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Abstract  Only limited data are available regarding the physical functions of elderly patients during the 
maintenance period after suffering from cardiac or other serious diseases. This study aimed to clarify age- and 
gender-related differences in the elderly physical functions by mainly comparing data from elderly subjects during 
the maintenance period with nationwide physical fitness data of healthy elderly subjects collected by the Japanese 
Ministry of Education. One hundred and sixty-seven elderly individuals who participated in a regular exercise 
therapy program twice a week participated in this study. Grip strength, 10-m obstacle walking time, one-legged 
balance with eyes open, sit-ups, sitting trunk flexion, and 6-min walking were selected as the physical function tests. 
In the gender and age groups considered, compared with the standard value, grip strength, sit-ups, and sitting trunk 
flexion were lower; 10-m obstacle walking time was similar or higher; and 6-min walking data were similar. One-
legged balance with eyes open was lower in subjects, except for males in the young elderly group. Grip strength was 
significantly higher in females than in males; however, the results from the 10-m obstacle walking time, one-legged 
balance with eyes open, sit-ups, and 6-min walking tests did not show any significant difference between genders. 
The young old elderly groups performed better in all tests, except for sit-ups and one-legged balance with eyes open 
(females), in both genders compared with the old elderly groups. In conclusion, during the maintenance period, the 
elderly subjects who participated in group sports and exercise therapy performed similarly or better in the 10-m 
obstacle walking time and 6-min walking tests than the healthy elderly individuals of the same age group; however, 
they performed worse in grip strength, sit-ups, and sitting trunk flexion. However, our results suggest that the effect 
of performing sports and exercise therapy may differ between genders. 

Keywords: physical function, exercise therapy, standard value 

Cite This Article: Hiroe Sugimoto, Shinichi Demura, and Yoshinori Nagasawa, “Age-and Gender-related 
Differences in Physical Functions of the Elderly following 1-year Regular Exercise Therapy: Comparison with 
Standard Values.” American Journal of Sports Science and Medicine, vol. 2, no. 4 (2014): 148-153. doi: 
10.12691/ajssm-2-4-6. 

1. Introduction 
In old age, the level of physical activity decreases with 

decrease in physical function and worsens with disuse 
atrophy [1,2]. According to the white paper on aging 
society [3], approximately half of the elderly aged >65 
years suffer from health problems and nonspecific 
symptoms. Even if elderly with serious diseases have a 
longer life expectancy than healthy elderly individuals, the 
remarkable health-related discontent they experience often 
make them feel that they have nothing to live for [4], 
highlighting the importance of facilitating a fulfilling life 
with adequate quality of life [5]. Thus, cooperation among 
local authorities is necessary to extend the healthy life 
expectancy of the elderly and to enhance their quality of 
life through rehabilitation and the provision of public 

health services of the elderly during the maintenance 
period (independent elderly people without requiring 
nursing care after a serious disease including cardiac 
disease). 

Until now, several policies have been implemented, 
mainly to ensure the primary prevention of 3 major 
diseases affecting the elderly in Japan, i.e., malignancies, 
cardiac diseases, and stroke. However, adequate policies 
factoring in the elderly during the maintenance period 
(tertiary prevention) have not been implemented, and 
information regarding their physical function is poor [6]. 
Exercise therapy may include activities such as group 
sports; aerobic exercises such as bicycle ergometer or 
walking; or table tennis, soft tennis, and tai chi, which 
need the participation of another individual [7]. It has been 
reported that the general elderly population as well as the 
elderly in the maintenance period can improve their 
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physical function by participating in exercise therapy [6,8]. 
Adequately improving their physical function is important 
to prevent disease and fall incidence; however, for safety 
reasons, elderly individuals with cardiac disease or other 
serious diseases are often excluded from studies 
evaluating physical function, and thus, their physical 
functions have not been adequately evaluated yet [9]. 

Sugimoto et al. [10] examined age and gender 
differences in physical functions in the elderly during the 
maintenance period and reported that physical function 
differs between genders, with the males presenting greater 
muscle strength, muscle endurance, whole-body 
endurance, and walking ability. On the other hand, 
females are generally more flexible than males. The older 
elderly scored lower in all the physical functions measured, 
except muscle endurance; however, how these differences 
compare with the physical function of healthy elderly 
individuals has not been comprehensively clarified. 
Maruyama et al. [11] compared regional data on the 
physical functions of active healthy elderly individuals 
with the standard values published by the Ministry of 
Education. In this case, the report did not examine gender- 
and age-related differences with standard values and only 
targeted elderly subjects in the maintenance period. 
Effective exercise therapy programs are important to 
understand how physical functional elements of the 
elderly in the maintenance period compare with healthy 
subjects (standard value) and how these differences vary 
with age and gender. 

In this study, the following hypothesis was proposed: 
10-m obstacle walking time, 6 min walking, grip strength, 
sit-ups, and sitting trunk flexion vary with gender and age 
and are lower in elderly subjects in the maintenance 
period than in healthy elderly subjects (standard values). 
This study aims to understand age- and gender-related 
differences in physical functions, compared with the 
standard values, in elderly participating in a 1-year regular 
exercise therapy program in the maintenance period. 

2. Method 

2.1. Subjects 
In this study, 167 elderly individuals in the maintenance 

period were divided into 4 groups according to gender and 
age: the young elderly group (aged 65–74 years), which 
consisted of a male group (MYG; n = 29) and a female 
group (FYG, n = 45), and the old elderly group (aged ≥75 
years), which consisted of a male group (MOG; n = 49) 
and a female group (FOG; n = 44). In this study, the 
elderly with maintenance periods were defined as 
those >65 years who live independently >7 months from 
the onset of symptoms, such as cardiac disease, 
macrovascular disease, malignant tumor, cerebrovascular 
disease, and diabetes and those who do not require nursing 
care because of stable disease. During the study period 
between April 2008 and December 2012, we enrolled 
subjects who participated in a regular exercise therapy 
program twice a week for a minimum of 1 year. They 
undertook physical function tests toward the end of the 
regular exercise program.  

The mean and standard deviation values of age, height, 
and weight were as follows: MYG: 70.4 years (3.3 years), 

162.4 cm (6.6 cm), and 56.3 kg (6.9 kg), respectively; 
FYG: 71.9 years (2.2 years), 155.5 cm (5.4 cm), and 52.4 
kg (5.5 kg), respectively; MOG: 80.2 years, (3.8 years), 
161.3 cm (5.0 cm), and 59.6 kg (7.5 kg), respectively; and 
FOG: 79.1 years, (3.2 years), 150.4 cm (3.7 cm), and 52.6 
kg (8.4 kg), respectively. Statistical analysis showed 
significant gender difference between age of MYG and 
FYG; however, the difference was small (ES = 0.01). The 
males were significantly taller than the females in both 
age groups, and the FYG subjects were taller than the 
FOG subjects. The male subjects were significantly 
heavier than the female subjects. The details of the main 
illness at onset and the number of days of participation in 
the year-long exercise program of the subjects included in 
the present study have been previously reported by 
Sugimoto et al. [10]. Exercise was not contraindicated in 
any subject. The purpose of this study, the measurements 
taken, and safety procedures, as well as the voluntary 
nature of the study and the right of subjects to refuse 
participation in the survey and the tests was explained to 
all subjects. All subjects provided written informed 
consent prior to initiation of the study and performance of 
the tests. 

The study was approved by the Ethics Committee on 
Human Experimentation of Faculty of Human Science, 
Kanazawa University (2012-27). 

2.2. Standard Values 
The Japanese Ministry of Education recently published 

the results of a new physical fitness test battery targeted at 
healthy elderly individuals on a nationwide scale. The 
battery includes the following test items: grip strength, 10-
m obstacle walking time, one-legged balance with eyes 
open, sit-ups, sitting trunk flexion, and 6-min walking. In 
this study, the mean values of these tests are assumed to 
be the standard values for Japanese healthy elderly 
individuals [12]. 

2.3. Exercise Therapy Program 
The exercise therapy program was aimed to prevent 

illness recurrence and need for care, to improve QOL, and 
to extend the healthy life expectancy in the maintenance 
period in elderly individuals who had suffered serious 
diseases. This therapy is recommended for elderly 
individuals throughout their lifetime. A typical exercise 
program lasted 80 min and included a 15-min warm-up, 6-
min walking, 40-min main exercise (table tennis, soft 
tennis, or bicycle ergometer) with 5-min rest time, and 10-
min cooling down. 

2.4. Physical Function Tests  
The following 6 physical function tests were performed: 

grip strength (muscle strength), 10-m obstacle walking 
time (walking ability), one-legged balance with eyes open 
(balance ability), sit-ups (muscle endurance), sitting trunk 
flexion (flexibility), and 6-min walking (endurance). Grip 
strength of the right and left hands was measured twice, 
with the subject standing up, using a Smedley hand 
dynamometer (TKK5401, Takei Scientific Instruments 
Co., Ltd., Japan), and the average maximum value was 
used as the representative value. A 10-m obstacle walking 
test was used to measure the time that subjects required to 
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step over six obstacles twice, and a shorter time value was 
used for analyses. One-legged balance with eyes open was 
measured twice when subjects could stand using only the 
supporting leg with both hands at the waist, and a higher 
time value was used for analyses. Sit-ups were counted as 
per the following repeating motion for 30 s: subjects 
performed sit-ups from the supine posture on the floor 
with arms crossed over on the front chest and both their 
knees at 90° until they touched both elbows to both knees. 
Sitting trunk flexion was measured twice using a trunk 
flexion measurement device (EKJ091, EVERNEW Co., 
Ltd., Japan), and a higher value was used for analyses. 
The 6-min walking test measured the distance for which 
the subjects walked for 6 min at the usual speed in 
gymnasiums. The measurements were performed on the 
basis of the implementation guide published by the 
Ministry of Education [9]. 

2.5. Measurement Procedures 
The survey and all the measurements were conducted 

after sufficiently explaining the content to each subject in 
advance. All subjects were instructed not to participate in 
any test if they found it difficult because of their 
underlying disease. Fourteen subjects declined to 
participate in the 6-min walking test, and 3 subjects 
refused to perform the sit-ups because of poor health 
condition. After confirming that none of the subjects had 
any particular physical problem or blood pressure issues 
(systolic and diastolic) following the 15-min warm-up 
comprising stretching exercises, the subjects undertook 
the physical function tests.  

2.6. Statistical Analysis 
Statistical analyses were performed using SPSS 11.5J 

for Windows (SPSS Inc., Tokyo, Japan). The values 
measured for each subject were converted into 
personalized ratios with the standard value (i.e., measured 
value/standard value), and the means and standard 

deviations were calculated according to gender and age. 
Two-way analysis of variance (ANOVA) with unpaired 
measures was used to test for significant mean differences 
(gender × age) between the personalized ratios for each of 
the physical function test. When a significant interaction 
or main effect was found, the post hoc Tukey test for 
multiple comparison was conducted. An alpha level of 
0.05 was considered significant for all tests. 

3. Results 
Table 1 shows the means and standard deviations of 

each variable according to gender and age (YG and OG) 
and standard values on the actual measurements in 
physical function tests. Sugimoto et al. [10] previously 
reported their results of two-way ANOVA and the 
multiple comparison test according to gender and age. 
Table 2 shows the means and standard deviations of the 
personalized ratios grouped by gender and age (YG and 
OG) and the results of the two-way ANOVA and the 
multiple comparison test. The two-way ANOVA showed 
that the results on grip strength (gender: F = 14.04, p < 
0.05, age: F = 5.49, p < 0.05) and the sitting trunk flexion 
(gender: F = 5.84, p < 0.05, age: F = 4.27, p < 0.05) were 
significantly influenced by gender and age. It also showed 
that ratios in females were significantly higher than those 
in males. In addition, the ratios in YG were higher than 
those in OG. The 10-m obstacle walking time (F = 14.52, 
p < 0.05) and the 6-min walking (F = 5.40, p < 0.05) was 
significantly influenced by age alone. YG showed 
significantly higher values than OG. The one-legged 
balance with eyes open (F = 4.10, p < 0.05) was 
significantly influenced by the interaction between age 
and gender. The results of the multiple comparison test 
showed that the time was lower in OG than in YG, but 
only in males. The sit-ups were not significantly 
influenced by either gender or age. 

Table 1. Means, standard deviations and standard value of physical function tests by gender and age-level 
 Young elderly Old elderly Standard value 

 Mean SD Mean SD (Young/Old) 
Grip strength (kg)      

Male 33.3 5.5 29.1 3.7 (37.2/35.2) 
Female 22.9 4.5 20.3 3.5 (23.5/21.9) 

Ten-meter obstacle walking time (sec)      
Male 5.9 1.2 7.4 2.0 (6.6/7.0) 

Female 6.9 1.2 8.3 1.7 (7.4/8.2) 

One-legged balance with eyes open(sec)      
Male 85.7 41.5 41.6 42.9 (71.3/57.0) 

Female 60.9 47.7 45.4 43.6 (67.8/50.2) 

Sit-ups (point)      
Male 7.5 5.8 6.4 5.0 (12.7/10.8) 

Female 4.2 5.1 4.8 4.8 (7.6/6.7) 

Sitting trunk flexion (cm)      
Male 28.4 8.4 25.7 10.2 (35.9/35.2) 

Female 35.8 8.3 30.8 7.5 (39.9/38.2) 

Six minutes walking (m)      
Male 59.1 77.3 539.5 60.3 (592.9/565.9) 

Female 562.8 58.0 502.9 73.4 (555.0/516.8) 
M: Mean, SD: standard deviation, Standard values of the young elderly group/old elderly group. 
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Table 2. Means and standard deviations of the personalized ratios of physical function test parameters grouped by gender and age, along with 
the results of 2-way analysis of variance and the multiple comparison test 

 Young elderly Old elderly  Two-way ANOVA Multiple comparison 
 Mean SD Mean SD Factor df F value  p value η2 Gender Age level 

Grip strength (kg)     Gender 1 14.04 * 0.01 0.01   
Male 0.89 0.15 0.83 0.11 Age level 1 5.49 * 0.02 0.03   

Female 0.97 0.19 0.93 0.16 Interaction 1 0.21  0.65 0.00   
     Error 163       

Ten-meter obstacle walking time (s)     Gender 1 0.20  0.66 0.00   
Male 1.17 0.26 1.00 0.21 Age level 1 14.52 * 0.01 0.08   

Female 1.11 0.17 1.03 0.20 Interaction 1 2.31  0.13 0.01   
     Error 163       

One-legged balance with eyes open (s)     Gender 1 0.31  0.58 0.00 Young: ns Male: Young>OM 
Male 1.20 0.58 0.73 0.75 Age level 1 3.93 * 0.05 0.02 Old: ns Female: ns 

Female 0.90 0.70 0.90 0.87 Interaction 1 4.10 * 0.04 0.03   
     Error 163       

Sit-ups (point)     Gender 1 0.15  0.70 0.00   
Male 0.59 0.45 0.59 0.46 Age level 1 0.72  0.40 0.00   

Female 0.55 0.67 0.71 0.72 Interaction 1 0.72  0.40 0.00   
     Error 161       

Sitting trunk flexion (cm)     Gender 1 5.84 * 0.02 0.04   
Male 0.79 0.23 0.73 0.29 Age level 1 4.28 * 0.70 0.03   

Female 0.90 0.21 0.81 0.20 Interaction 1 0.15  0.70 0.00   
     Error 163       

Six-minute walking (m)     Gender 1 0.59  0.44 0.00   
Male 1.00 0.13 0.95 0.11 Age level 1 5.40 * 0.02 0.04   

Female 1.01 0.10 0.97 0.14 Interaction 1 0.06  0.81 0.00   
     Error 149       

M: Mean, SD: standard deviation, df: degree of freedom, η2: effect size, *: p < 0.05 
Young >Old: The young elderly group shows significantly higher values than the old elderly group. 
ns: not significant. 

4. Discussion 
Because of the physical burden imposed by the physical 

function tests on the elderly subjects in the maintenance 
period, data regarding these tests in this population is not 
available; in addition, reports regarding the physical 
functions in this population are very limited [8]. This 
study aimed to clarify age- and gender-related differences 
in physical function in the elderly during the maintenance 
period. To this end, we compared the data from elderly 
who participated in the exercise therapy for 1 year with 
nationwide standard values obtained from healthy elderly. 

4.1. Comparison with Standard Values 
The results for sit-ups in YG were <60% of the 

standard values; however, the results for grip strength, 
sitting trunk flexion, and one-legged balance with eyes 
open (except for males) were only slightly lower (within 
the 79%–97% range) than the standard values. The values 
for the 6-min walking tests were similar to the standard 
values, and the 10-m obstacle walking time was slightly 
higher than the standard values (111%–117%) for both 
genders in YG. In OG, the results for sit-ups was <71% of 
the standard values; however, the values for the 6-min 
walking tests and the 10-m obstacle walking time were 
almost equal to the standard values. However, the results 
from all other tests were slightly lower (within the 73%–
93% range) in both genders. In brief, in the subjects of this 
study, compared with the standard values, the results for 
sit-ups, grip strength, sitting trunk flexion, and one-legged 
balance with eyes open (except for MYG) were lower; the 
6-min walking was similar, and the 10-m obstacle walking 

time test was higher. Kurose et al. [8] compared the 
standard values with the values obtained for elderly 
subjects of the same age in the maintenance period. They 
showed that >50% of the elderly in the maintenance 
period exceed the standard value in the 10-m obstacle 
walking time test and nearly 25% subjects exceed the grip 
strength standard value. Maruyama et al. [11] compared 
the standard values to physical function measurements 
obtained from elderly subjects who participated in a 
training workshop arranged by their local old elderly club. 
The reported 6-min walking and one-legged balance with 
eyes open were higher than the standard values, but the 
results for grip strength, sitting trunk flexion, and 10-m 
obstacle walking time were similar to the standard values 
for all age groups and for both genders. The 10-m obstacle 
walking time and 6-min walking in the subjects of the 
present study are similar to those reported by Kurose et al. 
[8] and Maruyama et al. [11], demonstrating that the 
physical function of elderly subjects in the maintenance 
period is not necessarily inferior to that of the general 
elderly population. The subjects of this study performed 
the 6-min walking included in the exercise program for an 
entire year; thus, it can be considered that walking ability 
and endurance of the elderly in the maintenance period 
improved through this activity to reach the same level as 
the general elderly individuals. On the other hand, muscle 
strength in the elderly individuals has been reported to 
improve through resistance exercise training [13]. In this 
study, resistance exercise training was not considered part 
of the exercise program; therefore, it is inferred that the 
results did not relate to improvement in muscular power. 
Sit-ups have been suggested as an indicator of muscle 
endurance, which is known to decrease with age and 
muscle strength [14, 15]. Murata et al. [16] reported that 
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subjects who cannot perform sit-ups were significantly 
inferior in sitting trunk flexion to those who can do it even 
in the healthy elderly. The present results demonstrated 
the same relationship between both tests. 

Balancing ability declines markedly with age compared 
with other physical functions [17]. Kimura et al. [18] 
reported that individual differences in the one-legged 
balance with eyes open test are large, suggesting that it is 
a fairly unreliable test. Half of the subjects could 
successfully complete 120 s of the one-legged balance 
with eyes open test and managed to do it for only ≤10 s. In 
other words, we found large individual differences in the 
present study population as well. Hess et al. [19] reported 
that elderly individuals with suboptimal balance can 
improve the 1-legged stance by practicing high intensity 
resistance exercises and balance exercises. Similar to 
resistance exercise training, we did not incorporate 
specific exercises for improving balancing ability into the 
training programs in this study; thus, future studies should 
examine the effect of including such exercises into the 
therapy program to prevent decrease in the balancing 
ability associated with increasing age in elderly subjects.  

From our results, it can be inferred that elderly subjects 
in the maintenance period present similar 10-m obstacle 
walking and 6-min walking compared with healthy elderly 
individuals of the same age in both genders but show 
lower grip strength, sit-ups, and sitting trunk flexion 
results than healthy elderly individuals in both age groups. 

4.2. Gender and Age-related Differences in 
Physical Function of the Elderly in the 
Maintenance Period 

Our results regarding age-related differences in physical 
function compared with the standard values follow those 
previously reported by Sugimoto et al. [10]. We found 
similar gender-related differences for the results of sitting 
trunk flexion and one-legged balance with eyes open (old 
elderly group) tests, but our results differed with regard to 
grip strength, 10-m obstacle walking time, one-legged 
balance with eyes open (young old elderly), sitting trunk 
flexion, and 6-min walking tests. These tests showed 
higher values in males than in females compared with the 
values measured previously [10]. Thaweewannakij et al. 
[20] reported that healthy elderly males perform better in 
the 10-m obstacle walking time, Berg balance scale, and 
6-min walking tests than females for all age groups. Males 
generally perform better in grip strength, while females 
perform better in the sitting trunk flexion test [21,22]. 
Similar gender differences are also found in the standard 
values, because the results for grip strength, 10-m obstacle 
walking time, one-legged balance with eyes open test, sit-
ups, and 6-min walking tend to be higher in males 
whereas those for sitting trunk flexion values are higher in 
females (see Table 1). Here, the ratios in females were 
higher than those in males for grip strength, but no gender 
differences were found for the 10-m obstacle walking time, 
one-legged balance with eyes open, sit-ups, and 6-min 
walking. It is considered that the elderly females in the 
maintenance period developed their grip strength during 
this study, showing only slight differences with the 
standard value for females of the same age (MYG and 
MOG having 89% and 83% compared with corresponding 
standard values, whereas FYG and FOG having a score of 

97% and 93% compared with the corresponding standard 
values). For the 4 items that did not show any gender 
difference, it is believed that the physical function of the 
study subjects is at the same level as that of healthy 
subjects from the same age group, except for sit-ups. Our 
results agree with those of Rantanen et al. [23], who 
reported that grip strength is an indicator of muscle 
strength of the whole body and is closely related to leg 
strength as well as walking and movement ability. 

In this study, the physical function of female subjects in 
the maintenance period was similar to that of the general 
elderly population of the same age, except for sitting trunk 
flexion and sit-ups. In fact, the exercise intensity used in 
this study was suited for females rather than for males, 
and therefore, may have been more effective in females, 
an issue that should be further examined based on 
longitudinal data in future. 

In this study, the subjects were specifically selected in 
relation to a specific exercise program; thus, further 
studies are necessary to compare the effects of different 
exercise programs and to increase the sample size. 

5. Conclusion 
In conclusion, elderly individuals in the maintenance 

period perform equally or better than healthy subjects of 
the same age in 10-m obstacle walking time and 6-min 
walking tests; however, their results are lower with regard 
to grip strength, sit-ups, and sitting trunk flexion. In this 
study, the intensity of the group exercise might be better 
suited for females than males; therefore, there is a 
possibility that the effect of this exercise intensity may 
differ by gender. 
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