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still unclear. Therefore, in the present study, we aimed to 
examine the effect of repeated kurort on the BP and mental 
health of participants.

Methods
The Ethics Committee of Gifu Municipal Hospital approved 
this clinical study (approval number: 634) and it con-
formed to the principles in the Declaration of Helsinki. 
The public trial registry number is UMIN000041617.

The subjects in this study were 242 persons who partici-
pated in kurort twice along either of the 2 courses in Gifu 
City between June 1, 2020 and May 31, 2023. Intervals 
between the first and second kurort sessions were deter-
mined by the participants. All participants agreed to regis-
tration in the study and none dropped out. Written 
informed consent was given by the participants before the 
study commenced. The participants were asked to record 
their age, sex, height, weight, and presence/absence of 
hypertension, dyslipidemia, and diabetes mellitus in a 

B ecause hypertension and mental health status are 
associated with cardiovascular events,1–3 it is rec-
ommended to decrease high blood pressure (BP) 

and improve the mental state for the prevention of cardio-
vascular events. Although antihypertensive drugs and anti-
depressants are effective, lifestyle modifications also may 
be useful. “Kurort” is a German word that means cure 
(“kur”) and area (“ort”), and kurort health walking 
(kurort) improves a patient’s health by taking place in 
areas full of nature, such as forests, scenic hills, rivers, and 
hot springs, with a good climate.4 In Japan, based on German 
kurort, Japanese-style kurort was recently developed and 
has become popular with the support of local governments. 
In 2019, Gifu City opened 2 courses encouraging citizens 
to participate in kurort: the Mt. Kinka-Nagara river–Gifu 
park course, and Mt. Dodogamine–Nagara river–Fureai 
forest course, both of which are full of nature.5 We recently 
reported that a single session of kurort decreased higher 
systolic and diastolic BPs, and improved mental health,5 
but the effect of 2 kurort sessions on these parameters is 
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Background:  The German word “kurort” means cure (kur) and area (ort), whereby a patient’s health improves through walking in 
areas full of nature. A single session of kurort health walking (kurort) decreased high blood pressure and improved mental health. 
However, its continuing effect with repeat sessions remains unclear.

Methods and Results:  The subjects participated twice in kurort health walking in specially designated courses in Gifu City (n=242). 
Systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse rate (PR) were measured before and after kurort health 
walking. Mental health was assessed using a 10-item checklist after kurort health walking. Both basal SBP and DBP before walking 
were significantly decreased more in the second session than in the first. In both the first and second sessions SBP and DBP 
decreased, but the decrease in SBP (∆SBP) by kurort was significantly greater in the SBP ≥140- than in the SBP <140-mmHg group, 
SBP inversely correlated with ∆SBP, the decrease in DBP (∆DBP) was significantly greater in the DBP ≥90- than in the DBP <90-
mmHg group, and DBP inversely correlated with ∆DBP. Mental health was similarly improved after both the first and second kurort.

Conclusions:  Basal SBP and DBP decreased more in the second than in the first kurort. The decrease in SBP and DBP, and 
improvement of mental health was noted after both sessions.
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ule of the kurort health walking is shown in Figure 1.

Measurement of SBP, DBP, and PR
For each kurort session, SBP, DBP, and PR were mea-
sured 30 min before the start of walking and 15 min after 
the completion of walking using a wrist-type sphygmoma-
nometer (Terumo, Tokyo, Japan). Based on the definition 
of hypertension in the Guidelines for the management of 
hypertension 2019,9 SBP was used to divide participants 
into 2 groups: SBP ≥140 mmHg and SBP <140 mmHg; 
DBP was similarly used: DBP ≥90 mmHg and DBP 
<90 mmHg groups.

Questionnaire Survey on Mental Health
On the completion of both kurort sessions, we performed 

checklist before walking. To ensure safety, participants 
with SBP >180 mmHg and/or DBP >110 mmHg were pro-
hibited from participating. The warm-up and cool-down 
exercises before and after walking were performed under 
the direction of health exercise instructors.

Participants accompanied by 2 health exercise instruc-
tors were asked to measure their pulse rate (PR) at 5 or 6 
points along either course to maintain the target PR. To 
safely perform kurort, walking pace was maintained under 
the anaerobic threshold based on the target PR during 
walking, which was set as (160 − age) beats/min.6,7 This 
target PR is lower and safer than that set by Karvonen’s 
formula [target heart rate = rest heart rate + (peak heart 
rate − rest heart rate) × k, where k ranges 0.6 to 0.8],8 which 
is often used during cardiac rehabilitation. The time sched-

Figure 1.    Time schedule for the kurort health walking.

Figure 2.    (A) Basal systolic blood pressure (SBP), (B) basal diastolic blood pressure (DBP), and (C) basal pulse rate (PR) in the 
first and second kurort. (D) SBP ≥140 mmHg and (E) SBP <140 mmHg in the first and second kurort (F) DBP ≥90 mmHg and (G) 
DBP <90 mmHg in the first and second kurort.
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Figure 3.    (A) Systolic blood pressure (SBP), (B) diastolic blood pressure (DBP), and (C) pulse rate (PR) before and after the first 
kurort. (D) SBP, (E) DBP and (F) PR before and after the second kurort.

Figure 4.    SBP before and after the first kurort in participants with (A) SBP ≥140 mmHg and (B) SBP <140 mmHg. (C) Decrease 
in SBP (∆SBP) due to the first kurort in the SBP ≥140- and SBP <140-mmHg groups. ∆SBP was significantly greater in the SBP 
≥140-mmHg group. (D) Relationship between SBP and ∆SBP. SBP before the first kurort inversely correlated with ∆SBP. (E) DBP 
before and after the first kurort in participants with DBP ≥90 mmHg. (F) DBP before and after the first kurort in participants with 
SBP <90 mmHg. (G) Decrease in DBP (∆DBP) due to the first kurort in the DBP ≥90- and DBP <90-mmHg groups. ∆DBP was 
significantly greater in the DBP ≥90-mmHg group. (H) Relationship between DBP and ∆DBP. DBP before the first kurort inversely 
correlated with ∆DBP.
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litus (n=11), and dyslipidemia (n=16).

Basal SBP, DBP and PR in the First and Second Kurort 
Sessions
The mean interval between the first and second sessions 
was 97.9±152.2 days (n=242). Basal SBP, DBP, and PR 
before the first and second kurort sessions are shown in 
Figure 2. Between the first and second sessions, basal SBP 
significantly decreased from 129.9 to 127.4 mmHg (n=242, 
P=0.0072) (Figure 2A), and basal DBP significantly 
decreased from 81.4±11.9 to 79.7±11.9 mmHg (n=242, 
P=0.0084) (Figure 2B). There was no difference in the basal 
PR between the first (72.7±12.1 beats/min) and second 
(72.6±11.5 beats/min, n=226, P=0.928) sessions (Figure 2C). 
In participants with SBP ≥140 mmHg, SBP significantly 
decreased from 151.2±9.9 mmHg in the first kurort to 
141.5±13.2 mmHg in the second kurort (n=78, P<0.0001) 
(Figure 2D). However, in participants with SBP <140 mmHg, 
SBP did not differ between the first (119.8±12.5 mmHg) 
and second (120.8±15.9 mmHg, n=164, P=0.342) sessions 
(Figure 2E). In participants with DBP ≥90 mmHg, DBP 
significantly decreased from 96.2±6.8 mmHg in the first 
kurort to 89.7±9.6 mmHg in the second kurort (n=64, 
P<0.0001) (Figure 2F). However, in participants with DBP 
<90 mmHg, DBP did not differ between the first 
(76.1±8.3 mmHg) and second (76.2±10.5 mmHg, n=178, 
P=0.969) sessions (Figure 2G).

Effect of Kurort Health Walking on SBP, DBP and PR
First Kurort    SBP significantly decreased from 129.9±18.8 

a questionnaire survey on changes in the following 10 
items of mental health: (1) feeling lively, (2) feeling 
refreshed, (3) feeling vivid, (4) feeling exhilarated, (5) feel-
ing relaxed, (6) feeling calm, (7) feeling fun, (8) feeling 
anxious, (9) feeling irritated, and (10) feeling tired, as pre-
viously reported.5,10 The participants checked “improved”, 
“no change”, or “worsened”, for the 10 checklist items. 
‘Improved’ was scored as 1, ‘no change’ was 0, and ‘wors-
ened’ was −1. The effects of kurort on each of the 10 feel-
ings and their total sum were assessed by the average 
scores.

Statistical Analysis
Data are shown as the mean ± standard deviation. The 
normality of the data distribution was tested using the 
Kolmogorov-Smirnov test. The significance of differences 
in variables between groups was determined by paired or 
unpaired Student’s t-tests. Correlation coefficients between 
2 variables were obtained by linear regression analysis. A 
P value <0.05 was considered statistically significant. All 
statistical analyses were performed using GraphPad Prism 
7 (GraphPad Software Inc.).

Results
Participants’ Backgrounds
There were 242 subjects who participated twice, compris-
ing 78 males and 164 females, with a mean age of 60.3±12.8 
years (range, 21–83 years). Some of the participants 
(29.8%) had histories of hypertension (n=45), diabetes mel-

Figure 5.    (A) SBP before and after the second kurort in participants with SBP ≥140 mmHg. (B) SBP before and after the second 
kurort in participants with SBP <140 mmHg. (C) Decrease in SBP (∆SBP) due to the second kurort in the SBP ≥140- and SBP 
<140-mmHg groups. ∆SBP was significantly greater in the SBP ≥140-mmHg group. (D) Relationship between SBP and ∆SBP. SBP 
before the second kurort inversely correlated with ∆SBP. (E) DBP before and after the second kurort in participants with DBP 
≥90 mmHg. (F) DBP before and after the second kurort in participants with SBP <90 mmHg. (G) Decrease in DBP (∆DBP) due to 
the second kurort in the DBP ≥90- and DBP <90-mmHg groups. ∆DBP was significantly greater in the DBP ≥90-mmHg group. (H) 
Relationship between DBP and ∆DBP. DBP before the second kurort inversely correlated with ∆DBP.
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PR significantly increased from 72.5±11.5 to 
75.4±12.6 beats/min (P<0.0001, n=223) (Figure 3F). In the 
SBP ≥140-mmHg group, SBP significantly decreased from 
149.7±8.7 to 135.9±15.9 mmHg (P<0.0001, n=69) (Figure 5A), 
and in the SBP <140-mmHg group, SBP significantly 
decreased from 118.6±11.9 to 116.0±14.8 mmHg (P=0.0056, 
n=173) (Figure 5B). The decrease in SBP (∆SBP) was sig-
nificantly greater in the SBP ≥140-mmHg group 
(−13.8±14.2 mmHg, n=69) than in the SBP <140-mmHg 
group (−2.6±12.2 mmHg, n=173) (P<0.0001) (Figure 5C). 
SBP before kurort inversely correlated with the decrease in 
SBP (∆SBP) due to kurort (Y=−0.3145X+34.29, P<0.0001, 
n=242) (Figure 5D).

In the DBP ≥90-mmHg group, DBP significantly 
decreased from 95.5±5.6 to 87.1±10.4 mmHg (P<0.0001, 
n=58) (Figure 5E), and in the DBP <90-mmHg group, 
DBP changed from 74.8±8.5 to 74.2±9.9 mmHg, but was 
not significant (P=0.4003, n=184) (Figure 5F). The 
decrease in DBP (∆DBP) was significantly greater in the 
DBP ≥90-mmHg group (−8.4±8.9 mmHg, n=58) than in 
the SBP <90-mmHg group (−0.6±9.0 mmHg, n=184) 
(P<0.0001) (Figure 5G). DBP before kurort inversely cor-
related with the decrease in DBP (∆DBP) due to kurort 
(Y=−0.3621X+26.42, P<0.0001, n=242) (Figure 5H).

Mental Health
Both the first and second kurort sessions, respectively, 
significantly improved each of the 10 items of mental 
health: (1) 0.69±0.43 and 0.73±0.45, (2) 0.86±0.34 and 
0.89±0.32, (3) 0.65±0.48 and 0.75±0.43, (4) 0.81±0.39 and 

to 123.2±16.8 mmHg (P<0.0001, n=242) (Figure 3A) and sig-
nificantly decreased DBP from 81.4±11.9 to 79.9±11.9 mmHg 
(P=0.0235, n=242) (Figure 3B). The PR significantly 
increased from 72.2±11.8 to 74.9±12.4 beats/min (P<0.0001, 
n=223) (Figure 3C). In the SBP ≥140-mmHg group, SBP 
significantly decreased from 151.2±9.9 to 136.5±14.7 mmHg 
(P<0.0001, n=78) (Figure 4A), and in the SBP <140-mmHg 
group, SBP significantly decreased from 119.8±12.5 to 
116.8±13.7 mmHg (P=0.0023, n=164) (Figure 4B). The 
decrease in SBP (∆SBP) was significantly greater in the 
SBP ≥140-mmHg group (−14.7±15.1 mmHg, n=78) than in 
the SBP <140-mmHg group (−2.9±12.2 mmHg, n=164) 
(P<0.0001) (Figure 4C). SBP before kurort inversely cor-
related with the decrease in SBP (∆SBP) due to kurort 
(Y=−0.3895X+43.87, P<0.0001, n=242) (Figure 4D). In 
the DBP ≥90-mmHg group, DBP significantly decreased 
from 96.2±6.8 to 90.3±12.0 mmHg (P=0.0003, n=64) 
(Figure 4E), and in the DBP <90-mmHg group, DBP 
changed from 76.1±8.3 to 76.2±9.5 mmHg (n=178), but 
was not significant (P=0.891, n=178) (Figure 4F). The 
decrease in DBP (∆DBP) was significantly greater in the 
DBP ≥90-mmHg group (−5.9±12.3 mmHg, n=64) than in 
the SBP <90-mmHg group (0.08±8.7 mmHg, n=178) 
(P<0.0001) (Figure 4G). DBP before kurort inversely cor-
related with the decrease in DBP (∆DBP) due to kurort 
(Y=−0.362+27.99, P<0.0001, n=242) (Figure 4H).

Second Kurort    SBP significantly decreased from 
127.4±17.9 to 121.6±17.6 mmHg (P<0.0001, n=242) 
(Figure 3D) and significantly decreased DBP from 79.7±11.9 
to 77.3±11.4 mmHg (P<0.0001, n=242) (Figure 3E). The 

Figure 6.    Effect of kurort on changes in mental health after the first and second sessions. Improvement in all items of the 10-item 
questionnaire after as compared with before kurort. Changes before and after kurort were assessed by paired Student’s t-tests 
and scored as improved=1, no change=0, worsened=−1, for each of the 10 items.
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beats/min) throughout each kurort session, we considered 
it would be safe even for those with heart disease.

In both the first and second kurort, SBP was signifi-
cantly decreased by walking in the SBP ≥140-mmHg group 
and the SBP <140-mmHg group. The decrease in SBP 
(∆SBP) by kurort was significantly greater in the SBP ≥140 
than in the SBP <140-mmHg group, and SBP before 
kurort inversely correlated with ∆SBP by walking, suggest-
ing that higher SBP was decreased more than lower SBP 
by kurort. In the DBP ≥90-mmHg group, but not in the 
DBP <90-mmHg group, DBP was significantly decreased 
by kurort. The decrease in DBP (∆DBP) by kurort was 
significantly greater in the DBP ≥90 than DBP <90 mmHg 
group and DBP before kurort inversely correlated with 
∆DBP by kurort, suggesting that higher DBP was 
decreased more than lower DBP by walking. These find-
ings suggest that kurort preferentially decreased higher BP 
in both the first and second sessions. Based on these find-
ings, kurort may be a useful strategy to reduce SBP and 
DBP in hypertensive patients.

Exercise training decreases both SBP and DBP in hyper-
tensive and normotensive subjects.11,12,14,15 Although the 
precise mechanisms by which exercise training decreases 
BP remain unclear, a candidate mechanism may be attenu-
ation of plasma norepinephrine and epinephrine levels and 
enhancement of the plasma prostaglandin E level.11 In 
addition, kurort among nature such as scenic hills, forests, 
and rivers, with clean air and a good climate may improve 
participants’ physiological and mental health through the 
attenuation of augmented sympathetic nerve activity.

Kurort improved all 10 items on the survey of mental 
health similarly in both the first and second sessions. Fur-
thermore, the sum of the items out of a maximum score of 
10 was 6.8±3.3 in the first kurort and 7.4±2.9 in the second 
kurort. Therefore, 68% of participants in the first kurort 
and 74% in the second kurort showed an improvement in 
mental health, which suggests kurort can improve mental 
health status and is a safe therapeutic strategy. It has been 
reported that aerobic exercise improved the mental health 
status of patients with diabetes mellitus and depressive 
disorders,16,17 and that people who did not leave their 
homes to walk showed more depressive symptoms or a 
greater likelihood of clinical depression.18 Because hyper-
tension and mental health are associated with cardiovascu-
lar events,1–3 kurort may reduce the risk of cardiovascular 
events because it decreases SBP and DBP, and improves 
mental health.

Forest bathing (Shinrin-yoku) also decreases sympa-
thetic nerve activity, decreases BP and improves mental 
status.19 Kurort health walking is performed in nature, 
such as forests, scenic hills, rivers, and hot springs, in areas 
with a good climate,4 which may have better and bigger 
effects than walking in urban areas or indoors.

Study Limitations
This study only showed the effect of 2 kurort sessions on 
BP and mental health, and the intervals between the first 
and second sessions varied among the participants and were 
not identical. The longer term effects of repeated kurort on 
BP and mental health status remain to be investigated. 
Furthermore, we could not obtain the information on 
whether any medical intervention was performed between 
the first and second sessions, because the participants were 
general citizens not patients under hospital care.

0.87±0.34, (5) 0.81±0.40 and 0.87±0.33, (6) 0.81±0.40 and 
0.73±0.45, (7) 0.76±0.43 and 0.81±0.39, (8) 0.52±0.50 and 
0.59±0.49, (9) 0.57±0.50 and 0.64±0.48, and (10) 0.46±0.52 
and 0.52±0.54. The sum total was 6.8±3.3 and 7.4±2.9, 
respectively, out of a maximum score of 10 (Figure 6).

Discussion
The major findings of the present study were: (1) both the 
basal SBP and DBP in the second kurort were significantly 
lower than in the first session, (2) the first and second 
kurort sessions decreased both SBP and DBP, (3) both in 
the first and second kurort sessions, the decrease in SBP 
(∆SBP) was significantly greater in the SBP ≥140 than in 
the SBP <140-mmHg group, and SBP inversely correlated 
with ∆SBP, (4) both in the first and second kurort sessions, 
the decrease in DBP (∆DBP) was significantly greater in 
the DBP ≥90 than in the DBP <90-mmHg group, and DBP 
inversely correlated with ∆DBP, and (5) both the first and 
second kurort sessions improved mental health.

These results suggest that even a single session of kurort 
will decrease the basal SBP and DBP, and the decreases in 
basal SBP and DBP were noted mainly in participants with 
SBP ≥140 mmHg and DBP ≥90 mmHg. Although the pre-
cise reason why a single session of kurort decreased basal 
SBP and DBP prior to the second session is unclear; a pos-
sible explanation may be that participation helped form a 
habit of walking in daily life before the second kurort, 
because longterm exercise training will decrease BP.11,12 
Another possible explanation is the seasonal variation in 
BP, which increases in winter and decreases in summer.13 
However, the number of subjects who participated in win-
ter (December–February) for the first kurort and then 
participated in summer (June–August) for the second 
kurort was 2 (SBP at the first kurort 133.5±30.4 mmHg vs. 
at the second kurort 135±31.1 mmHg: P=0.2048; DBP at 
the first kurort 80±12.7 mmHg vs. at the second kurort 
83.5±19.1 mmHg: P=0.5792), and 11 participated in spring 
(March, April, May) for the second kurort (SBP at the first 
kurort 135.9±27.2 mmHg vs. at the second kurort 
127.5±18.9 mmHg: P=0.128;, DBP at the first kurort 
86±14.6 mmHg vs. at the second kurort 79.9±10.9 mmHg: 
P=0.2252). These data suggest that seasonal variation did 
not affect the basal BP, at least in the present study. Other 
possibilities may be temperature, barometric pressure, and 
climate at the 10:00 am start on the day of the kurort 
health walking. We examined the temperature, barometric 
pressure, and climate data from the Japan Meteorological 
Agency at 10:00 am on the days of the kurort health walk-
ing. We scored sunny, cloudy and rainy weather as 1, 2 and 
3, respectively. There was no significant difference between 
the first and second kurort health walking session for tem-
perature (first kurort 18.1±7.2°C vs. second kurort 
16.9±7.4°C: P=0.056), barometric pressure (first kurort 
1,014±6.9 hPa vs. second kurort 1,016±7.3 hPa: P=0.072) 
or weather (first kurort 1.517±0.707 vs. second kurort 
1.442±0.617: P=0.238). Therefore, the results suggest that 
the decrease in basal BPs before walking at the second 
kurort was not due to the temperature, barometric pres-
sure or weather.

Kurort health walking decreased SBP and DBP in both 
the first and second session and significantly increased the 
PR. An increase in the PR after exercise such as walking is 
a normal physiological response. Because the heart rate of 
participants was maintained under the target (160 − age 
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