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Abstract The purpose of this study was to investigate how diet and physical activity
affect bone density, assessing bone metabolism changes in patients who underwent
gastrectomy. The subjects were 10 patients from among 13. Their progress had been
monitored for more than 12 months and all participants provided informed consent
for this study to be conducted.

The study parameters consisted of bone density measurement using an ultrasound
method, measurement of bone metabolism makers, the level of daily physical activity
by the number of steps walked, and dietary assessment via a questionnaire.

As a result, although the OSI (Osteo Sono-Assessment Index) values showed some
bone metabolism disorder in the 6th post-operative month, the subjects recovered to
the pre-operative condition during and up to the 12" post-operative month.

Both bone formation and bone absorption, as indicated by bone metabolism markers
(BAP, NTx, and DPD), improved from the 3rd post-operative week to the 6" post-
operative month.

No correlation was observed linking bone metabolism, body weight, BMI, and
physical activity. Intakes of milk, Ca, and Vitamin C, which normally affect bone
metabolism disorders, tended to decrease in the bone metabolism risk and disorder
groups.

Some possible causal factors resulting in bone metabolism disorder include insuffi-
cient intakes of calcium and vitamin C and a lack of physical activity.

Key words: gastrectomy, bone metabolism disorder, bone assessment indicators, diet,
physical activity

Introduction

Concerning bone metabolism after gastrec-
tomy, starting with a report of cases of
osteomalacia after gastrectomy by Sakai, et
al.” in 1967, it has been reported that bone
metabolism disorder develops after distal
gastrectomy at a rate of 34%, and following
total gastrectomy at a rate of more than 40%
at present.” It is recognized that, after
gastrectomy, bone metabolism disorders ad-
vance relatively rapidly within one or two
years after the operation because of a reduced

food intake, the insolubility and malabsorp-
tion of calcium, and the ineffective absorption
of vitamin D caused by the operation, after
which disorders slowly advance.”? ¥ Many
previous studies were centered on the effects
caused by different operative procedures® ®®’
and the treatments. But few studies have been
focused on life conditions when the effects of
the operation still remain. As for studies on
the effects of physical activity, it was report-
ed that early walking after an operation® " is
effective for the prevention of bone metabo-
lism disorder. An important factor relating



26 Rieko Kawamoto

to bone metabolism disorder is that patients
are living under conditions where the effects
of the operation still remain, so that their
dietary intakes have changed because of a
poor digestive function less than one year
after the operation, and their daily activity
levels have not returned to the pre-operative
levels.

On the other hand, it has been recently
pointed out that patients who commonly
undergo gastrectomy are of advanced age.

Given the increased aging of patients who
receive the operation and the shortening of
the hospital stay, effective lifestyle guidance
from the period of hospitalization immedi-
ately after the operation should be given in
order to prevent bone metabolism disorder,
from the view point of nursing care.

For the purpose of obtaining basic data
necessary to develop a lifestyle-guidance pro-
gram for gastrectomy patients in this study,
we conducted a follow-up survey on changes
in bone metabolism, diet, and the physical
activity level, discussed the effects of these
conditions on bone density, and reported any
intermediate progress.®’

As a result, although bone-type alkaline
phosphatase (BAP), deoxypyridinoline (DPD),
and crosslinked N-telopeptide of type I colla-
gen (NTx) significantly increased three to six
months after the operation, the bone density
(SOS: Speed of Sound) showed no change.

This means that an increase in bone me-
tabolism did not affect bone density (SOS).

Bone metabolism disorder should be as-
sessed using both characteristics of the speed
of sound (SOS) reflecting bone density, and
the transmission index (TI) reflecting bone
mass.

Consequently, we used a bone density mea-
surement device, which reflects both SOS and
TI and is able to measure an osteo sono-
assessment index (OSI), which is considered
to be a comprehensive index.

We conducted research for two years, dur-
ing which time the patients’ dietary condi-
tions and physical activity would become
stable. The report is as follows.

Methods

1. Subjects

The subjects were male patients diagnosed
with gastric cancer from December 2001 to
March 2004 at a particular university hospi-
tal and they submitted informed consent. The
cases satisfied the following conditions; the
patients were totally or partially gastrecto-
mized and it was considered a radical extirpa-
tion at the time of surgery; during the follow-
up survey, patients who were diagnosed as
having a serious complication or a recurrence
or metastasis of cancer, or received treatment
of osteopenia with calcium and vitamin D
were excluded.

Of the patients who were diagnosed with
cancer and from whom informed consent for
this study was obtained, 13 patients were
subjected to the SOS, TI, and OSI measure-
ments by an ultrasound bone assessment
system.

However, during the follow-up survey, the
number of subjects decreased due to cancer
metastasis, death, or the patient’s decision to
discontinue cooperation.

Accordingly the subjects of this study were
defined as 10 who had been followed up for
more than 12 months.

In this study, the breakdown of ages of the
ten subjects (64.4 = 7.7 years old) on whom
the survey could continue was four 70 year
olds (40.0%), three 60 year olds (30.0%), and
three 50 year olds (30.0%). The breakdown
according to operative procedures was eight
(80.0%) by partial gastrectomy (B-I method)
and two (20.0%) by total gastrectomy.

2. Survey period

The survey period was from December 2001
to March 2004. The surveys were conducted
once before the operation and five times after
the operation (six times in total). The survey
time before the operation was when a patient
was admitted to hospital and those after the
operation were at the 3™ week, 3™, 6", 12", and
24™ month after the operation.

3. Survey contents
Fig. 1 outlines the protocol showing follow-

up survey periods and survey items for each
survey period.
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Fig. 1 Bone density measurement, blood test, urine test, survey through a ques-
tionnaire, and protocol for the physical activity survey.
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1) Attributes of the subjects

Subjects were surveyed based on age, gen-
der, occupation, diagnosed disease, previous
disease, operative procedure, reconstruction
method, treatment and course after the op-
eration, complications, being dosed with anti-
cancer drugs and vitamins or not, and being
dosed with steroids or not.

2) Bone density measurement and bone me-
tabolism disorder assessment methods
(1) Bone density measurement method

Bone density was measured by placing a
probe at both heel bones three times each
using an ultrasound bone density measure-
ment system (Ultrasound Bone Evaluating
Equipment AOS-100. ALOKA). Measurement
parameters of bone density are the speed of
sound (SOS), osteo sono assessment index
(OSI), and transmission index (TI).

The accuracy of AOS-100 has been com-
pared with that of bone mass measurement
equipment by the DXA method, and the cor-
relation coefficient with OSI in the calcaneus
was extremely high at 0.896 (p<0.001).*

(2) Bone metabolism disorder assessment
method

Standard values for OSI were formulated in
accordance with age based on the measure-
ment results.

According to the criteria based on these
standard values, if 1t 1s within the standard
value -1SD (SD=standard deviation), the
measured value 1s determined to be normal

(within the standard range), if it is between
less than -1SD and more than -2SD, the meas-
ured value is determined to be slightly lower
than normal and there is a threat of bone
density decrease, and if it is -25SD lower than
the standard value, bone density is decreas-
ing.

In this way, the levels of bone metabo-
lism disorder can be assessed using these
criteria. The subjects with OSI values within
a standard value of -1SD were assigned to the
normal group, those with OSI values between
a standard value of -1SD and -2SD were as-
signed to the risk group, and those with OSI
values less than a standard value of -2SD
were assigned to the disorder group.

3) Bone metabolism makers

Bone alkaline phosphatase (BAP), deoxy-
pyridinoline (DPD), crosslinked N-telopeptide
of type I collagen (NTx), corrected calcium
(corrected Ca = 4 + serum calcium-serum al-
bumin), and inorganic phosphorus were mea-
sured.

Because NTx fluctuates throughout the
day, urine sampling was performed between
9~12 AM, and the sampling method was
randomized.

4) Dietary survey

As for the survey on dietary intake, the
number of meals and kinds of food ingested
at each survey time were assessed through a
questionnaire. The kinds of foods surveyed
were categorized as meat, egg, fish, small
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fish, seaweed, milk, dairy products other
than milk, soybean products, vegetables,
fruit, and instant food, and it was recorded
how many days each food was consumed dur-
ing one week for the period of one month
before the day the survey was conducted.

Everyday intake (7 day/week) was defined
as 7, 6 days intake (6 days/week) was 6, and
zero intake was 0.

The results of the survey on foods were
classified and organized according to nutri-
ents. Nutrients which enhance bone forma-
tion are calcium, protein, vitamins C, D, and
K, and magnesium, etc. In order to classify
these foods according to nutrients, foods high
in each nutrient were selected, as shown in
Table 1.

Table 1 Nutrients and foods that affect bone

metabolism
Nutrients Main foods
Meal
Egg
Fish
Protein Small fish
Milk

Dairy products
Soybean products
Milk

Dairy products

Calcium  Soybean products
Small fish
Seaweed
Vitamin C Gre?n and yellow vegetables
Fruits
Vitamin D Fish
Phosphate Instant foods

Because lactose in milk promotes the absorp-
tion of calcium and a higher calcium absorp-
tion rate than other foods,” milk was in-
cluded as an item although it is not a nutri-
ent. Conversely, excess intakes of phosphate
and dietary fiber possibly reduce the absorp-
tion of calcium.

5) Survey on physical activity

As for physical activity, the number of
steps walked per day was defined as an indi-
cator. For the measurement of steps walked,
the subjects used a pedometer (Life Coder;
Suzuken Co. Ltd.) continuously for three

days for each survey period, and an average
value was used.

A survey on whether they continuously
worked, and the kind, frequency, and dura-
tion of physical activity performed was con-
ducted through a questionnaire.

6) Body measurements
Body height and weight were measured
when the bone density was measured.

4. Statistical analysis

Basic statistical values were obtained as a
result of the investigation of average time-
related changes according to bone mass in-
dexes and the surveyed items. Subsequently,
repeated-measures analysis of variance was
conducted on the time-related changes of bone
metabolism parameters, and, when a signifi-
cant difference was observed, a multiple com-
parison test (Tukey HSD) was conducted.
Partial correlation analysis was conducted
for the relationship between bone density
parameters and biochemical markers of bone
metabolism. A comparison between groups
based on the nutritional status, physical ac-
tivity, and the level of differences in bone
metabolism was conducted by nonparametric
statistics and the Mann-Whitney U test be-
cause the number of subjects was small. Dif-
ferences of 1% or 5% were regarded as signifi-
cant.

Statistical analysis was performed using
the statistical package SPSS for Windows
11.5d.

5. Ethical considerations

Approval from the Ethical Committee of
the University of Occupational Environ-
mental Health was obtained for this study.

Results

1. Bone assessment indicators

1) Bone density parameters (SOS, TI, and OSI
values)

Average time-related changes in SOS
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Fig. 2 Time-related changes of bone density parameters.

values from before the operation are shown in
Fig. 2a, TI values in Fig. 2b, and OSI values in
Fig. 2c.

Although the OSI values significantly de-
creased at the 6" month after the operation
compared with the levels before and at the
3" week after the operation (P<0.05), the val-
ues tended to gradually recover after the 12"
post-operative month.

A partial correlation matrix among bone
metabolism indicators of SOS, TI, and OSI

was obtained and is shown in Table 2.
Correlations between SOS and TI, and SOS
and OSI were observed.

2) Post-operative assessment results by OSI
criteria

Table 3 shows the changes in bone metabo-
lism disorder levels by group and OSI crite-
ria. We conducted a comparative investiga-
tion based on this table.

Table 2 Partial correlation between bone density parameters and bone metabolism

markers

SOS TI OSI BAP NTx DPD  Corrected Ca Phosphorus
SOS 1 0.47* 0.77  -0.14 -0.54*  -0.37* 0.14 0.18
TI 1 0.41* 0.14 -0.08 -0.11 0.35% 0.13
OSI 1 -0.08 -0.53*  -0.28 0.32* -0.02
BAP 1 0.31* -0.05 -0.27 -0.37*
NT x 1 0.48 ** -0.10 -0.13
DPD 1 -0.05 0.17
Corrected Ca 1 0.01
Phosphorus 1

*P<0.05 *P<0.01

SOS : Speed of Sound
TI : Transmission Index
OSI : Osteo Sono Assessment

BAP : Bone Alkaline Phosphatase

NTx : N-telopeptide of type I collagen

DPD : deoxypyridinoline
Corrected Ca : corrected calcium
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Table 3 Categorization of subjects by the levels of bone metabolism (Number (%))

o Time
roup Pre 3W 3M 6M 19M 24M
Normal 6 (60.0) 6 (60.0) 6 (60.0) 5 (50.0) 6 (60.0) 5 (71.4)
Risk and disorder 4 (40.0) 4 (40.0) 4 (40.0) 4 (40.0) 4 (40.0) 2 (28.6)
Risk 4 4 4 3 3 0
Disorder 0 0 0 1 1 2
Missing value 0 (0.0 0 (0.0) 0 (0.0 1 (10.0) 0 (0.0 3* (30.0)
(Group) n=10
Norma  : OSI value is standard - 1SD
Risk : OSI value 1s lower than standard from -1SD to -2SD

Disorder : OSI value is lower than standard, more than -2SD
(Missing value)
Missing value shows the number of subjects who did not visit the hospital and whose data
were not available
* 1 All of the three were in the "Risk" group at 12M

@
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Fig. 3  Time-related changes of bone metabolism markers.
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One out of ten subjects showed bone metabo-
lism disorder at the 6™ and 12" post-operative
months, and two out of seven subjects showed
bone metabolism disorder at the 24th post-
operative month.

3) Biochemical markers of bone metabolism

(1) Bone formation markers

Fig. 3a shows the time-related changes of
BAP, a bone formation marker, from before
the operation. Although 1t significantly
(P<0.05) decreased by -5.06 U/L at the 3"
post-operative week, it significantly increased
at the 6" month after the operation to higher
than the pre-operative level, and remained
unchanged after that.

(2) Bone absorption markers

Fig. 3b shows the time-related changes of
NTx, a bone absorption marker, from before
the operation. No significant difference was
observed at any survey time.

Fig. 3c shows the time-related changes of
DPD, also a bone absorption marker. Al-
though it showed significantly higher values
from the 3™ week to 6™ month after the opera-
tion, it recovered to about the same as the
pre-operative level after the 12" post-opera-
tive month.

(3) Influence of bone metabolism markers
The following are the results of the survey
on corrected Ca and phosphorus, which are
nutrients essential for bone metabolism.
Fig. 3d shows the time-related changes of
corrected Ca. Corrected Ca tended to increase
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(W:Week, M:Month)
*:P<0.05

Fig. 4 Body weight changes.

at the 3" post-operative week, after which it
was generally maintained at the same level.
However, it significantly decreased at the 12"
and recovered at the 24" post-operative mon-
th.

Fig. 3e shows the time-related changes of
phosphorus. There was no significant differ-
ence at any survey time.

4) Relationship of bone assessment indicators

(1) Bone metabolism parameters

Table 2 shows the partial correlation ma-
trix among bone density parameters (SOS,
TI, and OSI), bone metabolism markers (BAP,
NTx, and DPD), and corrected Ca and phos-
phorus.

SOS showed a correlation with NTx
(P<0.01) and DPD (P<0.05), both bone absorp-
tion markers, and OSI showed a correlation
with NTx (P<0.01).

(2) Body weight
Body weight was regarded as a factor af-
fecting bone formation by its kinetic load.
Fig.4 shows the time-related changes in
body weight. Body weight had decreased by
more than 5 kg (P<0.01) at the 3 post-
operative week.

(3) Nutritional status

The body mass index (BMI) was defined as
an indicator of the nutritional status.

Fig. 5 shows the time-related changes of
BMI. BMI significantly decreased at the 3™
week after the operation, and did not subse-
quently recover.

27T r = — 1

—
25 -
23 -
=
m
21
19
17
Pre 3w 3M 6M 12M 24M
(W:Week, M:Month)
*:P<0.05

Fig. 5 BMI changes.
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operation, the frequency of meals was in- 5”000 -
creased according to dietary instruction, but 5 9000 |
returned to the same number as before the ié 2000 |
operation at the 24" post-operative month. 3 5000
(5) Physical activity 3000 - =
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The number of steps walked decreased at
the 3" post-operative week and significantly
increased from the 3" post-operative month,
and, although no significant difference was

Fig. 6 Changes in physical activity.
(Number of steps walked)

Table 4 Relationships between bone metabolism, nutritional status, nutrient intake,

and physical activity

Time (M+£SD)
Group 3M 6M 12M 24M
N 6 (60.0) 6 (60.0) 5 (60.0) 5 (50.0)
Number (%) R 4 (40.0) 4 (40.0) 4 (40.0) 2 (20.0)
M 0 (0.0) 0 (0.0) 1 (10.0) 3 (30.0)
Nutritional status
BMI N 22.0 + 1.9 214 + 1.7 22.7 + 1.9 213 + 1.8
R 19.5 + 2.7 18.9 + 2.3 19.7 + 2.6 20.8 + 4.9
Nutrient intake
Protein N 3.6 + 0.7 3.6+ 1.4 36+ 1.4 3.7+ 1.0
(day/week) R 3.3 £ 1.3 3.1+ 1.2 2.5 £ 0.6 3.3 +£0.1
Calcium N 1.8+15 1.9+ 1.2 2.1+ 1.1 26 + 1.2
(day/week) R 14+ 04 1.3+ 06 1.3+ 0.6 1.8 + 0.0
Vitamin C N 3.6 + 3.0 3.8+ 2.3 4.2 + 23 5.2 + 2.4
(day/week) R 2.9 + 0.7 26 + 1.1 2.7+ 1.1 3.5 £ 0.0
Vitamin D N 25+ 1.1 4.2 + 2.1 3.3+ 1.1 3.8 + 2.0
(day/week) R 35+ 1.1 2.5 £ 0.0 3.0 £ 1.0 2.5 £ 0.0
Phosphate N 0.2 + 0.4 1.8 + 2.7 0.8 +1.0 0.6 + 0.5
(day/week) R 0.9 + 1.2 0.5+ 0.6 14+ 2.1 1.0 = 0.0
Milk intake N 4.8 + 2.6 4.0 + 2.8 43 + 3.1 4.1 + 3.0
(day/Week) R 3.8 + 2.6 2.8 + 2.8 1.7+ 0.9 4.0 + 4.2
Physical activity
Steps walked N 8680.8 + 5830.4 10799.6 + 4698.5 8808.0 + 4899.8  7775.3 + 3872.3
(number of steps /day) R 6655.3 &+ 2854.3 5150.1 + 3493.2  7280.8 + 2142.8  4186.2 + 872.3
Working N 4 (36.4) 4 (36.4) 3 (30.0) 3 (42.9)
(number (%)) R 2 (18.2) 2 (18.2) 2 (20.0) 0 (0)
Not working N 3 (27.3) 3 (27.3) 3 (30.0) 2 (28.6)
(number (%)) R 2 (18.2) 2 (18.2) 2 (20.0) 2 (28.6)
(Group)
N : normal (OSI value is standard - 1SD)
R : Risk and disorder
Risk (OSI value is lower than standard from - 1SD to - 2SD)
Disorder (OSI value is lower than standard, more than - 2SD)
M : Missing value

Missing value shows the number of subjects who did not visit the hospital and whose data

were not available
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observed at the 24" post-operative month,
there was a decreasing tendency.

2. Relationship between the levels of bone
metabolism disorder and life indicators

1) Relationship between dietary intake and

OSI value changes

We discussed the relationship between bone
metabolism disorder, dietary intake, and
physical activity for more than six months
after being operated on.

Assigning the subjects with normal OSI
values following the operation to the normal
group, and those with OSI values of more
than -1SD over the standard following the
operation to a risk and disorder group, we
conducted a comparative investigation of
these two groups.

Table 4 shows the nutrient intakes neces-
sary for body metabolism by group. The in-
takes of Ca and vitamin C tended to be
slightly higher, although not significantly, in
the normal group than in the risk and disor-
der group at the 6™ and 12" post-operative
months.

As a result of the surveys on body weight,
BMI, and the number of steps per day, which
is an indicator of physical activity, all indica-
tors showed higher values at all survey times
in the normal group. However, there was no
significant difference between the two groups.

2) Characteristics of factors affecting bone
metabolism disorder at the 24" post-opera-
tive month
As shown in Table 3, follow-up was con-

ducted until the 24" post-operative month in
seven out of ten subjects, and two subjects
among them were observed to have some bone
metabolism disorder at the 24" post-operative
month.

Because only two subjects showed the onset
of bone metabolism disorder, we could not
conduct a statistical analysis of bone metabo-
lism parameters.

Therefore, we investigated the characteris-
tics of the subjects individually and investi-
gated the factors affecting bone metabolism
in these two individuals.

One subject showed a lower BAP value, an
indicator of bone formation, and a 3.5 point

lower BMI value than before the operation at
the 24" post-operative month.

Another subject had already shown a high
value of NTx, an indicator of bone absorp-
tion, before the operation. He showed an NTx
value as high as 58~70 at any point during
the survey time from the 3 week to 24"
month after the operation, indicating an in-
crease in bone absorption.

His body weight and BMI, indicators of the
nutritional status, recovered close to their
levels before the operation at the 24" post-
operative month. However, his BMI was as
low as 16.9 even before the operation.

Then, we conducted a comparative investi-
gation concerning diet and physical activity
between the subjects whose OSI values
showed signs of bone metabolism disorder
and those of the normal group.

The intakes of calcium and vitamins C and
D, necessary for bone formation, of the sub-
jects suffering from bone metabolism disor-
der were lower than the subjects of the nor-
mal group, although there was no significant
difference. Furthermore, as for physical ac-
tivities, the number of steps taken per day by
the subjects suffering from bone metabolism
disorder showed low values at the 24" post-
operative month.

Discussion
1. Effectiveness of bone assessment indicators

There are various indicators including SOS,
TI, OSI, and stiffness for bone metabolism
assessment according to measurement instru-
ments.

The speed of sound (SOS) is said to reflect
bone density, and the transmission index (TI)
shows values related to the frequency charac-
teristics when an ultrasound passes through
bone, showing bone density. The osteo sono-
assesment index (OSI) reflects the character-
1stics of both SOS and TI, and is a comprehen-
sive index when acoustically diagnosing bone.

In our previous report,®in spite of the fact
that bone metabolism makers showed abnor-
mal values, no change was shown in SOS
values. Then, we began to measure SOS, TI,
and OSI at the same time, and analyzed the
relationship among the three parameters,
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bone metabolism makers, and factors affect-
ing bone metabolism.

As a result of investigating the relation-
ship among the three indexes, a correlation
between SOS, TI, and OSI was shown. Of
further interest concerning the relationship
among these three indexes, bone metabolism
markers, and factors affecting metabolism,
SOS was shown to have a correlation with
NTx and DPD bone absorption markers. Ad-
ditionally, OSI was shown to have a correla-
tion with NTx.

As described above, a strong correlation
was shown to exist between SOS and OSI,
and, furthermore, a relationship between the
changes occurring in bone metabolism mark-
ers before and after the operation and those
occurring in SOS and OSI was shown. More-
over, OSI 1s considered to be useful as an
indicator of bone metabolism disorder, be-
cause OSI has its judging criteria based upon
the standard value.

2. Relationship with changes in bone metabo-
lism parameters

Fig. 2 shows the time-related changes in
OSI from pre-operation up to the 24" post-
operative month. As shown in this figure, the
OSI value decreased significantly at the 6"
post-operative month.

As shown in Table 3, some subjects started
to show decreases of more than -2SD from the
standard value at the 6" post-operative
month. In other words, expressing values
which indicate bone metabolism disorder.

Discussing the time-related changes of bone
metabolism markers, an indicator of bone
histological assessment, we examined the
relationship with bone metabolism. BAP, a
bone formation marker, significantly de-
creased at the 3" week, significantly increased
at the 6™ month to higher than the pre-
operative level, and remained unchanged until
the 24™ month after the operation. Con-
versely, although NTx, a bone absorption
marker, tended to increase until the 12" post-
operative month, and DPD showed high val-
ues until the 6™ post-operative month, both of
them tended to decrease after that. In this
way, the activities of bone formation and
bone absorption tended to increase after the

3" month until the 6™ month following the
operation, in particular. As Takafuji, et al."”
have reported, both bone formation and bone
absorption increase after gastrectomy, agree-
ing with our study results in that bone meta-
bolic turnover is considered to actively occur.
In the condition that both bone absorption
and bone formation are increasing, that is, a
state of high bone metabolism turnover, be-
cause normal bone absorption generally ex-
ceeds bone formation,” bone mass decreases.
In this study too, the same trend is considered
to have been shown because the OSI values
decreased at the 6" post-operative month.

3. Effects of nutritional status, food intake,
and physical activity on bone metabolism

1) Relationship between nutritional status

and bone metabolism

The body weight after surgery decreased
by 5 kg on average at the 3 month and recov-
ered by only 1 kg by the 24" month after the
operation. BMI also decreased by 1.78 at the
3 post-operative week and did not recover
thereafter, suggesting that the nutritional
status also remained in a decreased state.
Bone formation is affected by the kinetic
load, which includes loads induced by body
weight, daily life, and physical activity.®
Accordingly, 1t 1s considered important to
improve the lifestyle including dietary habits
and physical activity, in order to increase
bone metabolism. Food intake volume, in
particular, decreases when adverse effects
caused by chemotherapy and dumping symp-
toms emerge, the number of meals is reduced,
and regular eating behavior is disrupted.”
This point should be taken into consideration
for support and guidance.

2) Relationship between food intake and bone
metabolism

Calcium is important for bone formation.
We therefore discussed the nutrients affect-
ing calcium absorption.

Protein, a material of collagen and a com-
ponent of the bone matrix, should be kept in
balance with calcium quantitatively. Vitamin
C is necessary for osteoblast differentiation,
and, if depleted, bones and teeth become frag-
ile.
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Although the desirable ratio of calcium to
phosphate 1s 1:2, if phosphate 1s taken exces-
sively, it impairs the absorption of calcium
from the intestine, and, as a result, it causes
a shortage of calcium.'” In this study, al-
though the frequencies of food intake includ-
ing the nutrient factors shown in Table 4
showed no significant difference, the fre-
quencies of calcium and vitamin C intake
tended to be low in the bone metabolism risk
and disorder groups. Accordingly, in order to
prevent the onset of bone metabolism disor-
ders, it 1s very important to positively intake
calcium and vitamin C, which enhances the
absorption of calcium, as well as other nutri-
ent factors affecting bone metabolism in a
good balance.

Recently, because the majority of patients
who receive gastrectomy are aged persons, it
1s important to help them improve their vol-
ume of food intake and meal contents for the
prevention of bone mass loss. Emphasis
should be placed on their dietary intakes after
the operation because they experience prob-
lems which include a reduction of food intake,
delayed recovery of digestive functions, and
an inability to dietarily adapt.

3) Relationship between physical activity and

bone metabolism

Generally speaking, because bones are re-
constructed in a way that the bone mass and
bone strength are maintained in areas neces-
sary to respond to kinetic loads caused by
body weight and physical activity, physical
activity 1s effective for increasing bone
mass.”” Although in this study, no signifi-
cant difference was observed between the
normal and risk and disorder groups, the
total number of steps walked per day tended
to increase in the normal group.

Accordingly, in order to prevent bone me-
tabolism disorder, it is important that walk-
ing movement is effective for increasing bone
mass.'” It is therefore recommended to en-
courage patients to maintain and increase
their bone mass by gradually increasing the
walking load.

4) Factors associated with bone metabolism
disorder
In order to discuss the factors associated

with bone metabolism disorder, we compared
the nutrient intake status, physical activity,
changes in body weight accompanied by the
activity, and BMI of the two subjects who
showed body metabolism disorder, to those of
subjects in the normal group whose bone
metabolism was within the normal range, at
the 24" post-operative month.

As a result, one of the two subjects who had
bone metabolism disorder, as shown by
changes in body weight and BMI indicating
one’s nutritive condition, showed losses of
both body weight and BMI, and the other
subject, although remarkably thin with low
body weight and BMI values even before the
operation, recovered after the operation.
Furthermore, they were not working or per-
forming exercise, and their levels of physical
activity were low, with the numbers of steps
walked being only 3500 and 1700 per day,
respectively.

These common factors such as insufficient
intakes of calcium and vitamin D, lack of
physical activity, and weight loss, are consid-
ered to be strong factors leading to the onset
of metabolism disorder.
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