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Abstract 
Background: Harvesting activities have proven effective in reducing stress in 
patients with dementia. At a psychiatric hospital, occupational therapists 
(OT) made patients with dementia perform vegetable harvesting activities as 
a part of their treatment. The patients became calmer and began to smile not 
only after but also before and during harvesting activity. Therefore, this study 
aimed to measure autonomic nervous system (ANS) responses over time in a 
female patient in her 80s with moderate Alzheimer’s disease (AD) who had 
experience in farming when performing harvesting activities. Additionally, 
this study aimed to consider factors associated with changes in ANS res-
ponses over time and to verify the physiological therapeutic effects of har-
vesting activities. Methods: An OT with more than 10 years of experience 
and a good relationship with the patient conducted one-on-one sessions with 
the patient. Harvesting activity was performed in a courtyard with trees. The 
patient harvested lettuce (three lettuce plants) grown in a planter while sitting 
on a chair. Additionally, the planter was set up on a desk. ANS responses 
were measured over time from before to after the activity for different events 
at six time periods. Changes in the patient’s ANS responses were assessed 
during each period. Results: With the involvement of environmental factors 
and OT during harvesting activities, parasympathetic nervous system (PNS) 
activity significantly increased. This may lead to improved mental stability. 
Conclusion: The findings of this study indicate that implementing harvesting 
activities may have a positive effect on the PNS in patients with AD with 
long-term agricultural experience. However, further studies with a larger 
sample size and multidimensional evaluations are needed. 
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1. Introduction 

Dementia is a syndrome that has different causes [1]. It is a devastating condi-
tion that is most commonly seen in older adults and places a significant burden 
on individuals, their families, and the healthcare system [2]. With the increasing 
number of older adults, the prevalence of dementia has also increased [3]. De-
mentia symptoms, such as memory loss, lack of attention, and impaired visual 
perception, can make patients with dementia psychologically stressed and expe-
rience confusion, anxiety, or anger. Therefore, emotional stability and social in-
teraction play an important role in improving the lives of patients with dementia 
[4]. Additionally, engaging patients with dementia in meaningful activities can 
enhance their well-being [5]. 

Providing meaningful activities for patients with dementia in institutional 
care settings can be challenging for many activity staff. However, horticultural 
therapy (HT) is an approach to addressing this challenge [6]. The American 
Horticultural Therapy Association defines HT as “the process of using plants 
and gardening to improve the social, educational, psychological, and physical 
conditioning of people in need of improvement of body, mind, and spirit.”HT 
has been widely used to promote the well-being and emotional stability of pa-
tients with dementia [4]. Blake et al. [7] reported that HT is a cost-effective way 
by which patients with dementia can be supported to sustain their well-being, 
behavioral and psychological symptoms can be redressed, the need for prescrip-
tion of certain anxiolytic, sedative, or antipsychotic medications can be reduced, 
and mental health and engagement can be improved. Furthermore, Abigail et al. 
[8] reported the benefits of gardening for patients with dementia, including 
physical benefits, improvement in mood, reinforcement of memories related to 
gardening, improved sense of purpose, and pride in accomplishment. In short, 
HT is associated with biopsychosocial well-being in patients with dementia. 

Regarding the objective effects of gardening activities, Teraoka et al. [9] re-
ported that harvesting summer vegetables significantly reduced stress in older 
people with dementia who had gardening experience. Additionally, Hayashi et 
al. [10] reported that vegetable harvesting relieved stress in older people with 
dementia. Harvesting summer vegetables reduces stress in older people with 
dementia who have long-term agricultural experience. 

At a psychiatric hospital, occupational therapists (OTs) made patients with 
dementia perform vegetable harvesting activities as a part of their treatment. The 
patients became calmer; moreover, patients were observed to smile not only after 
but also before and during harvesting activity. Therefore, a literature search was 
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performed to investigate the physiological effects before, during, and after per-
forming vegetable harvesting activities as a treatment for patients with dementia. 
However, no study has investigated changes in physiological responses before, 
during, and after harvesting. 

Therefore, this study aimed to measure autonomic nervous system (ANS) 
responses before, during, and after harvesting in a patient with moderate Alz-
heimer’s disease (AD) with long-term agricultural experience. Additionally, this 
study aimed to consider factors associated with changes in ANS responses over 
time and to verify the physiological therapeutic effects of harvesting activities. 

2. Methods 
2.1. Patient’s Characteristics 

This study included a woman in her 80s with long-term farming experience who 
was diagnosed with AD by a doctor using the ICD-10 diagnostic criteria. More-
over, the severity of dementia was judged as moderate by the physician in charge 
based on Clinical Dementia Rating and Mini Mental State Examination [11]. 
The doctor had prescribed her donepezil hydrochloride, and no side effects were 
noted from the medication. Table 1 presents the patient characteristics. 
 
Table 1. Characteristic information of the patient. 

Diagnosis AD 

Age 80s 

Sex Female 

Various  
evaluation results 

Clinical Dementia Rating: 2 

Mini-Mental State Examination: 11 

Behavioral Rating Scale for the Mental States: 17 

New Clinical Scale for Rating Activities of Daily Living in 
Older People: 29 

Dementia Behavior Disturbance Scale: 36 

2.2. Environment and the Measurement Method 

An OT with more than 10 years of experience and a good rapport with the pa-
tient conducted one-on-one sessions with the patient. Harvesting activity was 
performed in a courtyard with trees. The weather was sunny with a temperature 
of 25.5˚C and humidity of 58%. The patient harvested lettuce (three lettuce 
plants) grown in a planter while sitting on a chair. Additionally, the planter was 
set up on a desk. 

ANS responses were measured over time from before to after the activity. 
ANS responses were measured for the following events at six time periods: (I) 
when taking a break on the indoor sofa (60 s), (II) when going out to the cour-
tyard and moving to the desk (30 s), (III) when the OT encouraged the patient to 
perform harvesting activities, and the patient said, “I can’t harvest the vegetables 
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because I didn’t grow them” (30 s), (IV) when the OT asked the patient, “Could 
you please harvest it so we can all have it for lunch?”, and the patient was con-
vinced and started harvesting (120 s), (V) after harvesting and returning from 
the desk to the indoor sofa (40 s), and (VI) when resting on the original sofa (60 s). 

Moreover, when the patient spoke to the OT, the OT empathized and quickly 
responded. The ward staff were asked to cooperate during the assessment and to 
set the environment in such a way that other patients would not talk to the pa-
tient. Additionally, noise and visual distractions in the ward that could affect 
ANS responses were eliminated. 

2.3. Measurements 

Heart rate variability, an indicator of ANS activity, was measured based on a 
previously reported method [12] [13]. An electrocardiogram (ECG) monitor 
(BSM-0805, Nihon Kohden Corporation, Tokyo, Japan) was used, and ECG 
analog signals were analyzed using MemCalc/Tarawa software (GMS Co., Ltd., 
Tokyo, Japan), which is PC software that can measure ECG fluctuations. An in-
stalled wireless transmitter was used to send ECG data to the PC, and only a 
three-point sensor was attached to the patient to reduce the load on the patient 
during harvesting as much as possible. The three-point sensors were attached to 
the patient, by an occupational therapist of the same sex who was not involved in 
this study and had a good rapport with the patient, 3 minutes before the start of 
the measurement of “(I) when taking a break on the indoor sofa (60 s)”. The 
sensors were removed after “(VI) when resting on the original sofa (60 s)” was 
measured. 

The measurement items were heart rate, entropy (every eight beats), and heart 
rate variability (coefficient of variation of the R-R intervals) averaged every 10 s. 
The MemCalc/Tarawa software was used to analyze the frequency of heart rate 
variability based on the R-R interval from the ECG heart rate waveform and the 
fluctuation component of the ECG R-R interval using a power spectrum analysis 
[14]. The low-frequency (LF: 0.04 - 0.15 Hz) component of heart rate variability 
reflected sympathetic nervous system (SNS) function and some parasympathetic 
nervous system (PNS) function, whereas the high-frequency (HF: 0.15 - 0.4 Hz) 
component, which is related to respiratory heart rate variability, mostly reflected 
PNS function [15]. Therefore, the LF/HF ratio was used as an index of SNS. 

No direct method was used to assess changes in calmness in this study to re-
duce patient anxiety before and after the study. However, HF heart rate variabil-
ity when PNS activity was predominant indicated a relaxed state [16]. Therefore, 
an increase in the patient’s PNS activity indicated decreased anxiety and in-
creased calmness. 

2.4. Ethical Consideration 

This study was conducted in accordance with the ethical principles of the Decla-
ration of Helsinki. Additionally, the study protocol was approved by the Ethics 
Review Board of our university (Approval No. 22-016). Informed consent was 
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obtained from the patient and her family before participation in this study. 

3. Results 

Figure 1 illustrates the changes in the patient’s PNS and SNS activities. Addi-
tionally, Table 2 presents the average values and standard deviation for each pe-
riod of patients’ PNS and SNS activities. The patient’s facial expressions, con-
versation with the OT, and PNS and SNS activities at each period were as fol-
lows: 

During period I, the patient and OT were sitting on the sofa. The patient 
looked down. At that time, the SNS activity increased. 

During period II, the patient and OT got up from the sofa and walked to the 
desk with the planter in the courtyard. When the patient and OT went out into 
the courtyard, the patient smiled and talked to the OT, saying things like, “It’s 
nice weather today”, and “The sunlight filtering through the trees is beautiful”. 
At that time, the OT agreed, “That’s right.” The OT made a quick response to 
the patient. A slight increase in the patient’s PNS activity was observed during 
this period. 

During period III, the OT encouraged the patient to perform harvesting activ-
ities. However, the patient said, “I can’t harvest the vegetables because I didn’t 
grow them.” A decrease in the PNS activity was observed. 

During period IV, the OT asked the patient, “Could you please harvest it so 
we can all have it for lunch?” The patient was satisfied with the OT’s explanation 
and began harvesting. The patient said, “The lettuce is growing beautifully,” and 
“It looks delicious.” At that time, the OT agreed, “That’s right.” The OT made a 
quick response to the patient. Then, the patient smiled. At that time, the PNS ac-
tivity significantly increased. 

During period V, after harvesting, the patient was exposed to sunlight filtering 
through the trees while moving indoors. The patient then said, “It feels good.” 
At that time, the OT agreed, “That’s right.” The OT made a quick response to 
the patient. At that time, the PNS activity significantly increased. 

During period VI, the patient and OT were seated on the original sofa. At that 
time, the patient’s expression was calm. A slight increase in the patient’s PNS ac-
tivity was observed. 
 

 
Figure 1. Changes in the patient’s PNS and SNS activities 
during each period. PNS, parasympathetic nervous system; 
SNS, sympathetic nervous. 
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Table 2. Average values and standard deviation in the patient’s PNS and SNS activities during each period. 

Time periods Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ 

Seconds 60 30 30 120 40 60 

PNS (msec2/Hz) 111.1 ± 61.2 280.0 ± 61.3 210.0 ± 65.7 485.3 ± 168.3 496.3 ± 172.5 198.5 ± 82.3 

SNS (ratio) 1.8 ± 1.1 0.5 ± 0.3 0.1 ± 0.1 0.04 ± 0.02 0.1 ± 0.02 0.2 ± 0.1 

Average value ± standard deviation. 

4. Discussion 

In this study, we measured the ANS responses over time in patient with mod-
erate AD who have long-term agricultural experience before, during, and after 
harvesting. Therefore, we could observe patients’ behavior and ANS responses 
that could not be understood only by comparing them before and after harvest-
ing. 

During periods II and V, an increase in HF was observed when the patient 
walked for a short time while basking in the sunlight filtering through the trees. 
Karibe et al. showed that the PNS values in simulated space using sunlight fil-
tering through trees tend to be higher than those in unassimilated space [17]. 
Although this study involved actual sunlight filtering through trees, the PNS 
might be activated by a similar effect. Additionally, pupil contraction occurs 
when PNS activity becomes dominant over SNS activity [18]. Thus, it is possible 
that the difference in light intensity between sunlight filtering through trees and 
indoor lighting caused the patient’s pupils to contract, leading to a PNS re-
sponse. 

Furthermore, when the patient was exposed to sunlight filtering through the 
trees in periods II and V, the PNS activity increased more in period V than in 
period II. We thought that it would take some time for the patient to feel the 
sunlight filtering through the trees. Additionally, the increase in the patient’s 
PNS activity due to harvesting may have also influenced the subsequent increase 
in HF due to sunlight filtering through the trees. 

During period III, the patient said, “I can’t harvest the vegetables because I 
didn’t grow them.” A decrease in PNS activity was observed. The patient was 
concerned about whether it was okay to harvest something she did not grow. 
Therefore, we thought that this led to a decrease in HF. 

During period IV, the OT asked the patient, “Could you please harvest it so 
we can all have it for lunch?” The patient was satisfied with the OT’s explanation 
and began harvesting. Then, when the patient started harvesting, the HF began 
to increase. Social roles are linked to people’s motivation. Additionally, if they 
are motivated, they will seek out a role. Their sense of satisfaction increases once 
their role is established [19]. The OT asked the patient to harvest crops as part of 
their social role. As a result, we thought that the patient felt relieved, and their 
motivation, role, and sense of satisfaction increased. Additionally, patients with 
AD have residual procedural learning, and it is possible that they can improve 
their quality of life by using retained procedural memory [20] [21]. Therefore, 
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even patient with moderate AD can effectively use procedural memory naturally, 
effortlessly, and safely. We also thought that the patient felt safe and had an in-
creased sense of motivation, role, and satisfaction. Therefore, we considered that 
this may have led to an increase in HF at harvest time. 

When the patient spoke to the OT, the OT responded with empathy and nod-
ding. Ono et al. reported that empathetic reactions from the listener (a state of 
“accompanying empathy”) are an important factor in reducing stress [22]. 
Therefore, the OT’s empathetic response to the patient’s speech may have led to 
PNS activation. These results showed that the complex elements over time be-
fore, during, and after the harvesting task in this study had a positive effect on 
the activation of the patient’s PNS. 

On the other hand, further studies with a large sample size are needed, and it 
is necessary to perform more detailed settings to verify whether the evaluation 
results are consistent. 

We believe that in the future, it will be necessary to investigate not only the 
short-term intervention of HT with dementia patients but also the long-term ef-
fects, it will also be crucial to clarify the optimal frequency and duration of har-
vesting activities. It is also necessary to verify the objective and subjective effects 
of each HT technique, and to use HT to realize a richer life for people with de-
mentia. 

5. Conclusions 

This study identified complex factors associated with changes in ANS responses 
before, during, and after harvesting, such as the amount of sunlight, the OT’s 
voice to relieve the patient’s anxiety, the use of procedural memory, and the 
empathic response of the OT. Thus, harvesting activities may have a positive ef-
fect on PNS activation. 

When using harvesting activities for patients with moderate AD who have 
long-term agricultural experience, it is crucial to take appropriate approaches 
before, during, and after harvesting. Additionally, it is necessary to value the use 
of environmental factors. 

6. Limitations 

This study has some limitations. This study was conducted with consideration 
for the stress that the patient may experience during examination and was com-
pleted in a single verification. Additionally, the OT who participated in this 
study had more than 10 years of experience and was the one who normally pro-
vided occupational therapy to the patient. Thus, confirming whether the evalua-
tion results would be consistent when OTs with different years of experience 
were involved was not possible. Further studies are needed to verify whether the 
same results can be obtained even when OTs with different years of experience 
provide vegetable harvesting activity to patients. Additionally, the patient had 
moderate AD. Thus, investigating whether the same results can be obtained even 
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when the severity of the patients’ conditions varies is necessary. And we also 
need to compare the results with control groups, such as patients who are en-
gaged in activities other than long-term agricultural experience, patients who are 
not engaged in activities, or settings with different environmental conditions. 
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