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Abstract 
The Japanese Orthopedic Association proposed a concept called locomotive syndrome (LS) to 
identify middle-aged and older adults at high risk of requiring health care services because of 
problems with locomotion-associated lower muscle mass. To prevent LS, it is important to in-
crease muscle mass and muscle strength in middle-age by continuous resistance training. A total 
of 38 men and women were assessed at baseline and 6 months. Body composition, physical 
strength and salivary cortisol and cortisone were analyzed. The exercise intervention program 
was performed by individual muscle endurance level. Body weight, muscle weight and basal me-
tabolism were increased after exercise intervention. The 30-second sit-up test and 3-minute 
walking were increased, and the 10-time sit-to-stand was decreased significantly. This may be re-
lated to increase of leg and abdominal muscular strength. The exercise intervention program in-
creased salivary 11β-hydroxysteroid dehydrogenase type 2 (11β-HSD2) activities significantly. 
These results suggested that 11β-HDS2 became the index for the increase of muscular strength to 
prevent LS. 

 
Keywords 
Salivary Cortisol, Salivary Cortisone, 11β-Hydroxysteroid Dehydrogenase, Muscle Weight, Strength 
Exercise 

 

http://www.scirp.org/journal/health
http://dx.doi.org/10.4236/health.2015.710149
http://dx.doi.org/10.4236/health.2015.710149
http://www.scirp.org
mailto:hsgwn@ishikawa-nu.ac.jp
http://creativecommons.org/licenses/by/4.0/


N. Hasegawa et al. 
 

 
1353 

1. Introduction 
In 2015, the average life expectancy of Japanese male and female is 80.5 and 86.8 years, respectively. Japan has 
the highest proportion of older adults and “Super-aged society” in the world. These results suggest that they are 
experiencing difficulty in walking, housework and shopping in daily life. These are the main reasons for be-
coming bedridden or requiring nursing care. The Japanese Orthopedic Association proposed the concept of lo-
comotive syndrome (LS) in 2007 [1] [2]. LS means being restricted in one’s ability to walk or lead a normal life 
owing to a dysfunction in one or more of the parts of the LS (e.g., muscles, bones, joints, cartilage, or the inter-
vertebral discs) [3]. The JOA has prepared a self-check list for this syndrome [4]. It is identified by middle-aged 
and older adults at high risk of requiring health care services because of problems with locomotion-associated 
lower skeletal muscle mass. This may be associated with osteoporosis-related fractures, osteoarthritis, spondylo-
sis and sarcopenia. To prevent LS, it is important to increase muscle mass and strength by continuous resistance 
training in middle age. The focus of the present study was thus middle-aged male/female. Because the quality of 
appropriate training strength is different among individuals, an index for each person is necessary to continue 
effectively. Cortisol measurement has been implemented to assess physical stress to exercise [5]. We paid due 
attention to saliva cortisol having non-invasive and easy-sampling advantages. 

Cortisol concentration has emerged as a marker of stress responsibility and a hormonal biomarker of the hy-
pothalamic-pituitary-adrenal axis functioning [6]. Cortisone is derived from the peripheral metabolism of corti-
sol. In the liver and adipose tissue, 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1) converts cortisone 
(inactive form) to cortisol (active form). In the kidney and colon, 11β-hydroxysteroid dehydrogenase type 2 
(11β-HSD2) converts cortisol to cortisone. To corroborate the presence of a glucocorticoid-related stress, it is 
desirable to consider the cortisol-cortisone shuttle [7]. 

In human skeletal muscle, 11β-HSD1 expression was increased in women over 60 years of age and associated 
with reduced grip strength [8]. Both endurance and strength exercise caused an acute increase of urinary 
11β-HSD1 activity not 11β-HSD2 activity in healthy trained males [9]. These results suggest that 11β-HSD1 is 
the index of endurance exercise. 

11β-HSD2 is expressed within the salivary glands and the evaluation of salivary 11β-HSD2 activity is clini-
cally useful to estimate serum-free cortisol because corticosteroid-binding globulin is not present in parotid tis-
sue [10]. The effect of salivary 11β-HSD2 activity in the effective exercise to prevent muscle weight reduction 
in healthy sedentary is not known. 11β-HSD2 activity was estimated by calculating the ratios of the salivary cor-
tisone (SalE)/(SalE + salivary cortisol (SalF)) [11].  

Therefore, the present study was designed to investigate the effect of salivary 11β-HSD2 activity in the effec-
tive muscle strengthening exercise with increased muscle weight and basal metabolism to prevent LS by the 
measurement of SalE and SalF. 

2. Methods 
2.1. Subjects and Setting 
Prior to the study, approval was obtained from the ethics committee of Ishikawa Prefectural University (project 
registration number: 468). The study was conducted with sedentary men and women in Noto Peninsula, Ishika-
wa Prefecture, Japan to prevent locomotive syndrome. After obtaining informed consent, we enrolled 12 Japa-
nese men (age: mean ± SE 44.1 ± 11.2; BMI 23.8 ± 2.6) and 14 women (age: mean ± SE 47.9 ± 8.9; BMI 23.6 ± 
2.1) in this study. 

2.2. Study Design 
A descriptive, comparative pre/post design was utilized. Assessments were undertaken at baseline and 6-month 
follow-ups. This study was a part of the project carried out in Noto-cho. A six-month exercise classroom is often 
held by municipalities. Body composition and physical strength were analyzed before and after intervention. 
Body composition (muscle and fat weight), body weight and basal metabolism were measured using InBody 430 
(Biospace Japan, Inc., Tokyo, Japan). The 30-second sit-up test, 10-time sit-to-stand test and 3-minute walking 
test were assessed. The following 6 exercise menus for increased muscular strength were performed by individ-
ual muscle level, composed as follows: 2 or 3 × 10 repetitions of bench-press (greater rectoral mucle), leg exten-
sion (straight muscle of thigh), leg curl (hamstring muscle), squat (gluteus maximus, quadriceps femoris muscle), 
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pull-down exercise (musculus latissimus dorsi) and lateral rise (deltoid muscle) once a week. Therefore, the 
training menu in this study is all targeted to the training of big muscle. 

2.3. Cortisol and Cortisone Assay 
Saliva samples were centrifuged at 3500 rpm for 10 min and stored at −30˚C for later analysis. On the day of 
assay, samples were thawed and cortisol was assayed using a enzyme-linked immnosorbent assay kit specifical-
ly designed for use with saliva (Salimetrics, USA). Cortisone was assayed using chemiluminescent enzyme im-
munoassay kit (Arbor Assays, USA). 

2.4. Statistics 
The differences between before and after intervention are evaluated using the paired t-test. A probability value 
of less than 0.05 was conducted to indicate statistical significance. 

3. Results 
3.1. Exercise Effectiveness in Body Composition 
The mean values of the difference between before and after exercise intervention of body weight, muscle weight 
and basal metabolism were 1.16 (from −2.5 to 5.5) and 0.28 (from −1.1 to 1.9) and 10.1 (from −126 to 50), re-
spectively. Body weight was significantly increased (p < 0.01) and muscle weight and basal metabolism tended 
to be increased after exercise intervention for 6 months. Fat weight was not changed (Figure 1). 

3.2. Exercise Effectiveness in Physical Strength 
The mean value of the difference between before and after exercise intervention of 30-second sit-up test, 3- 
minute walking and 10-time sit-to-stand test were 2 (from −3 to 7), 15 (from -55 to 105) and −1.56 (from −17 to 
6.14), respectively. The 30-second sit-up test (p < 0.01) and 3-minute walking test (p < 0.05) were increased, 
and 10-time sit-to-stand test was decreased (p < 0.05) significantly (Figure 2). 

3.3. Exercise Effectiveness in Salivary 11β-HSD2 Activity 
The mean value of the difference between before and after exercise intervention was 0.089 (from −0.06 to 0.56). 
11β-HSD2 activity was significantly increased (p < 0.05) (Figure 3). 

 

 
Figure 1. Effects of resistance training on body composition. **p < 0.01 as compared with 6-month.                
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Figure 2. Effects of resistance training on physical strength. *p < 0.05 as compared with 6-month; **p < 0.01 as 
compared with 6-month.                                                                           

 

 
Figure 3. Effects of resistance training on saliva HSD2. *p < 0.05 as compared with 6-month; **p < 0.01 as com-
pared with 6-month.                                                                              

4. Discussion 
In the present study, no difference was observed in fat weight, whereas the increase in muscle weight was found 
by the exercise support program. These results suggest that this exercise program is the optimal exercise content 
to be selected in consideration of individual past physical data. 

The exercise intervention produced considerable improvement in the leg and abdominal muscular strength 
(30-second sit-up test and 10-time sit-to-stand test), but not in the whole body endurance (3-minute walking test). 
The lower limb muscular strength is important to maintain walking functions. In this study, 11β-HDS2 expres-
sion was associated with increased muscle strength. These results suggested that salivary 11β-HDS2 became the 
index for the increase of muscular strength to prevent LS. Intense exercise increased 11β-HSD1 activity and 
cortisol content [9], where it could contribute to exercise-induced stress. Cortisol is said to be a stress hormone 
secreted from an adrenal cortex by stress. Blood cortisol is known to be converted into cortisone by 11βHDS2, 
and cortisone is to be converted into cortisol by 11βHDS1 (cortisol-cortisone shuttle) [7]. The cortisol-cortisone 
shuttle is of importance for the corticosteroid regulation. In previous study, perspectives on the effect of exercise 
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on saliva cortisol content have not yet been unified. The exercise increased cortisol [12], decreased cortisol [13] 
and did not affect cortisol content [14]. The ratio of cortisol and cortisone content must be considered (11βHDS). 
In this study, stress was decreased by the expression of 11β-HSD2 and 6-month exercise intervention was main-
tained. 

The main need for care in Japan in 2010 was cerebrovascular diseases followed by dementia, debility, articu-
lar diseases and fracture (Ministry of Health, Labour and Welfare, Japan). These findings show that exercise as-
sociated with saliva cortisol as an index may be beneficial and should be considered in the overall management 
of middle-aged and older adults. Moreover, it will be effective as an index of the rehabilitation. 
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