
1. Introduction

As greater longevity has led to an increase in the
elderly population, a significant consideration in
preventive health services for the elderly is what
constitutes healthy behavior for independent elderly
living in community, specifically, how to prevent
frailty and to increase the ''years of healthy life''.

Kumagai states that poor nutritional status for

elderly accelerates the decline in physical function
with aging1, 2). Malnutrition has usually been defined as
a serum albumin level less than 3.5 g/dl, a condition
also known as protein-energy malnutrition (PEM).
Previous epidemiological studies have shown that
decreasing serum albumin level affected decline of
daily living function and increasing mortality among
elderly3-11).

Even among healthy elderly people with a serum
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Summary The aim of this study was to clarify the relationship between the received number of

health examinations and serum albumin concentration as a marker of malnutrition among community-

dwelling elderly aged 65 and older.

Study subjects were 36,674 who had received a basic health examination at least one time from

2001 to 2007 in Habikino-city, Osaka.

The difference of mean serum albumin level with the received number of health examinations was

calculated. 4.13 g/dl for men and 4.20 g/dl for women showed those who had a health examination only

one time in seven years, whereas 4.22 g/dl for men and 4.24 g/dl for women who had had a health

examination every year.

The findings of this study suggested that regularly receiving basic health examination may alter

health behavior to prevent malnutrition among community dwelling elderly.
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albumin level greater than 3.5 g/dl, decreasing serum
albumin level was a reliable predictor of poor
outcomes, such as higher mortality3-8), cardiovascular
disease9, 10), and future functional decline11). Moreover,
decreasing serum albumin level within normal range
among healthy elderly people was associated with
decline in muscle mass12, 13) and muscle strength14) with
aging, which is called ''Sarcopenia'', resulting in
impaired mobility and balance among elderly people.

These investigations have suggested that
decreasing serum albumin concentration among
community-dwelling elderly may be a sign of future
frailty and may result in the need for future care.
Therefore prevention of malnutrition for community
dwelling elderly is a significant concern in preventing
frailty and other conditions requiring future care.

In this regard, previous study has shown that
participation in a health examination affected the
maintenance of good health status and reduced
mortality risk15-16). Chiou and Chang examined the
effects of health examination on health maintenance
for elderly in Taiwan by a five-year longitudinal
study17). Maeda et al. showed the relationship between
participation in a health examination and mortality
among community dwelling elderly18). These findings
suggest that regular participation in a health exami-
nation can prevent frailty related with malnutrition.

However, to date, no direct comparison has been
made of the relationship between participation in a
health examination and serum albumin concentration
as a maker of malnutrition among community-
dwelling elderly.

This study was conducted to examine the relation-
ship between the received number of health exami-
nations and serum albumin concentration as a marker
of malnutrition in community-dwelling independent
elderly aged 65 and older.

2. Materials and methods

1) Study subjects
The data were collected in Habikino City, which

has a population of 118,695 and a 65-year-old and
over population of 22,825 in 2005. The sample for this
study comprised community-dwelling elderly aged

65 and older who had participated in a health exami-
nation organized by Habikino City.

The total number of participants in a health exami-
nation within the seven years from 2001 to 2007 was
41,367 (14,611 men and 26,756 women). 2,153 men
and 2,540 women were excluded for uncertain liver
diseases assessed by applicable GOT≧36 or GPT≧
39 values because albumin is a protein synthesized in
the liver.

The total number of study subjects was 36,674
(12,458 men and 24,216 women); 3,742 persons in
2001, 4,617 persons in 2002, 5,622 persons in 2003,
5,183 persons in 2004, 5,286 persons in 2005, 5,835
persons in 2006 and 6,389 persons in 2007. These
subjects included those who had had a health exami-
nation more than one time in seven years.

Subjects who received a health examination in
2007 were followed retrospectively to determine how
many times they received a health examination previ-
ously. Subjects younger than aged 64 in 2001 were
eliminated from this analysis. Total number of subjects
for analysis was 1,177 men and 2,420 women.

The protocol of this study was approved by the
Institutional Review Board of Osaka Prefecture
University. All the data were compiled by the health
center of Habikino City, which allowed Osaka
Prefecture University to use these data for analysis in
this study.

2) Serum albumin
Blood samples were collected by medical practi-

tioners in Habikino City. Each medical doctor sent it
to different laboratories to analyze blood count and
biochemical parameters. Serum albumin concentra-
tions were determined with the Bromocresol Green
(BCG) Procedure at different medical laboratories.

3) Statistical analysis
First, we determined the factor of serum albumin

level by age and sex through cross-sectional analysis.
Both the men's group and the women's group were
divided into six age groups. Age group was 65-69, 70-
74, 75-79, 80-84, 85-89, and more than 90 yeas old.
For each age group by sex, 5, 50 and 95 percentile
serum albumin values were calculated.
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Second, we compared the difference of serum
albumin value with how many times the subject partic-
ipated in a health examination for seven years. As a
baseline, those who had a health examination in 2007
were divided into seven groups by how many times
they had received a health examination between 2001
and 2007.

ANCOVA (analysis of covariance) was conducted
to demonstrate the relationship between the serum
albumin levels and the received number of health
examinations adjusted for age.

Data analysis was performed using the statistical
package SPSS 13.0J for Windows.

3. Results

Figure 1 shows a comparison of the 5th, 50th and
95th percentile serum albumin level by age group and

sex. The 5th, 50th and 95th percentile serum albumin
value showed a lower value with age. In particular, the
5th percentile albumin level by age 80 and over showed
less than a 3.5 g/dl diagnosed level as PEM.

The difference in serum albumin level by the
received number of health examinations was calcu-
lated by men (n=1,177) and women (n=2,420) as
shown in Table 1.

Comparing the serum albumin level of those who
had had health examination, those who had more
frequent health examination were more likely to have
a high level of serum concentration. Mean serum
albumin adjusted for age was 4.22 g/dl for men and
4.24 g/dl for women who had the health examina-
tion every year for seven years. On the other hand, the
serum albumin level of those who had the health
examination only one time was significantly lower:
4.13 g/dl for men (p<0.001), and 4.20 g/dl for women
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Fig 1 Five, fifty and ninety five percentile serum albumin level by age groups: men (above) and women (bottom).
The 5th, 50th and 95th percentile serum albumin value showed a lower value with aging. Especially, the 5th percentile
albumin level by age 80 and over showed less than a 3.5 g/dl diagnosed hypoalbuminemia.



(p<0.001).
The differences in serum albumin level by the

received number of health examinations in the seven
years are depicted graphically in Figure 2. The thick
line in Figure 2 shows a similar increase in serum
albumin level with the received number of health
examination for men (R2=0.6524) and women

(R2=0.6809).

4. Discussion

The present study analyzed differences in serum
albumin level by age, sex, and the received number of
health examinations by using basic health examination
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Fig. 2 The association of serum albumin level and the received number of health examinations for seven years.
The thin line shows mean serum albumin level of men and women by difference in received number of health exami
nations for seven years. The thick line shows approximate line of men (R2=0.6524) and of women (R2=0.6809). 
Serum albumin level rises with received number of health examinations.

Table 1 Comparing of serum albumin level (g/dl) by the received number of health examinations
for seven years among elderly aged 65 and older participated in health examination in 2007



data for seven years among community dwelling
elderly.

As differences of percentile serum albumin level
by six age groups, older age groups showed lower
albumin level than younger groups. Specifically, the
5th percentile serum albumin level for 90 years old
and over showed a 3.5 g/dl diagnosed level as PEM.
This result suggests that aging may affect decreasing
serum albumin level.

Previous study demonstrated that nutritional status
was a key factor affecting the decline in physical
function with aging1, 2).

Another aging study stated that community-
dwelling elderly who have had risks of malnutrition,
less than 3.5 g/dl of serum albumin level, have not
shown greater frequency of diagnosed diseases;
however, they have shown more problems in daily
living, such as decreasing physical fitness, physical
function, and oral function19)

Therefore, preventing malnutrition among
community-dwelling elderly may help to maintain
good health condition and physical function.

The results in this study show that men and
women who have more had health examination
showed a higher serum albumin level than those who
have had fewer health examination. This finding
strongly suggests that taking a basic health examina-
tion may help prevent decreasing serum albumin
level. Moreover, this result leads us to believe that
participation in a health examination repeatedly is a
form of health behavior that may prevent malnutrition
among the elderly.

Previous study suggested that health examina-
tion were related to maintaining health for the
elderly15-18). Those who had an annual health exami-
nation showed lower mortality than those who had not
it. Nakanishi examined the relationship between
survival rate and health services using data of health
management history, health status, and disability score
by interview survey. This study suggested that an
annual health examination has been a possible
promoter of better health and reduced mortality among
elderly people16).

Along with these previous studies, the results of
the present study may suggest that receiving an annual

health examination could be an appropriate health
behavior in maintaining better nutritional status for the
prevention of malnutrition.

This study was a large cohort study assessing
participants in a health examination at least one time
for seven years, which included half of the elderly
population living in the city. The subjects in this
study were independent elderly people living in
community.

Therefore, the results of the present study provide
more reliable information suggesting that the contin-
uous taking of basic health examination may be an
efficient behavior in preventing age-related frailty
among community-dwelling elderly.

Two limitations of the study are as follows. First,
the relationship between serum albumin concentration
and dietary habits was not analyzed in this study.
Therefore, a future study should consider dietary
habits by questionnaire or interview.

Second, data in this study were compiled from
Japanese elderly living in Habikino City, which is a
suburb of Osaka. Data for a future study could be
compiled from different areas, such as a city or rural
area. Life style, especially nutrition status or eating
habits can be differentiated by generation, culture,
and ethnicity.

In conclusion, this study demonstrates that
receiving annual health examination is a behavior
that helps prevent malnutrition for elderly people.

We believe that the prevention of malnutrition
among community dwelling elderly helps to prevent
frailty and maintain good health for elderly people.
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