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B-group vitamin contents in starved rats

lung and serum decreased in the S6 rats. The differences in the
pattern of vitamin By 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“”, nicotinamide concentrations
in organs and blood were maintained. Urinary excretion of
the sum of nicotinamide and its catabolites was high after
1d of starvation and subsequently decreased. These results
are in agreement with those reported by a previous
study®®. The proporstion 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"*® and an elevation
in nicotinamide methyltransferase™?. 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™?. 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(%) and poly(ADP-ribose)
synthetase“™”. 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 B;, vitamin B,, nicotinamide and biotin
levels declined gradually. Second, vitamin Bg and vitamin
B> levels rapidly decreased after 1d 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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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) pg/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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HYSICAL 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, f-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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(ascorbic acid) is a water-soluble antioxidant present in the
cytosol and extracellular fluid and can directly react with
free radicals such as superoxide (O,-7) 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/height? (kg/m?). 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 pMm 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 pl of the plasma was dispensed into storage tubes, to
which 450 pl 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 lig-
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.

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

Characteristic Mean (SD)
Age (y) 757 (4.1)
Height (cm) 149.1 5.7
Weight (kg) 51.0(8.3)
Body mass index (kg/m?) 22.93.4)
Triceps surae muscle (cm) 33.1(2.8)
Plasma vitamin C (pg/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 212

Diabetes mellitus 9.0

Hyperlipidemia 347
Alcohol drinking habit

Current 253

Former 5.0

Never 69.6
Smoking habit

Current 37

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.

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

Correlation*

Factor 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.

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) pg/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 3. Relationship between Plasma Vitamin C Concentration and Physical Performance Adjusted for Potential Confounder

Quartile of plasma vitamin C level

Qi Q2 Q3 Q4

Physical performance Mean + SE Mean + SE Mean + SE Mean + SE p for trend
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 3144+ 171 33.98+1.70 3770+ 1.70 37.83+1.71 .003

Multivariate adjusted* 3339+ 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.

TLength 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.
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Summary Evidence on factors associated with misreporting of energy intake is limited,
particularly in non-Western populations. We examined the characteristics of under- and
over-reporters of energy intake in young Japanese women. Subjects were 3,956 female Japa-
nese dietetic students aged 18-20 y (mean body mass index: 20.9 kg/m?). Energy intake
was assessed using a comprehensive self-administered diet history questionnaire. Estimated
energy requirement was calculated based on self-reported information on age, body height
and weight, and physical activity with the use of an equation from the US Dietary Reference
Intakes. Under-, acceptable, and over-reporters of energy intake were identified based on
the ratio of energy intake to estimated energy requirement, according to whether the indi-
vidual’s ratio was below, within, or above the 95% confidence limits of the expected ratio of
1.0 (<0.70, 0.70-1.30, and >1.30, respectively). Risk of being an under- or over-reporter
of energy intake compared to an acceptable reporter was analyzed using multiple logistic
regression. The percentage of under-, acceptable, and over-reporters of energy intake was
18.4, 73.1, and 8.4%, respectively. Under-reporting was associated with overweight or obes-
ity, perception that one’s own weight was too heavy or light, lower dietary consciousness,
active lifestyle, living without family, and living in a city (compared with a metropolitan
area). Over-reporting was associated with sedentary lifestyle only. This study of lean young
Japanese women showed that energy intake misreporting, particularly under-reporting, was
common and differential among populations. Particularly, perceived weight status was asso-

ciated with under-reporting of energy intake, independent of actual weight status.

Key Words

Although accurate assessment of habitual dietary
intake is a prerequisite to studies of diet and health, the
difficulty of obtaining dietary data that accurately rep-
resents what people usually eat is now generally recog-
nized (1). Misreporting of dietary intake is a common
phenomenon that appears to occur non-randomly (1-4)
and to be selective for different kinds of foods and nutri-
ents (5-9). The resulting potential for differential errors
in dietary data complicates the interpretation of studies
on diet and health and, at worst, might produce spuri-
ous diet-health relationships (1, 3, 7). Increasing our
understanding of this serious issue therefore requires
the identification of different characteristics associated
with different kinds of misreporting of dietary intake.

Energy intake is the foundation of the diet, because
all other nutrients must be provided within the quan-
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tity of food needed to fulfill the energy requirement.
Reported energy intake is therefore a surrogate measure
of the total quantity of food intake (1). In fact, under-
reporting of energy intake has long been considered
a serious problem in almost all dietary surveys (1-4,
6-18). In particular, overweight and obese people tend
to under-report energy intake to a greater extent than
lean people (1-4, 6-18). Moreover, recent studies have
shown that, in addition to under-reporting, over-report-
ing of energy intake also needs to be taken into account,
in some populations at least, such as those with low
body mass index (BMI) (3, 10, 12, 14). Most of these
studies have been conducted in Western countries (1-3,
5-8, 10-16), however, and research in non-Western
countries such as Japan is sparse (4, 9, 17, 18). Because
the ways people interpret and respond to dietary assess-
ment may differ between Western countries and Japan,
mainly due to large differences in dietary habits and -
body size, the accuracy of reported dietary intake may
also differ, hampering the extrapolation of findings in
Western countries to Japanese populations.

Here, to better understand the serious problem of
dietary misreporting, the objective of this study was to
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examine differences in dietary and non-dietary charac-
teristics between under-, acceptable, and over-reporters
of energy intake in a group of young Japanese women.
A characteristic of young Japanese women is their rela-
tively low BMI, which is nevertheless accompanied by
excessive weight concerns and a strong desire for thin-
ness (19, 20), a combination seldom observed in other
countries. In particular, we investigated the hypothesis
whether actual and perceived weight statuses were inde-
pendently associated with energy intake misreporting in
this unique population.

MATERIALS AND METHODS

Study population. The present study was based on
data from the Freshmen in Dietetic Courses Study I, a
cross-sectional, self-administered questionnaire survey
among dietetic students (n=4,679) from 54 institutions
in 33 of 47 prefectures in Japan. A detailed descrip-
tion of the study design and survey procedure has been
published elsewhere (21-24). Briefly, a set of two ques-
tionnaires on dietary habits and other lifestyle behav-
iors during the preceding month was distributed to all
students at orientation sessions or early lectures for
freshman students who entered dietetic courses in April
2005, in almost all institutions within 2 wk after the
course began. In accordance with the survey protocol,
answered questionnaires were checked at least twice for
completeness by trained survey staff (mostly registered
dietitians) and, when necessary, forms were reviewed
with the subject to ensure the clarity of answers.

In total, 4,394 students (4,168 women and 226 men)
completed both questionnaires (response rate: 93.9%).
For the present analysis, we selected female participants
aged 18-20y (n=4,060). We then excluded women
who were in an institution where the survey was not
conducted within 2 wk of entry (n=98) and those
with missing information on the variables used (n=38).
As some participants were in more than one exclusion
category, the final analysis sample consisted of 3,956
women.

This study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all proce-
dures involving human subjects were approved by the
ethics committee of the National Institute of Health
and Nutrition, Japan. Written informed consent was
obtained from all subjects; in this survey, the signature
of the student on both of the questionnaires was consid-
ered to constitute informed consent by both the student
and her parent(s)/caregiver(s).

Dietary intake. Dietary habits during the preceding
month were assessed using a comprehensive self-admin-
istered diet history questionnaire (DHQ) (4, 25-28).
Details of the DHQ's structure and method of calculat-
ing dietary intake have been published elsewhere (4,
25-28). Briefly, the DHQ is a structured 16-page ques-
tionnaire which asks about the consumption frequency
and portion size of selected foods commonly consumed
in Japan, as well as general dietary behavior and usual
cooking methods (25, 28). Estimates of daily intake for
foods (150 items in total), energy, and selected nutrients

MURAKAMI X et al.

were calculated using an ad hoc computer algorithm for
the DHQ (25, 28) based on the Standard Tables of Food
Composition in Japan (29). Values of nutrient and food
intake were energy-adjusted using the density method
(i.e., percentage of energy for energy-providing nutri-
ents and amount per 1,000 kcal of energy for other
nutrients and foods) (9).

Validity of the DHQ with respect to commonly stud-
ied nutritional factors has been investigated (4, 25-28).
Briefly, Pearson correlation coefficients were 0.48 for
energy, 0.37-0.75 for energy-providing nutrients, and
0.38-0.68 for other nutrients between the DHQ and
3-d estimated dietary records in 47 women (25); 0.23
for sodium and 0.40 for potassium between the DHQ
and 24-h urinary excretion in 69 women (26); 0.66
between the DHQ and serum phospholipid concentra-
tions for marine-origin n-3 polyunsaturated fatty acids
(sum of eicosapentenoic, docosapentaenoic, and docosa-
hexaenoic acids) in 44 women (27); and 0.56 between
the DHQ and serum concentrations for carotene in 42
women (27). Further, Pearson correlation coefficients
between energy intake derived from the DHQ and total
energy expenditure measured by doubly labeled water
were 0.34 in 67 men and 0.22 in 73 women (4).

Non-dietary factors. Body weight and height were
self-reported as part of the DHQ. BMI (kg/m?) was cal-
culated as body weight (kg) divided by the square of
body height (m). Weight status was defined according
to World Health Organization recommendations as fol-
lows (30): underweight (BMI: <18.5 kg/m?), normal
(BMIL: =18.5 to <25 kg/m?), overweight (BML: =25 to
<30 kg/m?), and obese (BMIL; =30 kg/m?).

In a 12-page questionnaire on nondietary lifestyle
during the preceding month, subjects reported self-per-
ceived weight status (too heavy, somewhat heavy, just
about right, somewhat light, or too light), whether cur-
rently trying to lose weight (no or yes), residential status
(living with family, living alone, or living with others),
and smoking status (never, former, or current). Dietary
consciousness was assessed in the lifestyle questionnaire
using the following question: ‘How often do you think
about diet or nutrients to maintain your health?’ and
classified into five categories (always, often, sometimes,
seldom, or never). Residential areas, reported in the life-
style questionnaire, were grouped into six regions (Hok-
kaido and Tohoku; Kanto; Hokuriku and Tokai; Kinki;
Chugoku and Shikoku; and Kyushu) and into three
municipality levels (ward (i.e., metropolitan area); city;
and town and village).

Subjects also reported on the lifestyle questionnaire
the time they usually got up and went to bed, which
was used to calculate sleeping hours, and the frequency
and duration of high-intensity activities (e.g., carrying
heavy loads; bicycling, moderate effort; jogging; and
singles tennis), moderate-intensity activities (e.g., carry-
ing light loads; bicycling, light effort; and doubles ten-
nis), walking, and sedentary activities (e.g., studying;
reading; and watching television) during the preceding
month. For subjects whose recorded total hours were
<24 h, unrecorded hours were assumed to be spent on
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sedentary activities. For subjects whose recorded total
hours were >24 h, the total number of hours spent
daily was proportionately decreased to equal 24. Each
activity was assigned a metabolic equivalent value from
a previously published table (0.9 for sleeping, 1.5 for
sedentary activity, 3.3 for walking, 5.0 for moderate-
intensity activity, and 7.0 for high-intensity activity)
(31). The number of hours spent per day on each activ-
ity was multiplied by the metabolic equivalent value of
that activity, and all metabolic equivalent-hour products
were summed to produce a total metabolic equivalent-
hour score for the day. These were then divided by 24 h
to give a physical activity level (PAL) value, and classified
into four categories (sedentary (PAL: <1.4), low active
(PAL: =1.4 to <1.6), active (PAL: =1.6 to <1.9), and
very active (PAL: =1.9)) according to the US Dietary
Reference Intakes (32). )

Identification of misreporting of energy intake. We
calculated each subject’s estimated energy require-
ment (which is equal to total energy expenditure during
weight stability) based on self-reported information on
age, body height and weight, and physical activity, with
the use of the following equation from the US Dietary
Reference Intakes (32).

Estimated energy requirement (i.e., total energy expen-
diture during weight stability) [kcal/d]
=387—7.31Xage [y]+physical activity coefficient
[1.00 for sedentary, 1.14 for low active, 1.27 for
active, and 1.45 for very active]X(10.9Xbody
weight [kg]+660.7 Xbody height [m])

This equation was developed for use in lean to obese
women (=19 y) from a meta-analysis of methodologi-
cally sound studies using doubly labeled water as the
criterion measure of total energy expenditure (n=433,
SE fit: 229.1, R% 0.79) (32). An investigation using
two equations for normal weight women and for over-
weight women (32) provided similar results (data not
shown), while an investigation among 18-y-old women
(n=3,574) using two equations for normal weight girls
(9-18 y) and for overweight girls (32) provided similar
results (data not shown). In this paper, we present the
results derived from all 3,956 women aged 18-20y
using the first-mentioned equation, which had a maxi-
mum number of subjects and a minimum number of
different sources of error.

Subjects were identified as acceptable, under-, or
over-reporters of energy intake based on their ratio of
reported energy intake to estimated energy require-
ment, according to whether the individual's ratio was
within, below, or above the 95% confidence limits of
the expected ratio of 1.0. The 95% confidence limits
(* 2 standard deviation (SD) cut-offs) were calculated
according to the following equation (33-35).

95% confidence limit

==+2xV (CV2Am/d+ CVZPER-F CV?yrEE)

CVy is the within-person coefficient of variation
in reported energy intake, d is the number of days
of dietary assessment, CVper is the error in predicted
energy requirement equation, and CVuyree is day-to-day
variation in total energy expenditure measured by dou-
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bly labeled water (33-35). The values used were 23 for
CViz (36, 37), 30 for d (i.e., 1 mo), 11.5 for CVyer (32),
and 8.2 for CV%y,rse (38). The obtained 95% confidence
limit was *29.5 (%). Thus, acceptable reporters were
defined as having a ratio of energy intake to estimated
energy requirement in the range 0.70-1.30, under-
reporters as a ratio <0.70, and over-reporters as a ratio
>1.30.

Statistical analyses. All reported p values are
2-tailed, and p values of <0.05 were considered statisti-
cally significant. Mean differences in dietary character-
istics between under-, acceptable, and over-reporters of
energy intake were tested with one-way analysis of vari-
ance (ANOVA). When the overall p from ANOVA was
<<0.05, the post hoc Bonferroni test was performed. The
chi-square test was used to test differences in propor-
tions across categories of energy intake reporting.

The risk of being classified as an under-reporter of
energy intake compared to an acceptable reporter, or
as an over-reporter compared to an acceptable reporter,
was estimated using logistic regression. First, crude odds
ratios (ORs) and 95% confidence intervals (CIs) for the
risk of being classified as an under- or over-reporter were
calculated for each category of factors which are possi-
bly associated with energy intake misreporting, namely
weight status (reference: normal), self-perceived weight
status (reference: just about right), whether currently
trying to lose weight (reference: no), dietary conscious-
ness (reference: always), physical activity (reference:
sedentary), smoking status (reference: never), residen-
tial status (reference: living with family), region (refer-
ence: Hokkaido and Tohoku), and municipality level
(reference: ward (i.e., metropolitan area)). Multivari-
ate-adjusted ORs and 95% CIs were then calculated by
entering all variables simultaneously into the regression
model to assess the genuine effect on risk. All statistical
analyses were performed using SAS statistical software
(version 9.1, 2003, SAS Institute Inc, Cary, NC, USA).

RESULTS

Mean values of physical characteristics were as fol-
lows: 18.1 (SD: 0.3) y for age, 1.58 (SD: 0.05) m for
height, 52.3 (SD: 7.7) kg for weight, and 20.9 (SD:
2.8) kg/m? for BMI. Dietary characteristics across cat-
egories of reporting status of energy intake are shown
in Table 1. Mean value of the ratio of energy intake to
estimated energy requirement was 0.93 (SD: 0.28). The
percentage of under-, acceptable, and over-reporters of
energy intake was 18.4, 73.1, and 8.4%, respectively.
Energy-adjusted intake of most nutrients and foods dif-
fered among the categories of energy reporting status.
For nutrients, under-reporters had the highest intake
of carbohydrate and the lowest intake of protein, fat,
cholesterol, potassium, calcium, and vitamin A. Over-
reporters had the highest intake of protein, fat, alcohol,
potassium, iron, and vitamin A and the lowest intake of
carbohydrate. For foods, under-reporters had the high-
est intake of rice and noodles and the lowest intake of
confectioneries, fats and oils, fish and shellfish, meats,
and soft drinks. Over-reporters had the highest intake
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Table 1.

MURAKAMI K et al.

Dietary characteristics across categories of reporting status of energy intake.

Under-reporters

Acceptable reporters  Over-reporters

All(n=3.956)  (_779.18.4%) (n=2,893;73.1%) (n=334;8.4%)  p
(ANOVA)
Mean SD Mean SD Mean SD Mean SD
Ratio of energy intake to 0.93 0.28 0.60% 0.08 0.940 0.15 1.56° 032 <0.0001
estimated energy
requirement
Energy intake (kcal/d) 1,827 551 1,235? 196 1,840° 327 3,009¢ 650 <0.0001
Estimated energy requirement 1,984 194 2,065% 222 1,969° 184 1,931¢ 164 <0.0001
(kcal/d)
Nutrient intake
Protein (% of energy) 13.3 2.1 12.9% 2.2 13.4° 2.1 13.6¢ 2.5 <0.0001
Fat (% of energy) 29.5 6.0 265 5.9 29.8b 5.5 33.9¢ 6.6 <0.0001
Carbohydrate (% of energy) 55.7 6.9 59.0° 6.8 55.4b 6.4 51.3¢ 7.7 <0.0001
Alcohol (% of energy) 0.3 1.6 0.32 1.5 0.3° 1.4 0.6° 2.8 0.01
Dietary fiber (g/1,000 kcal) 6.5 2.1 6.5 2.4 6.5 2.0 6.6 2.1 0.88
Cholesterol (mg/1,000 kcal) 163.8 641 151.9% 71.8 165.8> 620 1724 61.4 <0.0001
Sodium (mg/1,000 kcal) 2,117 556 2,098 617 2,123 536 2,108 578 0.51
Potassium (mg/1,000 kcal) 1,079 286 1,047% 340 1,079® 269 1,142¢ 297 <0.0001
Calcium (mg/1,000 kcal) 266.6 99.7 256.2° 1123 268.0° 97.0 276.5°  91.1 0.003
Iron (mg/1,000 kcal) 3.7 0.9 3.6% 1.0 3.7° 0.9 3.8° 0.9 0.002
Vitamin A (ug retinol 290.7 248.9 265.2* 287.0 292.0° 234.2 335.6¢ 275.0 <0.0001
equivalents/1,000 kcal)
Folate (ug/1,000 kcal) 152.2 55.1 156.9% 69.3 151.20 51.3 151.02® 51.0 0.04
Vitamin C (mg/1,000 kcal) 48.1 22.7 49.0**  26.6 47.52 21.5 51.6° 23.0 0.004
Food intake (g/1,000 kcal)
Rice 159.2 70.1  185.0% 79.4 157.8° 65.2 114.5¢ 64.1 <0.0001
Bread 28.3 21.8 29.28 24.6 28.52 21.2 24.8° 19.8 0.005
Noodles 36.8 32.7 43.32 43.0 36.0° 30.3 29.1° 234 <0.0001
Confectioneries 38.1 17.6 35.2% 179 38.0b 16.8 449¢ 21.0 <0.0001
Fats and oils 13.6 6.7 11.92 6.4 13.7% 6.4 16.3¢ 8.1 <0.0001
Fish and shellfish 302  17.7 27.5% 17.5 30.4° 17.0 34.1° 22.8 <0.0001
Meats 33.7 16.9 29.22 14.9 34.2b 16.6 39.2¢  21.1 <0.0001
Dairy products 83.9 71.4 79.9 76.5 85.1 71.0 82.5 62.2 0.20
Vegetables 127.4 81.0 1264 98.9 126.7 75.0 134.8 87.6 0.22
Fruits 50.0 51.9 47.6% 53.8 48.82 49.6 65.6°  63.9 <0.0001
Soft drinks 33.4 53.1 24.4° 40.1 33.7b 54.4 50.2¢° 624 <0.0001

abeMean values within a row with different superscript letters are significantly different, p<<0.05 (post hoc Bonferroni test;
when the overall p from ANOVA was <0.05 the post hoc Bonferroni test was performed).

of confectioneries, fats and oils, fish and shellfish, meat,
fruits, and soft drinks and the lowest intake of rice, bread,
and noodles. No differences were observed among the
categories of energy reporting status for dietary fiber,
sodium, dairy products, or vegetables.

Table 2 shows non-dietary characteristics across cat-
egories of reporting status of energy intake. While the
proportion of overweight or obese subjects was small
(6.2 and 1.3%, respectively), many subjects perceived
their own weight as too heavy or somewhat heavy (17.4
and 57.1%, respectively), suggesting excessive weight
concerns in spite of actual leanness. Weight status, self-
perceived weight status, whether currently trying to
lose weight, physical activity, and residential status was
associated with energy reporting status. Under-report-
ers of energy intake had the highest proportion of over-
weight and obese subjects, subjects who perceived their
own weight as too heavy or too light, subjects currently
trying to lose weight, subjects with an active lifestyle,

and subjects living alone. Over-reporters had the high-
est proportion of underweight subjects, subjects with a
sedentary lifestyle, and subjects living with family.

ORs and 95% CIs for the risk of being an under-
reporter compared to an acceptable reporter of energy
intake are shown in Table 3. Results for crude and multi-
variate-adjusted models were generally similar. In multi-
variate analysis, overweight and obese, perceiving their
own weight as too heavy or light, lower dietary con-
sciousness, active lifestyle, living without family, and liv-
ing in a city were associated with a higher risk of being
an under-reporter of energy intake. Currently trying to
lose weight was associated with a higher risk of being
an under-reporter in the crude model, but the associa-
tion disappeared after consideration of other factors.

Table 4 shows ORs and 95% Cls for the risk of being
an over-reporter compared to an acceptable reporter
of energy intake. Results for crude and multivariate-
adjusted models were generally similar again. On multi-
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Table 2. Non-dietary characteristics across categories of reporting status of energy intake.

All (n=3,956)

Under-reporters ~ Acceptable reporters  Over-reporters
(n=729;18.4%) (n=2,893;73.1%) (n1=334; 8.4%) o

n % n % n % n %
Weight status <0.0001
Underweight 576 14.6 83 114 427 14.8 66 19.8
(BMI: <18.5 kg/m?)
Normal 3,080 77.9 545 74.8 2,287 79.1 248 74.3
(BMT: =18.5 to <25 kg/m?)
Overweight 247 6.2 77 10.6 151 5.2 19 5.7
(BMI: =25 to <30 kg/m?)
Obese (BML =30 kg/m?) 53 1.3 24 3.3 28 1.0 1 0.3
Self-perceived weight status <0.0001
Too heavy 690 17.4 200 274 430 14.9 60 18.0
Somewhat heavy 2,260 57.1 386 53.0 1,702 58.8 172 51.5
Just about right 830 21.0 113 15.5 637 22.0 80 24.0
Somewhat light 151 3.8 22 3.0 111 3.8 18 5.4
Too light 25 0.6 8 1.1 13 0.5 4 1.2
Currently trying to lose weight 0.003
No 2,528 63.9 426 58.4 1,889 65.3 213 63.8
Yes 1,428 36.1 303 41.6 1,004 34.7 121 36.2
Dietary consciousness . 0.42
Always 775 19.6 136 18.7 578 20.0 61 18.3
Often 2,162 54.7 381 52.3 1,597 55.2 184 55.1
Sometimes 571 14.4 113 15.5 410 14.2 48 14.4
Seldom 390 9.9 84 11.5 269 9.3 37 11.1
Never 58 1.5 15 2.1 39 1.4 4 1.2
Physical activity <0.0001
Sedentary 2,323 58.7 321 44.0 1,769 61.2 233 69.8
Low active 1,317 333 305 41.8 927 32.0 85 25.5
Active 242 6.1 76 10.4 150 5.2 16 4.8
Very active 74 1.9 27 3.7 47 1.6 0 0
Smoking status 0.30
Never 3,827 96.7 698 95.8 2,809 97.1 320 95.8
Former 68 1.7 15 2.1 46 1.6 7 2.1
Current 61 1.5 16 2.2 38 1.3 7 2.1
Residential status 0.0002
Living with family 3,508 88.7 612 84.0 2,592 89.6 304 91.0
Living alone 365 9.2 96 13.2 247 8.5 22 6.6
Living with others 83 2.1 21 2.9 54 1.9 8 2.4
Region 0.44
Hokkaido and Tohoku 388 9.8 69 9.5 293 10.1 26 7.8
Kanto 1,358 34.3 230 31.6 1,003 34.7 125 37.4
Hokuriku and Tokai 552 14.0 110 151 392 13.6 50 15.0
Kinki 783 19.8 139 19.1 581 20.1 63 18.9
Chugoku and Shikoku 427 10.8 93 12.8 302 104 32 9.6
Kyushu 448 11.3 88 12.1 322 11.1 38 114
Municipality level 0.047
Ward (i.e., metropolitan area) 784 19.8 122 16.7 598 20.7 64 19.2
City 2,570 65.0 505 69.3 1,855 64.1 210 62.9
Town and village 602 15.2 102 14.0 440 15.2 60 18.0
1 Chi-square test.
variate analysis, a higher risk of being an over-reporter DISCUSSION

of energy intake was associated with sedentary lifestyle
only. Underweight was associated with higher risk of
being an over-reporter in crude model, but the associa-

tion disappeared after consideration of other factors.

In this study in lean young Japanese women, misre-
porting, particularly under-reporting, of energy intake
was common and differently distributed among popula-
tions. Under-reporting was associated with overweight
or obesity, perceiving one’s own weight as too heavy or

-379-



258 MuRaAKAMI K et al,
Table 3. Risk of being an under-reporter of energy intake compared to being an acceptable reporter of energy intake.
Crude model* Multivariate-adjusted model®
n of under-reporters/
acceptable reporters OR 95% CI P OR 959 CI p
Weight status
Underweight 83/427 0.82 0.63,1.05 0.11 0.91 0.66,1.25 0.55
(BMIL:<18.5 kg/m?)
Normal 545/2,287 1 (reference) 1 (reference)
(BMI: 18.5 to<<25 kg/m?)
Overweight 77/151 2.14 1.60, 2.86 <0.0001 1.52 1.10,2.12 0.01
(BMI: 25 to<<30 kg/m?)
Obese (BMI: 30 kg/m?) 24/28 3.60 2.07,6.25 <0.0001 2.68 1.48,4.86 0.001
Self-perceived weight status
Too heavy 200/430 2.62 2.02,3.40 <0.0001 2.03 1.47,2.79 <0.0001
Somewhat heavy 386/1,702 1.28 1.02,1.61 0.04 1.19 0.92,1.53 0.19
Just about right 113/637 1 (reference) 1 (reference)
Somewhat light 22/111 1.12 0.68,1.84 0.66 1.17 0.69,1.99 0.57
Too light 8/13 3.47 1.41,8.56 0.007 4.06 1.57,10.50 0.004
Currently trying to lose weight
No 426/1,889 1 (reference) 1 (reference)
Yes 303/1,004 1.34 1.13,1.58 0.0006 1.11 0.93,1.34 0.25
Dietary consciousness
Always 136/578 1 (reference) 1 (reference)
Often 381/1,597 1.01 0.82,1.26 0.90 1.14 0.91,1.44 0.26
Sometimes 113/410 1.17 0.89,1.55 0.27 1.28 0.95,1.72 0.11
Seldom 84/269 1.33 0.98,1.81 0.07 1.54 1.11,2.14 0.01
Never 15/39 1.64 0.88,3.05 0.12 2.23 1.16,4.28 0.02
Physical activity
Sedentary 321/1,769 1 (reference) 1 (reference)
Low active 305/927 1.81 1.52,2.16 <0.0001 1.92 1.60, 2.31 <0.0001
Active 76/150 2.79 2.07,3.77 <0.0001 3.28 2.40, 4.48 <0.0001
Very active 27147 3.17 1.94,5.16 <0.0001 3.90 2.36, 6.47 <0.0001
Smoking status
Never 698/2,809 1 (reference) 1 (reference)
Former 15/46 1.31 0.73,2.36 0.37 1.08 0.58,2.01 0.81
Current 16/38 1.70 0.94,3.06 0.08 1.45 0.78,2.70 0.24
Residential status
Living with family 612/2,592 1 (reference) 1 (reference)
Living alone 96/247 1.65 1.28,2.12 0.0001 1.95 1.50, 2.55 <0.0001
Living with others 21/54 1.65 0.99,2.75 0.06 1.79 1.05,3.05 0.03
Region
Hokkaido and Tohoku 69/293 1 (reference) 1 (reference)
Kanto 230/1,003 0.97 0.72,1.31 0.86 0.88 0.64,1.21 0.43
Hokuriku and Tokai 110/392 1.19 0.85,1.67 0.31 1.08 0.75,1.56 0.68
Kinki 139/581 1.02 0.74,1.40 0.92 0.89 0.64,1.26 0.52
Chugoku and Shikoku 93/302 1.31 0.92,1.86 0.13 1.05 0.72,1.53 0.79
Kyushu 88/322 1.16 0.82,1.65 0.41 1.15 0.79,1.68 0.47
Municipality level
Ward 122/598 0.75 0.60,0.93 0.01 0.71 0.56,0.90 0.005
(i.e., metropolitan area)
City 505/1,855 1 (reference) 1 (reference)
Town and village 102/440 0.85 0.67,1.08 0.18 0.85 0.66,1.09 0.20

! Each of the variables listed was entered into the model separately.
2 All the variables listed were entered into the model simultaneously.

light, lower dietary consciousness, active lifestyle, liv-
ing without family, and living in a city (compared with
a ward (metropolitan area)); while over-reporting was
associated with sedentary lifestyle. The most impres-
sive finding was the association of perceived weight
status with energy under-reporting, independent of

actual weight status. To our knowledge, this is the first
study to examine characteristics associated with under-
and over-reporting of energy intake in young Japanese
women, with consideration of individual physical activ-
ity level.

In this study of young Japanese women, about one-
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Table 4. Risk of being an over-reporter of energy intake compared to being an acceptable reporter of energy intake.

n of over-reporters/

Crude model* Multivariate-adjusted model?

acceptable reporters

OR

95% CI p OR 95% CI p
Weight status
Underweight 66/427 143 1.07,1.91 0.02 1.33 0.92,1.90 0.13
(BMI: <18.5 kg/m?)
Normal 248/2,287 1 (reference) 1 (reference)
(BML: =18.5 to<25 kg/m?)
Overweight . 19/151 1.16 0.71,1.90 0.56 0.93 0.54,1.59 0.79
(BMIL: =25 to<30 kg/m?)
Obese (BMI: =30 kg/m?) 1/28 0.33 0.05,2.43 0.28 0.20 0.03,1.53 0.12
Self-perceived weight status
Too heavy 60/430 1.11 0.78,1.59 0.56 1.21 0.79,1.86 0.38
Somewhat heavy 172/1,702 0.81 0.61,1.07 0.13 0.85 0.62,1.17 0.32
Just about right 80/637 1 (reference) 1 (reference)
Somewhat light 18/111 1.29 0.75,2.24 0.36 1.17 0.66,2.09 0.58
Too light 4/13 2.45 0.78,7.70 0.12 2.22 0.69,7.18 0.18
Currently trying to lose weight
No 213/1,889 1 (reference) 1 (reference)
Yes 121/1,004 1.07 0.84,1.35 0.58 1.20 0.92,1.55 0.17
Dictary consciousness
Always 61/578 1 (reference) 1 (reference)
Often 184/1,597 1.09 0.81,1.48 0.57 1.08 0.79,1.48 0.63
Sometimes 48/410 1.11 0.75,1.65 0.61 1.13 0.75,1.70 0.57
Seldom. 37/269 1.30 0.85,2.01 0.23 1.27 0.81,1.99 0.30
Never 4/39 0.97 0.34,2.81 0.96 0.84 0.29,2.47 0.75
Physical activity
Sedentary 233/1,769 1 (reference) 1 (reference)
Low active 85/927 0.70 0.54,0.90 0.007 0.68 0.53,0.89 0.005
Active 16/150 0.81 0.48,1.38 0.44 0.78 0.45,1.33 0.36
Very active 0/47 — — — — e -
Smoking status
Never 320/2,809 1 (reference) 1 (reference)
Former 7/46 1.34 0.60,2.98 0.48 1.19 0.53,2.71 0.67
Current 7/38 1.62 0.72,3.65 0.25 1.60 0.69,3.68 0.27
Residential status
Living with family 304/2,592 1 (reference) 1 (reference)
Living alone 22/247 0.76 0.48,1.19 0.23 0.76 0.48,1.20 0.24
Living with others 8/54 1.26 0.60,2.68 0.54 1.25 0.58,2.68 0.57
Region
Hokkaido and Tohoku 26/293 1 (reference) : 1 (reference)
Kanto 125/1,003 1.40 0.90,2.18 0.13 1.43 0.91,2.25 0.12
Hokuriku and Tokai 50/392 1.44 0.87,2.36 0.15 1.38 0.82,2.32 0.23
Kinki 63/581 1.22 0.76,1.97 0.41 1.24 0.76,2.02 0.40
Chugoku and Shikoku 32/302 1.19 0.69,2.05 0.52 1.23 0.70,2.15 0.48
Kyushu 38/322 1.33 0.79,2.24 0.29 1.31 0.76,2.25 0.34
Municipality level
Ward (i.e., metropolitan area) 64/598 0.95 0.70,1.27 0.71 1.04 0.76,1.42 0.83
City 210/1,855 1 (reference) 1 (reference)
Town and village 60/440 1.21 0.89,1.63 0.23 1.19 0.87,1.63 0.27

1 Each of the variables listed was entered into the model separately.
2 All the variables listed were entered into the model simultaneously.

fourth of the participants were classified as either
under- or over-reporters of energy intake (18.4 and
8.4%, respectively). In Western countries, the percent-
age of under-reporters ranged from 3 to 54% and that
of over-reporters from 0.1 to 22% (2, 3, 6, 7, 10-16).
In a Japanese study using total energy expenditure
measured by doubly labeled water (n=140), 44% of

subjects were defined as under-reporters and 20% as
over-reporters (4). Other studies in Japan using the ratio
of reported energy intake to estimated basal metabolic
rate without consideration of individual physical activ-
ity reported that the prevalence of under-reporters was
20-37% while that of over-reporters was 2-10% (17,
18). Although comparisons of the prevalence of misre-
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porting of energy intake between studies are hampered
by differences in the criteria used to classify under- and
over-reporting, dietary assessment instruments, and
population characteristics, these findings suggest that
not only under- but also over-reporting of energy intake
is likely in many dietary surveys in both Western and
Japanese populations.

In this lean Japanese population, we found that over-
weight and obese subjects were more likely to under-
report energy intake. This finding is consistent with
numerous previous findings in Western countries (1-3,
6, 7, 10-16) and Japan (4, 17, 18). Further, subjects
who perceived their own weight as too heavy were pre-
~ dominant, and were more likely to under-report energy

intake, independent of their actual weight status. More-
over, under-reporting was also independently associated
with perceiving one'’s weight as too light. This may be
due to the excessive weight concerns and strong desire
for thinness commonly observed in young Japanese
women, irrespective of actual weight status (19, 20).
A similar independent influence of both actual weight
status and perceived weight consciousness on under-
reporting has been observed in other obese populations
(10, 14).

In this study, higher physical activity was associated
with under-reporting of energy intake. This appears
reasonable, given that active subjects with greater
energy requirements can fall into the category of under-
reporting (39). A similar association was observed in
Japanese adult men and women (4). Although several
studies have suggested an association between smok-
ing status and energy misreporting (1, 3, 7, 14, 16), we
found no such association, possibly due to the small per-
centage of former and current smokers in the present
study. We found some influence of variables related to
residence (residential status and municipality level) on
energy under-reporting, which is in accordance with
several previous studies (3, 14). In contrast to a previ-
ous study (14), lower dietary consciousness was asso-
ciated with energy under-reporting, which may reflect
carelessness or poor memory of dietary habits, or fac-
tors potentially associated with dietary reporting such
as knowledge of food and diet and enthusiasm in dietary
assessment (18).

While previous studies have suggested several lifestyle
factors as a risk factor of energy over-reporting, includ-
ing low BMI (3, 10, 12, 14), none of these factors,
including weight status, was associated with the risk
of an being over-reporter in this study of relatively lean
young Japanese women (except for sedentary lifestyle).
On this basis, over-reporting may be a random rather
than a systematic phenomenon compared with under-
reporting, in the present population at least.

Consistent with previous Western studies (I, 3, 7, 10,
12-14, 16), energy-adjusted nutrient and food intakes
differed among under-, acceptable, and over-reporters of
energy intake, although nutrient and food intake in Jap-
anese subjects appears to provide no clue as to whether
the diet of under- and over-reporters is healthier or
unhealthier than that of acceptable reporters (9, 17).
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This supports the hypothesis that the under- and over-
reporting of foods is selective and that this selective mis-
reporting affects the energy-adjusted nutrient and food
intake in a biased way (5-9), which in turn affects the
diet-disease relationships thereby obtained (1, 3, 7).

Several limitations of the present study deserve men-
tion. First, the participants selected were female dietetic
students, not a random sample of Japanese people. To
minimize the influence of nutritional education, the
present survey was conducted in most institutions
within 2 wk after the course began. Nevertheless, the
participants may have had healthier dietary habits and
lifestyles than the general population, although with
regard to the reported intake of energy, fat, and carbo-
hydrate and BMI at least, mean and SD values in the
present study were reasonably comparable to those of a
representative sample of Japanese women aged 15-19 y
(1,852 (SD: 480) kcal/d, 29.3% (SD: 6.8%) of energy,
55.5% (SD: 7.8%) of energy, and 20.7 (SD: 3.0) kg/m?,
respectively) (40). Our results might not therefore be
extrapolatable to the general Japanese population.

At present, the only way to obtain unbiased infor-
mation on energy requirements in free-living settings
is to use doubly labeled water as a biomarker (1). This
technique is expensive and impractical for applica-
tion to large-scale epidemiologic studies, and alterna-
tive procedures are accordingly used (3, 7-18). In the
present study, we calculated estimated energy require-
ments based on self-reported information on age, body
height and weight, and physical activity with the use
of an equation from the US Dietary Reference Intakes
(32). Although the equation was developed based on a
large number of highly accurate measurements of total
energy expenditure by the doubly labeled water method,
these were predominantly conducted in Caucasians
(32), and might therefore be inappropriate for the pres-
ent Japanese population. Moreover, this calculation used
self-reported rather than measured body weight and
height, although previous studies have generally shown
that while weights are on average underestimated and
heights are on average overestimated, the correlations
between self-reported and measured values are markedly
high (41, 42). Additionally, we are unable to determine
whether the associations found between misreporting
of energy intake and several characteristics are true, or
were artifacts caused by the procedure used to identify
misreporters or to calculate energy requirements.

Energy intake was assessed using a self-administered
dietary assessment questionnaire (i.e., DHQ). Actual
dietary habits were not observed and, as is often the
case in such dietary questionnaires (6, 43-46), the
validity of the DHQ in terms of energy intake appears
somewhat insufficient against total energy expenditure
as measured by doubly labeled water (4). Thus, the pres-
ent findings might be specific to this dietary assessment
questionnaire and should be interpreted in this context,
albeit there is some evidence that people tend to report
dietary intake similarly across dietary assessment meth-
ods (I).

All the variables used in this study were based on
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self-reporting, which might have been biased and hence
influenced the results. For example, BMI calculated
based on self-reported measures are generally underes-
timated, although the correlation between self-reported
and measured BMI is markedly high (41, 42). It is thus
likely that the percentages of overweight and obese sub-
jects based on self-reported data in this study are under-
estimated, which might have influenced the results by
attenuating or strengthening the association.

In conclusion, this study in lean young Japanese
women showed that misreporting, particularly under-
reporting, of energy intake was common and differ-
ently distributed among populations. Under-reporting
was associated with overweight or obesity, perception
that one’s weight was too heavy or light, lower dietary
consciousness, active lifestyle, living without family,
and living in a city (compared with a ward (metropoli-
tan area)); while over-reporting was associated with a
sedentary lifestyle. The most impressive finding was
the association of perceived weight status with energy
under-reporting, independent of actual weight status.
These results suggest that dietary data in young Japa-
nese women should be treated and interpreted with
marked caution. Further studies are needed to examine
whether the associations observed in the present study
are commonly observed across different dietary assess-
ment methods and in other populations.
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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.
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