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PD 26 mm (%) 0.69 0.000 0.43-0.96
AL 26 mm (%) 0.09 0.008 0.02-0.17
BOP (%) -0.01 0.814  -0.08-0.06

F2. WRAREITOMAB A% HOEKL L BER ST

LR © Coefficient  p 95% CI
WEHE 2 M (mm) 261 0.024  0.35-4.87
Bi{EH K -0.30 0.000  -0.42--0.19
PD 26 mm (%) 0.73 0.000 0.43-1.04
AL 26 mm (%) -0.09 0.039 -0.17-0.00
ER 4.43 0.090 -0.69-9.56

N=332. Explained variance, adjusted for degrees of freedom (R? adi.) = 15.5%.
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Abstract

Background: The turning point in the deterioration of physical fitness occurs from 70

to 80 years of age. In particular, muscle strength may decline even more in subjects
oider than 75. A recent study found that the angiotensin-converting enzyme genotype
also affects physiology of left ventricular hypértrophy. A limited number of papers have
examined genetic differences in resistance and endurance forms of a single sporting
discipline. Objective: The purpose of this study was to evaluate the relationship
between ACE genotype and physical fitness in a large-scale study, controlling for
known confoﬁnding factors, including dental status. Methods: We selected 431
subjects who were aged 76 years and did not require special care for daily activities.
Five pﬁysical fitness tests, including (1) maximum hand-grip strength, (2) maximal
isometric knee extensor strength, (3) maximal stepping rate for 10 seconds, (4) one-leg
standing time with eyes open, and (5) 10-m maximum walking speed, were preceded by
a medical examination. Subjects were genotyped for the angiotensin-converting enzyme
intron 16 Alu insertion. In addition, serum concentrations of total cholesterol, tdtal
protein, IgA, and IgG were determined. The Eichner iﬁdex was used to indicate occlusal
conditions. Multiple linear regression analysis was performed to evaluate the

relationship between angiotensin converting enzyme gene insertion/deletion (I/D)
polymorphism and physical fitness considering confounding factors. Results: Betas of

hand-grip strength were 0.09 for ID (p=0.022) and 0.12 for insertion/insertion (II)
- (p=0.004). Betas of the 10-m walk were -0.11 for ID (p=0.093) and -0.14 for II

(»=0.039). Dental status such as Eichner index Class C was significantly associated

with one-leg standing time with eyes open. Beta was -0.11 (p=0.028). Conclusion:



This study suggests that there was a significant relationship between angiotensin
converting enzyme genotype and physical fitness. In particular, subjects with the
angiotensin converting enzyme deletion/deletion genotype were noted to have low

muscle strength.



Introduction

Age-related physical di.sability and deterioration of physical function are
becominé priorities in public health. Many functions of the human body decrease from .
70 to 80 years of age. The turning po-int in the reduction of physical fitness also seems
to occur in this period. In particular, muscle strength may decliﬁe even more in subjects
older than 75 yea.rs..

| A polymorphic insertion/deletion (I/D) variation in intron 16 of the
angiotensin-converting enzyme (ACE) gene locus was identified more, than 15 years
ago [1]. Individuals with the ACE deletion/deletion (DD) genotype have higher plasma,
cardiac tissue, anc_i lymphocyte ACE levels than do ACE insertion/insertion (II) carriers
[2,3]. A recenf study suggested that ACE genotype also affects the physiology of left
ventricular hypertrophy [4].

A limited number of papers [5, 6] have examined genetic differences in resisténce
and endurance forms of a single sporting discipline. The relationship between the D
allele and power sports undertaken over a short period is distinct from that of the I allele
and enhanced endurance performance [7]. The ACE-I allele was associated with
A increased type I skeletal fnuscle fiber, which may be a mechanism for the association
between the ACE genotype and endurance perfofmance [8]. These studies show that
ACE gene I/D polymorphism as a genetic factor influences physical performance.

In spite of these findings, most studies gonducted to date had a relatively small
sample size and included groups of young subjects c;r athletes. A significant relationship
has been difficult to establish, especially for the elderly, as results have been easily
- confounded by factors such as gender, physique, and dental status [9]. |

The purpose of this study was to evaluate the relationship between ACE genotype



and physical fitness in a large-scale study, controlling for known confounding factors.



Materials and Methods

Study population

The population for this study was drawn from the Niigata study. Briefly, the
Niigata study was a prospective community-based study that was initiated to evaluate
the relationship between an indivi.dual'_s geheral health status and his/her history of
dental diseases in 1998. Initially, questionnaires were sent to all inhabitants (n=4,542)
aged 70 years based on a registry of residents in Niigata City in Japan; all recipients
were informed of the purpose of the survey. Among those who were randomly selected
to participate in the Niigata study (n=600), 431 subjects (228 males and 203 females)
who turned 70 in 1998 and were aged 76 years in 2004 underwent annual dental
examinations. All subjects were Japanese, in good general health, and did not require
special care for daily activities. To exclude the influence of race and age variations on
results, selected subjects were homogenous in terms of race and were restricted to an
age of 76 years. The examination protocol that was used in the examination was
reviewed and approved by the Ethics Committee of the Faculty.of Dentistry, Niigata

University.

Clinical assessments

Five physical fitness tests were preceded by a medical examination. These
fitness tests included 1) maximum hand-grip strength, (2) maximal isometric knee
extensor strength, (3) maximal stepping rate for 10 seconds, (4) one-leg standing time
with eyes open, and (5) 10-m maximum walking speed. Maximum hand-grip strength
was measured using a.smedley hand dynamometer (DM-100s, Yagami Inc, Nagoya,

Japan) in both the dominant and nondominant hands. The score obtained was the best of



the trials for both grip strengths. Maximal isometric knee extensor strength was
determined by a portable chair incorporating a strain gauge conneéted to a load cell. The
subject sat on a seat in a vertical position that was adjusted so he or she sat comfortably
with the legs hanging vertically and knee bent at 90 degrees. The test was alternately
performed twice on the right and left legs, respectively. Maximal stepping rate for 10
seconds was used és an index of agility using an industrial stepping rate counter
(Stepping Counter, Yagami Inc). The subject was instructed to step alternately as fast as
possible with each vleg while in a sitting position for 10 seconds. The stepping rate of the
left and right legs was summed for this analysis. One-leg standing time with eyes open
included an assessment of static balance function measured with eyes open and arms out,
standing on one foot with the other off the floor. The score was either the number of
seconds between when the nonpreferred foot was raised and balance was lost (when the
subject began to hop around of when the raised foot was lowered to the floor) or when 2
minutes had elapsed. The subjects performed one trial on their right and left foot,
respectively, and the best score was recorded. Maximum walking speed (sec/10 m) was
measured by having the participant walk at their fastest pace over a 10-m course two
times. The faster of walks was used.

Subjects were genotyped for the angiotensin-converting enzyme intron 16 Alu
insertion. Blood for leukocyte isolation and subsequent DNA preparation was collected
in ethylenediaminetetraacetic acid-containing tubes at a final concentration of 50
mmol/l. Genomic DNA was amplified as previously described using the polymerase
chain reaction (PCR) with primers flanking the polymorphic region [10, 11]. PCR
products of 490 and 290 bp were separated on 1.5% agarose gels and visualized by

ethidium-bromide staining. Because the D allele in heterozygous samples is



preferentially amplified, each sample that was found to have the DD genotype was
* subjected to a second, independent PCR amplification with a primer pair that recognizes
an insertion-specific sequence to avoid mistyping the DD genotype. In addition, serum
concentrations of total cholesterol, total protein, IgA, IgG were measured at a
commercial laboratory (BML, Inc., Tokyo, Japan).

The Eichner index [12] was used as an iﬁdicator of occlusal conditions. The
Eichner index was based on existing natural tooth contacts between the maxilla and
rhandible in the bilateral premolar and molar regions (existence of tooth contact defined
‘as existence of natural tooth in the maxilla and mandible correspondingly). Class A
represents contact in all four support zones. Class B represents contact in one to three
zones or in the frontal region only. Class C represents an absence of tooth contact.
Statistical analysis

For descriptive data, statistical differences between males and females were
evaluated. Statistical differences between distributions were analyzed with the
chi-square test. Differenc;as in physical fitness variables e){cept a one-leg standing time,
body mass index, number of present teeth and serum data were analyzed with the t test.
In addition, we used Mann-Whiteny U test for evaluation of difference in a one-leg
standing time. Means and standard deviations were used to characterize coﬁtinuous_
variables. In addition, multiple linear regression analysis was performed to evaluate the
‘relationship between angiotensin converting enzyme gene I/D polymorphism and
physical fitness. For the first quel, each physical fitness variable was used as a
dependent variable. Then, a one-leg standing time with eyes open was transformed to
dummy data when conducting the multiple regression analysis because a one-leg

standing time with eyes open was skewed to higher values. Independent variables



included angiotensin converting enzyme gene I/D polymorphism, body mass index, and
gender. For the second model, serum data such as total cholesterol, total protein, IgA,
IgG, and dental status (Eichner index Class C=1, no=0) were included.

All calculations and statistical analyses were performed using the STATA™
: soﬁware package (StataCorp, College Stétion, TX, USA). A p-value less than 0.05 was

considered statistically significant.



Results

Characteristics of subjecfs are shown in Table 1. All physical fitness variables -
were better in males than in females. Results of multiple regression analysis between
the rélationship between angiotensin converting enzyme gene I/D polymorphism and
physicél fitness are shown in Table 2. Angiotensin converting enzyme gene I/D
polymorphism was positively associated with the hand-grip strength and 10-m
maximum walking speed. Betas of hand-grip strength were 0.09 for ID (p=O.01V9) and
0.12 for II (p=0.003). Beta of 10-m maximum walking speed was -0.15 for I (p=0.023).
Besides, even if it was not statistically significant, beta of 10-m maximum walking
speed was -0.11 for ID (p=0.088). Furthermore, when we included serum data suth as
total cholesterol, total protein, IgA, IgG, and dental status as dependent variables (Table
3), angiotensin converting enzyme gene I/D polymorphism was positively associated
with the hand-grip strength and 10-m maximum walking speed. Betas of hand-grip
strength were 0.09 for ID (p=0.022) and 0.12 for II (»p=0.004). Beta of 10-m maximum
walk was -0.14 for II (p=0.039). Besides, even if it was not statistically significant, beta
of 10-m maxirﬁum walk was -0.11 for ID (p=0.093). Dental status such as Eichner
index Class C was signiﬁcantly' associated with one-lég standing time with eyes open.

Beta was -0.11 (p=0.028).



Discussion

In aged societies, enhancement of quality of life has been regarded as more
crucial than prolongation of life. It is well known that people with impaired activities of
daily living (ADL) such as walking, eating and toileting, or-with low instrumental ADL
tend to have a high mortélity rate [18]. Physical fitness can be classified roughly into
muscle strength, agility, and equilibrium function. We adopted hand-grip strength, leg
extensor strength, stepping, one-leg standing time with eyes open, and 10-m maximum
walking speed as a indices of physical fitness. In the present study, angiotensin
converting enzyme gene I/D polymorphism was positively associated with hand grip
strength and 10-m maximum walking speed. Muscle strength declines with age and this
study shows that there was relation between angiotensin converting enzyme gene I/D -
polymorphism and changes of age-related muscle strength.

According to previous reports, ACE inhibitor treatment may halt or slow decline v
in muscle strength in elderly women with hypertension and without congestive Heart
failure [14]. Improvements in physical function from ACE inhibifors and angiotensin
receptor antagonists could also be mediated by direct effects of these agents on skeletal
muscle [15, 16]. In particular, activatiori_of the renin-angiotensin syétem has been
associated with mechanical, metabolic, and biochemical changes in skelvetall muscle [17].
Furthermore, the DD genotype has been found to be associated with increased
cardiovascular disease [18]. Because the: ACE gene is involved in regulating jvascular
tone, the findings that the ACE II genotype group has a wider maximal arteriovenous O,
difference suggests a greater release of peripheral vascular tone with attendant greater
increase in capillary perfusion and red cell transit time in the ACE II than in the ID and

DD genotype groups [19].



