Int J Biometeorol (1998) 41:125-127 © ISB 1998

ORIGINAL ARTICLE

Yoshinori Ohtsuka - Noriyuki Yabunaka
Shigeru Takayama

Shinrin-yoku (forest-air bathing and walking) effectively decreases blood
glucose levels in diabetic patients

Received: 9 July 1997/Accepted: 20 October 1997

Abstract The influence of “shinrin-yoku” (forest-airemitted from the forest, is very pleasant and refreshing.
bathing and walking) on blood glucose levels in diabetolatile compounds have been reported to have various
patients was examined. Eighty-seven (29 male and 58Hb@&logical effects and to cause changes in physiological
male) non-insulin-dependent diabetic patients [61 (SEMhction. For instance, blood pressure decreases, saliva
1) years old] participated in the present study. Shinrisecretion increases, salivary cortisol concentration tends
yoku was performed nine times over a period of 6 yeals. decrease and autonomic nervous activity becomes
The patients were divided into two parties. They thevell-balanced after shinrin-yoku (Miyazaki and Moto-
walked in the forest for 3 km or 6 km according to thelrashi 1996). Therefore, blood glucose levels would be
physical ability and/or the existence of diabetic compkxpected to change as a result of performing shinrin-
cations. The mean blood glucose level after forest wajileku.

ing changed from 179 (SEM 4) mg - 100#nio 108 Exercise therapy is essential and fundamental to the
(SEM 2) mg - 100 mt (P<0.0001). The level of glyca-treatment of diabetes mellitus. Strenuous exercise such
ted haemoglobin A also decreased from 6.9 (SEMas running is very harmful to patients, especially when
0.2)% (before the first shinrin-yoku) to 6.5 (SEM 0.1)%hey have severe diabetic complications. However, walk-
(after the last shinrin-yoku?<0.05). Blood glucose val-ing is a relatively light exercise and effectively reduces
ues declined by 74 (SEM 9) mg - 100-hdnd 70 (SEM the blood glucose level in patients (Klachko et al. 1972).
4) mg - 100 mit after short- and long-distance walkindt is difficult to continue exercise every day. We therefore
respectively. There was no significant difference betwemtommend diabetic patients to walk about 10,000 steps
these values. Since the forest environment causes chandgy if they are free from any complications since walk-
es in hormonal secretion and autonomic nervous fuirtg exercise can be continued with relatively little effort.
tions, it is presumed that, in addition to the increased dalthe present study, we investigated blood glucose levels
orie consumption and improved insulin sensitivity, wallbefore and after each shinrin-yoku to determine whether
ing in a forest environment has other beneficial effectsshinrin-yoku was beneficial for diabetic patients.
decreasing blood glucose levels.
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Eighty-seven (29 male and 58 female) non-insulin-dependent dia-
betic patients, whose average age, height and body mass were re-
Introduction spectively 61 (SEM 1) years, 155.4 (SEM 1.0) cm and 57.2 (SEM
1.0) kg, volunteered for the present study. The patients were divid-
. . . . ed into two parties, they then walked in the forest for about 3 km
In Japan, recreation and relaxation in a forest envirga-short distance) or 6 km (a long distance) according to their
ment is called “shinrin-yoku” (forest-air bathing anghysical ability and/or the existence of diabetic complications.

walking). It is a kind of climatherapy and aromatherapyfere were seven patients who changed their walking distance

; : ; : m the long to the short course during the present study. After
Walking in a forest, breathing the volatile componen $eakfast, at 0830 hours, they came to the hospital. A sample of

peripheral venous blood was taken for glucose determination and

Y. Ohtsuka [ ]) - N. Yabunaka - S. Takayama the patients then departed for the destination by bus. Prior to forest
Department of Gerontotherapeutics, walking, preparatory exercise such as muscle stretching was per-
Hokkaido University School of Medicine, N-15, formed for about 10 min. During shinrin-yoku, in order not to be
W-7, kita-ku, Sapporo 060, Japan exhausted, they were instructed to walk at their own pace and to
Tel.: 011-706-7214; Fax: 011-706-7823; check their pulse so that it did not exceed 110-120 beats1. min

e-mail: yoshicat@med.hokudai.ac..jp A second blood sample was collected after completion of the
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Table 1 Meteorological conditions during the performance of shinrin-;oku

1 2 3 4 5 6 7 8 9
Month May Sept. May Oct. May Oct. May May Oct.
Weather Fine Fine Cloudy Cloudy Fine Cloudy  Fine Cloudy  Fine
Temperature (°C) 23 22 12 16 13 11 19 15 11
Altitude (m) 10 40 10 30 300 350 10 40 300

Table 2 Blood glucose levels (mg - 100 thimean+SEM) before and after shinrin-yt.ku

1 2 3 4 5 6 7 8 9 Mean
Before 179+12  182+13 185+10 201+13 173+10 170%8 170+£13 200+13  159+13 179%4
After 112+8* 108+6*  114+7* 1134#8* 126+8* 109+7* 94+6*  105+10* 89+5*  108+2*
Participants 24 27 29 20 27 31 26 25 28 Total
237

*P<0.0001

walk, before lunchtime. A total of 50 samples from healthy partiable 3 Blood glucose levels (mg - 100hImean+SEM) before
ipants (medical staff) could also be obtained in the same manaed after shinrin-yoku at different walking distance. There was no
The level of glycated haemoglobin, A(HbA,) in the blood is significant difference between the changes in glucose level result-
representative of the mean blood glucose level in the previous #gfrom the two walking distanc:s

weeks. To assess the background level of diabetes mellitus, -the

levels of HbA . were obtained from 82 patients before the first tri- Short distance  Long distance

al of shinrin-yoku and after the last trial, with an interval of at (3 km) (6 km)

least 1 month between measurements. Blood pressure was mes

sured before the first and the second venous blood collection wiBkfore 19048 1754

the patient was seated. In total, shinrin-yoku was performed njxiger 11645 104+3

times over a period of 6 years and the total number of participabifference 7419 7014

was 237. The number of occasions each subject participa@e®ecrease 38.9 40.0 Mean 39.7
ranged from one to nine. The detailed meteorological conditioRarticipants 68 169 Total 237

for each session of shinrin-yoku are summarized in Table 1. The
Ethics Committee of Hokkaido University School of Medicine af:-
proved this experiment and informed consent was obtained from

all subjects. Discussion

The decreased levels of blood glucose after shinrin-yoku
suggest that walking in a forest is beneficial for diabetic
atients. The subjects walked at a pace of 80-90m -
L and kept their pulse rate lower than 110-120 beats -
ffin-L, which corresponded to a workload of 40-50%
bmax THeY were presumed to consume 150-200 kcal
short-distance walking and 300-350 kcal by long-dis-
ce walking. There are several reports concerning the
ects of exercise on blood glucose levels in diabetic pa-

Results

The short-distance walk consisted of about 5,000 st
and took about 30 min to complete; the long distan
walk (about 10,000 steps) took about 60 min. Duri
shinrin-yoku, no one complained of hypoglycaemi
symptoms or a feeling of sickness. Blood glucose lev
decreased significantly after shinrin-yoku on all nine ogg
|

casions (Table 2). Blood glucose levels declined by ¢4.:c The level of blood

. glucose has been reported to de-
(?tEM 9% mg - 130 lmIL ar:jq 70 (SEM ?IZ mg - 100 rl cline by 13 mg - 100 mhin diabetic patients after 30 min
after short- and long-distance walking respectively, o . ice on 3 cycle ergometer at an intensity of 75%
There was no significant difference between these valygs

Lmax (Schneider et al. 1987). Paternostro-Bayles et al.
('gableoi% 0/'.9\(39'? of thfft alsr(])_ Qecregsed f6rosm S?ég 1989) reported that after 40 min exercise on a cycle er-
(SEM 0.2)% (before the first shinrin-yoku) t0 6.5 (SEMnater at 40-50940,,., a fall in blood glucose ievel

0.1)% (after the last shinrin-yoku?<0.05). In normal 6.5mg - 100 mtwas observed. A decrease of 40 mg
subjects, the level of blood glucose decreased from (gf%)o mt was obtained after 3 h éxercise on a cycle er-

(SEM 3) mg - 100 mt to 82 (SEM2 mg - 100 Mk oo ater at 4096/0,,., (Koivisto etal. 1984). After a
P<0.05) after shinrin-yoku. The maximum blood preg: ¢ 2max o 1 o
sure decreased from 147 (SEM 3) mmHg to 140 (S If-mile walk at 4 m.p.h. on a 2.5° treadmill slope, the

S cose level decreased by 24.5 mg - 109 (lachko
3) mmHg after shinrin-yokuR<0.05) and the pulse rat€y 5 “1972). Furthermore, the effect of underwater exer-
remained around 90 beats - ndiim almost all subjects.

cise for 30 min in a pool filled with hot (38° C) spring

water on blood glucose levels has been investigated in pa-
tients (Ide et al. 1984). In this case, they were presumed to
consume 200-250 kcal and the blood glucose value de-
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creased by 21.2% (48.6 mg - 100l In the present In daily outpatient clinics, increases in the levels of
study, after shinrin-yoku the blood glucose level delbA;.and blood glucose, brought about mainly by poor
creased by 39.7% (71 mg - 10G#Hlin the patients anddietary and/or exercise treatment, are often observed.
no difference was observed between short- and long-fecreased HbA values in patients imply that treatment
tance walking. In addition, in normal subjects blood glter diabetes mellitus is achieving success. It is possible
cose levels were within the normal range and far less dbet shinrin-yoku could contribute to the continuation of
rement (7.9%, 7 mg - 100 il was observed after shin-a program of exercise.

rin-yoku. These facts indicate that, in addition to the ef- In conclusion, shinrin-yoku (forest-air bathing and
fects of walking, the forest environment has other benefialking) is useful in the treatment of diabetes mellitus.
cial effects in reducing blood glucose levels in diabetic

patients. In the forest environment, volatile and non-vola-

tile compounds called phytoncides are emitted by plarReferences
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