNSJ, 20081) DRIJ, 20102) 
 

Mean ± SD Median Mean ± SD Median EAR RDA AI DG UL 

Energy (kcal) 1847 ± 141 1840 1682 ± 469 1645 1750 - - - - 

Protein (g) 56.2 ± 8.1 58.4 60.2 ± 19.0 58.7 40 50 - - - 

Lipids (% energy) 20.8 ± 7.3 21.0 24.5 ± 14.1 22.6 - - - 20 - 25 - 

Sodium (mg) 3649 ± 1719 3029 3696 ± 14153) 3538 3) 590 3) - - <29503) - 

Potassium (mg) 3610 ± 1272* 3217 1983 ± 777 1891 - - 2000 2800 - 

Calcium (mg) 361 ± 122 389 440 ± 224 406 550 650 - - 2300 

Magnesium (mg) 494 ± 112* 462 214 ± 80 204 240 290 - - - 

Phosphorus (mg) 1225 ± 311* 1197 854 ± 284 830 - - - - 3000 

Iron (mg) 13.0 ± 2.4* 12.2 6.9 ± 3.0 6.5 9.0 11.0 900 - 40 

Zinc (mg) 8.3 ± 1.6 9.1 7.1 ± 2.4 6.9 8 9 - - 35 

Copper (mg) 1.75 ± 0.37* 1.66 1.00 ± 0.35 0.96 0.6 0.7 - - 10 

Manganese (mg) 7.5 ± 2.2 7.9 - - - - 3.5 - 11 

Iodine (µg) 1865 ± 1934 1158 - - 95 130 - - 2200 

 788 (255 - 2441)4) 7465)        

Selenium (µg) 87 ± 34 76 - - 20 25 - - 230 

Chromium (µg) 27 ± 8 28 - - 25 30 - - - 

Molybdenum (µg) 540 ± 207 563 - - 20 25 - - 500 

*Significant difference from NHNSJ data was observed at p < 0.001 by calculation of Z-score; 1)Values for general Japanese women aged 30 to 49 y (n = 1053) 
quoted from the National Health and Nutrition Survey in Japan, 2008 [10]; 2)Criteria for Japanese women aged 30 to 49 y in Dietary Reference Intakes for 
Japanese, 2010 [11]; EAR, estimated average requirement; RDA, recommended dietary allowance; AI, adequate intake; DG, tentative dietary goal for prevent-
ing lifestyle-related diseases; UL, tolerable upper intake level; 3)Calculated from the values for salt; 4)Geometrical mean with SD range in parentheses; 5)Median 
calculated after logarithmic transformation of data for each daily duplicate diet sample.  

 
phosphorus may contribute to the difference in phos-
phorus intake between Western and Japanese vegans. In 
addition, phytate may contribute to the high phosphorus 
intake in vegans because whole grains and beans contain 
it at a high level.  

No difference was observed between vegans and gen-
eral women in sodium intake. On the other hand, vegan 
potassium intake was markedly higher than by general 
women and far exceeded the tentative dietary goal for 
preventing lifestyle-related diseases (DG) in DRIJ. 
Similarly, markedly higher magnesium intake was ob-
served in vegans than in general women. This high in-
take of potassium and magnesium is probably due to the 
high consumption of vegetables and fruit.  

Among trace element intake, significantly higher iron 
and copper intake was observed in vegans than in gen-
eral women. Similarly, manganese and molybdenum 
intake by vegans was markedly higher than by general 
Japanese, as described in several reports [15,16]. Intake 
of these four trace elements far exceeded the recom-

mended dietary allowance (RDA) or the adequate intake 
(AI) in DRIJ. High intake of copper and manganese is 
also reported in Western researches [17], probably, be-
cause the high consumption of whole grains and beans 
results in high intake of these trace elements. The mean 
and median of vegan molybdenum intake exceeded the 
tolerable upper intake level of this element in DRIJ. This 
is also caused by high consumption of cereals and beans 
since they particularly soybean, contain molybdenum at 
a high level [16].  

Although vegan zinc intake has been reported to be 
low [12], there was no difference between vegans and 
general women; however, because it has been reported 
that the serum zinc level in Japanese vegetarians tends to 
be low [18], it is necessary to examine whether phytate 
and/or dietary fiber, which are contained in whole grains 
and beans at a high level, decrease the bioavailability of 
zinc in Japanese vegan diets.  

Since the main sources of selenium in general Japa-
nese diets are fish, meats and eggs [19], the low sele-
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nium intake by Japanese vegans is concern; however, 
selenium intake by Japanese vegans was comparable to 
that by general Japanese described in several previous 
reports [19-21]. Japanese vegans may ingest selenium 
from imported wheat and soybeans, which contain sele-
nium at a high level [22]. Similarly to selenium intake, 
iodine and chromium intake by vegans was also compa-
rable to general Japanese people described in the litera-
ture [20,23].  

In conclusion, Japanese vegans are estimated to ingest 
high potassium, magnesium, phosphorus, iron, copper, 
manganese and molybdenum compared to general Japa-
nese people. In particular, high potassium, magnesium 
and iron intake cannot be achieved by ingesting general 
Japanese diets. High intake of potassium and magnesium 
may lead to the preventing of hyperextension and car-
diovascular disease in vegans [24]. Accordingly, there 
are few problems with Japanese vegan diets regarding 
mineral and trace element intake, except for calcium 
intake, which is low as it is in general Japanese people.  
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Although hip fracture is considered to be associated with hypovitaminosis D and K, few reports have previously 
studied both of them. We have studied the vitamin D- and K-status as well as the general nutritional status in ni-
nety-nine patients with hip fracture. Mean serum concentration of 25hydroxy-vitamin D (25OH-D) in female 
fractured patients was only approximately 9 ng/mL, suggesting severe vitamin D deficiency. There was no sig-
nificant difference between the two groups in serum concentration of intact parathyroid hormone in both genders 
and serum 25OH-D levels in the male subjects. Plasma concentrations of phylloquinone (vitamin K1; PK) and 
menaquinone-7 (MK-7) were significantly lower in the fractured group than in the control group in both genders. 
Logistic regression analysis indicated that circulating concentrations of albumin, PK and 25OH-D were the sig-
nificant and independent determinants of fracture risk, with their higher concentrations associated with decreased 
fracture risk. Finally, principal component analysis (PCA) was performed to summarize the clinical parameters 
into smaller numbers of independent components. Three components were obtained, each representing the over-
all nutritional status, the vitamin D status, and the vitamin K status. In conclusion, our study has shown that pa-
tients with hip fracture have vitamin D and K deficiency independent of general malnutrition. 
 

Key Words: hypovitaminosis D, hypovitaminosis K, patients with hip fracture, general malnutrition, princi-
pal component analysis 

 

 
 
INTRODUCTION 
Hip fracture is the most serious consequence of osteopo-
rosis. In addition to the high mortality rates after fracture, 
even the survivors suffer from functional impairment and 
limited daily activities.1 With increased percentage of the 
elderly in the society, the incidence of hip fracture is con-
stantly increasing in Japan, as in other countries.2 Hip 
fracture is also considered to be a great burden to the so-
ciety because of costly medical expenditure.3  

Among the various risk factors of hip fracture so far 
reported are the nutritional ones including poor vitamin D 
and K status. “Vitamin deficiency” causes various disorders 
with phenotypic abnormalities, such as osteomalacia and 
rickets by vitamin D deficiency, and clotting abnormality 
by vitamin K deficiency. Recently, however, it is known 
that inadequate supply of vitamins, even in the milder 
form, causes increased susceptibility to various diseases, 
and is called vitamin insufficiency.4 For example, vitamin 
D insufficiency, through decreased calcium absorption 
and negative calcium balance, is associated with de-
creased bone mineral density (BMD) and increased risk 
of fracture. The prevalence of hypovitaminosis D has 
been reported to be quite high in patients with hip fracture 
in various countries.5-7 

The most essential role of vitamin K is to act as the 
coenzyme in the γ-carboxylation of glutamic acid residue 

(glu) to γ-carboxyglutamin acid (gla) residue, through 
which four of the clotting factors acquire calcium binding 
capacity. It has long been held that the sole physiological 
action of vitamin K is the γ-carboxylation of these clot-
ting factors in the liver. Recently, however, extrahepatic 
action of vitamin K has come to receive much attention.8 
For example, mice devoid of the matrix gla protein (MGP) 
gene, which is a gla-containing protein present in the 
skeleton and vasculature, died of severe arterial calcifica-
tion.9 Although mice lacking the osteocalcin gene had 
apparently higher bone mineral density than the control 
ones, they were more susceptible to bone loss after ova-
riectomy than their normal littermates, suggesting the 
compromised bone quality in these mice.10 There also 
have been clinical observations to show the association 
between vitamin K inadequacy and hip fracture. For ex-
ample, high intake of vitamin K was associated with  
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decreased risk of hip fracture,11 and high serum concen-
tration of undercarboxyled osteocalcin (ucOC), which is a 
sensitive indicator of insufficient vitamin K action in the 
skeleton, was a significant risk factor of hip fracture in-
dependent of BMD.12  
    Despite these observations, there have been few reports 
to evaluate the status of these two bone-active vitamins in 
hip fractured patients.13 Thus in the current study, we 
have studied the serum concentration of these two bone-
active vitamins in patients with hip fracture and age-
matched controls. 
 
MATERIALS AND METHODS 
Subjects 
Consecutive patients with hip fracture transferred to Ta-
mana Central Hospital were studied. The duration of the 
enrollment was 6 months. Written informed consent was 
obtained in 99 cases from the patients or a family member 
when obtaining the patients’ approval was practically 
impossible because of their poor general condition. Age-
matched nursing home residents in close proximity to the 
hospital in Tamana City served as the control. Those 
without severe liver or kidney dysfunction, or those re-
ceiving bone-active drugs or supplementation with vita-
min D or K, were encouraged to participate in the study, 
and the consent was obtained in 48 cases. 

Informed consent was similarly obtained in 48 cases. 
Their background profiles are shown in Table 1. The study 
protocol was approved by the Ethical Committee of Ta-
mana Central Hospital.  
 
Laboratory data 
Blood was drawn within 24 hours following the fracture. 
After centrifugation, plasma and serum were stored under 
dark condition at –30C until assay. Serum concentration 

of 25 hydroxy-vitamin D (25OH-D) was measured by 
radioimmunoassay (RIA) (DiaSorin, Stillwater, MN, USA). 
Serum level of intact parathyroid hormone (PTH) was 
measured by electro chemiluminescent immunoassay 
(ECLIA) (Roche Diagnostics, Mannheim, Germany). 
Plasma vitamin K1 (phylloquinone; PK), and K2 (mena-
quinone-7; MK-7) levels were determined by high-
performance liquid chromatography-tandem mass-mass 
spectrometry with atmospheric pressure chemical ioniza-
tion (LC-APCI-MS/MS) using a HPLC system (Shima-
dzu, Kyoto, Japan) and API3000 LC-MS/MS System 
(Applied Biosystems, Foster City, CA) with 18O-labeled 
vitamin K as the internal standard.14  
 
Statistical analyses 
Statistical analyses were done with SPSS 17.0J. Compari-
son of two independent groups was done with Student’s t-
test or Mann-Whitney test depending on normality. The 
association between vitamin status and the occurrence of 
hip fracture was analyzed by logistic regression analysis. 
The relationship between various nutritional indices and 
circulating vitamin D- and K-levels was analyzed with 
principal component analysis (PCA) as previously de-
scribed.15 
 
RESULTS 
Blood tests 
Baseline characteristics and data from blood examination 
are shown in Table 1. Serum albumin concentration was 
significantly lower in the fractured group in both genders, 
and serum cholesterol concentration and blood hemoglo-
bin level were significantly lower in female patients with 
fracture. In Table 2 shows the blood concentrations of 
vitamin D, vitamin K and related molecules. Mean serum 
concentration of 25OH-D, which most reliably represents 

 
 
 

Table 1. Patients’ profiles 
 

Male Female 
 

Control (n=13) Fracture (n=27) Control (n=35) Fracture (n=72) 
Age 82.2±9.3 82.6±7.6 84.1±7.8 85.5±7.0 
Serum albumin (g/dL) 4.3±0.5 3.5±0.5** 4.4±0.2 3.6±0.4** 
Serum cholesterol (mg/dL) 175.4±41.9 156.1±36.6 232.3±37.0 179.4±39.4** 
Serum BUN (mg/dL) 24.1±2.2 29.5±26.1 20.6±7.4 20.6±10.2 
Hemoglobin (g/dL) 12.4±2.2 11.9±1.9 12.5±1.1 10.8±1.8** 
Serum GOT (U/L) 26.2±20.4 32.1±9.4 23.9±7.2 20.9±7.5 
Serum GPT (U/L) 19.3±16.2 22.8±21.1 13.7±8.6 14.0±8.4 

 

Data are shown as mean ± SD. The asterisk (**) denotes that the value in fracture group is significantly different from that in control group 
(p<0.01) by Student’s t-test. BUN, GOT, and GPT are abbreviations for blood urea nitrogen, glutamyl oxaloacetic transaminase, glutamyl 
pyruvate transaminase, respectively. 
 
 
 

Table 2. Serum concentrations of vitamin D, vitamin K and related molecules 
 

Male Female 
 

Control (n=13) Fracture (n=27) Control (n=35) Fracture (n=72) 
Serum 25OH-D (ng/mL) 20.7±7.3 19.0±13.0 18.6±6.3     9.1±4.6** 
Serum intact PTH (pg/mL)   64.3±53.7  61.4±34.4    56.0±23.2 67.8±33.9 
Plasma PK (ng/mL)   0.55±0.31    0.31±0.24*    0.77±0.36     0.46±0.36** 
Plasma MK-7 (ng/mL)   4.28±3.75      1.60±1.60**   10.8±7.01     2.67±4.13** 

 

Data are shown as mean ± SD. The asterisk denotes that the value in fracture group is significantly different from that in control group (*; 
p<0.05, **; p<0.01) by Student’s t-test. 25OH-D, PK , and MK-7 are the abbreviations for 25 hydroxy-vitamin D, phylloquinone, and mena-
quinone-7, respectively. 
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the vitamin D status, was approximately 20 ng/mL in all 
groups, except for the female fracture group where it was 
approximately 9 ng/mL. In both genders, serum 25OH-D 
levels were lower than 20 ng/mL in 90% and 61% of sub-
jects, in the fracture and control groups, respectively. It 
was below 10 ng/mL in 50% and 7% of subjects in the 
fracture and control group, respectively. Serum concen-
tration of intact PTH, which is a sensitive indicator of 
vitamin D insufficiency; hence secondary hyperparathy-
roidism, was not different between control and fracture 
groups in males. It was slightly higher in the fractured 
group than in the control group in female, which, how-
ever, did not reach statistical significance (p=0.07). 

Serum concentrations of PK and MK-7 were signifi-
cantly lower in the fracture group than in the control 
group in both genders.  
 
Logistic regression analysis for variables associated 
with hip fracture 
In order to evaluate whether the above-mentioned vitamin 
insufficiency is related to the occurrence of hip fracture, 
logistic regression analysis was performed. Of the factors 
subjected for analysis, circulating concentrations of al-
bumin, PK and 25OH-D were the significant determi-
nants, whereas MK-7, gender or hemoglobin level was 
not (Table 3). The odds ratio for fracture markedly de-
creased in accordance with increased concentrations of 
albumin, PK and 25OH-D.  
 
Principal component analysis (PCA) 
Since patients with hip fracture are generally malnour-
ished, we considered it to be important whether the low 
vitamin D- and K-status as described above simply reflects 
overall malnutrition. Then PCA was performed with pa-
rameters included for analysis being: serum albumin and 
cholesterol concentrations, blood hemoglobin levels, and 
plasma 25OH-D, PK and MK-7. Three components were 

obtained as shown in Table 4. The first component was 
contributed by high serum albumin, total cholesterol, 
blood hemoglobin and plasma MK-7. The second com-
ponent consisted of high serum albumin, blood hemoglo-
bin and serum 25OH-D. The third component was com-
posite of high plasma PK. Each component was inter-
preted as follows; the first, second, and third component 
representing overall nutritional status, vitamin D status, 
and vitamin K1 status, respectively. 
 
DISCUSSION 
In the present study, we have studied the blood concentra-
tion of 25OH-D, PTH, PK, MK-7 and other nutritional 
indices. In 90% of patients with hip fracture, serum 25OH-
D level was lower than 20 ng/mL which is a generally 
accepted cut-off for hypovitaminosis D. In half of the 
patients, serum 25OH-D concentration fell into the severe 
hypovitaminosis D range of below 10 ng/mL. Nurmi et al. 
reported that serum 25OH-D level was lower than 15 
ng/mL and 8 ng/mL in 53% and 9%, respectively, of the 
patients with hip fracture in Finland.16 In a study on Japa-
nese patients with hip fracture, Sakuma et al. reported 
that 62% of the patients had their serum 25OH-D level 
below 20 ng/ml.7 Thus, the prevalence of hypovitamino-
sis D in the present study was compatible with the previ-
ous studies, but was even higher. 

Serum concentration of 25OH-D in the fracture group 
was significantly lower than that in the control group in 
women, but not in men. There have been some reports to 
show that elderly women are more prone to vitamin D 
deficiency than elderly men. Hirani et al. reported that 
hypovitaminosis D was more prevalent in women than 
men with a odds ratio of 2.1.17 Maggio et al. reported that 
age-related decline of serum 25OH-D was already evident 
shortly after age 50 in women, whereas in men it started 
only after age 70.18 Thus there seems to be a gender dif-

Table 3. Logistic regression analysis 
 

 Odds ratio (95%CI) p value 
Serum 25OH-D (per 10ng/mL increase) 0.246 (0.090-0.673) <0.001 
Plasma PK (per 1ng/mL increase) 0.072 (0.009-0.612) 0.016 
Albumin (per 1g/dL increase) 0.003 (0.000-0.054) <0.001 
MK-7 (per 1ng/mL increase) 0.867 (0.747-1.006) 0.061 
Hemoglobin (per 1g/dL increase) 1.482 (0.891-2.465) 0.129 
Sex (1; Male, 2; Female) 2.464 (0.381-15.95) 0.344 

 

Logistic regression analysis with stepwise method was done. Sex, circulating concentrations of albumin, hemoglobin, 25OH-D, PK, and MK-
7 were included for analysis. 
 
 
 

Table 4. Principal component analysis of nutrition indices 
 

 Component 1 Component 2 Component 3 
Serum Albumin 0.744† 0.481† -0.028 
Serum total Cholesterol 0.824† 0.098 0.157 
Hemoglobin 0.538† 0.589† -0.269 
Serum 25OH-D 0.035 0.902† 0.228 
Plasma PK 0.191 0.109 0.922† 
Plasma MK-7 0.773† 0.009 0.210 

 

Factor loadings to three components after varimax rotation are shown. †Loadings greater than 0.35 
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ference that women are more prone to vitamin D inade-
quacy, for which there is no clear explanation at present.  

Lack of significant difference in serum PTH level be-
tween fracture and control groups is most likely due to 
the large standard deviation in serum PTH concentration. 
However, there still can be alternative explanations. There 
have been some reports describing the absence of PTH 
elevation in face of hypovitaminosis D in patients with 
hip fracture.19-22 Sahota et al. studied the vitamin D status 
in the post-hip fracture patients. They found that only half 
of them had elevated serum PTH levels, the rest had nor-
mal to low serum PTH levels in face of hypovitaminosis 
D.19 As an explanation for this apparently paradoxical 
observation, they postulated magnesium deficiency as the 
underlying cause since magnesium deficiency is known to 
be associated with impaired PTH secretion.20 Thus the 
question has now come to our attention whether skeletal 
impairment in hypovitaminosis D can be explained by 
secondary hyperparathyroidism alone. A recent paper from 
Finland also reported that serum PTH level was within 
the reference range despite hypovitaminosis D in 74.8% 
of the bedridden geriatric patients.21 Patients in the lowest 
quartile of serum PTH level were associated with the his-
tory of hip fracture (odds ratio 2.9). Thus it is obvious 
that hypovitaminosis D is associated with increased risk 
of hip fracture, although further studies are required to 
determine whether it is mediated by secondary hyperpara-
thyroidism or due to hypovitaminosis per se. 

Compared to vitamin D, far smaller number of papers 
has been published on the relationship of vitamin K with 
hip fracture. Epidemiological studied have shown that 
higher intake of vitamin K is associated with lower risk of 
hip fracture.11,23 Among the two vitamin K analogs stud-
ied here, PK seems to best represent the vitamin K status 
of these subjects. Kaneki et al. reported that there is a 
large geographic difference in serum MK-7 concentration 
in Japan, which could be accounted for by the frequency 
of consuming natto, which contains extraordinary amount 
of MK-7.24 Blood concentrations of PK and MK-7 were 
consistently lower in fractured patients than control sub-
jects in both genders. 

Kawana et al. reported that there was no significant al-
teration in the circulating concentrations of PK and MK-7 
in hip fractured patients.25 In their paper, these concentra-
tions were below the detection limit in the substantial 
number of subjects. Blood vitamin K levels were reported 
to be below the detection limit in other papers also.24,26 In 
our data using newly developed LC-APCI-MS/MS me-
thod for the determination of circulating vitamin K levels, 
serum concentrations of PK and MK-7 were detectable in 
almost all subjects.14 Thus, previous reports using less 
sensitive assay methods should be interpreted with caution. 

In fractured subjects, serum albumin concentration 
was significantly lower in both genders, and hemoglobin 
level and serum cholesterol concentration was signifi-
cantly lower in the females. Thus patients with hip fracture 
are malnourished. Then it was considered mandatory to 
analyze the relationship between the overall malnutrition 
and decreased levels of circulating these vitamins. We 
have studied it with two analytical procedures; logistic 
regression analysis and principal component analysis 
(PCA). Logistic regression analysis revealed that serum 

concentrations of 25OH-D, PK and albumin were signifi-
cant contributing factors for fracture risk, and suggested 
that circulating 25OH-D and PK levels contributed to the 
increased risk of fracture independent of general malnu-
trition. 

Finally PCA was done. Three components were ob-
tained, representing overall nutritional status, vitamin D 
status, and vitamin K status, respectively. Since these 
components are, by their definition, independent of each 
other, these results strongly suggest that hypovitaminosis 
D and K in patients with hip fracture is not merely a ma-
nifestation of general malnutrition. At present, the reason 
for the association of MK-7 with the first component, 
representing the overall nutritional status is not known. 
We have also recently reported that institutionalized eld-
erly subjects had high prevalence of hypovitaminosis D 
and K, which is independent of general malnutrition by 
PCA.15 

One of the limitations of the current work is that it is a 
case control study, but not a prospective one. Since the 
association of hip fracture with the insufficiency of two 
bone-active vitamins; vitamin D and vitamin K has been 
scarce, we have done this study as the initial step. 

Another limitation is that the nursing home residents 
adjacent to the hospital were the control subjects. It is 
unclear whether the control subjects represent the average 
Japanese elderly population or not. However, it is quite 
unlikely the nursing home residents have nutritional sta-
tus far better than the average Japanese elderly. Rather, 
they are likely to be equal to or worse than the average. 
Thus, we believe that our finding that the blood levels of 
these vitamins in fractured patients were even lower than 
that in nursing home residents has clinical implications. 

In summary, patients with hip fracture had lower se-
rum concentration of vitamin K in both genders, and low-
er serum concentration of vitamin D in female subjects. 
Since blood samples were obtained within 24 hours after 
fracture, these data is likely to represent the patients’ sta-
tus before fracture. Lower serum albumin concentration 
in fractured patients suggests that these subjects are also 
generally malnourished. Insufficiency of these vitamins 
as well as the overall malnutrition is likely to predispose 
elderly people to hip fracture, and intervention study to 
correct these abnormalities is needed. 
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髖部骨折病患維生素 D 與 K 不足之高盛行率  
 
過去研究顯示髖部骨折與維生素 D 及維生素 K 不足有關，但較少研究將兩者共

同納入探討。本研究之對象為 99 位有髖部骨折的病患，檢測其整體營養及體內

維生素 D 與維生素 K 的狀態。女性患者血清 25-羥化維生素 D(25OH-D)濃度平

均只有約 9 ng/mL，顯示女性患者有嚴重維生素 D 缺乏。男女性患者血清中副甲

狀腺素及男性血清 25OH-D 平均濃度與對照組皆沒有顯著差異。然而在男女性髖

部骨折患者，其血漿維生素 K1及維生素 K2濃度都顯著較對照組低。以羅吉斯回

歸分析發現，體內白蛋白、維生素 K1 及 25OH-D 濃度皆為骨折發生風險之顯著

獨立預測因子，具呈負相關。最後以主成份分析進行臨床參數統整後，獲得三項

代表參數，分別代表整體營養狀態、維生素 D 營養狀態及維生素 K 狀態。總而

言之，本研究顯示髖部骨折患者易出現維生素 D 及維生素 K 缺乏，且與整體營

養不良無關。 
 
關鍵字：維生素 D 缺乏、維生素 K 缺乏、髖部骨折病患、整體營養不良、主成

分分析 
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In Japan, γ-carboxylation of blood coagulation factors is the basis for determining adequate intake (AI) for vita-
min K in Dietary Reference Intakes (DRIs) issued in 2010. Recently, vitamin K is also known to be essential for 
preventing fracture. In this study, relative susceptibility of liver and bone to vitamin K deficiency was studied. 
Thirty-seven elderly institutionalized subjects were evaluated for vitamin K status by measuring serum PIVKA 
(protein induced by vitamin K absence) –II and ucOC (undercarboxylated osteocalcin) levels, as sensitive 
markers for hepatic and skeletal vitamin K deficiency, respectively. Serum PIVKA-II and ucOC levels, with 
their cut-off values in the parentheses, were 20.2±8.9 mAUmL (28 mAU/mL) and 4.7±3.0 ng/mL (4.5 ng/mL), 
respectively. Median vitamin K intake was approximately 200 μg/day, which is more than 3 times higher than 
the current Japanese AI. Vitamin K intake was significantly correlated with serum PIVKA-II and ucOC/OC lev-
els, but not with serum ucOC level. Although serum ucOC level is generally a good indicator for vitamin K 
status, multiple regression analysis revealed that elevated bone turnover marker significantly contributed to se-
rum ucOC level. All subjects had vitamin K intake exceeding AI for vitamin K. Nevertheless, serum PIVKA-II 
and ucOC concentrations exceeded the cut-off value in 14% and 43% of subjects, respectively. The present find-
ings suggest that vitamin K intake greater than the current AI is required for the skeletal health in the institution-
alized elderly. 
 

Key Words: vitamin K, adequate intake, γ-carboxylation, ucOC, PIVKA-II 
 

 
 
INTRODUCTION 
Gamma-glutamyl carboxylase (GGCX) catalyzes the con-
version of glutamyl (Glu) residue into γ-carboxyglutamyl 
(Gla) residue in certain proteins. The most fundamental 
role of vitamin K is the one as a cofactor of GGCX.1  Al-
though GGCX is present in various tissues, its role in the 
liver has received most attention until recently. In the 
liver, conversion of Glu residue to Gla residue takes place 
in four of the blood coagulation factors (II, VII, IX, and 
X), by which they acquire calcium-binding ability and are 
activated.1 Recently, attention have been focused on the 
physiological roles of vitamin K-dependent proteins in 
extrahepatic tissues such as bone and blood vessel.2,3 Os-
teocalcin is produced by osteoblasts, the most abundant 
non-collagenous protein in the bone matrix. Through γ-
carboxylation, osteocalcin gains hydroxyapatite-binding 
ability, and regulates bone mineralization.2 Recent evi-
dences strongly suggest that skeletal vitamin K deficiency 
increases the risk of hip fracture.4 Matrix Gla protein 
(MGP); another vitamin K-dependent protein, is an in-
hibitor of vascular calcification.5-7  

In the current Japanese Dietary Reference Intakes 
(DRIs) issued in 2010, Adequate Intake (AI) for vitamin 
K in the adult is uniformly 75 μg/day for men and 65 
μg/day for women. These values however, carries some 

problems when applied to the study population.8 First, 
they are based on data from America or Europe. Since 
nutrients intake is greatly dependent on nationality or 
dietary patterns, vitamin K status in the Japanese must be 
studied. Second, they are from healthy young volunteers, 
not from the elderly who are likely to have nutrients ma-
labsorption. This is especially the case with fat-soluble 
vitamins including vitamin K due to various factors such 
as decreased secretion of bile acids and pancreatic juice, 
and reduced dietary fat intake.8 Finally, AI for vitamin K 
was determined as the dose sufficient to maintain normal 
blood coagulation with little mentioning to bone.8 Serum 
levels of protein induced by vitamin K absence-II (PIVKA-
II) and undercarboxylated osteocalcin (ucOC) are sensi-
tive markers for vitamin K deficiency in the liver and 
bone, respectively. Vitamin K status in the liver and bone  
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can be separately evaluated by measuring these markers. 
By employing such methodology, previous studies have 
shown that much higher doses of vitamin K are needed 
for the γ-carboxylation of osteocalcin than for that of blood 
coagulation factors.9,10 

Thus it is possible that an elderly judged to be vitamin 
K sufficient based on the current AI has skeletal vitamin 
K deficiency and increased fracture risk. In this paper, we 
have measured serum PIVKA-II and ucOC levels, assessed 
vitamin K intake, and studied the prevalence of vitamin K 
deficiency in the liver and bone in the institutionalized 
elderly. 
 
MATERIALS AND METHODS 
Subjects  
The study subjects were 37 institutionalized elderly (male 
8, female 29) in a nursing home, Kayu-Shirakawa. Exclu-
sion criteria were routine medication that has potential 
interference with bone metabolism and vitamin K status 
such as warfarin. None had history of hepatic diseases. 
Detailed information about this study was given and writ-
ten consent was obtained from the subject or the proxy. 
The study protocol was approved by the ethical commit-
tee in Kyoto Women’s University.  
 
Laboratory data 
Blood was obtained after overnight fasting. After cen-
trifugation, serum was kept frozen at –30°C until analysis. 
Serum PIVKA-II and ucOC levels were measured by 
electro chemiluminescence immunoassay (ECLIA) (San-
ko Junyaku, Co, Ltd, Tokyo, Japan) as the markers of 
hepatic and skeletal vitamin K deficiency, respectively. 
Serum intact osteocalcin (intact OC) was measured by 
enzyme immunoassay (EIA) (Mitsubishi Yuka, Tokyo, 
Japan). The ucOC/OC was calculated as the ratio of 
ucOC to intact OC. Serum levels of tartrate-resistant acid 
phosphatase-5b (TRACP-5b) and bone specific alkaline 
phosphatase (BAP) were measured by EIA (DS Pharma 
Biomedical, Osaka, Japan) and chemiluminescence en-
zyme immunoassay (CLEIA) (Beckman Coulter Inc, To-
kyo, Japan), respectively. TRACP-5b and BAP are mark-
ers of bone resorption and bone formation, respectively. 
The reference range of serum TRACP-5b was 170-590 
mU/dL in male and 120-420 mU/dL in female, and that of 
serum BAP was 3.7-20.9 μg/L in male and 3.8-22.6 μg/L 
in female.  
 
Nutrition intake study 
Nutrient intake was assessed by food record method. The 
intake of vitamin K was calculated by multiplying the 
amount of vitamin K supplied from the institution with 
the average percentage intake. Based on these records, 
their intake of vitamin K was calculated using the soft-
ware (Healthy Maker Pro 501, Mushroom Software Corp, 
Okayama, Japan). Vitamin K intake/kg body weight was 
also calculated, since 1 μg/kg of vitamin K is considered 
to be sufficient for maintaining normal coagulation in the 
adult according to the Japanese DRI 2010.8 
 
Statistical analyses 
Statistical analyses were performed using the SPSS 17.0 J 
for Windows (SPSS. Japan Inc, Tokyo, Japan). Associa-

tion between variables was analyzed by Pearson’s or 
Spearman rank correlation coefficient. Multiple regression 
analyses with stepwise method were performed to deter-
mine independent determinants for serum ucOC and 
ucOC/OC. Chi-square test was employed for categorical 
data. 
 
RESULTS 
Background profiles of the study subjects 
The background profiles and biochemical data are shown 
in Table 1. Care level is a 5-grade score which is com-
monly used in the long-term care insurance in Japan with 
higher number indicating more intensive care needed. It 
was higher than grade 3 in 78% of subjects, indicating 
that they had low physical activity level. For example, 
most of the present subjects required wheelchair for 
transportation. In 27% of subjects, serum albumin level 
was lower than 3.5 g/dL, which is a generally accepted 
cut-off for malnutrition. Overall, nutritional parameters 
including the biochemical indicators and body mass index 
(BMI) remained within the reference range for most of 
the subjects. Thus, despite the elderly population and high 
level of care needed, the subjects’ nutritional status was 
considered to be generally preserved. Although average 
serum TRACP-5b and BAP levels were within the refer-
ence range as a whole, 20% and 32% of subjects had se-
rum BAP and TRACP-5b level above upper reference 
range, respectively. Serum PIVKA-II and ucOC levels 
were 20.2±8.9 mAU/mL and 4.7±3.0 ng/mL, respectively. 
All subjects were on orally consumed their meals. Al-
though energy intakes were lower than estimated energy 
requirement (EER) of DRI in all men and 93% of women, 
the intake of macronutrients such as protein, fat and car-
bohydrates appeared appropriate for their age and sex. 
Average vitamin K intake was 194±51 (median; 197) 

 
 

Table 1. Baseline data of the study subjects 
 
 (M/F; 8/29, n=37) 
Age (y) 85.1±8.2（87.0） 
Care level  Median; 3 (min-max; 1-5)
Body weight (kg) 45.9±6.1（46.1） 
Height (cm) 149.3±9.7（145.3） 
BMI (kg/m2) 20.6±2.5（20.0） 
Serum Albumin (g/dL) 3.7±0.3（3.8） 
Serum triglyceride (mg/dL) 119±41（118） 
Serum total cholesterol (mg/dL) 198±49（191） 
eGFR (ml/min./1.73m2) 65.4±15.8（63.3） 
Serum BAP (μg/L) 18.4±9.6（17.6） 
Serum TRACP-5b (mU/dL) 365.2±124.9（372.0） 
Serum ucOC (ng/mL) 4.7±3.0 (3.8) 
Serum total OC (ng/mL) 6.1±3.1 (5.4) 
ucOC / intact OC 0.81±0.36 (0.80) 
Serum PIVKA-II (mAU/mL) 20.2±8.9 (18.0) 
Energy intake (kcal) 1346±129 (1401) 
Protein intake (g) 53.2±5.2 (55.4) 
Fat intake (g) 35.6±3.6 (36.9) 
Carbohydrates intake (g) 193.8±18.7 (199.4) 
Vitamin K intake (μg/day) 194±51 (197) 
Vitamin K intake/BW (μg/BW 
kg/day) 

3.5±1.1 (3.4) 

 

Data are expressed as mean±SD with the values in parentheses 
showing the median.  
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μg/day in the study population, 166±50 (median; 159) 
μg/day in males and 202±49 (median; 224) μg/day in 
females. It was approximately 220% and 310% of the AI 
in DRI in male and female subjects, respectively. All sub-
jects had vitamin K intake exceeding AI. In addition, the 
vitamin K intake/kg body weight was 3.5±1.1 μg/day in 
the present study subjects, far exceeding 1μg/kg.  
 
Correlations among vitamin K intake and serum PIV-
KA-II, OCs  
Table 2 shows that vitamin K intake was significantly 
correlated with serum PIVKA-II and ucOC/OC levels, 
but not with serum ucOC concentrations. (Table 2) 
 
Correlations among serum OCs and bone turnover 
markers 
Serum TRACP-5b and BAP levels were significantly 
correlated with serum ucOC concentration, but not with 
ucOC/OC ratio. (Table 3) 
 
Multiple regression analyses for serum OCs levels 
Multiple regression analyses revealed that serum 
TRACP-5b level was a significant determinant of serum 
ucOC concentration. Vitamin K intake was a significant 
predictor for ucOC/OC. (Table 4) 
 
Relative susceptibility of liver and bone to vitamin K 
deficiency 
Serum PIVKA-II level exceeded the cut-off level (28 

mAU/mL) in only 14% of the subjects, whereas serum 
ucOC concentration was above the cut-off value (4.5 
ng/mL) in 43% of subjects, which was significantly dif-
ferent by chi-square test (p<0.001). (Table 5) 
 
DISCUSSION 
Vitamin status could be evaluated by several ways such 
as measuring its blood concentration or measuring the 
markers representing the vitamin status. Recently, we 
have reported that the prevalence of vitamin D- and K-
deficiency is quite high in the institutionalized elderly by 
measuring plasma levels of 25 hydroxy-vitamin D con-
centration which is the best indicator of vitamin D status, 
and plasma vitamin K concentration.11 Plasma vitamin K 
concentrations, however, only reflect the vitamin K status 
as a whole, and do not provide us with information re-
garding the vitamin K status in various tissues individu-
ally. Thus, in this study, we have evaluated the subjects’ 
vitamin K status by measuring their serum levels of PIV-
KA- II and ucOC rather than their plasma vitamin K lev-
els.  

First, we have studied the association between serum 
levels of PIVKA-II and ucOC, and vitamin K intake. Vi-
tamin K intake was significantly correlated with PIVKA-
II and ucOC/OC, but not with ucOC. Similar findings 
were also reported by Booth et al that circulating levels of 
PIVKA-II and ucOC/OC ratio reflected dietary vitamin K 
intake, whereas serum ucOC levels did not.9 Two mecha-
nisms were considered to be responsible for these find-

 
 

Table 2. The correlation between vitamin K intake and serum levels of PIVKA-II and ucOC 
 

ucOC ucOC/OC PIVKA-II  
r p-value r p-value r p-value 

Vitamin K intake 0.092 0.588 -0.416 0.010 -0.362 0.028 
 

Correlations of vitamin K intake with markers for vitamin K deficiency were analyzed by Spearman rank correlation. 
 
 
 

Table 3. The correlation of serum ucOC and uc/OC ration and bone turnover markers 
 

ucOC ucOC/OC 
 

r p-value r p-value 
Serum TRACP-5b 0.425 0.009 0.014 0.935 
Serum BAP 0.517 0.001 0.243 0.147 

 

Correlations of serum OCs with bone turnover markers were analyzed by Spearman rank correlation. 
 
 
 

Table 4. Multiple regression analyses for serum ucOC level and ucOC/OC ratio 
 

Dependent variable R2 Independent variable β p-value 
ucOC 0.206** Serum TRACP-5b 0.454 0.005 
ucOC/OC 0.134* Vitamin K -0.366 0.026 

 

The abbreviations are β for β coefficient. Independent predictor(s) for serum OCs levels were analyzed by multiple regression analyses with 
stepwise method. Sex, serum TRACP-5b, and vitamin K intake (μg) were included in all analyses.  
*; p< 0.05, **; p< 0.01 

 
 
 

Table 5. Number of subjects with vitamin K sufficiency and deficiency in the liver and bone 
 

 Vitamin K sufficiency Vitamin K deficiency 
In the bone (serum ucOC concentration) 21 (57%) 16 (43%) 
In the liver (serum PIVKA-II concentration) 32 (86%)   5 (14%) 

 

Values represent number of subjects, with percentage of subjects in the parentheses. Vitamin K status in the bone and that in the liver were 
significantly different by chi-square test (p<0.001). 
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ings. The first is the different bioavailability of phyllo-
quinone (PK; vitamin K1) and menaquinones (MKs; vi-
tamin K2). In the present study, PK was the major form of 
vitamin K taken as in America or Europe,12,13 since the 
subjects had no intake of natto which contains large 
amount of MK-7 during the study.14 Recent studies have 
shown that PK can be utilized for γ-carboxylation in the 
liver, but can only be utilized in extrahepatic tissues after 
conversion into MK-4.15,16 

Second issue is the association of serum ucOC level 
with bone turnover. Serum levels of BAP and TRACP-5b 
reflect osteoblastic bone formation and osteoclastic bone 
resorption, respectively, and are elevated in the high turn-
over state. Since osteocalcin is produced in osteoblasts,17 
it is conceivable that serum concentration of osteocalcin 
as well as its subfraction, ucOC level is increased with 
high turnover. Thus, it is currently under debate whether 
ucOC alone is satisfactory or measurement of ucOC as 
well as ucOC/OC is a better indicator of vitamin K status. 
In the present study, vitamin K intake was a significant 
predictor for ucOC/OC, but not with ucOC. Therefore, 
there is a possibility that ucOC/OC is a better index for 
vitamin K status than serum ucOC concentration. Unfor-
tunately, however, there is no cut-off value published 
regarding ucOC/OC ratio, while the clinical usefulness of 
serum ucOC measurement is increasingly acknowledged. 
Thus, analysis using ucOC/OC could not be done as se-
rum ucOC level in Table 5. 

The cut-off value of 4.5 ng/mL for serum ucOC was 
validated by Shiraki by simultaneously evaluating the 
subjects’ dietary intake of vitamin K, blood levels of vi-
tamin K and ucOC.18 They also reported that serum ucOC 
concentration exceeding 5.5 ng/mL was associated with 
increased risk of fracture. The clinical usefulness of ucOC 
measurement was previously reported, although with dif-
ferent assay procedure of hydroxy-appatite binding assay. 
In the European epidemiological study, Vergnaud et al 
reported that subjects in the lowest quartile of femoral 
neck bone mineral density (BMD) and those in the high-
est quartile of ucOC had increased hip fracture risk with 
an odds ratio of 2.4 and 1.9, respectively. These two risk 
factors were independent of each other, and those with 
both conditions had a even higher odds ratio of 5.5.19 
Thus, serum ucOC concentration is shown to be a good 
indicator of skeletal vitamin K deficiency, and a predictor 
of fracture risk. 

In the current study subjects with vitamin K intake far 
exceeding AI, serum concentration of PIVKA-II and 
ucOC were within the reference range in 86% and 57% of 
the subjects respectively, which was significantly differ-
ent. Thus, their vitamin K intake is sufficient for γ-
carboxylation in the liver, but not in the bone, and bone is 
much more susceptible to vitamin K deficiency than liver. 
Such difference is likely to arise from the anatomical ba-
sis that vitamin K absorbed from the intestine is first 
transported to liver and preferentially used there, then 
utilized in extrahepatic organs.9,10 

Booth et al in their depletion-repletion studies, re-
ported that the γ-carboxylation of prothrombin was re-
stored at 200 μg/day of PK, whereas that of osteocalcin 
was not even at 450 μg/day of PK.9 Schurgers et al also 
reported that undercarboxylated prothrombin concentra-

tion was significantly decreased at supplementary intake 
of 100 μg/day of PK, whereas ucOC level did not de-
crease below 300 μg/day of PK.10 Furthermore, Binkley 
et al reported that supplementation with 1,000 μg/day of 
vitamin K was optimal for the maximal γ-carboxylation 
of osteocalcin.20 These results suggest that at least 300-
500 μg g/day of vitamin K intake is required for the suffi-
cient γ-carboxylation in the bone. Our results in the Japa-
nese elderly are compatible with these results from Cau-
casians, and have additionally provided data on the preva-
lence of hepatic and skeletal vitamin K deficiency. 

We believe that this paper is of importance in consid-
ering the AI for vitamin K. The current DRI states that 
the AI for vitamin K was determined based on its re-
quirement for the γ-carboxylation of blood coagulation 
factors. The present findings suggest that vitamin K in-
take greater than the current AI is required for the skeletal 
health in the institutionalized elderly. Further studies with 
lager number of subjects and intervention studies are nec-
essary to define the amount of vitamin K necessary for 
the elderly. 
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居住機構老人骨骼比肝臟易受維生素 K 缺乏影響 
 
日本 2010 年發佈的膳食營養素參考攝取量(DRI)中，維生素 K 的足夠攝取量是根

據凝血因子的 γ-羧化作用而訂定的。近來，維生素 K 也被視為預防骨折不可或

缺的角色。本研究在於比較肝和骨骼對維生素 K 缺乏的敏感性。評估 37 位居住

機構的老人之維生素 K 狀況─測量血清 PIVKA–II (因維生素 K 缺乏所產生的蛋

白質)和 ucOC (未羧化的骨鈣素)濃度，兩者分別為肝和骨骼在維生素 K 缺乏時的

敏感指標。受試者血清 PIVKA-II 和 ucOC 濃度分別為 20.2±8.9 mAU/mL (臨界值

28 mAU/mL)和 4.7±3.0 ng/mL (臨界值 4.5 ng/mL)。維生素 K 攝取量中位數約為

200 μg/day，超過了日本目前所建議的足夠攝取量 3 倍。維生素 K 攝取量與血清

PIVKA-II 和 ucOC/OC 濃度顯著相關，但與血清 ucOC 濃度無相關。雖然血清

ucOC 濃度是體內維生素 K 狀況很好的指標，但複迴歸分析顯示骨骼轉換標記增

加，也會影響血清 ucOC 濃度。所有的受試者維生素 K 攝取量皆超過足夠攝取

量。然而，分別有 14%和 43%受試者的血清 PIVKA-II 和 ucOC 濃度超過臨界

值。本研究結果建議，對於住在機構的老人，為維持骨骼健康，維生素 K 攝取

量應超過目前建議的足夠攝取量。 
 
關鍵字：維生素 K、足夠攝取量、γ-羧化作用、未羧化骨鈣素、PIVKA-II 
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a b s t r a c t

Weight/height2 (Quetelet’s index) is the basis for defining both underweight and obesity. Height, how-
ever, is often not precisely measurable in the elderly due to involutional changes such as spinal defor-
mity. Body volume or body surface area are not proportionately decreased even with height loss.
Previous reports have shown that Quetelet’s index is overestimated in the elderly with height loss. Then
we have made a hypothesis described below.

Maximal height or height at youth would better represent the subjects’ nutritional or clinical status.
The distinction of these two heights has not been mentioned before. There have been many publications
showing the equations to estimate height from the surrogate parameter(s) such as knee height (KH).
Most equations published so far are expressed as estimated height = a + b � KH�c � age, where a, b,
and c are constants. Negative correction by age is unexceptionally far greater in women than in men.
Apparently, previous researchers have estimated current height by their equations.

Maximal height cannot be measurable. It, however, is unaffected by age by its definition. Therefore,
maximal height does not have to be corrected by age, and would be almost proportional to KH. Then
weight/KH2 could be a better alternative to the most commonly used weight-height ratio; weight/
height2; the Quetelet’s index.

Height is the basis for various clinically important indices such as body surface area (BSA) and energy
requirement. Employing current height could lead to the underestimation of BSA or energy requirement
in the elderly with height loss. Our hypothesis described here would yield a novel and better indices for
the clinical assessment of the elderly.

� 2010 Elsevier Ltd. All rights reserved.

Introduction

Body weight is one of the most fundamental indices in the clin-
ical evaluation of the subjects. Longitudinal and serial observation
of body weight provides us with valuable information concerning
the alteration in the subjects’ clinical status. In the cross-sectional
settings, however, the usefulness of body weight for the clinical
evaluation is seriously limited by the fact that it is influenced by
the body size. Therefore, weight must be corrected by some param-
eter(s) representing the body size. For such purpose, body weight
divided by squared height (weight/height2) is commonly employed
and called body mass index (BMI) [1]. High BMI and low BMI are
the basis for the diagnosis of obesity and emaciation, respectively.

Why is the weight/height2 the standard weight-height ratio?
Since human body is three-dimensionally structured, body volume
may be proportional to height3. In that case, body weight would be

proportional to height3. Then one could argue for weight/height3 as
another weight-height ratio. Indeed, weight/height2 is not the only
weight-height ratio, and might be more properly called Quetelet’s
index (hereafter abbreviated as QI) [1,2].

Other weight-height ratios have been reported, such as weight/
height ratio (weight/height), Khosla-Lowe index (weight/height3),
Ponderal index (weight/height1/3), Benn’s idex (weight/heightp)
where p is a population-specific exponent [3]. Of these, QI is con-
sidered to be the most appropriate weight-height ratio, since it ful-
fills the following requirements.

Thus, a preferred weight-height ratio must be maximally corre-
lated with body mass and minimally correlated with stature [4].
Hereafter in this paper, weight/height2 will be designated as QI
rather than BMI for clarity. The idea of body weight divided by
squared height (weight/height2) as the weight-height ratio was
originally developed by a Belgian mathematician, Adolphe Quet-
elet in the 19th century [2]. World Health Organization (WHO) de-
fined overweight as well as underweight based on QI [5]. In other
words, QI is not the theoretically derived standard weight-height
ratio a priori, but has become the de facto standard because of its
clinical usefulness.
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Quetelet’s index in the elderly

The curve showing the relationship between QI and mortality
are considered to be U-shaped. Thus, both overweight or obesity,
and underweight are associated with increased mortality. There
have been numerous publications, however, to cast doubt that
the above theory holds true in the elderly [4,6–8]. Two examples
will be given below.

First, many studies have indicated that the optimal QI associ-
ated with the lowest mortality differs in the elderly and in the
younger generations. Andres reported that QI with the lowest mor-
tality was 22.9 kg/m2, 25.8 kg/m2, and, 26.6 kg/m2 in men aged
40–49 years, 50–59 years, and 60–69 years, respectively. In
women, it was 23.2 kg/m2, 25.2 kg/m2, and 27.3 kg/m2, respec-
tively [4]. Matsuo also reported that QI with the lowest mortality
was 22.5 kg/m2 and 24.8 kg/m2 in men aged 40–59 years and
60–79 years old, and it was 21.9 kg/m2 and 23.3 kg/m2 in women
aged 40–59 years and 60–79 years old [6]. Thus, it has consistently
been demonstrated that QI with the lowest mortality is higher than
in the younger generations.

Second, the association between the underweight and the all-
cause mortality is much more debated. Excess mortality associated
with underweight has been reported to be lower, higher, or unaf-
fected by aging [6].

Height loss in the elderly

Aging is almost inevitably associated with height loss. Various
factors contribute to the involutional height loss, the most impor-
tant cause of which would be the vertebral compression fracture
caused by osteoporosis. Osteoporosis is a condition that renders
the patients susceptible to fragility fractures, such as spinal, hip,
and wrist fractures [9]. Spinal fracture, which is the most common
osteoporosis-related fracture, is a compression one in its nature.
Thus it causes spinal deformity and height loss. Since post-meno-
pausal estrogen deficiency is the most important cause of osteopo-
rosis, it is quite conceivable that women are at much greater risk
for height loss than men. Prospective study with repeated height
measurement has confirmed that women indeed lost more height
than men [10]. Sorkin et al. have reported that average cumulative
height loss from age 30 to 70 was 3 cm for men and 5 cm for wo-
men, and that from age 30 to 80 was 5 cm for men and 8 cm for
women. Such involutional height loss poses serious problem upon
the validity of QI as the weight-height ratio in the elderly. It is al-
ready pointed out that there will be an overestimation of QI in the
elderly because of shortened height [10]. As described above, an
ideal weight-height ratio should be minimally correlated with stat-
ure. QI is generally considered to fulfill this requirement, which,
however, may not always hold true in the elderly.

Estimation of height using surrogate measurement

Height cannot be exactly measured in the elderly too often, due
to various reasons such as vertebral fracture, disc degeneration and
frailty. Then height is estimated from the surrogate parameters
such as arm span and knee height (KH) [1]. Of these, KH is the most
frequently used, since it could be easily measured even in the el-
derly and minimally affected by the involutional changes. Many
equations have been so far published to predict height from KH,
the most well known of which is Chumlea’s one; height = 64.19 +
2.02 � KH�0.04 � age for men, and 84.88 + 1.83 � KH�0.24 � age
for women [11]. In most equations hitherto published, negative
height correction by age is much greater in females than in males,
the reason of which, however, has not been described in the previ-
ous publications.

Hypotheses

Height generally means the distance between the top and bot-
tom of the body. Height loss means the shortening of this distance.
We believe that two types of height should be distinguished in the
clinical evaluation of the elderly; height A and height B in Fig. 1.
Height A is the current height. Height B would be quite close to
the height at youth or maximal height. A woman in Fig. 1 has
spinal deformity and height loss, but her body volume or body sur-
face area is not proportionally diminished. Then, it is obvious that
calculating QI using the current height (height A in Fig. 1) would
lead to the significant overestimation.

Although previous authors on establishing the equation to pre-
dict height from KH do not seem to have considered the distinction
of these two heights, but much greater negative correction by age
in women strongly indicate that they meant current height in their
equations.

Then we have come to an idea that employing maximal height
would yield a better estimate of weight–height ratio in the elderly.
Since maximal height cannot be measured in the elderly, it must be
estimated. Unlike the current height, maximal height is indepen-
dent of age by its definition. Therefore, the correction by age would
be unnecessary for the estimation of maximal height. KH is little
affected by age and would be almost proportional to maximal
height.

Then we have made a hypothesis that weight divided by squared
KH (BMI–KH) could be a good alternative to usual QI in the clinical
evaluation of the elderly. Malnutrition in the elderly is a major health
problem, and the significance of nutritional assessment has been
stressed [12,13]. Despite many parameters currently available, such
as anthropometric and laboratory ones, there is no consensus on
what parameter would best predict the nutritional status of the el-
derly. We believe that BMI–KH could be a promising alternative to
usual BMI; Quetelet’s index in the elderly.

Clinical implications of BMI–KH

We believe that taking the distinction of two heights could yield
a solution to the above-mentioned apparent paradox regarding the
QI in the elderly.

(A) (B) 

Which is height?

Fig. 1. Two heights are shown. Height (A) is the distance between the ground and
the top of the body, and the current height. Height (B) corresponds to the maximal
height or height at youth.
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As the possible causes of inconsistency in the association be-
tween obesity and underweight and mortality in the elderly, Nagai
et al. have mentioned various possibilities, such as history of cancer
and cardiovascular diseases, inadequate adjustment for several con-
founders including smoking, alcohol consumption, physical activity,
and socioeconomic status [8]. Another factor of importance not
mentioned by them is the validity of height measurement. Given
the QI calculated with current height, thus overestimated, the rela-
tionship between QI and mortality would be obscured. Although
higher QI has been reported to be associated with the lowest mortal-
ity in the elderly [4,6], ‘‘true’’ QI may not be high.

In a large-scale and long-term cohort study in Japan, multivar-
iate-adjusted relative risk (RR) for all-cause mortality was greatly
dependent on the age of the study subjects in women [6]. In those
40–59 years old, RR in the group with QI exceeding 30 kg/m2 was
2.23 (95% confidence interval; CI 1.46–3.42) compared to that with
QI 21.0–22.9 kg/m2, whereas it was only 1.39 (95% CI 1.14–1.69)
60–79 years old. In contrast, RR in men was not different between
age groups. Although the reason for this gender difference is not
discussed by the authors, we believe that our hypothesis could
yield a possible explanation. Since women are much more likely
to lose their height, their QI is quite prone to be overestimated.
Thus it is possible that the subjects with QI higher than 30 kg/m2

in the above-mentioned study is actually not obese, thus was not
associated with higher mortality.

Other clinical implications

Height is an essential anthropometric parameter in the patients’
evaluation. In addition to BMI, It is also a prerequisite for the cal-
culation of such important indices as body surface area (BSA),
and resting energy expenditure (REE) [14,15]. BSA is considered
to be superior to body weight as an index of metabolically active
mass, since it is less affected by adiposity. BSA could be calculated
by various equations such the one by Dubois and Dubois; BSA
(m2) = 0.007184 �weight (kg)0.425 � height (cm)0.725 [14]. BSA
has various clinical applications with some examples given below.
Glomerular filtration rate (GFR) is corrected by BSA [16]. Further-
more, dosage of some therapeutic drugs is determined in terms
of BSA [17].

Furthermore, height is needed for determining the patients’ en-
ergy expenditure. REE is usually calculated using various equa-
tions, the well-known of which is the Harris-Benedict equation;
BMR = 66 + 13.7 �weight (kg) + 5 � height (cm)�6.76 � age
(years) for men and BMR = 655 + 9.6 �weight (kg) + 1.8 � height
(cm)�4.7 � age (years) for women [15]. Patients’ total energy
expenditure (TEE) is then calculated as TEE = REE � activity fac-
tor � stress factor. Thus height is necessary in deciding how much
energy the patients’ need, and essential in the medical nutritional
therapy. Then, estimating height using the above-mentioned equa-
tions can be problematic. For example, if a dietitian estimates
height from KH using Chumlea’s equation, calculate REE with Har-
ris-Benedict equation using the height estimated from KH, and
determine the TEE, i.e. the energy intake necessary for the elderly

subjects, it could be a substantial underestimate. Then the elderly
subjects may experience malnutrition due to insufficient energy
supplied. Epidemiological studies, favorably the cohort ones, with
mortality and morbidity as the clinical outcomes, are to be per-
formed for the comparison of QI and BMI–KH as the clinical useful
weight-height ratio in the elderly.

Although detailed consideration on the possible roles of KH in
estimating BSA or BEE is beyond the scope of this manuscript, we
believe that there is a possibility that these parameters are better
predicted by maximal height or KH than the current height.
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Inflammatory bowel disease (IBD), ulcerative colitis (UC) and Crohn’s disease, is reported to be associated with impaired health-
related quality of life (QOL). Although decreased QOL in these subjects has been reported to be associated with various factors, the
effect of nutritional therapy, especially nutrients intake on QOL has received less attention. In this study, we evaluated the various
factors including nutrients intake on QOL using SF-8 in 64 patients with IBD. Patients with IBD seem to have decreased QOL
especially in the mental aspects. The percentage energy intake from fat of total energy fat intake (% energy) of the whole subjects,
was lower than those of the annual National Nutrition Survey in Japan. Multiple regression analyses revealed that fat intake (%
energy) was a significant predictor for mental component summary. In conclusion, fat restriction contributes to impaired QOL
especially in the mental aspects in IBD patients.

1. Introduction

Inflammatory bowel disease (IBD); ulcerative colitis (UC)
and Crohn’s disease, is reported to be associated with
impaired health-related quality of life (HR-QOL). In this
paper, HR-QOL will be simply designated as QOL. Decreased
QOL in these subjects has been reported to be related to
various factors such as age, gender [1, 2], treatment effects
[3], disease activity, and social environment [4]. However,
the effect of nutritional therapy on the QOL of IBD patients
has received less attention, most of which is devoted to the
parenteral nutrition therapy, not the nutritional therapy in
general [5, 6].

Since excessive fat intake is considered to worsen the
inflammation in the intestine, its restriction has traditionally
been employed in Japan as the oral nutritional therapy for

IBD patients, especially for those with CD, which, however,
has its own pros and cons.

Recently, we have studied the possible involvement of
hypovitaminosis D and K in the development of osteoporosis
in IBD patients [7]. In face of apparently sufficient intake of
these vitamins, their plasma levels were quite low in these
patients. Paradoxically, plasma concentrations of vitamin D
and K were correlated with the fat intake but not with their
intake of these vitamins. These results were more prominent
in patients with CD than those with UC. Then it was
concluded that fat-soluble substances such as vitamin D and
K were not effectively absorbed from the intestine without
concomitant intake of enough fat.

Through this paper, we were interested in what fat
restriction means from the patients’ perspectives and studied
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the effect of fat restriction on the QOL of IBD subjects in this
paper.

2. Subjects and Methods

2.1. Subjects. Study subjects were 64 patients with IBD atten-
ding the gastroenterology clinic at the Kyoto University
Hospital; 33 with CD (19 men/14 women) and 31 with
UC (20 men/11 women). Detailed information was given
and written consent was obtained. The study protocol was
approved by the ethical committee of the Kyoto Women’s
University. Almost all patients (27/33 in CD and 28/33 in
UC) were receiving 5-aminosalicylic acid. Glucocorticoid
therapy was given to four and two patients with CD
and UC, respectively. Immunosuppressive drug therapy
was performed in 25 and 4 patients with CD and UC,
respectively. Eight patients with CD, but none with UC, were
on combined therapy of infliximab, synthetic glucocorticoid,
and immunosuppressive drug. Fifteen patients with CD and
one with UC were on enteral or total parenteral nutrition
therapy, respectively.

2.2. Methods

2.2.1. Dietary Information. Dietary information was obtai-
ned from food intake records in 2 weekdays by the patients.
By calculating these records, their energy and nutrients in-
takes were obtained by computer software program (Healthy
Maker Pro 501, Mushroom soft Corp.).

2.2.2. QOL Measurement. QOL was assessed using the
Japanese Short Form Health Survey (SF-8), a widely used
generic questionnaire [8]. Eight subscales are obtained;
physical function (PF), role physical (RP), bodily pain (BP),
general health (GH), vitality (VT), social function (SF), role
emotional (RE), and mental health (MH). RP and RE refer to
the limitations due to physical or emotional reasons, respec-
tively. They are also summarized into two summary scores:
physical component summary (PCS) and mental component
summary (MCS). Data are transformed to deviation scores
based on Japanese norms [8]. Higher scores indicate better
QOL, with 50 corresponding to the national norms.

2.2.3. Statistical Analyses. Statistical analyses were performed
using SPSS 17.0 J for Windows (SPSS. Japan Inc., Tokyo,
Japan). Comparison of data from IBD patients with Japanese
norms was done by one-sample t test. The difference between
two independent groups was analyzed by unpaired t test or
Mann-Whitney test depending on normality. Correlations
between two independent variables were analyzed by Pear-
son’s or Spearman’s correlations. Multiple regression analysis
was performed to determine independent factors for QOL
scores in IBD patients.

3. Result

3.1. Background Profiles and Biochemical Indices. The base-
line characteristics of the patients are shown in Table 1.

Table 1: Background profiles and results from blood tests in
patients with CD and UC.

CD UC P value

Age (y) 35.6 ± 7.3 41.7± 17.3 .343a

Sex (F/M) 19/14 20/11 —

Disease duration (y) 13.7± 7.4 6.8± 4.8 <.001b

Body mass index
(kg/m2)

19.5± 2.3 21.1± 3.3 .025b

Disease location
(involving small
bowel/not involving
small bowel)

30/2 0/31 —

Glucocorticoid
therpy

4 2 —

Immunosuppressive
therapy

25 4 —

Immunopotentiating
therapy (TNF-α)

8 0 —

Enteral or total
parenteral nutrition
therapy

15 1 —

C-reactive protein
(g/dl)

0.6± 1.0 0.3± 0.6 .135b

Albumin (g/dl) 3.9± 0.4 4.3± 0.3 <.001b

Total cholesterol
(mg/dl)

126.9±
25.0

177.1± 40.3 <.001b

Values represent mean ± SD. Comparison of indices between patients with
CD and those with UC was done by unpaired t testa or Mann-Whitney testb

depending on normality.

CD patients had significantly longer disease duration and
lower BMI than UC patients. While nutritional indices such
as serum albumin and total cholesterol were lower in CD
subjects, there was no significant difference in C-reactive
protein which is an inflammatory parameter between these
groups. Most of patients were in remission.

3.2. Energy and Nutrients Intake in CD and UC Patients.
Food intake could be evaluated in 62 patients (31 with
CD and 31 with UC). Energy and nutrients intake in these
patients is shown in Table 2. Fourteen patients with CD were
on enteral nutrition, and each one of subjects with CD and
UC was on total parental nutrition. Although the energy
intake was not significantly different between the two groups,
fat intake was significantly lower in CD patients than UC
subjects. The annual National Nutrition Survey in Japan
(NNS-J) in 2008 showed that in subjects of 30–39 or 40–49,
years of age including both genders [9], the daily fat intake
(% energy) was 26.5% or 25.6%, respectively. These were
significantly higher than those of IBD subjects in this study
(P = .001; data not shown). Subjects with enteral or parental
nutrition had fat intake only approximately half of that in
subjects with oral intake (data not shown). The percentage
energy intake from protein, fat, and carbohydrates was
significantly different between CD and UC subjects.
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Table 2: Comparison of nutrient intakes in CD and UC patients.

IBD (n = 62) CD (n = 31) UC (n = 31) P value

Energy Intake (kcal) 1816± 465 (1804) 1847± 392 (1842) 1785± 533 (1764) NS

Protein Intake (g) 66.0± 21.8 (63.5) 71.0± 20.6 (67.2) 60.9± 22.0 (61.6) NS

Fat Intake (g) 44.7± 21.6 (43.0) 38.7± 17.6 (37.4) 50.6± 23.6 (48.1) P < .05

Carbohydrates Intake (g) 275.4± 91.6 (268.6) 298.3± 93.1 (275.7) 252.4± 85.4 (254.9) P < .05

Protein (% energy) 14.4± 2.7 (14.2) 15.0± 2.2 (15.6) 13.5± 2.9 (13.6) P < .001

Fat (% energy) 22.4± 9.6 (24.6) 19.5± 8.9 (18.9) 25.2± 9.5 (26.8) P < .001

Carbohydrates (% energy) 63.2± 9.6 (62.4) 65.2± 8.6 (64.0) 56.5±9.5 (60.5) P < .001

Data are expressed as mean ± SD with the values in parentheses showing the median. Comparison of indices between patients with CD and those with UC
was done by unpaired t test

Table 3: Dimensional SF-8 scores in patients with CD and UC.

IBD (n = 64) CD (n = 33) UC (n = 31)

PF 50.1± 4.7 (53.6) 50.1± 4.5 (53.6) 50.0± 5.0 (53.6)

RP ∗48.2± 6.8 (48.5) 48.7± 5.3 (48.5) 47.7± 8.1 (48.5)

BP 50.8± 7.6 (51.8) 50.5± 6.8 (51.8) 51.2± 8.5 (51.8)

GH ∗47.8± 7.5 (50.7) ∗47.7± 6.5 (50.7) 47.8± 8.5 (50.7)

VT 49.6± 6.5 (54.5) 48.4± 5.7 (45.3) 51.0± 7.1 (54.5)

SF ∗∗46.2± 8.3 (45.2) ∗46.9± 7.2 (45.2) ∗45.5± 9.4 (45.2)

RE ∗48.3± 6.4 (49.1) 48.0± 6.5 (49.1) 48.6± 6.5 (49.1 )

MH ∗∗47.3± 6.5 (45.0) ∗46.8± 7.5 (45.0) ∗47.8± 5.4 (50.3)

PCS 49.0± 6.7 (49.1) 49.2± 5.4 (49.0) 48.9± 7.9 (50.0)

MCS ∗∗∗46.1± 6.6 (46.5) ∗∗45.7± 7.1 (46.6) ∗∗46.6± 6.0 (46.5)

Data are expressed as mean ±SD with median in the parentheses. One-
sample t test was used for comparison between Japanese norms and scores
of CD or UC patients. The asterisk denotes the significant difference (∗P >
.05; ∗∗P > .01; ∗∗∗P > .001).

3.3. QOL Assessment. In Table 3 is shown the eight subscales
and two summary scores of SF-8 in subjects with IBD
patients. Since data are expressed as the deviation values
normalized by the Japanese normative values, the value “50”
correponds to Japanese norm. Subscales such as RP, GH, SF,
MH, and MCS were significantly lower than the Japanese
norms.

Table 3 shows the comparison between CD and UC
subjects. There were no significant differences in the eight
subscales and two summary scores except for lower VT in
CD patients than in those with UC.

3.4. Correlations between PCS/MCS Scores and Clinical Char-
acteristics, Biochemical Markers, and Nutritients Intakes. We
analyzed the correlation between these summary scores and
biochemical indices, fat intake expressed as the percentage
energy intake from fat of total energy, fat intake (% energy)
(Table 4). Fat intake (% energy) was significantly correlated
with MCS in CD patients. There was significant but weak,
correlation between PCS and serum albumin and MCS
and BMI in UC patients. In the whole subjects, BMI was

significantly correlated with PCS, and fat intake (% energy)
was associated with MCS.

3.5. Multiple Regression Analysis for Variable Associated with
PCS/MCS Scores. Then multiple regression analyses were
done to study the determinant(s) of the subjects’ PCS and
MCS (Table 5). Variables included in the analysis were types
of disease (CD/UC), BMI, serum concentrations of Alb, and
fat intake (% energy). BMI was the significant predictor of
PCS score (βcoefficient 0.29, P = .023) whereas fat intake was
the only significant determinant of MCS score (βcoefficient
0.29, P = .027).

4. Discussion

Recently, various questionnaires have been developed for
QOL evaluation, both generic and disease targeted [10].
Generic ones, by their definition, only consist of questions
related to the subjects’ general status and do not include
the questions related to the features which are specific to a
certain disease. Therefore, they are applicable to such studies
as comparing the impact on QOL by various diseases or even
to the evaluation of healthy subjects. In contrast, disease-
targeted ones include items specific to a certain disease. They
can be more sensitive than the generic ones in detecting
the QOL impairment closely related to a certain disease
state but are not applicable to the evaluation of patients
with other diseases. Various disease-targeted questionnaires
have been developed for IBD subjects; the most well known
of which would be IBDQ (inflammatory bowel disease
questionnaire) including many items related to the patients’
gastroenterological problems [11]. Since the purpose of our
current work was to study the effects of nutritional therapy
on the patients’ QOL, we considered it more appropriate to
evaluate the patients’ QOL using the generic questionnaire.

SF-36 is one of the most commonly used generic
questionnaires, and SF-8, used in this study, is the shortened
one. Eight subscales, two summary scores are obtained, and
expressed as the deviation values, which are normalized by
the nations’ normative value. Many previous papers on the
QOL of IBD patients using SF-36 seem to have handled the
data improperly [2, 4]. For example, Bernklev and Andersson
expressed their data as the 0–100 scale scores [2, 4], which
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Table 4: Correlations between PCS/MCS scale scores and clinical characteristics, biochemical markers, and fat intake as proportion of total
energy intake.

IBD (n = 64) CD (n = 33) UC (n = 31)

PCS MCS PCS MCS PCS MCS

Diseaae duration (y) r 0.012 −0.175 0.070 −0.221 −0.085 −0.066

Body mass index
(kg/m2)

r 0.261∗ 0.088 0.144 −0.075 0.248 0.415∗

C-reactive protein
(g/dl)

r −0.083 0.075 −0.058 0.196 −0.116 −0.045

Albumin (g/dl) r 0.235 0.082 0.092 0.064 0.424∗ 0.059

Total cholesterol
(mg/dl)

r 0.033 0.196 −0.132 0.169 0.174 0.249

Fat intake(% energy) r 0.175 0.287∗ 0.146 0.458∗∗∗ 0.238 0.109

The asterisk denotes the value is significant correlation (∗P < .05, ∗∗P < .01, ∗∗∗P < .001) by Pearson’s correlation or Spearman’s correlation.

Table 5: Multiple regression analyses for the predictor(s) of PCS
and MCS scores in IBD patients.

PCS score MCS score

r2 = 0.086 P = .023 r2 = 0.081 P = .027

β P β P

CD/UC
(1;CD, 2;UC)

−0.141 .283 −0.059 .657

BMI 0.293 .023 0.069 .594

Alb 0.141 .309 0.024 .855

Fat intake (%
total energy)

0.121 .347 0.285 .027

Abbreviations are as follow: β for β coefficient and P for P value. Deter-
minants of independent predictors for PCS/MCS scores were analyzed
by multivariate analysis with stepwise method. Variables included were
CD/UC, BMI, serum albumin concentration, and fat intake (% total
energy)

can be misleading [12]. In the present paper, data were
analyzed according to the authorized instruction.

In this study, subscales such as RP, GH, SF, RE, MH,
and MCS were significantly lower than the Japanese norms.
Decreased RP in face of normal PF is conceivable considering
that the patients do not have severe physical impairment
but have some limitation in their daily activities by reasons
such as the bowel habit problem. Impaired SF would be also
conceivable from the similar viewpoint. As a whole, patients
with IBD seem to have decreased QOL especially in the
mental aspects.

Then, we have analyzed variables associated with PCS
and MCS. There were substantial differences in the objective
clinical features of patients with CD and UC. For example,
CD patients had longer disease duration and lower nutri-
tional status than those of UC subjects. Nevertheless, there
were no significant differences in 7 out of 8 dimensions
between the two conditions. Namely, QOL which represents
the patients’ subjective evaluation of their health states seems
to be impaired in both CD and UC patients.

Then, we have studied the determinants for PCS and
MCS. PCS score was correlated with indices representing

their nutritional status such as BMI (r = 0.261, P < .05)
and albumin with marginal significance (r = 0.235, P =
.066). In contrast, none of these factors were significantly
correlated with MCS. Thus, it was considered unlikely
that disease activities or other clinical features alone could
account for the impaired mental aspects of QOL in these
subjects. The association of QOL with mental aspects of the
subjects has been previously reported. Boye et al. reported
that neuroticism was a significant predictor for mental and
vitality subscales of SF-36 in IBD patients using multiple
regression analyses controlled for gender, age, and clinical
disease activity [13]. Martin also reported that QOL was not
closely correlated with the clinical features in CD patients
[14]. These results, together with our current findings,
suggest that mental aspects can more strongly affect QOL
than clinical ones in IBD patients.

Theoretically, it is well known that the QOL scores in
subjects with disabilities are higher than those anticipated
from their objective physical impairment (disability para-
dox) [15]. This phenomenon is because subjects with long-
term disabilities change their internal standard and make the
adaptation to their actual status (response shift) [16].

Next, we have made a hypothesis that nutrients intake
such as fat restriction may contribute to the impairment
of mental aspects of QOL in these subjects. Although CD
patients had lower fat intake than UC subjects, fat intake (%
energy) of the whole subjects was significantly lower than
those of the NNS-J.

Then, we have analyzed the association between these
summary scores and their fat intake (% energy). Fat intake
(% energy) was significantly associated with MCS, but not
with PCS in patients with IBD. When CD and UC patients
were separately analyzed, the correlation coefficients was
almost the same, but not statistically significant anymore,
probably due to the smaller number of study subjects. We
then have performed the multivariate analysis. Of the various
factors included for analysis types of disease (CD/UC), BMI,
serum albumin, fat intake (% energy), BMI, and fat intake
(% energy) were the only significant determinants of PCS
and MCS, respectively. Since many IBD patients are young,
they are quite likely to favor foods rich in fat. Nevertheless, fat
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restriction is the common practice in the nutritional therapy
for IBD. It is quite conceivable that fat restriction impairs the
mental and social aspects of QOL, and enteral nutrition will
make the matter even worse. Of interest, but not apparently
compatible with our findings, is the report by Kuriyama
et al. They reported that enteral nutrition improved the
health-related quality of life of Crohn’s disease patients
with long-term disease duration, and enteral nutrition was
an independent factor for bowel symptoms and systemic
symptoms [17]. In their study, IBDQ was employed for the
assessment of QOL, which is an IBD-targeted questionnaire
with many items related to the patients’ gastroenterological
problems. Thus it is likely that only the physical aspects of
QOL were detected, and mental aspects were overlooked in
their study.

Two additional considerations might be added to the
current finding: decreased QOL in IBD patients and its asso-
ciation with fat restriction. First, considering the response
shift, actual detrimental effect of fat restriction on the mental
aspects of QOL might be even greater. Second, the adaptation
process seems to be only partial. Chronic pain is known to be
associated with response shift [18]. However, the association
of fat restriction with impaired mental aspects of QOL was
obvious in the current study. Since food intake is one of the
most fundamental requirements, it is likely that subjects with
fat restriction cannot easily adapt to a situation with long-
term fat-restricted diet.

In conclusion, fat restriction exerts undesirable effects
on IBD patients in two different ways: decreased intestinal
absorption of fat-soluble substances such as vitamin D and
K and impaired QOL especially in the mental aspects.
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Relationship of homocysteine and homocysteine-
related vitamins to bone mineral density in
Japanese patients with type 2 diabetes
Chizumi Yamada1, Shimpei Fujimoto1*, Kaori Ikeda1, Yuki Nomura2, Ami Matsubara2, Miwako Kanno2, Kenichiro Shide2,
Kiyoshi Tanaka3, Eri Imai4, Tsutomu Fukuwatari4, Katsumi Shibata4, Nobuya Inagaki1

ABSTRACT

Aims/Introduction: To estimate nutritional risk factors for osteoporosis in patients with type 2 diabetes, bone mineral density,
homocysteine level, and intakes and levels of Hcy-related vitamins including folate, vitamin B6 and vitamin B12 were analyzed in a
cross-sectional study.
Materials and Methods: Lumbar spine and femoral neck bone mineral density, serum concentrations of vitamin B6, vitamin B12,
and folate and plasma homocysteine levels were measured in 125 Japanese patients with type 2 diabetes. Nutrient intake values
were evaluated using a food frequency questionnaire.
Results: Homocysteine was inversely correlated with bone mineral density, and with both dietary intake and serum concentration
of folate. Intake of green vegetables was correlated with intake and level of folate and homocysteine levels. When the population
was analyzed across the quartiles, bone mineral density, serum folate concentration, folate intake and intake of green vegetables
were lowest in the highest homocysteine group.
Conclusions: In patients with type 2 diabetes, the nutritional status of folate might affect the homocysteine level, a putative risk
factor for osteoporosis. (J Diabetes Invest, doi: 10.1111/j.2040-1124.2010.00088.x, 2011)

KEY WORDS: Osteoporosis, Homocysteine, Folate

INTRODUCTION
Diabetes is becoming increasingly recognized as a risk factor for
osteoporotic fracture. Although fracture risk in patients with
type 2 diabetes is increased compared with normal subjects, not
only in those with low bone mineral density (BMD) but also in
those with normal or high BMD1–3, decreased BMD is a major
determinant of fragility fracture.

Patients with type 2 diabetes often follow a calorie-restricted
diet, but few studies have investigated the sufficiency of these
nutrients for the maintenance of skeletal health. Generally,
nutrient intake increases along with energy intake. Ad libitum
food intake values obtained from a longitudinal study in institu-
tionalized elderly found that intake values of vitamins increased
along with increased energy intake4. In contrast, implementa-
tion of a low-fat, low-energy diet (1000 or 1500 kcal/day) in
patients with overweight and hyperlipidemia has been shown to

result in a decrease of the intake of certain nutrients, including
B-vitamins5.

Folate, vitamin B6 and vitamin B12 are important enzymatic
cofactors in the synthesis of methionine from homocysteine
(Hcy), and an elevation of Hcy can be caused by insufficiency of
folate, vitamin B6 or vitamin B12. Numerous studies have linked
high circulating Hcy levels and low concentrations of folate or
vitamin B12 with increased risk of low BMD in non-diabetic sub-
jects6–14. The possibility that elevated Hcy is a risk factor for oste-
oporosis is suggested by studies of patients with homocystinuria,
a rare autosomal recessive disease characterized by markedly ele-
vated levels of plasma Hcy, in which early onset of generalized
osteoporosis has occurred15,16. The underlying pathophysiological
mechanism of osteoporosis in patients with elevated Hcy is not
completely understood. Hcy has been reported to interfere with
cross-links of newly formed collagen17,18, and consequently with
bone mineralization and strength19, as well as to stimulate osteo-
clast formation and activity20,21. However, there has been no
report on the association of Hcy and Hcy-related vitamins with
osteoporosis in patients with diabetes. Furthermore, vitamin
insufficiency was evaluated only by serum vitamin concentrations
in most of these studies, and there has been no comprehensive
investigation of the relationship of dietary intake of nutrients and
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serum vitamin concentrations with Hcy and BMD among sub-
jects in the same study.

In the present study, to evaluate nutritional risk factors for
osteoporosis in patients with type 2 diabetes, BMD, Hcy level,
and intakes and levels of Hcy-related vitamins including folate,
vitamin B6 and vitamin B12 were analyzed.

MATERIALS AND METHODS
Study Population
A total of 125 Japanese patients with type 2 diabetes admitted
between December 2008 and June 2009 to Kyoto University
Hospital were sequentially enrolled in the study. Lateral lumbar
X-ray was carried out to exclude those with scoliosis, compres-
sion fractures and ectopic calcifications. Subjects with bilateral
hip fractures or prosthesis and other diseases that might influ-
ence bone metabolism including liver disease, renal dysfunction
(serum creatinine above 2 mg/dL), hyperthyroidism, hyper-
parathyroidism, hypercorticoidism, and hypogonadism were
excluded. All subjects were free of drugs that influence bone
and calcium metabolism including glucocorticoids, bisphospho-
nates, calcitonin injection, estrogens, selective estrogen receptor
modulators, vitamin D, vitamin K, thiazide diuretics, heparin
and anticonvulsants. The number of patients treated with thia-
zolidinedione and metformin was 7 and 28, respectively. The
present study was cross-sectional in design, and was approved
by The Ethical Committee of Kyoto University Hospital and
complies with the Helsinki Declaration. Written informed con-
sent was obtained from all participants.

Measurement of Bone Mineral Density
BMD was measured by dual-energy X-ray absorptiometry
(DXA; Discovery; Hologic, Waltham, MA, USA) at the lumbar
spine (L1-L4) and femoral neck. The coefficient of variation of
the measurements of BMD was 0.39%. BMD (g/cm2) was
expressed as Z-score calculated on the basis of the normal refer-
ence values of the age- and sex-matched Japanese group pro-
vided by the DXA system manufacturer. Because male and
female patients of different ages were included in the study,
comparison of BMD was made based on Z-scores. Fat mass and
lean body mass (without bone mineral content) were measured
by DXA (Hologic Discovery; Hologic) using whole-body absorp-
tiometry software, and each value was expressed in kilograms.

Biochemical Measurements
Blood samples were obtained after overnight fasting immediately
after admission. Glycosylated hemoglobin (HbA1c) was mea-
sured by high performance liquid chromatography (HPLC). The
value for HbA1c (%) is estimated as a National Glycohemoglo-
bin Standardization Program (NGSP) equivalent value (%) cal-
culated by the formula HbA1c (%) = HbA1c [Japan Diabetes
Society (JDS); %] +0.4%, considering the relational expression of
HbA1c (JDS; %) measured by the previous Japanese standard
substance and measurement methods and HbA1c (NGSP)22.
Fasting serum C-peptide was measured by ELISA (ST AIA-

PACK C-Peptide; Toso Corporation, Tokyo, Japan). Bone-
specific alkaline phosphatase (BAP) was measured by enzyme
immunoassay (Osteolinks BAP; DS Pharma Biomedical, Suita,
Japan), and urine N-terminal cross-linked telopeptide of type-I
collagen (uNTx) was measured by ELISA (Osteomark NTx
ELISA Urine; Inverness Medical, Waltham, MA, USA). Plasma
Hcy levels were determined by HPLC using a thiol-specific flu-
orogenic reagent, ammonium 7-fluorobenzo-2-oxa-1,3-diazole-
4-sulfate23, and the upper limit of Hcy was 13.5 nmol/L. As pyr-
idoxal 5¢-phosphate (PLP) is the predominant circulating form
of vitamin B6, serum PLP concentrations were measured by
HPLC24,25 for evaluation of vitamin B6 status. For vitamin B12

measurement, 0.2 mmol/L acetate buffer (pH 4.8) was added to
the serum samples, and the vitamin B12 was converted to cyano-
cobalamin by boiling with 0.0006% potassium cyanide at acidic
pH. Cyanocobalamin was determined by the microbioassay
method using Lactobacillus leichmanii, ATCC 783024,25. Serum
folate was determined by the microbioassay method using
Lactobacillus casei ATCC 273324,25.

Evaluation of Dietary Nutrient Intake
A food frequency questionnaire (FFQ) validated by Takahashi
et al.26,27 was used to calculate nutrient intakes. The FFQ used
in the present study included questions on the consumption of
various food items over the previous 1 or 2 months. Daily nutri-
ent intake was calculated by multiplying the frequency of con-
sumption of each food by the nutrient content of the portion
size and summing the products for all food items. The FFQ is
validated against 7-day dietary records and the FFQ-estimated
nutrient intake values are 72–121% of those of 7-day dietary
records26. The reproducibility of the FFQ at intervals of
1–2 months is 93–119% for each nutrient26. Correlations of die-
tary folate intake, serum folate concentration, and plasma Hcy
level with intakes of various food groups including grain/rice,
potato, green vegetables, other vegetables, fruits, seaweeds,
beans/soy products, seafood, meats, egg, milk products and oil/
fat were evaluated.

Statistical Analysis
Data were expressed as mean ± SD. SPSS statistical software (ver-
sion 13.0; SPSS, Chicago, IL, USA) was used for all statistical
analyses. Pearson’s correlation coefficient was calculated as a
measure of association by adjusting for age and sex where
appropriate. Stepwise multiple linear regression analyses were
carried out to determine independent factors for plasma Hcy
levels including (i) dietary vitamin B6, vitamin B12 and folate
intake values; and (ii) serum PLP, vitamin B12 and folate con-
centrations as independent variables. The relationship between
BMD with Hcy and Hcy-related vitamins was further explored
using a quartile-based analysis. Statistical differences among the
groups were evaluated using analysis of covariance (ANCOVA)
adjusted for age and sex, and Dunnett’s multiple comparison
tests by comparison with the highest Hcy group. P < 0.05 was
considered significant.
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RESULTS
Clinical characteristics, laboratory data and nutrient intake of
subjects are shown in Table 1. The average serum vitamin B12

concentration was 1.45 ± 0.45 pmol/mL (Table 1) and there
was no difference between patients taking metformin (1.52 ±
0.49 pmol/mL, n = 97) and those without (1.43 ± 0.49 pmol/
mL, n = 28). Nutrient intake values were significantly positively
correlated with total energy intake (Table 2). Dietary vitamin
B6, vitamin B12 and folate intake values were positively corre-
lated with serum vitamin B6, vitamin B12 and folate levels,
respectively (Table 2). Plasma Hcy levels were negatively corre-
lated with both dietary intake and serum concentration of folate
(Table 2). Only vitamin B6 intake and not vitamin B6 concen-
tration showed a weak negative correlation with Hcy; the influ-
ence of vitamin B12 on Hcy elevation was unclear (Table 2).
Stepwise multiple linear regression analyses were carried out to

determine independent factors for plasma Hcy levels. Dietary
folate intake was a significant predictor of Hcy when dietary
vitamin B6, vitamin B12 and folate intake values were included
as independent variables (R2 = 0.088, b-coefficient = )0.297,
P < 0.001), and serum folate concentration also was a significant
predictor of Hcy when serum PLP, vitamin B12 and folate con-
centrations were included as independent variables (R2 = 0.121,
b-coefficient = )0.347, P < 0.001). We then evaluated the corre-
lations of folate intake and the concentrations of folate and Hcy
with intake of the various food groups determined by FFQ.
Dietary folate intake and serum folate concentration were signif-
icantly associated with intakes of certain food groups including
potato, green vegetables, other vegetables and fruits. Only intake
of green vegetables was significantly correlated with the plasma
Hcy level (Table 3).

Bone mineral density of lumbar spine (SP-BMD) and femoral
neck (FN-BMD) were positively correlated with body mass
index (BMI) and fat mass, although no significant correlations
were found in diabetes-related parameters including fasting
plasma glucose, HbA1c and diabetes duration (Table 4). Both
SP-BMD and FN-BMD were positively correlated with fasting
serum C-peptide, but these correlations were cancelled when
adjusted for BMI. Urinary NTx, a marker of bone resorption,
was negatively correlated with FN-BMD. As nutrient intake sig-
nificantly increases with energy intake, nutrition intakes were
also evaluated by adjusting for calories. As a result, calorie-
adjusted folate intake was positively correlated with SP-BMD,
although the association between calorie-adjusted folate and
FN-BMD did not reach statistical significance. There were no
significant associations between BMD of both sites and serum
concentrations of vitamin B6, vitamin B12 and folate. The
plasma Hcy concentration was negatively correlated with both

Table 1 | Background characteristics of the study subjects

Characteristic

No. subjects 125
Male/female 79 (63.2%)/46 (36.8%)
Age (years) 61.2 ± 12.4
Duration of diabetes (years) 11.2 ± 9.4
Diabetes treatment

(diet/OHA/Ins/Ins + OHA)
27 (21.6%)/62 (49.6%)/
28 (22.4%)/8 (6.4%)

BMI (kg/m2) 24.9 ± 4.9
Fat mass (kg) 16.5 ± 9.8
Lean body mass (kg) 45.9 ± 9.3
Fasting plasma glucose (mg/dL) 160.2 ± 48.6
HbA1c (%) 9.6 ± 2.2
Fasting serum C-peptide (ng/mL) 1.71 ± 0.89
Serum BAP (U/L) 23.5 ± 8.7
uNTx (nMBCE/mmol Cr) 35.6 ± 19.8
Energy intake (kcal/day) 2073.2 ± 582.5
Protein/fat/carbohydrate

intake (g/day)
73.6 ± 19.7/64.4 ± 23.7/

278.7 ± 80.2
Calcium intake (mg/day) 596.0 ± 213.6
Vitamin D intake (lg/day) 9.21 ± 4.48
Vitamin B6 intake (mg/day) 1.22 ± 0.34
Vitamin B12 intake (lg/day) 8.81 ± 4.65
Folate intake (lg/day) 287.4 ± 100.5
Serum PLP concentration

(pmol/mL)
61.3 ± 29.1

Serum vitamin B12

concentration (pmol/mL)
1.45 ± 0.45

Serum folate concentration
(pmol/mL)

27.5 ± 10.3

Plasma homocysteine
concentration (nmol/mL)

11.2 ± 5.1

Data are number of patients (categorized data) or mean ± SD
(quantitative data).
BAP, bone-specific alkaline phosphatase; BMI, body mass index;
Ins, insulin; OHA, oral hypoglycemic agents; PLP, pyridoxal 5¢-phosphate;
uNTX, urine N-terminal cross-linked telopeptide of type-I collagen.

Table 2 | Correlations among dietary nutrient intake values, serum
concentrations and plasma homocysteine levels adjusted for age and sex

r P

Correlations of total energy intake with various nutrient intakes
Vitamin B6 (mg) 0.521 <0.001
Vitamin B12 (lg) 0.253 0.005
Folate (lg) 0.331 <0.001

Correlations of intake values with serum concentrations
Vitamin B6 0.192 0.034
Vitamin B12 0.336 <0.001
Folate 0.400 <0.001

Correlations of plasma Hcy levels with B vitamins
Vitamin B6 intake (mg) )0.207 0.022
Vitamin B12 intake (lg) )0.001 0.988
Folate intake (lg) )0.328 <0.001
Serum PLP concentration (pmol/mL) 0.002 0.982
Serum B12 concentration (pmol/mL) 0.001 0.993
Serum folate concentration (pmol/mL) )0.369 <0.001

Hcy, homocysteine; PLP, pyridoxal 5¢-phosphate.
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SP-BMD and FN-BMD, showing that hyperhomocysteinemia is
clearly associated with low BMD in patients with type 2 diabetes
(Figure 1).

As hyperhomocysteinemia derived from folate insufficiency
has been suggested to be involved in low BMD, we compared
clinical characteristics of the study population across the quar-
tiles of Hcy (quartile 1, n = 31, Hcy < 8.3 nmol/mL; quartile 2,
n = 32, Hcy 8.3 to <9.9 nmol/mL; quartile 3, n = 32, Hcy 9.9
to <12.8 nmol/mL; quartile 4, n = 30, Hcy > 12.8 nmol/mL).
There were no significant differences across the quartiles in gen-
eral clinical characteristics including age, BMI, diabetes-related
parameters, energy intake, and vitamin B6 and vitamin B12 sta-
tus (Table 5). However, SP-BMD and FN-BMD were signifi-
cantly lower in patients in the highest quartile of Hcy than

Table 3 | Correlations of dietary folate intake, serum folate concentration
and plasma homocysteine level with various food groups

Dietary folate
intake

Serum folate
concentration

Plasma Hcy
level

r P r P r P

Grain/rice )0.076 0.399 )0.086 0.341 )0.056 0.538
Potato 0.470 <0.001 0.220 0.014 0.012 0.895
Green vegetables 0.843 <0.001 0.361 <0.001 )0.207 0.020
Other vegetables 0.620 <0.001 0.197 0.027 0.077 0.390
Fruits 0.338 <0.001 0.206 0.021 0.018 0.839
Seaweeds 0.322 <0.001 0.072 0.426 0.071 0.435
Beans/soy products 0.390 <0.001 0.156 0.083 0.016 0.856
Seafood 0.313 <0.001 0.075 0.407 )0.017 0.848
Meats 0.065 0.474 0.042 0.643 )0.070 0.435
Egg 0.278 0.002 0.068 0.450 )0.056 0.538
Milk products 0.108 0.230 0.113 0.208 )0.035 0.698
Oil/fat 0.145 0.107 0.161 0.073 )0.112 0.214

Hcy, homocysteine.

Table 4 | Correlations of bone mineral density of lumbar spine and fem-
oral neck with diabetes-related parameters, bone turnover markers and
B vitamin status

SP-BMD FN-BMD

r P r P

BMI (kg/m2) 0.288 0.001 0.463 <0.001
Fasting plasma glucose (mg/dL) )0.149 0.098 )0.113 0.210
HbA1c (%) 0.098 0.194 0.053 0.556
Diabetes duration (years) 0.082 0.366 0.057 0.528
Fasting serum C-peptide (ng/mL) 0.182 0.045 0.285 0.001
BAP (U/L) 0.112 0.218 )0.061 0.499
uNTx (nMBCE/mmol Cr) )0.138 0.084 )0.183 0.042
Vitamin B6 intake (mg) )0.032 0.727 )0.053 0.559
Vitamin B6 intake (mg/100 kcal) 0.113 0.211 0.005 0.959
Vitamin B12 intake (lg) 0.012 0.899 0.166 0.065
Vitamin B12 intake (lg/1000 kcal) 0.054 0.554 0.148 0.102
Folate intake (lg) 0.103 0.256 0.112 0.216
Folate intake (lg/1000 kcal) 0.198 0.027 0.153 0.090
Serum PLP concentration

(pmol/mL)
)0.062 0.497 )0.007 0.936

Serum B12 concentration
(pmol/mL)

0.023 0.799 0.058 0.524

Serum folate concentration
(pmol/mL)

0.104 0.248 0.114 0.205

Plasma Hcy concentration
(nmol/mL)

)0.278 0.002 )0.201 0.025

BAP, bone-specific alkaline phosphatase; BMI, body mass index; FN-BMD
bone mineral density of femoral neck; Hcy, homocysteine; PLP, pyridoxal
5¢-phosphate; SP-BMD, bone mineral density of lumbar spine; uNTX,
urine N-terminal cross-linked telopeptide of type-I collagen.

SP-BMD (Z score)

FN-BMD (Z score)

Hcy (nmol/mL)
0.00

–4.00

–2.00

0.00

2.00

4.00

–2.00

0.00

2.00

4.00

6.00

(a)

(b)

10.00 20.00 30.00 40.00

0.00 10.00 20.00 30.00 40.00
Hcy (nmol/mL)

r = –0.278, P = 0.002

r = –0.201, P = 0.025

Figure 1 | The relationship between homocysteine (Hcy) and bone
mineral density of lumbar spine (SP-BMD) and femoral neck (FN-BMD).
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those in patients in the other quartiles. Furthermore, patients in
the highest Hcy quartile showed significantly decreased dietary
folate intake, serum folate concentration and intake of green
vegetables compared with those in the lower Hcy quartiles.
Because the caloric intake was similar across the quartiles, the
quality of the diet might be poor in the highest Hcy group.
Quartile analysis revealed that the highest Hcy group showed
the lowest BMD, the lowest serum folate concentration, the low-
est folate intake and the lowest intake of green vegetables.

DISCUSSION
In the present study, hyperhomocysteinemia was found to be
clearly associated with low BMD in type 2 diabetes patients, as
it has been reported to be in non-diabetic subjects6–14. Further-
more, folate insufficiency might be one of the important factors
in hyperhomocysteinemia, as plasma Hcy levels were negatively
correlated with both dietary intake and serum concentration of
folate.

Osteoporosis is a multifactorial disease, a major health prob-
lem characterized by low BMD, deterioration of bone microar-
chitecture and increased risk of fracture. Elevation of Hcy is one
of the important risk factors for osteoporosis28,29, and can be
caused by insufficiency of Hcy-related vitamins, such as folate,
vitamin B6 and vitamin B12

6–14. Because dietary risk factors can
be improved when recognized, sufficiency of Hcy-related vita-
mins and its relationship to osteoporosis in patients with type 2
diabetes is of primary concern.

Elevation of Hcy can be caused by insufficiency of folate, vita-
min B6 or vitamin B12, and the plasma Hcy level is considered
to be a fairly sensitive index of folate metabolic status compared

with that of the other factors in non-diabetic subjects. Previous
studies reported hyperhomocysteinemia was observed in 86% of
subjects with clinically expressed folate deficiency30; folate is a
major determinant of Hcy levels in healthy people31,32 and vita-
min B12 influences Hcy levels less than folate does33,34. Folate,
vitamin B6 and vitamin B12 are water-soluble vitamins, which
are in general not readily stored and consistent daily intake is
important. Usually, folate and vitamin B6 deficiency develops
within a month of insufficient intake. In contrast, it is known
that patients with complete loss of intrinsic factor require
3–5 years to become overtly vitamin B12 deficient35. Vitamin
B12 is a unique water-soluble vitamin, and because 80% of the
2.5 mg average whole body stock of vitamin B12 is reserved in
the liver and vitamin B12 excreted in the bile and is effectively
reabsorbed in the intestine, clinical signs of vitamin B12 defi-
ciency take a long time to appear and progress slowly36. Some
patients in the present study were taking metformin, which is
known to inhibit absorption of vitamin B12

37, but there was no
difference between the patients taking metformin and those not
taking metformin. As to vitamin B6, only a weak negative corre-
lation between vitamin B6 intake and Hcy was not enough to
conclude that vitamin B6 is a nutritional risk factor for osteo-
porosis, and there have been no other studies showing the effect
of vitamin B6 on BMD.

Leafy green vegetables, such as spinach and broccoli, are rich
sources of folate. Folate is also contained in a variety of foods
including fruits, beans, seaweeds, liver and egg yolk. To investi-
gate the cause of folate insufficiency, we focused particularly on
dietary sources of folate. We evaluated the association of dietary
folate intake, serum folate concentration, and plasma Hcy level

Table 5 | Comparison of clinical characteristics according to homocysteine quartiles adjusted for age and sex

Hcy concentration (nmol/mL) Quartile 1
(4.9–8.0)

Quartile 2
(8.1–9.9)

Quartile 3
(10.0–12.8)

Quartile 4
(12.8–35.7)

ANCOVA

P

Male/female 17/14 21/11 23/9 18/12
Age (years) 59.3 ± 13.8 58.1 ± 12.6 63.9 ± 8.7 64.0 ± 13.4 0.212
BMI (kg/m2) 25.0 ± 4.4 25.8 ± 5.0 25.0 ± 5.6 23.8 ± 4.5 0.461
Fasting plasma glucose (mg/dL) 158.8 ± 44.8 162.0 ± 45.8 155.6 ± 50.0 164.6 ± 55.4 0.721
HbA1c (%) 10.1 ± 2.3 9.9 ± 2.5 9.1 ± 1.8 9.4 ± 2.1 0.378
Diabetes duration (years) 9.5 ± 8.4 10.2 ± 9.7 12.6 ± 8.6 12.4 ± 9.0 0.183
SP-BMD (Z score) 1.34 ± 1.43* 1.24 ± 1.38* 1.39 ± 1.24* 0.50 ± 1.18 0.037
FN-BMD (Z score) 0.45 ± 0.99** 0.32 ± 1.23* 0.26 ± 0.96* )0.27 ± 1.03 <0.001
Energy intake (kcal/day) 2161 ± 543 2145 ± 565 2069 ± 563 1910 ± 650 0.260
Vitamin B6 intake (mg) 1.31 ± 0.35 1.26 ± 0.36 1.21 ± 0.32 1.09 ± 0.29 0.136
Vitamin B12 intake (lg) 8.59 ± 3.44 8.86 ± 4.64 9.49 ± 5.24 8.27 ± 5.21 0.798
Folate intake (lg) 323.5 ± 92.2** 287.2 ± 108.0* 305.0 ± 91.8** 231.7 ± 89.1 0.001
Intake of green vegetables (g/day) 101.9 ± 65.3* 86.1 ± 60.6 89.3 ± 47.5 68.9 ± 49.2 0.043
Serum PLP concentration (pmol/mL) 65.0 ± 33.1 60.0 ± 24.6 58.9 ± 32.9 61.4 ± 26.2 0.943
Serum B12 concentration (pmol/mL) 2.39 ± 0.88 2.90 ± 1.61 2.50 ± 0.73 2.53 ± 0.92 0.419
Serum folate concentration (pmol/mL) 33.6 ± 11.5** 26.9 ± 7.6* 26.9 ± 9.0* 21.7 ± 8.7 <0.001
Plasma Hcy concentration (nmol/mL) 6.9 ± 0.9** 9.1 ± 0.5** 11.3 ± 0.8** 17.8 ± 6.1 <0.001

BMI, body mass index; FN-BMD bone mineral density of femoral neck; Hcy, homocysteine; PLP, pyridoxal 5¢-phosphate; SP-BMD, bone mineral
density of lumbar spine. Mean ± SD, *P < 0.05, **P < 0.01 relative to the highest homocysteine quartile group.
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with various food groups, and found that intake of green vegeta-
bles correlated well with folate status and Hcy levels. Further-
more, it was revealed by the quartile analysis that the highest
Hcy group showed the lowest BMD, the lowest serum folate
concentration, the lowest folate intake and the lowest intake of
green vegetables. This analysis suggests that insufficient intake of
green vegetables, but not insufficient caloric intake, causes folate
insufficiency in the group with the highest Hcy.

The strength of the present study is that it is the first study
to show that nutritional status of folate might affect the homo-
cysteine level, a putative risk factor for osteoporosis, in Japanese
patients with type 2 diabetes. The present study is also mean-
ingful in promoting awareness of the importance of diet quality,
because patients with diabetes are at high risk of developing
osteoporosis. In contrast, the present study has some limita-
tions. First, the sample size was not large enough for conclu-
sions regarding marginal insignificant P-values. We estimated
sample size using a correlation coefficient obtained from a pre-
vious cross-sectional study assessing the relationship between
BMD and plasma Hcy8. The correlation coefficient of femoral
BMD with Hcy was )0.18 and the sample size was estimated
to be n = 153 (two-sided a = 0.1, b = 0.2), while we analyzed
125 patients. Second, we only analyzed patients with type 2 dia-
betes and comparison with non-diabetic subjects is necessary.
An unanswered question is whether diabetes modulates the
effects of nutritional state of folate on Hcy metabolism, and the
effects of Hcy levels on BMD. Finally, a longitudinal study is
required to examine the effects of Hcy on rate of BMD loss
and risk of fracture for a longer duration in patients with type 2
diabetes. It is also necessary to determine whether encouraging
patients with higher Hcy levels to eat more green vegetables
is useful as a dietary intervention to improve Hcy levels
and BMD.

In conclusion, the present study shows that BMD inversely
correlates to plasma Hcy levels in Japanese patients with type 2
diabetes, and that dietary intake and the serum concentration of
folate are determinant factors of Hcy levels. When our group
was analyzed across quartiles, BMD, serum folate concentration,
folate intake and intake of green vegetables were lowest in the
highest Hcy group. Taken together, in Japanese patients with
type 2 diabetes, a diet low in green vegetables rather than a calo-
rie-restricted diet might be the more important factor in the
declining nutritional status of folate that increases the Hcy level,
a putative risk factor for osteoporosis.
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Overestimated serum albumin levels in patients with hip fracture

Hip fracture is associated with high mortality and morbidity.
Malnutrition has been reported to an important predictor of clinical
outcomes. Serum albumin level and blood total lymphocyte count
(TLC) are considered to be the simple, but reliable markers indi-
cating the patients’ nutritional status, and often employed in
various clinical settings including hip fracture.1 Recently O’Daly
et al.2 in the recent issue of Clinical Nutrition, studied the signifi-
cance of these twomarkers as the predictors of outcome in hip frac-
tured patients. They defined protein energy malnutrition (PEM) as
serum albumin level below 3.5 g/dl and TLC below 1500/mm3.
Patients with both parameters below the cut-off had higher one
year mortality than those with both values above the cut-off
(odds ratio; 4.6). Cox regression analysis revealed that serum
albumin level (hazard ratio; 0.932) and age were independent
prognostic factors of mortality. Lee et al.3 also reported that serum
albumin was associated with increased post-operative complica-
tions (odds ratio; 6.23) after adjusting for various confounders.
Although these findings are of clinical interest, measurement
method for serum albumin is not described. Serum albumin level
can be measured with various ways, each having its own pros
and cons. BCG (bromocresol green) binding assay is the most
frequently used one, but has the disadvantage that BCG also binds
to a1 and a2 globulins, which are acute phase proteins and
increased in inflammation. Thus, serum albumin level can be over-
estimated with BCG assay. Then, we have measured serum albumin
level in 86 patients with hip fracture by BCG assay (albumin-BCG)
and nepherometry (albumin-N), which is based on antigen–anti-
body interaction and free from the interference by globulins.
Written consent was obtained from the subjects or the proxy.
Albumin-BCG (3.86 � 0.42 g/dl) was significantly higher than
albumin-N (3.51 � 0.43 g/dl) by paired t-test (p < 0.001). Next,
we have compared the number of subjects with their serum
albumin level below or above the cut-off of 3.5 g/dl (Table 1). All
subjects with albumin-BCG below 3.5 g/dl had also albumin-N
below 3.5 g/dl. In contrast, approximately half of the subjects
with albumin-BCG above 3.5 g/dL had albumin-N below 3.5 g/dl.
Our results show that the measurement of serum albumin level
by BCG assay could overestimate the serum albumin level, and
underestimate the percentage of subjects with PEM in hip fractured
patients. Thus, the method of serum albumin measurement must
be specified, and the positive interference by globulins in the

bye-binding assay should be taken into account in the nutritional
assessment of the hip fractured subjects.
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Table 1
Comparison of albumin-BCG and albumin-N.

Albumin-N

<3.5 g/dl �3.5 g/dl

Albumin-BCG <3.5 g/dl 13 0
�3.5 g/dl 36 37

Albumin-BCG and Albumin-N indicate the serum albumin level determined by BCG
assay, and that by nepherometry, respectively. Data were analyzed by chi-square
test (p ¼ 0.002).
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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

609

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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Abstract: With the use of stable isotopes, this study aimed to compare the bioavailability 
of active absorbable algal calcium (AAACa), obtained from oyster shell powder heated to a 
high temperature, with an additional heated seaweed component (Heated Algal Ingredient, 
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HAI), with that of calcium carbonate. In 10 postmenopausal women volunteers aged 59 to 
77 years (mean ± S.D., 67 ± 5.3), the fractional calcium absorption of AAACa and CaCO3 
was measured by a dual stable isotope method. 44Ca-enriched CaCO3 and AAACa were 
administered in all subjects one month apart. After a fixed-menu breakfast and pre-test 
urine collection (Urine 0), 42Ca-enriched CaCl2 was intravenously injected, followed by 
oral administration of 44Ca-enriched CaCO3 without carrier 15 minutes later, and complete 
urine collection for the next 24 hours (Urine 24). The fractional calcium absorption was 
calculated as the ratio of Augmentation of 44Ca from Urine 0 to Urine 24/ augmentation of 
42Ca from Urine 0 to Urine 24. Differences and changes of 44Ca and 42Ca were corrected by 
comparing each with 43Ca. Fractional absorption of AAACa (mean ± S.D., 23.1 ± 6.4), was 
distinctly and significantly higher than that of CaCO3 (14.7 ± 6.4; p = 0.0060 by paired t-
test). The mean fractional absorption was approximately 1.57-times higher for AAACa 
than for CaCO3. The serum 25(OH) vitamin D level was low (mean ± S.D., 14.2 ± 4.95 
ng/ml), as is common in this age group in Japan. Among the parameters of the bone and 
mineral metabolism measured, none displayed a significant correlation with the fractional 
absorption of CaCO3 and AAACa. Higher fractional absorption of AAACa compared with 
CaCO3 supports previous reports on the more beneficial effect of AAACa than CaCO3  
for osteoporosis. 

Keywords: active absorbable algal calcium (AAACa); calcium carbonate; dual stable Ca 
isotope method; fractional absorption (FA); parathyroid hormone (PTH) 

 

1. Introduction  

Active absorbable algal calcium (AAACa) prepared from heated oyster shell and seaweed is a 
unique calcium supplement with high bioavailability, with a characteristic lamellar crystalline structure 
quite unlike that of calcium oxide and calcium carbonate (CaCO3) [1]. In the Katsuragi Calcium study, 
a prospective, randomized, double blind and placebo-controlled study compared the effect of AAACa 
on osteoporosis with that of CaCO3 in hospitalized women with a mean age of 80 years. It was found 
that AAACa alone increased spinal bone mineral density significantly over the level in subjects given a 
placebo, whereas CaCO3 did not [2,3]. Fracture occurrence over the two year test period from among 
58 subjects was 0 of 5 in the AAACa Group, 2 of 7 in the CaCO3 Group and 3 of 5 in the Placebo 
Group, on evaluation of all X-rays available at the beginning and end of the test period. The AAACa 
Group exhibited a significantly lower rate of fracture occurrence than the placebo group, but the 
CaCO3 Group showed no significant difference from placebo group. Serum parathyroid hormone 
(PTH) was also suppressed more efficiently by AAACa than CaCO3. 

Despite all these indirect lines of evidence indicating a high bioavailability of AAACa, a direct 
absorption test by a dual isotope method has not been conducted to date. We have therefore attempted 
to measure the fractional absorption of AAACa by using the dual stable-isotope method [4,5] to 
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compare it with CaCO3 in subjects in the age group most likely to need effective calcium 
supplementation to maintain their bone health: postmenopausal women. 

2. Experimental Section  

2.1. Subjects 

Ten postmenopausal women between 59 and 77 years of age (mean ± SD, 67 ± 5.3 years) leading a 
normal healthy daily life without any known disease possibly affecting bone and mineral metabolism 
volunteered to participate as test subjects in the present study by providing written consent (Table 1). One 
subject, shown in parenthesis in Tables 1 and 2, was dropped from analysis because of a measured 
fractional absorption (FA) value of 0% on giving CaCO3. The Institutional Review Board of the Fujii 
Medical Clinic approved the study. 

Table 1. Background of the test subjects. 

No. Age Years 
after 

menopause 

Heigh
t 

(cm) 

Weigh
t 

(kg) 

Systolic blood pressure 
(mmHg) 

Diastolic blood pressure 
(mmHg) 

1 68 19 154 54 138 80 
2 72 23 147 50 142 62 
3 65 15 157 63 148 70 
4 65 13 148 43 125 70 
(5) * (59) (9) (153) (60) (133) (88) 
6 59 8 152 58 152 85 
7 65 13 151 56 150 85 
8 77 28 150 48 142 80 
9 64 15 145 50 140 90 
10 71 19 148 48 122 70 
Mea

n 
67 17 150 52 139 76 

SD 5.3 6.0 3.7 6.1 10.4 9.3 

* Case No. 5 was not included in the statistical analysis. 

 
2.2. Background Data of the Test Subjects 

In order to assess the metabolic background of the test subjects, serum Ca, P, albumin, creatinine, 
BUN, 25(OH)vitamin D, intact parathyroid hormone (PTH), bone specific alkaline phosphatase (BAP), 
urinary N-terminal type I collagen fragments (NTx) and urinary calcium/ creatinine ratio  
(UCa/ Cr) were measured prior to the test. The laboratory tests related to bone and calcium metabolism 
gave results approximately within the normal range, as shown in Table 2, except for one subject, who 
had a serum 25(OH) vitamin D level in the insufficiency range (7.6 ng/mL). This subject was without 
symptoms and signs of vitamin D insufficiency such as hypocalcemia, hypophosphatemia, high 
alkaline phosphatase, muscle weakness and bone pain. 
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Table 2. Parameters of mineral and bone metabolism of the test subjects. 

No. 

Serum 
Ca 

Serum 
P 

Serum 
albumin 

Serum 
creatinine 

BUN 25(OH) 
vitamin D 

Intact 
PTH 

BAP Urine 
NTx/Cr 

Urine 
Ca/Cr 

mg/dL mg/dL  g/dL mg/dL mg/dL ng/dL pg/dL U/L  nMBCE/
mMCr 

mg/mg 

1 9.7 3.9 4.4 0.83 11.0 16.8 48 15.2 32.2 0.03 
2 9.5 4.5 4.0 0.80 21.9 16.9 31 15.1 16.0 0.06 
3 9.7 3.1 4.6 0.71 12.1 11.6 40 35.8 31.1 0.45 
4 10.3 3.5 5.1 0.49 12.5 11.7 44 32.4 35.9 0.36 
5 * (9.5) (3.4) (4.5) (0.74) (14.2) (21.8) (61) (21.6) (29.0) (0.08) 
6 9.8 3.5 4.7 0.74 17.8 15.4 44 19.1 23.0 0.12 
7 9.3 4.4 4.4 0.60 17.8 24.7 42 17.0 42.2 0.22 
8 9.9 2.9 4.6 0.59 13.5 7.6 50 34.9 34.5 0.17 
9 9.8 3.7 4.4 0.74 13.7 12.7 34 27.5 16.3 0.20 
10 9.5 3.3 4.2 0.54 13.6 10.8 34 45.9 21.9 0.30 
Mean 9.7 3.6 4.5 0.67 14.9 14.2 41 27.0 28.1 0.21 
SD 0.29 0.55 0.31 0.119 3.53 4.95 6.59 11.02 9.20 0.138 

Ca: calcium; P: phosphorus; BUN: Blood urea nitrogen; PTH: parathyroid hormone; BAP: Bone specific alkaline 
phosphatase; BCE: Bone collagen equivalent. 
* Case No. 5 was not included in the statistical analysis 
 

2.3. Materials 

The first part of the test was performed on March 9, 2009, using 44Ca-enriched CaCO3 for oral load 
and 42Ca in the form of CaCl2, for intravenous injection (Table 3). On April 13, 2009, after one month, 
exactly the same procedure was repeated on the same test subjects, except for the use of 44Ca-enriched 
AAACa in the place of CaCO3 to ensure the stable isotope constituent of the body reached equilibrium. 
Intrinsic labeling is no doubt ideal, but it is impossible to label the shell of oysters abiding in the ocean, 
so an extrinsic labeling was adopted as the best substitute for it. The material for AAACa was obtained 
by heating oyster shell to 1,000 oC, resulting mostly in CaO powder after losing much of the organic 
components. To 5,082 mg of this CaO powder, 450.4 mg CaO Ca fraction was added that consisted of 
95.9 ± 0.3% 44Ca supplied by TRACE SCIENCES INTERNATIONAL (Ontario, Canada), and was 
thoroughly mixed in a melting pot. Aqueous solution of a small amount of algal component was pre-
heated at a high temperature in a manner similar to the oyster shell to start a chemical reaction lasting 
for about 10 minutes. After sufficient stirring, it was divided into small portions for actual use and 
preserved in vacuum. The final product mostly consisted of Ca(OH)2. 
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CaCO3 labeled with 44Ca was also obtained from the same source (the Ca fraction consisting of 
95.9 ± 0.3% 44Ca). To 781.6 mg of this material, 9,075 mg CaCO3 (Japanese Pharmacopeia) was 
added, thoroughly mixed, and divided into small proportions and stored.  

AAACa particle mean size was 5.8 microns; maximum size was 75 microns and CaCO3 particle 
size ranged from 10 to 20 microns. As these values are based on different occasions of measurements 
they may not be directly comparable, but appears to lie over a similar range. If anything, a larger size is 
compatible with slower absorption.  

For two subjects, part of the first urine sample was lost; in these cases, both parts of the test were 
repeated on July 30 and August 27, and the data from the uneventfully performed second set of tests 
were used to replace those of the first set.  

The safety of the intravenous injection of CaCl2 was verified before the study by the absence of any 
signs of toxicity such as chills, fever, neuromuscular irritability, skin eruptions, disturbance of 
consciousness, etc. 

Table 3. Amount of isotope Ca (mg) per subject in 1 study. 

Isotope 
Oral IV 
CaX CaY 

Total 
Supplied Added Total Supplied Added Total 

42Ca 0.01 1.79 1.80 0.00 1.79 1.79 3.192 
43Ca 0.01 0.39 0.40 0.00 0.39 0.39 0.0037 
44Ca 25.38 5.52 30.90 25.38 5.53 30.91 0.0334 

 
The contents of Ca isotopes in the material used for the preparation of CaX and CaY on arrival from 

the supplier (Supplied), their contents in the material added to prepare samples for administration 
(Added) and the final total (Total) are indicated in Table 3. 

A total of approximately 300 mg of Ca containing approximately 30 mg 44Ca isotope (25 + 5) was 
orally administered to each subject and about 3 mg 42Ca isotope was injected before the study and no 
symptoms and signs of toxicity were reported.  

2.4. Test Procedure 

After taking a fixed menu breakfast consisting of fruit juice, toast, eggs and coffee, a pre-test urine 
sample was collected (Urine 0) and 44Ca-enriched CaCO3 was orally administered followed by the 
intravenous injection of 42Ca-enriched CaCl2 15 minutes later. A complete collection of 24 h urine 
followed (Urine 24). After one month to ensure clearance of the enriched isotope, exactly the same 
procedure, except for the use of 44Ca-enriched AAACa instead of 44Ca-enriched CaCO3, was repeated.  

2.4.1. Measurement of the Stable Isotope 

Sample preparation for isotope enrichment measurement was conducted according to the method of 
Patterson et al. [6]. By using the inductively coupled plasma mass spectrometry (ICP-MS, Agilent 
7500 cs, Agilent Technologies, Inc., Tokyo), 42Ca, 43Ca, 43Ca and other measurable stable Ca isotopes 
were measured in both Urine 0 and Urine 24. Utilizing 43Ca as an internal standard of the stable Ca 



Nutrients 2010, 2                            
 

 

757 

isotopes, the ratio of each stable Ca isotope to 43Ca was calculated. The increase of the 42Ca/43Ca and 
44Ca/43Ca in Urine 24 above the pretest natural abundance level for each test subject over the 
corresponding value in Urine 0 was then obtained. By dividing the ratio of the actual amount of the 
enrichment of 44Ca by the corresponding amount of the enrichment of 42Ca from Urine 0 to Urine 24, 
the FA of the 44Ca-enriched material was obtained; for CaCO3 in the first part of the test and AAACa 
in the second part (Table 3). 

2.5. Statistical Analysis 

The Excel Statistical Package was used to compare the FA of CaCO3 and AAACa by paired t-test. 
A correlation matrix among the FA data, age and parameters of bone and mineral metabolism was 
constructed and evaluated by the Spearman method in view of the inclusion of variables with uncertain 
distribution. The p values < 0.05 were considered significant.  

3. Results and Discussion  

As shown in Table 4, the mean Fractional absorption (FA) of AAACa, 23.1 ± 6.4%, was 1.57-
times higher than the corresponding value of CaCO3, 14.7 ± 6.4%, with a significant difference at  
p = 0.0060 determined using paired t-test. 

Table 4. Fractional absorption (FA) of CaCO3 and AAACa by dual stable isotope method. 

Subject FA CaCO3 FA AAACa 
1 7.5 21.1 
2 20.0 29.7 
3 21.9 34.7 
4 19.6 20.4 
(5) * (0.0) (18.8) 
6 6.1 22.7 
7 14.3 24.9 
8 11.7 11.9 
9 8.7 22.1 
10 22.2 20.4 
Mean 14.7 23.1 
SD 6.4 6.4 

Paired comparison between FA CaCO3 and FA AAACa 
p = 0.0060, t = 3.708 (paired t-Test) 
* Subject 5 was not included in the statistical analysis. 

 

According to the evaluation by means of the correlation coefficient matrix (Spearman) (Table 5) 
among the parameters of bone and mineral metabolism summarized in Table 2, no significant 
correlation was found between the FA of either calcium carbonate or AAACa and each parameter. In 
the subject with the lowest serum 25(OH) vitamin D of 7.6 ng/mL, the FA of CaCO3 value was 
medium in the group, i.e., 11.7%, fifth from the lowest, and the FA of AAACa, 11.9%, was the lowest 
in the group. 
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Until the advent of the dual isotope method, the true FA of calcium was extremely difficult to 
measure due to the complex behavior of calcium in living organisms, such as the rapid exchange 
through multiple Ca pools and various pathways of exit and reentrance [7,8]. Utilizing the presence of 
multiple stable isotopes in nature, the dual stable isotope method was developed to circumvent this 
complexity, and it is the only method of directly measuring the fractional intestinal Ca absorption. 

Abrams and coworkers as well as other investigators [12-23] have used this method extensively to 
estimate calcium absorption, establishing it as the gold standard for calcium absorption. Since calcium 
absorption is influenced by age and the state of bone, as well as mineral metabolism, a correlation 
matrix was constructed and evaluated by Spearman’s method (Table 5). None of the metabolic 
parameters tested exhibited significant correlation with FA of the calcium compounds. Absence of 
significant correlation between FA of calcium compound and age was expected because of the narrow 
age range of this group. 

The FA of Ca compounds obtained in this study of postmenopausal women, with a mean age of 66 
years and with a tendency of low 25(OH) vitamin D, appears to be much lower than those observed in 
children and younger subjects: FA; 54.8–63.1% [21], 58.2–64.3% [22], and also younger 
postmenopausal women with mean age of 56: FA; 34.6–39.1% [23]. In healthy volunteers between 25 
to 45 years much lower values, yet still higher than the results in the present study, were reported: FA; 
26–31% [24]. The reduced FA in the current study subjects could also be due to reduced estrogen level 
after menopause. FA is, thus, markedly influenced by age. The age range of the test subjects was quite 
narrow in this group of subjects, unsuitable for the assessment of the age-FA correlation. Statistically, 
the tendency of age-FA correlation was non-significant. 

Table 5. Spearman’s correlation matrix and correlation coefficients among fractional 
absorption (FA) and parameters of bone and mineral metabolism. 

 FA 

CaCO3 

FA 

AAACa 

Age SCa SP Salb Cre BUN 25D PTH BAP UNTx UCa/Cr 

FA 

CaCO3 

1.0000 0.1423 0.4238 −0.388

2 

−0.192

5 

−0.340

5 

−0.485

4 

−0.0335 −0.3167 −0.5630 −0.4833 −0.1333 0.6333 

FA 

AAACa 

 1.0000 −0.349

0 

−0.529

7 

0.4328 −0.213

7 

0.5042 0.3445 0.5690 −0.5232 −0.3766 −0.2762 0.0418 

SCa: serum calcium; SP: serum phosphate; Salb: serum albumin; Cre: creatinine; BUN: blood urea nitrogen; 25D: 
25(OH)vitaminD; PTH: parathyroid hormone; BAP: bone specific alkaline phosphatase; UNtx: urine N-terminal type I 
collagen fragments; UCa/Cr: urinary Ca/creatinine ratio 

 
Although these subjects are reasonably homogeneous and apparently free of any comorbidity, which 

could potentially influence the test results, the present study is limited by the small number of test 
subjects. Unlike similar studies conducted in this field in the past, post-menopausal women – who need 
calcium supplementation most because of high risk of osteoporosis – were asked to participate. A 
rather low intra-group variation was encouraging, and a clear-cut difference in FA between the two test 
materials may also add to the credibility of the conclusion. 

It is possible that the difference in molecular weight and physicochemical properties of the  
44Ca-enriched CaCO3 and AAACa, mostly consisting of Ca(OH)2 as the result of oxidation of CaCO3 
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obtained from oyster shell, cannot be completely ruled out. The similar molecular size and comparable 
particle size actually measured as 5.8 to 75 for AAACa and 10 to 20 for CaCO3 and this is a limitation 
of the result but should not have affected the primary outcome. In view of the similar molecular size 
and physicochemical properties between CaCO3 and AAACa, both much smaller than organic Ca salts, 
however, confounding effect exerted on the calculation of the absorptive rate is rather unlikely and the 
conclusion of difference in the absorption rate between the two compounds should be  
reasonably supported.  

4. Conclusions  

This study aimed to compare the bioavailability of active absorbable algal calcium (AAACa), oyster 
shell powder heated to a high temperature, with an additional heated seaweed component (Heated 
Algal Ingredient, HAI), with that of calcium carbonate. The Fractional absorption of AAACa, (mean ± 
S.D.; 23.1 ± 6.4) was distinctly and significantly higher than that of CaCO3 (14.7 ± 6.4;  
p = 0.0060 by paired t-test). The mean was approximately 1.57-times higher for AAACa than CaCO3. 
Higher fractional absorption of AAACa compared with CaCO3 supports previous reports on the more 
beneficial effect of AAACa than CaCO3 on osteoporosis. 
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There have been methodological problems for studying hypovitaminosis D and K in the elderly. First, studies 
were done either by evaluating food intake or measuring their circulating levels, but rarely by both in Japan. In 
this paper, vitamin D and K intakes and their circulating levels were simultaneously determined. Second issue is 
whether hypovitaminosis D and K are independent of general malnutrition, prevalent in the elderly. We tried to 
statistically discriminate them by principal component analysis (PCA). Fifty institutionalized elderly were evalu-
ated for their circulating 25 hydroxy-vitamin D (25OH-D), intact parathyroid hormone (PTH), phylloquinone 
(PK), menaquinone-7 (MK-7) levels, and their food intake. Although average vitamin D intake (7.0 μg/day) ex-
ceeded the Japanese Adequate Intake (AI) of 5.0 μg/day, average serum 25OH-D concentration was in the hy-
povitaminosis D range (11.1 ng/mL). Median vitamin K intake was 168 μg/day, approximately 2.5 times as high 
as AI for vitamin K. Nevertheless, plasma PK and MK-7 concentrations were far lower than those of healthy 
Japanese elderly over 70 years old. PCA yielded four components; each representing overall nutritional, vitamin 
K2, vitamin D, and vitamin K1 status, respectively. Since these components are independent of each other, vita-
min D- and K-deficiency in these subjects could not be explained by overall malnutrition alone. In summary, in-
stitutionalized elderly had a high prevalence of hypovitaminosis D and K, and the simultaneous determination of 
their circulating level and dietary intake is mandatory in such studies. PCA would yield fruitful results for elimi-
nating the interference by confounders in a cross-sectional study. 

 
Key Words: hypovitaminosis D, hypovitaminosis K, principal component analysis, adequate intake, institutionalized 

elderly 
 

 
 
INTRODUCTION 
Vitamin D is of utmost importance in enhancing the intes-
tinal absorption of calcium and phosphorus,1,2 with its 
deficiency causing skeletal mineralization defect; rickets 
and osteomalacia. Recently, it has come to the general 
attention that inadequate supply of vitamin D, even in its 
milder form (vitamin D insufficiency), is associated with 
increased risk of fracture through negative calcium bal-
ance, hence secondary hyperparathyroidism.1,2 Vitamin D 
insufficiency is also reported to be associated with muscle 
weakness. Recent clinical studies have indicated that in-
tervention with vitamin D supplementation reduced the 
incidence of falling in elderly subjects.3 Clinically impor-
tant non-vertebral fractures, such as hip and wrist frac-
tures are triggered by falling. Thus, vitamin D insuffi-
ciency would render the elderly subjects more prone to 
fracture through its effects both on the skeleton and mus-
cle. Recently, lower serum level of 25 hydroxy-vitamin D 
(25OH-D) was reported to be a significant risk factor 
even for mortality.4 

Vitamin D insufficiency is quite common in the eld-
erly population,5,6 and institutionalized elderly are at even 
higher risk for vitamin D insufficiency.7-10 Factors hith-
erto postulated to be responsible include low dietary vi-
tamin D intake,7,9 reduced dermal capacity to produce 
vitamin D with aging and minimal sun exposure.11,12 

In contrast to vitamin D, the skeletal action of vitamin 
K has called our attention only quite recently. The only 
biological action of vitamin K has been considered to be 
its role as the coenzyme of γ-glutamyl carboxylase 
(GGCX) in the liver, by which additional carboxyl group 
is introduced into the glutamic acid residue in four of the 
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blood coagulation factors (II, VII, IX, X) to yield γ-
glutamic carboxyl (Gla) residue.13 Other extrahepatic pro-
teins are also γ-carboxylated by GGCX, such as osteocal-
cin (bone Gla protein; BGP) and matrix gla protein 
(MGP).14 Recent evidences suggest that vitamin K defi-
ciency is associated with increased risk of fracture. When 
subjects were categorized into quartiles according to their 
vitamin K intake, fracture risk in the lowest quartile was 
twice as high as that in the highest quartile.15 The age-
adjusted incidence of vertebral fracture was significantly 
higher in subjects with low plasma phylloquinone levels 
than those with high plasma levels in Japanese women.16 
In addition, the association of circulating vitamin K level 
and bone mineral density (BMD) has also been reported. 
For example, low plasma phylloquinone concentration 
was associated with low BMD at the femoral neck in men, 
and lower spine BMD in postmenopausal women without 
estrogen replacements.17 High serum concentration of 
undercarboxyled osteocalcin (ucOC), which is a sensitive 
indicator of skeletal vitamin K insufficiency, was a sig-
nificant risk factor of hip fracture independent of BMD.18,19 

Plasma phylloquinone level is subject to alteration by 
aging,20,21 and elderly subjects have been reported to have 
low plasma phylloquinone concentrations.22 Of note is the 
report that elderly nursing home residents generally had a 
poor dietary vitamin K intake compared to the ambula-
tory elderly.23 

Studies on the role of hypovitaminosis D and K in the 
elderly, especially the institutionalized ones are greatly 
hampered by the fact that they are also generally mal-
nourished. Arguments against the significance of these 
vitamins have been made that decreased serum concentra-
tions of these vitamins is merely a reflection of overall 
malnutrition. In this paper, we have tried to statistically 
discriminate hypovitaminosis D and K from general mal-
nutrition by using principal component analysis (PCA), 
which has been employed in clinical nutrition for the 
analyses of dietary pattern.24,25 
 
MATERIALS AND METHODS 
Subjects  
The study subjects were 50 institutionalized elderly (male 
15, female 35) in a nursing home, Kayu-Shirakawa. Ex-
clusion criteria were routine medication that has potential 
interference with vitamin D or vitamin K status. Detailed 
information about this study was given and written con-
sent was obtained from the subject or the proxy. The 
study protocol was approved by the ethical committee in 
Kyoto Women’s University.  
 
Laboratory data 
Blood was obtained after overnight fasting. After cen-
trifugation, serum was kept frozen at –30°C until analysis. 
Serum concentration of 25OH-D was measured by radio-
immunoassay (RIA) (DiaSorin, Stillwater, MN, USA). 

Table 1. Background profiles and results from blood tests of the study subjects 
 
 Total Male Female p value 
n 50 15 35 - 
Age (y)      87.6±8.0 (88.5) 84.9±7.9 (83.0) 88.7±7.8 (90.0) 0.133 
Level of care needed 3.6±1.1 (4.0) 3.3±1.0 (3.0) 3.7±1.2 (4.0) 0.228 
Body height (cm)   144.0±11.6 (142.0) 157.0±7.8 (159.0) 138.4±7.8 (139.0)  <0.01 
Body weight (kg) 43.6±9.3 (43.2) 50.3±7.9 (49.9) 40.7±8.3 (38.1) 0.001 
Body mass index (kg/m2) 21.0±3.8 (20.1) 20.5±3.4 (19.6) 21.3±4.0 (20.2) 0.476 
Serum albumin (g/dL) 3.7±0.4 (3.7) 3.8±0.4 (3.9) 3.6±0.4 (3.6) 0.136 
Serum total cholesterol (mg/dL)        184±37 (184) 186±26 (195) 183±41 (183) 0.828 
Serum triglyceride (mg/dL)          98±41 (92) 96±47 (75) 98±39 (93) 0.403 
Serum aminotransferase (U/L)          22±11 (19)          20±7 (17) 22±12 (19) 0.603 
Serum alanine aminotransferase (U/L)          16±10 (13)          16±7 (13) 16±12 (12) 0.235 
eGFR (mL/min./1.73m2)          61±20 (60) 67±19 (67) 59±21 (57) 0.208 
Serum 25-hydroxyvitamin D (ng/mL) 11.1±3.1 (11.2) 10.3±3.5 (9.3)  11.5±3.0 (11.6) 0.274 
Serum parathyroid hormone (pg/mL)   30.8±11.8 (30.0)    29.9±11.1 (31.0)    31.3±12.2 (30.0) 0.736 
Plasma phylloquinone (ng/mL)   0.73±0.70 (0.58)    0.62±0.29 (0.60)    0.77±0.82 (0.53) 0.992 
Plasma menaquinone-7 (ng/mL)   0.53±0.37 (0.45)    0.59±0.47 (0.47)    0.51±0.32 (0.44) 0.849 

 

Data are expressed as mean±SD with the values in parentheses showing the median.  
Comparison of indices between males and females were done by unpaired t test or Mann-Whitney test depending on normality.  
eGFR; estimated Glomerular Filtration Rate. 
 
 
 

Table 2. Daily dietary intakes of the study subjects 
 
 Total Male Female p value 
Energy (kcal)  1322±159 (1387)       1374±96 (1416)  1300±175 (1386) 0.160 
Protein (g) 51.0±5.8 (53.3) 53.1±3.6 (54.6) 50.2±6.3 (53.5) 0.091 
Fat (g) 32.8±3.9 (34.6) 34.2±2.4 (35.3) 32.2±4.3 (34.5) 0.095 
Carbohydrates (g)         178±20 (186)   185±12 (189.7)         175±21 (186) 0.093 
Calcium (mg)         494±53 (504)         503±50 (506)         490±54 (502) 0.157 
Vitamin D (μg) 7.0±1.4 (7.7) 7.4±0.9 (7.8) 6.9±1.5 (7.6) 0.107 
Vitamin K (μg)         155±30 (168) 164±19 (172)         151±33 (168) 0.107 

 

Data are expressed as mean±SD with the values in parentheses showing the median. Comparison of indices between male and women were 
done by unpaired t test or Mann-Whitney test depending on normality. 
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Circulating level of intact parathyroid hormone (PTH) 
was measured by electro chemiluminescent immunoassay 
(ECLIA) (Roche Diagnostics, Mannheim, Germany). 
Plasma vitamin K1 (phylloquinone; PK), and menaquinone-7 
(MK-7) levels were determined by high-performance 
liquid chromatography-tandem mass-mass spectrometry 
with atmospheric pressure chemical ionization (LC-
APCI-MS/MS) using a HPLC system (Shimadzu, Kyoto, 
Japan) and API3000 LC-MS/MS System (Applied Bio-
systems, Foster City, CA) with 18O-labeled vitamin K as 
the internal standard.26 
 
Nutrition intake study 
Since the subjects were institutionalized and their diet 
was supplied from the institution, their nutrients and en-
ergy intake were calculated by multiplying the supplied 
nutrients on the basis of the Standard Tables of Food 
Composition in Japan, 5th ed. with the average percentage 
intake in a preceding month by the staff.27 Percentage 
intake was assessed for each subject at every meal, and 
the monthly average percentage intake was calculated. 
Based on these records, their intake of energy and nutri-
ents was calculated using software (Healthy Maker Pro 
501, Mushroom Software Corp, Okayama, Japan). 
 
Statistical analyses 
Statistical analyses were performed with SPSS 15.0J 
(SPSS Japan Inc., Tokyo, Japan). Comparison of two 
independent groups was made with Student’s t-test or 
Mann-Whitney test depending on normality. Multiple 
regression analyses by stepwise method were performed 
to determine independent factors for circulating levels of 
vitamin D and K levels. The relationship between various 
nutritional indices and circulating vitamin D- and K- lev-
els was analyzed with principal component analysis 
(PCA), which is a statistical method to summarize the 
various parameters into a small number of summary fac-
tors (components). These components are obtained in 
such a way that the first component is extracted from the 
initial raw data with the maximal amount of information 
(eigenvalue), and the second one is extracted from the 
remaining information. Therefore, each component is 
mutually independent. Components with the eigenvalue 
greater than 1 were adopted, as in usual practice. 
 
RESULTS 
Biochemical markers and circulating concentrations of 
vitamin D and K 
Baseline characteristics and data from blood examination 
are shown in Table 1. There was no gender difference in 
the age and level of care needed, which is a 5-grade score 
in the long-term care insurance in Japan with a higher 
number indicating the need for more intensive care. The 
level of care needed was higher than grade 3 in 78% of 
subjects. Most of the present subjects required wheelchair 
for transportation. Body height and body weight were 
significantly higher in males than in females. Body mass 
index (BMI), or serum albumin, total cholesterol and 
triglyceride concentrations did not significantly differ 
between the two groups. Generally, serum albumin level 
less than 3.5 g/dL is considered to indicate malnutrition. 
Serum albumin level was below this value in 26% of sub-

jects. Inasmuch as the advanced age and high level of 
care needed, nutritional parameters remained within the 
reference range in most of the subjects. None of the study 
subjects had severe hepatic or renal dysfunction. There is 
a general consensus that a serum 25OH-D concentration 
less than 20 ng/mL indicates hypovitaminosis D.2 Serum 
25OH-D concentration was <10 ng/mL in 40% of sub-
jects, 10-20 ng/mL in 58%, and ≥20 ng/mL in only one 
subject. None of the subjects had a serum PTH level 
above the cut-off value (65 pg/mL). Plasma PK and MK-
7 concentrations in all of the subjects were 0.73±0.70 
ng/mL and 0.53±0.37 ng/mL, respectively. In the present 
study, serum PK was less than 1 ng/ml and serum MK-7 
was less than 1 ng/ml, in 85% and 90% of the subjects, 
respectively. The interpretation for these values will be 
given in the “Discussion” section. There were no gender 
differences in plasma vitamin K levels, serum 25OH-D or 
PTH. 
 
Nutritional intake in the study subjects 
The nutrients intake in the males and females were not 
statistically different as shown in Table 2. During the 
preparation of this paper, Dietary Reference Intake (DRI) 
for Japanese 2010 (DRI 2010) was released on May 29, 
2009.28 Since this work was done in 2006, however, con-
sideration is made basically according to DRI 2005.29 The 
intake of macronutrients such as protein, fat and carbohy-
drates appeared appropriate for their age and sex. The 
adequate intakes (AI) for calcium in Japan are 750 mg for 
men and 650 mg for women over 70 years. The AI for 
vitamin D is 5 μg/day, and that for vitamin K is 75 
μg/day for men and 65 μg/day for women respectively. 
Although average calcium intakes in both groups were 
lower than the AI in DRI 2005, the average daily vitamin 
D intake was 7.0 μg, which is 140% of the AI in DRI 
2005. The average daily intake of vitamin K in whole 
subjects was 155 μg, which is more than twice the AI for 
each gender. Thus, apparently these subjects had suffi-
cient intakes of vitamin D and K based on AI in DRI 
2005. 

 
Multiple regression analyses for the determination of 
independent factor for circulating vitamin D, K concen-
trations.  
In multiple regression analyses, vitamin D intake was a 
significant determinant of serum 25OH-D level, although 
the R2 was low. Serum triglyceride level was the only 
significant predictor for plasma MK-7 concentration, and 
vitamin K intake and serum triglyceride concentrations 
significantly contributed to plasma PK level (Table 3).  
 
Principal component analysis (PCA)  
Since institutionalized elderly are generally malnourished, 
it is quite important to determine whether the low vitamin 
D - and K -status is independent of overall malnutrition or 
not. Then PCA was performed with the parameters in-
cluded for analysis being serum albumin, triglyceride, 
cholesterol, 25OH-D, PTH levels and plasma PK, MK-7 
concentrations. Four components were obtained and ex-
plained 82% of the variance. The first component was 
composite of high albumin, total cholesterol and 25OH-D, 
and second component consisted of high triglyceride, low 



52 A Kuwabara, M Himeno, N Tsugawa, M Kamao, M Fujii, N Kawai, et al 

25OH-D, and high MK-7. The third component was 
composite of low 25OH-D and high PTH, and the fourth 
component was composed of high triglyceride and high 
PK. The interpretation of each component was made as 
follows; the first component representing overall nutri-
tional status, the second component, vitamin K2 status, 
the third component, vitamin D status, and the fourth 
component representing vitamin K1 status (Table 4). 
 
DISCUSSION 
Nutritional status would be adequately assessed by both 
evaluating the subjects’ food intake and measuring their 
circulating or urinary markers. This principle would hold 
true especially in the elderly, since they are at high risk 
for malabsorption or utilization defects of nutrients. Un-
fortunately in Japan, vitamin D and K status in the elderly 
has been studied either by evaluating their food intake, as 
in the annual National Nutrition Survey Japan (NNS-J) or 
by measuring circulating level of these vitamins,21,30-33 
but rarely by both.12,34  

Institutionalized elderly have been our special concern, 
since they are much more susceptible to hypovitaminosis 
D and K deficiency than the healthy elderly. The NNS-J 
in 2006 showed that subjects over 70 years of age, includ-
ing both genders, had the following daily nutrients intakes: 
energy 1761 kcal, calcium 551 mg, vitamin D 9.0 μg, 
vitamin K 273 μg,35 which were higher than those of the 
subjects in the present study. Gastrointestinal absorption 
of nutrients in the present study subjects would be im-
paired also. These considerations led us to simultaneously 
evaluate both vitamin D and K intakes and its circulating 
levels in the present study.  

Before the interpretation of our data, determination 
procedure for vitamin K deserves some discussion. There 
have been discrepancies on the plasma concentration of 
vitamin K in the previous literature, which is at least 
partly due to the different determination procedure em-
ployed. Recently we have developed a novel procedure 
for the determination of vitamin K analogs with high sen-
sitivity and specificity, based on high-performance liquid 
chromatography-tandem mass-mass spectrometry with 
atmospheric pressure chemical ionization (LC-APCI-
MS/MS).26 With this procedure, plasma concentrations of 
PK and MK-7 were 0.73±0.70 ng/mL (median 0.58 
ng/mL) and 0.53±0.37 ng/mL (median 0.45 ng/mL), re-
spectively in the current study. In our recent study, 
plasma concentrations for PK and MK-7 were 1.29±1.09 
ng/mL (median 0.94 ng/mL) and 4.21±6.81 ng/mL (me-
dian 2.14ng/mL), respectively in the healthy Japanese 
elderly over 70 years old using the same assay procedure. 
21 In the same study, lowest concentration of plasma vi-
tamin K level to avoid the elevation of serum ucOC con-
centration was 2.5 ng/ml for PK and 6.4 ng/ml for MK-
7.21 Since serum ucOC level is a sensitive indicator of 
skeletal vitamin K insufficiency, these figures can yield a 
rough estimate of circulating vitamin K levels needed by 
the skeleton.  

The median intake of vitamin K in the current subjects 
was 168 μg, which was more than twice the AI in DRI 
2005. The AI for vitamin K was not altered in DRI 2010. 
Dietary vitamin K intake has been identified as an impor-
tant determinant of plasma phylloquinone concentration 
in previous studies.36,37 In the present study, vitamin K 
intake was also significantly associated with plasma PK, 
but not with plasma MK-7. Since they were not supplied 

Table 3. Multiple regression analyses for the determination of independent factors for circulating vitamin D, K con-
centrations 
 
 R2 p value Variable β p value 
Serum 25OH-D 0.095 0.033 Vitamin D intake 0.309 0.033 
      
Plasma PK 0.181 0.011 Vitamin K intake 0.290 0.042 
   Triglyceride 0.380 0.009 
      
Plasma MK-7 0.255 <0.001 Triglyceride 0.505 <0.001 

 

Only significant predictors are shown. The abbreviations are β for β coefficient, and p for p value. Independent predictor for serum 25OH-D 
or plasma PK, MK-7 concentrations was analyzed by multivariate analysis with stepwise regression. Age, level of care needed and serum 
triglyceride and total cholesterol concentrations were included in all analyses. Vitamin D intake was additionally included in the analysis 
for plasma 25OH-D concentration. For plasma PK and MK-7, vitamin K intake was additionally included.  
 
 
 

Table 4. Principal component analysis of nutrition indices 
 
 Component 1 Component 2 Component 3 Component 4 
Serum Albumin 0.880 0.004 0.047 0.059 
Serum triglyceride 0.229 0.734 0.119 0.380 
Serum total cholesterol 0.800 0.320 -0.046 -0.060 
Serum 25OH-D 0.434 -0.457 -0.658 -0.033 
Serum PTH 0.156 -0.273 0.877 -0.090 
Plasma PK -0.014 0.030 -0.071 0.986 
Plasma MK-7 0.117 0.832 -0.238 -0.152 

 

Factor loadings to four components after varimax rotation are shown. Loadings greater than 0.35 are shown in bold 
Four components thus obtained were considered to represent the following nutritional status; component 1: overall nutritional status, com-
ponent 2: vitamin K2 status, component 3: vitamin D status, and component 4: vitamin K1 status. 
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with fermented soybean; natto, which contains exraordi-
nary amount of MK-7,38 phylloquinone from green vege-
tables is likely to be the major contributors to the total 
vitamin K intake in our subjects. Thus plasma PK alone 
correlated with total vitamin K intake, adjusted by serum 
triglyceride. These data strongly suggest that these sub-
jects are vitamin K-deficient in spite of the fact that their 
dietary intake is far above the AI in according to DRI 
2005, and increased vitamin K intake would be effective 
in improving plasma PK levels in institutionalized elderly 
in present study. 

As in the case of vitamin K, average dietary intake of 
vitamin D was around 7 μg/day, which is approximately 
140% of the AI in subjects in the present study. Neverthe-
less, the average serum 25OH-D concentration was only 
11.1 ng/mL. Thus, most subjects in the present study had 
hypovitaminosis D in spite of apparently sufficient vita-
min D intake.  

Although the multiple regression analysis has identi-
fied vitamin D intake as the significant contributor to se-
rum 25OH-D concentration, the R2 value was low, which 
indicates that the current model could explain only a 
small portion of variation. Several factors could be re-
sponsible for the above results. First, because of walking 
disability and other physical dysfunction, the chance of 
sun exposure was minimal in most of the current study 
subjects, but it was not null. Thus, sun exposure may also 
partly explain the above results. Unfortunately, however, 
detailed information about sun exposure was unavailable. 
Furthermore, ADL itself has been reported to be related 
to serum 25OH-D levels,39 on which detailed information 
is not available in the current study. Secondly, the intesti-
nal absorption of vitamin D is likely to decrease due to 
factors such as compromised intestinal ability for nutri-
ents absorption and limited fat intake.40 Nevertheless, oral 
vitamin D intake seems to be of value in the institutional-
ized elderly for improving their vitamin D status. Cash-
man et al. reported dose-dependent increase in serum 
25OH-D concentration after incremental supplementation 
with vitamin D3 in free-living adults over 64 years of 
age.41 Although AI for vitamin D slightly increased to 5.5 
μg/day in recently issued DRI 2010, the elderly subjects 
are likely to require much more vitamin D intake to avoid 
hypovitaminosis D considering the various problems to 
interfere with absorption and utilization as discussed 
above. A second issue with regard to the above discussion; 
disturbed intestinal absorption and limited fat intake, will 
also apply to the discrepant intake and circulating level of 
vitamin K.  

Although serum 25OH-D level was extremely low, av-
erage serum PTH level was within the reference range. 
Circulating 25OH-D concentrations showed significant 
negative correlation with serum PTH levels (r= -0.293, p= 
0.041; data not shown), which suggests that the negative 
feedback regulation of PTH secretion by vitamin D is not 
impaired in the current population. Kuchuk et al. reported 
that the elevation of serum PTH concentration by vitamin 
D deficiency is moderate in its magnitude, and usually 
fell into the reference range.42 Thus they stressed the im-
portance of serum 25OH-D level, and argued that for 
bone health maintenance and physical performance in the 

elderly, serum 25OH-D concentration above 50-60 
nmol/L (20-24 ng/mL) was required. 

Although the institutionalized elderly are considered to 
be generally malnourished,43-45 nutritional status appeared 
rather satisfactory in the present study subjects in face of 
hypovitaminosis D and K. Then we analyzed the relation-
ship between the overall nutrition and circulating levels 
of vitamin D and K by PCA. The PCA have yielded four 
components representing: overall nutritional status, vita-
min D status, vitamin K2 status, and vitamin K1 status 
respectively. Serum 25OH-D also exhibited some asso-
ciation with the first component, representing the overall 
nutritional status. One of the reasons for the above results 
would be that 25OH-D is bound to vitamin D-binding 
protein (DBP) and albumin during its transport in circula-
tion.46 Since these components are independent of each 
other by their definition, these results suggest that hypovi-
taminosis D and K in the institutionalized elderly do not 
merely reflect general malnutrition, and have their own 
role. Confounders are serious challenge in the clinical 
studies. In the intervention studies, randomization would 
eliminate the interference by the confounders. It would be 
less problematic in the case of cohort studies. Adjustment 
for confounders is quite difficult in the cross-sectional 
studies like the current one. Multivariate analyses such as 
PCA would be of help in eliminating the interference by 
confounders in this type of studies. 

In conclusion, institutionalized elderly had high preva-
lence of hypovitaminosis D and K in spite of their dietary 
intake exceeding the AI in DRI 2005 in Japan, which 
suggests that the requirement for these vitamins would be 
higher in these subjects. Additionally, hypovitaminosis D 
and K were shown to be independent of general malnutri-
tion by PCA, which would be a useful analytical proce-
dure for eliminating the interference by confounders in 
cross sectional studies. 
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居住機構中的老年人有高盛行率的維生素 D 及維生素

K 缺乏症且與整體的營養不良無相關 
 
研究老年人的維生素 D 及維生素 K 缺乏症有許多方法學上的問題。首先，大

多研究是藉由評估食物的攝取或是測量血中的濃度來進行的，但在日本很少

同時利用這兩種方法。在本篇文章中，維生素 D 及維生素 K 的攝取以及老年

人的血中濃度是同步測量的。第二個議題是維生素 D 及維生素 K 缺乏症是否

與盛行於老年人的一般營養不良情形相關。我們試著藉由統計的主成份分析

方法去分辨。評估 50 位機構中的老年人血中的 25-羥化維生素 D、副甲狀腺

素、維生素 K1、維生素 K 2 濃度，以及食物攝取。雖然平均維生素 D 攝取量

(每天 7 克)超過日本所訂定的足夠攝取量(每天 5 克)，但平均血清中 25-羥化維

生素 D 濃度(11.1 ng/mL)卻屬維生素 D 缺乏的範圍。維生素 K 攝取量的中位數

為每天 168 克，這幾乎是維生素 K 的足夠攝取量的 2.5 倍。但是，血漿中維生

素 K1及維生素 K 2濃度是遠低於 70 歲以上健康的日本老人。應用主成份分析

法，結果產生 4 個成份，分別代表整體營養狀況、維生素 K 2、維生素 D 及維

生素 K1的營養狀況。既然每個成份都各自獨立，則這些老人的維生素 D 及維

生素 K 缺乏不能用整體營養不良加以解釋。總之，在這些機構中的老年人具

有高盛行率的維生素 D 及維生素 K 缺乏；爾後這類研究應該同時測量血中濃

度及飲食攝取。主成份分析法，可排除橫斷性研究中其他干擾因子的作用，

而得到有效的結果。 
 
關鍵字：維生素 D 缺乏、維生素 K 缺乏、主成份分析、足夠攝取量、機構中

的老年人 
 















128 ト　ピ　ッ　ク　ス 〔ビタミン 84巻

　ビタミン研究において，基礎研究，疫学・臨床研究は，
お互いに合い補いあう関係であろうが，もう一つの研究
分野は，社会におけるビタミンの役割である．しかし，
このような研究はわが国では従来ほぼ皆無なので紹介し
たい．ほとんどの読者にとって，ふだん聞きなれない用語・
概念がでてくることや一部に私見が入っている点はご容
赦願いたい．なお，筆者は骨粗鬆症を主な研究分野とし
ており，以下ビタミン Dによる骨折抑制を例として述べ
る．
　本稿における骨折の記述は，大腿骨近位部骨折が主と
なるので，最初に簡単に説明しておく．この骨折はいわ
ゆる「足の付け根」が折れるもので，高齢者に多い．受傷
後 1年以内の死亡率が高いだけではなく，死亡をまぬが
れても，生活レベルが低下するため，要介護の原因とな
る例も少なくない．このことは患者本人にとって，大き
な不幸であることは言うまでもないが，医療費・介護に
要する費用も莫大であり，社会に及ぼす影響も大きい 1）．
従って，大腿骨近位部骨折の予防は医学的にも，社会的
にも緊急の課題となっている．　
　近年種々の骨粗鬆症治療薬が臨床現場で用いられてい
るが，主に投与されているのは骨吸収抑制薬である．そ
の代表である bisphosphonate系薬剤は，強力な骨吸収抑
制薬であり，骨折の発生率を半減させるほどの効果を示
す．最近一部の国と地域では，人口の高齢化にも関わらず，
大腿骨近位部骨折の発生率が減少しており，その減少は
骨密度測定の普及や bisphosphonateのような新薬の処方
との関連が考えられている 2）．これに勝るとも劣らない
新薬が近年さらに次々と開発されている．このような画
期的新薬と比べると，ビタミンをはじめとする栄養療法
の効果は小さい．
　最近欧米においては，医療行為は有効であることを証
明しただけでは不十分で，かけた費用に見合うだけの効
果を挙げることを示す必要があると考えられている 3）．
この費用に対する効果（費用対効果）の視点から見ると，
ビタミンを含む栄養療法には，新たな側面が見えてくる．
　疾患の予防は，一次予防，二次予防，三次予防に分類
される．三次予防はリハビリテーションのように，疾患
に罹った後の対策，二次予防は疾患の早期診断と早期治
療，一次予防は生活習慣の改善などによって，疾患を未
然に防ぐことを目指すものである．また，予防に関する
アプローチの方法から，high risk approachと population 

approachに分けられる．前者はその名前の通り，疾患発
生のリスクの高い群に対して集中的に介入を行うもので

ある．疾患発生リスクが高く，その薬剤の予防効果が大
きいほど費用対効果はよい値となる．従って，骨折リス
クの非常に高い群に対して bisphosphonateなどを用い，薬
剤治療介入を行うことは費用対効果に優れた医療行為で
ある．
　しかし，中～低リスク集団に対してもこのような治療
介入を行うことは，要する費用や発生しうる副作用の可
能性を考えると，とうてい実行不可能である．例えば，
50歳以上の全女性に，bisphosphonateを服用させるとい
うのは，あり得ない選択である．このような場合には，
集団のリスクを低い方に平行移動させる population ap-

proachが行われる．その場合，多数かつ多様な対象者に
対して行いうることが必須であるから，安全かつ安価な
ものでなければならず，栄養，運動などの生活習慣改善
が中心となる．
　言い換えると，ビタミンなどの栄養療法は絶対的な効
果は新薬より小さいが，かかる費用は圧倒的に低いので，
費用対効果には優れており，中～低リスク集団に対する
一次予防，population approachには非常に適しているとい
うことである．わが国ではこのような研究は皆無だが，
海外では医療行為に対する経済評価は盛んに行われてお
り，ビタミン Dの骨折予防効果を扱ったものもいくつか
ある 4）-8）．
　一例を示すと，Decalyos Studyは，フランスで行われた
臨床研究であり，3,270名の高齢女性を 2群に分け，一方
にはビタミン D3（800 IU/日）＋カルシウム（1,200 mg/日）
の投与が，他方にはカルシウム（1,200 mg/日）のみの投与
が，36ヶ月行われた．大腿骨近位部骨折は，Caのみ群で
は 1,127名中 184名に起こったのに対し，D群では 1,176

名中 138名であった．すなわち，1,000名あたり 46件の
大腿骨近位部骨折が予防できたことになる．この骨折は
非常に医療費のかかる骨折であるので，もし施設入居高
齢者全員にビタミン D＋カルシウムの補充を行うならば，
それにより，1億 5千万フランの医療費が削減できるも
のと推測されている 4）．
　骨折の危険因子として低骨密度はもちろん重要だが，
大腿骨近位部骨折など非椎体骨折の場合，転倒がきっか
けになる例が非常に多い．最近ビタミン Dの転倒防止効
果も注目されていることから，ビタミン Dは骨密度低下
を防ぐ作用に加えて，複数の作用点から骨折予防に役立
つ可能性がある．なお上記の研究は，大腿骨近位部骨折
のみに注目したものであるが，実際にはビタミン D欠乏
（不足）の改善によって，それ以外の骨折についても予防

ビタミン D による骨折予防効果の意義：医療経済の視点から
Fracture Prevention by Vitamin D: from the Perspectives of Health Economy
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効果が見込まれるので，実際の経済効果はさらに大きく，
上記の推定はおそらく過小評価である．
　最近海外では，400IU/日のビタミン Dでは骨折を防ぐ
ことができず，最低 800IU/日程度を要するという大規模
研究やメタアナリシスがあいついで発表され 9）10），ビタ
ミン Dによる骨折予防の社会的側面にも言及されている．
予防効果を評価するのに，NNT（number needed to treat）と
いう指標がよく用いられる．これはその疾患（ここでは骨
折）の発生を 1件防ぐためには，何人に対して介入する必
要があるかという数字であり，NNTが小さい方が効率の
よい予防介入である．当然，疾患発生リスクの高い集団
に対して介入した方が NNTはよい値となる．Tangらは，
29の RCT（randomized controlled trial），63,897例のデータ
のメタアナリシス結果から，ビタミン Dの有効性を報告
しているが，NNT=63であったと述べている 9）．この研
究は 50歳以上の女性が対象であり，決して骨折リスクが
非常に高い集団だけを選んだものではないことを考える
と，NNT=63は非常によい数字であり，循環器領域での
NNTと比べても遜色ない 11）．
　ビタミン Dの骨折予防効果に関しては，近年の海外で
の進歩に比べて，日本での臨床研究が非常に遅れている．
多数の介入試験が海外で発表されてきたが，これまでわ
が国ではほぼ皆無であった．最近，我々は施設入所高齢
者に対する，ビタミン D3による介入試験を行った 12）13）．
血液中の 25-hydroxyvitamin D濃度が最もよいビタミン D

栄養状態の指標だが，日本人の食事摂取基準 2005年版の
目安量である，200 IU/日では極めて不十分な効果しか得
られず，少なくとも 800 IU/日を要することを報告した．
しかし，これはまだ血液中のビタミン D濃度を指標とし
たのにとどまっており，骨折を指標したものではない．
このようなわが国の現状では，本稿に述べたような医療
経済からみたビタミンの評価というような話題は時期尚
早なのかもしれない．しかし，このようなビタミンの評
価は社会と行政に対してビタミンの重要性を訴えていく，
一つの有力な視点となるものであり，今後わが国でも研
究が行われるべき分野であると考え，あえて紹介した．
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Chapter 8 

PATIENTS WITH CROHN’S DISEASE HAVE 
HYPOVITAMINOSIS D AND K, WHICH IS 

INDEPENDENT OF GENERAL MALNUTRITION 
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Nakase3, Tsutomu Chiba3, Toshio Okano2and Kiyoshi Tanaka1* 
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INTRODUCTION 

Inflammatory bowel disease (IBD) consisting of Crohn’s disease (CD) and ulcerative 
colitis (UC) is an inflammatory disease affecting the gastrointestinal tract. As its name 
implies, UC mainly affects large intestine. In contrast, CD can affect all part of the 
gastrointestinal tract from mouth to anus, but in most cases with CD, small intestine is 
involved. Nutritional complications are common in patients with IBD, especially those with 
CD[1,2]. Deficiencies of proteins, calories, and vitamins are quite prevalent in subjects with 
CD, which may be caused by such factors as inadequate dietary intake, intestinal loss of 
protein, or malabsorption[3-6]. Previous studies have reported the high prevalence of 
hypovitaminosis D or K in patients with IBD [7-11].  

Vitamin D, amongst its diversity of actions, enhances intestinal absorption of calcium and 
phosphorus as its fundamental action [12]. Its deficiency causes mineralization defect; rickets 
and osteomalacia[13]. Its inadequacy, even in its milder form (insufficiency) increases the 
risk of fracture through negative calcium balance and secondary hyperparathyroidism[14]. 
Recently, the skeletal action of vitamin K has come to our attention, although its sole action 
of clinical significance has long been considered to be the one as the co-factor for γ-
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carboxylation of four of the clotting factors in the liver [15]. Skeletal vitamin K insufficiency 
has been demonstrated to be a risk factor for fracture [16,17].  

Osteoporosis is a common complication of IBD [18-22]. It has also been reported that the 
incidence of fracture among patients with IBD was greater than that in general population 
[23]. Thus, hypovitaminosis D and K is likely to be of great importance in the evaluation and 
possibly the treatment of osteoporosis associated with IBD. 

In our recent report [24], CD patients had significantly lower plasma vitamin K and D 
concentrations, and significantly higher serum levels of markers for the inadequacy of these 
vitamins; parathyroid hormone (PTH), protein induced by vitamin K absence (PIVKA)-Ⅱ 
and undercarboxylated osteocalcin (ucOC), which are indicators for vitamin D insufficiency, 
hepatic vitamin K insufficiency, and skeletal vitamin K insufficiency, respectively. Subjects 
with CD had significantly lower BMD scores at almost all measurement sites than those with 
UC. Plasma levels of vitamin D and K correlated with BMD and the patients’ fat intake, but 
not with their intake of these vitamins. Multiple regression analysis revealed that low plasma 
concentrations of vitamin D and K were independent risk factors for low BMD at radius. 
These results suggested that maintaining vitamin D- and K-adequacy is necessary for the 
bone health. The insufficiency of these vitamins is likely to arise from their malabsorption 
probably due to restricted fat intake as well as the compromised intestinal ability to absorb the 
nutrients. 

However, nutritional indices such as serum albumin and total cholesterol levels were also 
lower in patients with CD than those with UC. Thus one could argue against the role of these 
vitamins by stating that decreased blood concentrations of these vitamins merely reflect the 
overall malnutrition.  

In this paper, we have attempted to demonstrate that decreased blood concentrations of 
vitamin D and K in IBD patients are independent of general malnutrition by use of one of the 
multivariate analyses; principal component analysis (PCA).  

SUBJECTS AND METHODS  

Study Subjects 

The study subjects were 128 patients with IBD (male:78, female:50) consisting of 60 
patients with CD (male:36, female:24) and 68 patients with UC (male:42, female:26) visiting 
the Gastroenterology Clinic of Kyoto University Hospital. Consent to participate in this study 
was obtained after explanation of the objective and protocol of this study. 

Bone Mineral Density (BMD) Measurement 

BMD was measured at various skeletal sites; lumbar spine, femoral neck, total hip, distal 
one-third of radius, ultradistal radius with dual energy X-ray absorptiometry (DXA) using 
Hologic QDR-2000 (Bedford, MA). Data were expressed as z-value, which shows a standard 
deviation from age- and sex-adjusted average based on the Japanese reference database.  
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Blood Examination 

Blood was obtained after overnight fasting. After centrifugation, plasma or serum 
samples were stored at –30℃ with protection from light until analysis. Serum concentration 
of 25-hydroxyvitamin D (25OH-D) was measured by radioimmunoassay (RIA) (DiaSorin, 
Stillwater, MN, USA). Plasma vitamin K1 (phylloquinone; PK), and menaquinone-7 (MK-7) 
levels were determined by high-performance liquid chromatography-tandem mass-mass 
spectrometry with atmospheric pressure chemical ionization (LC-APCI-MS/MS), HPLC 
analyses were conducted with a HPLC system (Shimadzu, Kyoto, Japan), Mass spectrometry 
was performed with API3000 LC-MS/MS System (Applied Biosystems, Foster City, CA). 
18O-labeled vitamin K was the internal standard in the analysis of plasma vitamin K [25]. 
Serum intact-PTH was measured by an electro immunoradiometric assay (IRMA) 
(Scantibodies Laboratory, Santee, CA, USA), with 14-66 pg/ml as the reference range.  

Other biochemical markers were measured by auto-analyzer. Approximately half of 
serum calcium is bound to albumin, and its serum concentration is affected by alteration in 
serum albumin level. Therefore, serum calcium concentration was corrected as follows; 
corrected calcium=calcium – (albumin – 4).  

Statistical Analysis 

Statistical analyses were done with SPSS 17.0J (SPSS Japan, Tokyo). Comparison of 
independent two groups was done with Student’s t-test or Mann-Whitney test depending on 
normality. Multiple regression analyses were performed to investigate the determinants for 
BMD at each site. Data on various nutritional indices and circulating vitamin D- and K-levels 
were analyzed with principal component analysis (PCA), which is a statistical method to 
summarize the various parameters into small number of summary factors (components). 
These components are obtained in such a way that first component is extracted from the 
initial raw data with the maximal amount of information (eigenvalue), and the second one is 
extracted from the remaining information. Thus, they are independent of each other. 
Components with the eigenvalue greater than 1 were adopted as is used in the usual practice. 

RESULTS 

Biochemical Markers 

The baseline characteristics of the study subjects are shown in Table 1. Patients with CD 
were significantly younger than those with UC. CD patients had higher CRP level, and lower 
nutritional indices such as BMI, hemoglobin, serum albumin and cholesterol concentrations 
than those with UC. Other indices were not significantly different between two groups, and 
largely fell into the reference ranges. 
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Table 1. Baseline characteristics of the study subjects 

 IBD (n=128) CD (n=60) UC (n=68) p value 
Age (years)  34.4+/-7.5  41.7+/-16.4 <0.01 
Sex (Male/Female)  36/24 42/26 - 
Body mass index (kg/m2)  19.2+/-2.7 21.1+/-3.0 <0.01 
C-reactive protein (mg/dl)  0.7+/-1.0 0.3+/-0.6 0.01b 
White blood cell (x103)  6.1+/-1.9 5.9+/-1.9 NS 
Red blood cell (  4.3+/-0.5 4.5+/-0.6 NS 
Hemoglobin (g/dL)  11.8+/-1.9 13.1+/-2.0 <0.01 
Total protein (g/dL)  6.8+/-0.7 7.1+/-0.4 0.01 
Albumin (g/dl)  3.9+/-0.4 4.3+/-0.4 <0.01 
Triglyceride (mg/dL)  95.4+/-40.7 101.3+/-77.6 NS 
Total cholesterol (mg/dl)  131.7+/-25.2 176.5+/-36.6 <0.01 
Alkaline phosphatase  228.9+/-72.3 227.5+/-95.8 NS 
Corrected calcium (mg/dl)  8.8+/-0.3 8.8+/-0.3 NS 
Phosphorus  3.3+/-0.7 3.4+/-0.4 NS 

Data are expressed as mean+/-SD. 
The p value indicates the statistical difference between CD and UC patients based on Student’s t-test or 

Mann-whitney test depending on normality.  

Table 2. Serum concentrations of 25(OH)D, PTH, and vitamin K in IBD patients 

 IBD (n=128) CD (n=60) UC (n=68) p value 
25OH-D (ng/ml)  14.1+/-8.5 (12.6) 18.5+/-7.2 (18.2) <0.01 
PTH (pg/ml)  30.6+/-12.4 (28.0) 26.0+/-9.7 (25.5) 0.04 
PK (ng/ml)  0.60+/-0.72 (0.45) 0.86+/-0.54 (0.78) <0.01 
MK-7 (ng/ml)  2.70+/-7.49 (0.45) 6.43+/-10.1 (1.67) <0.01 

Data are expressed as mean+/-SD with the values in parentheses showing the median. 
The p value indicates the statistical difference between CD and UC patients based on Student’s t-test or 

Mann-whitney test depending on normality. 

Circulating Levels of Vitamins D and K  

Serum 25OH-D concentration was significantly lower and PTH level was significantly 
higher in CD patients than UC subjects. There is a general consensus that serum 25OH-D 
concentration less than 20 ng/mL indicates hypovitaminosis D. Serum 25OH-D level was 
below 20 ng/ml in 82% of patients with CD and 57% of patients with UC. Most of the 
subjects had serum PTH level within the reference range (≤66 pg/mL). Serum concentrations 
of PK and MK-7 were significantly lower in patients with CD than those with UC (Table 2). 
In our recent report using the same assay procedure, mean plasma PK level was 1.74 ng/ml, 
and plasma MK-7 level was 4.96 ng/ml in healthy Japanese women aged 30-49 [26]. 
Therefore, circulating levels of vitamin K were considered to be extremely lower in IBD 
patients than that in the healthy subjects. 
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Table 3. BMD in patients with CD and UC 

 CD (n=27) UC (n=31) p value 
Lumbar spine (L1-4) -0.52+/-0.64** -0.45+/-1.15* NS 
Femoral neck -1.02+/-0.85** -0.45+/-1.12 NS 
Total hip -0.87+/-0.81** -0.27+/-1.08 0.03 
Distal one-third of radius -1.85+/-1.15** -1.79+/-1.51** NS 
Ultra distal radius -1.87+/-0.86** -1.20+/-1.36** NS 

Data are shown as the z-score normalized by gender and age and expressed as mean +/- SD. The p 
value denotes the statistical significance in BMD in CD and UC subjects. The asterisks show the 
statistically significant difference from zero (*: p<0.05, **<0.01). 

BMD Measurement 

In Table 3 are shown the data on BMD. Although patients with CD had z-score 
significantly lower than zero at all measurement sites, UC subjects had z-score below zero at 
lumbar spine, distal one-third and ultradistal radius. BMD in CD patients was significantly 
lower at total hip  

Principal Component Analysis (PCA)  

PCA was performed with the parameters included for analysis being hemoglobin serum 
albumin, total cholesterol, 25OH-D level and plasma PK, MK-7 concentrations (Table 4). 
Two components were obtained and explained 56.7% of the variance. The first component 
was composite of high albumin, total cholesterol and hemoglobin, and second component 
consisted of high 25OH-D, PK and MK-7. The interpretation of each component was made as 
follows; the first component representing overall nutritional status, the second component, 
vitamin D and K status. When CD and UC subjects were analyzed separately, vitamin D and 
K status was also independent of overall nutritional status (data not shown). 

Table 4. Principal component analysis of nutrition indices 

 Component 1 Component 2 
Serum Albumin 0.828 0.040 
Serum total cholesterol 0.675 0.056 
Hemoglobin 0.786 0.241 
Serum 25OH-D 0.309 0.730 
Plasma PK -0.125 0.820 
Plasma MK-7 0.130 0.498 

Factor loadings to four components after varimax rotation are shown. Loadings greater than 0.35 are 
shown in bold 

Two components thus obtained were considered to represent the following nutritional status; 
component 1 overall nutritional status, component 2 vitamin status 
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Table 5. Comparison of two parameters obtained from PCA. 

 CD (n=60) UC (n=68) P value 
First Component 
(Overall Nutritional Status) 

-0.54+/-0.87 0.47+/-0.86 <0.001 

Second Component 
(Vitamin D and K Status) 

-0.25+/-1.08 0.22+/-0.87 0.006 

The p value indicates the statistical difference between CD and UC patients based on Student’s t-test. 
 
Next, these two summary scores were compared between CD and UC subjects. Both of 

them were significantly lower in CD patients than UC subjects, which suggests that patients 
with CD are both under-nourished and in vitamin D- and K-insufficiency (Table 5).  

Multiple Regression Analyses for Factors Associated with BMD Z Scores At 
Various Site 

Multiple regression analyses were done to study to what extent the BMD (z-score) could 
be explained by these summary scores (Table 6). BMD at all measurement sites except 
lumbar spine and distal one-third radius were significantly contributed by these two summary 
scores, with first component (overall nutritional status) contributing to BMD at ultradistal 
radius, and second component (vitamin status) significantly contributed to BMD at femoral 
neck, total hip, and ultradistal radius.  

Table 6. Multiple Regression Analyses for BMD. 

Sites R2 p value Variable β p value 

Lumbar spine 0.06 0.07 Overall Nutritional Status 0.10 0.44 
   Vitamin D and K Status  0.27 0.04 
Femoral neck 0.21 <0.01 Overall Nutritional Status 0.11 0.45 
   Vitamin D and K Status  0.47 <0.01 
Total hip 0.18 <0.01 Overall Nutritional Status 0.22 0.09 
   Vitamin D and K Status  0.36 <0.01 
Distal one-third of radius 0.02 0.65 Overall Nutritional Status 0.10 0.51 
   Vitamin D and K Status  0.07 0.63 
Ultradistal radius 0.14 <0.01 Overall Nutritional Status 0.28 0.04 
   Vitamin D and K Status  0.26 0.05 

Abbreviations are as follow; β  for β coefficient and p for p value. Determinants of independent 
predictors for BMD at each site were analyzed by multivariate analysis with stepwise method. 
Variables included were two parameters obtained from PCA. 
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DISCUSSION 

The insufficiency of vitamin D and K are associated with increased risk of 
fracture[14,27-29]. However, the importance of vitamin insufficiency is often overlooked. 
Classical vitamin deficiency diseases are easily diagnosed, since they are accompanied by 
phenotypic abnormalities such as rickets or osteomalacia in vitamin D deficiency, and 
bleeding tendency in vitamin K deficiency. In contrast, vitamin insufficiency could not be 
diagnosed for the individual subjects phenotypically, and the increased risk of chronic 
diseases due to vitamin insufficiency becomes apparent only by the epidemiological studies.  

Thus each subject could only be evaluated by the surrogate markers. Serum concentration 
of 25OH-D best reflects the vitamin D status. It is a general consensus that its concentration 
below 20 ng/mL is associated with increased fracture risk, although recent evidences indicate 
that higher concentration around 30 ng/mL is necessary for fracture prevention[30,31]. In the 
case of vitamin K, there are some methodological problems. First, vitamin K consists of 
phylloquinone (vitamin K1) and menaquinones (vitamin K2), the latter further composed of 
several analogs with different length of side chain. Therefore, vitamin K status cannot be 
evaluated by a single measurement of blood level of one of the vitamin K analogs. In 
addition, although circulating vitamin K levels have been measured with various methods, 
results are different between assay procedures. The present data were obtained with our newly 
developed LC-APCI-MS/MS procedure with stable isotope-labeled internal standard yielding 
high sensitivity and specificity [25]. Thus, measurement of circulating levels of these 
vitamins aids us to evaluate the subjects’ vitamin status, especially vitamin insufficiency. 

In the present study, patients with IBD had hypovitaminosis D and K, especially those 
with CD. Patients with CD had also lower overall nutritional status than those with UC. We 
have recently reported that hypovitaminosis D and K were associated with decreased BMD in 
IBD subjects[24]. However, osteoporosis is a common complication of IBD, for which many 
factors have been reported to be responsible; low body weight, inflammatory process, and 
therapeutic glucocorticoid use[18-22]. 

Thus, it must be decided whether the decreased concentrations of vitamin D and K are 
merely the reflection of overall malnutrition or not. Confounders are serious challenges in the 
clinical and epidemiological studies. In the intervention studies, randomized controlled trial 
(RCT) would largely eliminate the interference by confounders. Of the observational studies, 
cohort study would be less sensitive to the confounding variables. In the cross-sectional 
studies, eliminating the interference by confounders is a tough methodological challenge.  

The main strategies to control for confounding in observational epidemiological 
investigations and, in particular, in case-control studies, are restriction, matching, 
stratification and fitting of regression models. In the present study, we have attempted to 
discriminate hypovitaminosis D and K from general malnutrition by use of another statistical 
method; principal component analysis (PCA). It is a useful statistical procedure to summarize 
the complex and diverse data into the small number of independent components (summary 
score). In the epidemiological or clinical studies, PCA has been employed in the dietary 
pattern analysis [32,33].  

Two components or the summary scores obtained in the current study were considered to 
represent the overall nutritional status, and vitamin D- and K-status, respectively. Both of 
them were lower in patients with CD than those with UC. Since they are independent of each 
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other, these results suggested that subjects with CD had both hypovitaminosis D and K, and 
general malnutrition, but the former is not merely a reflection of the latter. The results by 
multiple regression analyses indicated that insufficiency of these vitamins would negatively 
affect BMD at various skeletal sites.  

We believe that our current report carries significance both clinically and 
methodologically, it is not free from limitation. Although the multiple regression analysis has 
identified vitamin D and K status as the significant contributor to BMD at femur and radius, 
the R2 value was low, which indicates that the current model could explain only a small 
portion of variation. Further studies are required for the additional determinants for BMD in 
IBD.  

In conclusion, patients with CD have hypovitaminosis D and K independent of general 
malnutrition, and analyzing data from cross-sectional studies with PCA would be of help in 
eliminating the interference by confounding variables. 
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