
PSYCHIATRY AND PRECLINICAL PSYCHIATRIC STUDIES - ORIGINAL ARTICLE

Journal of Neural Transmission (2025) 132:877–885
https://doi.org/10.1007/s00702-025-02917-z

Introduction

Dementia today is considered an umbrella syndrome caused 
by a disease of the brain characterized by impaired higher 
cognitive functions along with difficulties in motivation, 
social behaviour and emotional control ranking among the 
most important global health burdens (e.g. Liu et al. 2024; 
Wehrmann et al. 2021). According to the World Health 
Organization dementia is not only the leading cause of 
dependency and disability among older people, but it is 
associated as the seventh most important cause of death 
worldwide: There are 55 million patients currently suffer-
ing from dementia tending to increase by around 10 million 
per year (World Health Organization 2023). This increas-
ing demand for care (Wehrmann et al. 2021) and the asso-
ciated rise in costs (Bosmans et al. 2023) underscore the 
urgent need to develop, evaluate, and implement effective 
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Abstract
Non-pharmacological interventions are increasingly recognized as first-line therapies for managing dementia symptoms 
alongside pharmacologic strategies. Among these, therapy gardens and horticultural interventions have emerged as promis-
ing adjunctive approaches. This pilot study aimed to evaluate the effects of a six-month dementia-friendly therapy garden 
intervention on psychological well-being, specifically depression levels, and to determine whether baseline dementia 
severity predicts treatment success. The study was conducted in a real-world setting, with a final sample of 28 demen-
tia patients. Unlike previous studies, this intervention incorporated multimodal stimulation, including sensory, motor, 
and cognitive elements. Results indicated a significant reduction in depression, as measured by the Montgomery-Åsberg 
Depression Rating Scale (MADRS) after six months of intervention (p <.05). However, depression scores assessed using 
the Hamilton Depression Rating Scale (HAM-D) showed only a trend toward improvement but did not reach statistical 
significance. No improvements were observed at the three-month mark, suggesting that sustained engagement is necessary 
for measurable benefits. Cognitive function, as assessed by dementia severity, did not show significant improvement, and 
dementia severity at baseline was not a significant predictor of treatment response. These findings underscore the potential 
of dementia-friendly therapy gardens to provide meaningful psychological benefits by significantly reducing depression 
over time. Notably, even individuals with more advanced dementia benefited, challenging the prevailing notion that non-
pharmacological interventions are primarily effective in early disease stages. These results highlight the need for further 
research on the long-term effects and mechanisms underlying garden-based interventions in dementia care.
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symptoms of dementia (BPSD)
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and cost-efficient therapeutic approaches. Given the fact 
that dementia is a progressive, incurable disease leading 
to death (Smith and Ismail 2021), these therapy methods 
should ideally slow-down expected worsening of dementia 
symptoms and thus extent the patients´ lifespan towards 
longer healthspan, at least in terms of better life quality or 
emotional well-being.

Pharmacological and non-pharmacological approaches 
are currently used to treat dementia symptoms (e.g. Hussin et 
al. 2023; Magierski et al. 2020). As part of pharmacological 
treatment, various substances are used against characteris-
tic neuropsychiatric symptoms of dementia, such as apathy, 
agitation, depression, psychotic symptoms and sleep disor-
ders (Magierski et al. 2020). These include antidepressants, 
antihistamines, typical and atypical antipsychotics, Z-drugs 
as well as anxiolytics, anticonvulsants and in the case of 
Alzheimer´s acethylcholine-esterase inhibitors (AChE) 
donepezil, rivastigmine or galantamine or memantine as 
NMDA-receptor modulator (Magierski et al. 2020). How-
ever, there is only a small number of randomized controlled 
trials that prove the effectiveness of pharmacotherapy for 
dementia patients (Magierski et al. 2020). At this point, it is 
too early to predict the effect of the newly released disease-
modifying monoclonal antibodies lecanemab or donanemab 
(Jessen et al. 2024). In addition, there are serious side effects 
of the current pharmacotherapy in the context of dementia 
treatment in general, including the increased risk of mortal-
ity in the long-term use (Abraha et al. 2017; Brent 2024; 
Magierski et al. 2020). Looking at empirical evidence, it has 
been shown that non-pharmacological treatment methods 
are more or at least equally effective than pharmacotherapy 
in the treatment of dementia symptoms (Watt et al. 2021).

As a result, non-pharmacological treatment options are 
repeatedly recommended as first-line therapy in the treat-
ment of dementia (e.g. Brent 2024; Dyer et al. 2018; Tampi 
and Jeste 2022). Looking at these interventions in particu-
lar, a plethora of different approaches surface. These range 
from sensory stimulation interventions including therapeu-
tic gardens or music therapy to behavioural management 
techniques, emotion and cognitive-oriented interventions 
such as validation and reminiscence therapy as well as 
interventions including pet and exercise therapy (Abraha 
et al. 2017). Among these approaches, therapeutic gardens 
have recently been investigated in a meta-analysis (Wang 
et al. 2024). Therapy gardens in general are a multimodal 
treatment approach, which usually includes plant-based 
activities as well as stimulation of all of the five senses and 
physical exercises (Abraha et al. 2017; Bourdon and Bel-
min 2021). This becomes an effective, highly adaptable and 
empirically proven non-pharmacological treatment option 
(Wichrowski and Moscovici 2024). Effectiveness of thera-
peutic gardens for patients with dementia has already been 

shown: Clinical improvements were found in agitation, cog-
nition, stress, depression, self-consciousness (Murroni et al. 
2021) as well as quality of life (Murroni et al. 2021; van 
der Velde-van Buuringen et al. 2023) and social interactions 
together with augmented activity (Murroni et al. 2021; Scott 
et al. 2022). Moreover, a decrease in falls and medication 
needed, i.e. polypharmacy, could be demonstrated (Murroni 
et al. 2021). Moreover, in a recent network meta-analysis 
by Liu et al. (2023), therapeutic gardens were found to be 
more effective than other non-pharmacological treatments 
in improving dementia symptoms. Theoretically, these posi-
tive effects of therapeutic gardens can be explained by vari-
ous bio-psycho-evolutionary theories (Murroni et al. 2021).

Overall, therapeutic gardens appear to be a promis-
ing non-pharmacological, multimodal intervention for 
dementia. However, many previous studies have not fully 
embraced multimodality, instead focusing on singular 
aspects of garden therapy. Some interventions have been 
limited to sensory stimulation through plants alone (Col-
lins et al. 2020), passive garden viewing (Goto et al. 2018), 
or simple interactions such as touching plants and walking 
(Pedrinolla et al. 2019). This contrasts with current recom-
mendations emphasizing that therapy garden interventions 
should incorporate a combination of multisensory, motor, 
cognitive, and horticultural activities (Bourdon and Belmin 
2021; Elbasyoni and Gammaz 2023). Studies suggest that 
multimodal therapy gardens are more effective in address-
ing behavioral and psychological symptoms of dementia 
(BPSD) compared to interventions that focus on a single 
element (Bourdon and Belmin 2021).

The aim of this pilot study was to investigate the impact 
of a therapy garden developed by landscape architects par-
ticularly for dementia patients in their natural environment 
(Teimann 2015). Unlike earlier approaches this dementia 
garden was equipped with a variety of elements, which 
facilitate multimodal non-pharmacological treatment. We 
examined the effectiveness of the dementia-friendly therapy 
garden focusing on the psychological well-being of the par-
ticipating dementia patients. In order to find out whether 
patients with varying degrees of impairment benefit differ-
ently from such a therapy garden, we further examined the 
severity of dementia as predictor of therapy success. It is 
important to highlight that, in addition to its psychological 
focus, this pilot study also placed significant emphasis on 
landscape architectural elements.

Methods

Initiated by the urban research program (ARUS) of Univer-
sity of Duisburg-Essen (UDE), our interdisciplinary pilot 
study was carried out with the Institute for Urban Planning 
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and Urban Development (UDE), the Clinic for Psychiatry 
and Psychotherapy, LVR-Klinikum Essen, the Theodor 
Fliedner Foundation, Mülheim and the Center for People in 
Need of Care, Alfter, Germany.

Participants

Study subjects were recruited from the village Das Dorf– 
Wohnen im Alter run by the Theodor Fliedner Foundation 
in Mülheim an der Ruhr, Germany. This village is an inclu-
sive community for people with and without disabilities as 
well as old people and those in need of care. At the time 
the participants were recruited, a total of 130 residents with 
diagnosed dementia lived there. All residents who, in addi-
tion to a diagnosed dementia, did not have aphasia and had 
a sufficient level of locomotor function and resilience to be 
able to take part in the intervention were included given 
informed consent from their peers. Patients with clinically 
significant cognitive and motor deficits were excluded. 
The final sample of the present study consisted of a total of 
28 dementia patients. The age ranged from 61 to 95 years 
(mean age = 81.29, SD = 9.32). The majority of the test 
subjects was female (n = 22; 78.6%). Ethical approval was 
issued by the Ethics commission of medical faculty of the 
University of Duisburg-Essen.

Procedure and design

The therapy garden was implemented in the village Das 
Dorf– Wohnen im Alter and here, experimental data were 
collected in the test subjects` natural environment. Based 
on analyzes of other therapeutic gardens, this landscaped 
garden was specifically designed to meet the needs and 

abilities of people suffering from dementia. It consisted of 
multisensory, interdisciplinary dementia-friendly elements. 
These included circular paths reflecting the village charac-
ter, various modules made of plant material for occupational 
and physiotherapeutic exercises to promote walking safety, 
muscle strength, motor and coordination skills, as well as 
raised beds rendering active gardening possible even to 
villagers with physical limitations. Pavilions were set-up 
protecting garden visitors from the sun. Orientation in the 
garden was ensured by several mikado-like robin posts. In 
order to ensure not only a dementia-friendly design but also 
a dementia-friendly use of the garden, a total of 70 relatives, 
volunteers and employees, including social workers and 
nursing staff, took part in a training program before the start 
of the intervention. Here, in addition to theoretical knowl-
edge on dementia, they also received information on proper 
use of the various garden elements (Fig. 1).

Therapy garden intervention took place for a total of 
six months between March and September. Test subjects 
received three hours per week of nature-oriented occupa-
tional therapy and, depending on the dementia severity, four 
hours per week of mobility exercises, or they just spent pas-
sively four hours in the garden. On average, study subjects 
took part in the intervention for one hour daily, accompa-
nied most of the times. To examine changes in psychologi-
cal well-being and severity of dementia over the course 
of intervention, data was collected at three measurement 
time points, before the intervention started (T1), after three 
months (T2) and after six months of participation, i.e. (T3). 
However, daily participation in the intervention was vol-
untary and not always possible for all villagers. Therefore, 
complete data from the entire sample could not be collected 
at every measurement point (Fig. 2).

Fig. 1 Impressions from the dementia-landscaped garden; Copyright by S. Teimann
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Statistical analysis

Statistical analysis was carried out with the statistical pro-
gram R, version 4.1.1 (R Core Team 2021). To test the 
effectiveness of the dementia garden, we used dependent 
samples t-test. We also calculated t-tests for dependent sam-
ples to examine changes after three months of intervention. 
To investigate whether the severity of dementia predicts 
the success of treatment, we carried out a linear regression 
with severity of dementia at T1 as predictor variable and the 
MADRS values at T3 as dependent variable.

Results

Our final sample (n = 28) consisted of six patients with mild 
dementia (21.4%), eleven with moderate dementia (39.3%) 
and seven with serve dementia (25.0%) before the start of 
the therapy garden intervention. The MMSE values before 
the intervention were missing for four participants (14.3%). 
The average MMSE (Fig. 3A) values increased over the 
course of the garden intervention given the progressive 
nature of dementia. The average depression values of the 
test subjects, on the other hand, improved. In line with these 
results, we were unable to find any significant improve-
ments after six months of intervention in the MMSE values, 
(t(21) = 3.59, p >.05). Even after the first three and last three 
months of using the dementia garden, the MMSE values 
did not improve significantly. By contrast, depression mea-
sured by MADRS (Fig. 3C) improved statistically signifi-
cantly after six months of intervention (t(24) = 1.73, p <.05, 

Neuropsychological tests

Dementia severity was screened by Mini-Mental State 
Examination– MMSE (Folstein et al. 1975). When mea-
suring changes in psychological well-being, we focused on 
the participants` depression, which was assessed with the 
Montgomery-Asberg Depression Rating Scale (MADRS; 
Montgomery and Åsberg 1979) as well as the Hamilton 
Depression Scale (HAM-D; Hamilton 1960). The MADRS 
is an external assessment questionnaire with ten items that 
are answered on a seven-point Likert scale ranging from 0 
to 6. By summing up the ten item values, an overall score 
is obtained, with higher values indicating a higher degree of 
depression. Regarding the psychometric properties a good 
internal consistency of the MADRS is reported in literature 
with ɑ = 0.85 (Levin et al. 2015). Since it is recommended 
to use multiple measurements to determine depression (See-
müller et al. 2023), we also used the HAM-D. The HAM-D 
is an external assessment scale, which also showed simi-
lar internal consistency (Seemüller et al. 2023). In the ver-
sion we used, it consisted of a total of 20 items that were 
answered on Likert scales ranging from 0 to 2, from 0 to 3 
or from 0 to 4. Higher total values indicated a higher degree 
of depression. Since the MADRS is considered to be a suit-
able questionnaire for assessing treatment effects in homog-
enous samples such as ours (Seemüller et al. 2023), we used 
the MADRS values of the test subjects after the six-month 
intervention as an indicator of treatment success.

Fig. 2 Flowchart describing the 
process from recruiting study sub-
jects from the initial cohort and why 
there have been so many potential 
participants excluded from the 
study. The final study cohort per-
formed a two-step program: General 
occupation therapy for 3 h for all 
subjects. Then, according to the 
cognitive state additional 4 h under 
guidance with a special protocol 
or unguided because of inability to 
follow suit
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Discussion

The aim of this early pilot study was to evaluate the effec-
tiveness of a dementia-friendly therapy garden incorporat-
ing various multimodal landscape elements. Additionally, 
we examined whether dementia severity at baseline pre-
dicted treatment outcomes. Our findings revealed a sig-
nificant improvement in psychological well-being after 
six months of intervention, as assessed by the MADRS 
scale, while no significant cognitive improvements were 
observed, consistent with the progressive nature of demen-
tia. Notably, no significant changes were detected after three 
months, suggesting that sustained engagement is necessary 
for measurable effects. Furthermore, dementia severity did 
not significantly predict treatment success, indicating that 
individuals benefitted from the intervention regardless of 
the severity of their condition.

In line with the results of a previous study by Hewitt et 
al. (2013), we were unable to demonstrate any significant 
improvement in cognition as measured by the MMSE after 
six-months of intervention. By contrast, Pedrinolla et al. 
(2019) found a significant improvement in the MMSE val-
ues after a six-month therapy garden intervention. This dis-
crepancy may stem from methodological differences, since 
their study included a control group and potentially a differ-
ent intervention design. Our results suggest that dementia-
friendly therapy gardens focusing on emotional well-being 
may have different therapeutic effects than interventions 
targeting cognitive function.

In their study Borella et al. (2023) compared the effects 
of a horticultural activity program combined with cogni-
tive stimulation for dementia patients with those without 
cognitive stimulation in such a program. The authors were 
unable to find any significant differences between the two 
groups in any of the outcome variables, including cognitive 
symptoms. However, comparable to Pedrinolla et al. (2019), 
they found differences in cognitive functioning between the 
therapy garden intervention group and control. These results 
make clear that the use of therapy gardens in the treatment 
of dementia can have a positive effect on cognitive func-
tioning, even without improving cognitive abilities. Still, at 
the same time the results of this study once again underline 
the importance of comparing therapy effects with a control 
group. This immediate urge will not be neglected in our 
upcoming studies on that issue.

Beyond methodological differences, the observed incon-
sistency in cognitive outcomes may also stem from varia-
tions in intervention design. Our findings suggest that 
dementia-friendly therapy gardens may exert differential 
effects depending on the specific intervention approach, with 
our study primarily targeting emotional well-being rather 
than cognitive function. This underscores the necessity 

d = 0.35). In line with this, a marginally significant decrease 
in depression measured with the HAM-D (Fig. 3B) was 
found for this time period (t(12) = 1.75, p =.052). However, 
again, no significant improvements were found for either 
the MADRS or the HAM-D values after the first and last 
three months of intervention. With regard to the prediction 
of the therapy success, the severity of dementia was not a 
significant predictor (F(1,21) = 0.14, p >.05).

Fig. 3 A-C Values measured at start (t1) and after six months (t3). 
Ticks indicate SEM. A: There was no statistical significance between 
the MMST values after six months in this cohort (t(21) = 3.59, p >.05). 
B: No statistiscal differences after six months of the intervention 
detected by HAM-D, though there was a tendency towards improved 
HAM-D rating (t(12) = 1.75, p =.052). C: There was a significant dif-
ference in terms of amelioration of the MADRS scores (t(24) = 1.73, 
p <.05, d = 0.35)
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broader conceptual frameworks as supportive rather than 
primary explanations.

The importance of gardens extends beyond neurobiologi-
cal and psychological mechanisms. In his landmark book 
“Gardens: An Essay on the Human Condition”, Robert 
Pogue Harrison (Harrison, R. P. (2008) explores how gar-
dens serve as spaces of cultural, existential, and philosophi-
cal significance. Harrison argues that gardens are not merely 
restorative spaces but symbolic realms where human civili-
zation negotiates its relationship with nature, memory, and 
mortality. This aligns with the idea that therapy gardens do 
not only provide sensory stimulation but also serve as sites 
of meaning-making, social connectedness, and personal 
reflection.

Harrison’s work suggests that the therapeutic potential of 
gardens may arise from their role as sanctuaries that mediate 
between order and chaos, offering patients a structured yet 
naturalistic environment that fosters emotional well-being. 
This perspective provides a deeper understanding of why 
dementia-friendly therapy gardens may have unique ben-
efits beyond cognitive and affective improvements. Rather 
than viewing therapy gardens solely as interventions, we 
may conceptualize them as ‘spaces of care’ that facilitate a 
continuity of self, even in the face of progressive cognitive 
decline.

Integrating Harrison’s insights, future research should 
explore how the symbolic and existential aspects of therapy 
gardens influence patient outcomes. This could be achieved 
through qualitative research approaches that examine patient 
narratives, caregiver perspectives, and the lived experience 
of garden spaces as therapeutic environments.

Improvement in psychological well-being not only has 
positive effects on those affected. Additionally, it was shown 
that the positive effect of a therapy garden on the dementia 
patients was associated with a stress reduction in the family 
and staff (Edwards et al. 2012). We assume that relatives, 
peers, and nursing staff also benefit from improved psycho-
logical well-being. Moreover, there is an expected reduction 
in administration of psychotropic drugs, such as antidepres-
sants. Future studies of our research will also focus on that 
issue, i.e. reduction of polypharmacy.

It is noteworthy that we found an improvement in psy-
chological well-being after six months, but not after three 
months underlining a current meta-analysis by Wang et al. 
(2024), who also showed that the mere duration of therapy 
garden interventions has a significant influence on their 
effectiveness. The authors showed that interventions lasting 
longer than six months were less effective than shorter ones. 
Still, it might be interesting to see what would happen after 
more than six months of intervention. Taken together, these 
findings illustrate the importance of multiple measurement 

of standardizing interventions, not only to facilitate direct 
comparisons between different approaches but also to estab-
lish clearer associations between intervention characteris-
tics and their respective outcomes.

Regarding cognition, it is important to acknowledge 
that, given the inherently progressive and incurable nature 
of dementia, cognitive decline remains an expected trajec-
tory. Thus, a deterioration in cognitive function over time is 
likely, regardless of participation in a therapy garden inter-
vention, particularly in long-term assessments. However, a 
slowing-down effect could be achieved. Due to the lack of a 
control group in our study, this aspect was not further exam-
ined. The improvement in psychological well-being after 
the therapy garden intervention found in the present study is 
therefore in line with the findings of current reviews (Mur-
roni et al. 2021; Scott et al. 2022; Wang et al. 2024).

Several theoretical frameworks help explain the potential 
benefits of therapy gardens for dementia patients. The bio-
philia hypothesis (Wilson 1984) suggests that humans have 
an innate connection to nature, which may promote psycho-
logical well-being.The Stress Reduction Theory (Ulrich et 
al. 1991) posits that exposure to natural environments can 
reduce physiological stress markers, such as cortisol levels, 
thereby improving mood and cognitive function.

Attention Restoration Theory (Kaplan 1995) highlights 
the cognitive benefits of natural settings, arguing that green 
spaces provide a “soft fascination” that allows for cognitive 
replenishment. Recent neurobiological evidence suggests 
that nature exposure may enhance neuroplasticity and mod-
ulate autonomic nervous system activity, potentially slow-
ing cognitive decline (van Praag et al. 2000; Li et al. 2010; 
de Keijzer et al. 2018). Future studies should explore these 
mechanisms by incorporating biomarkers (e.g., heart rate 
variability, salivary cortisol) and neuroimaging techniques 
to assess structural and functional brain changes.

While various theories attempt to explain the therapeutic 
effects of garden interventions, a structured prioritization of 
these frameworks is essential. Instead of treating all theories 
as equally influential, it is crucial to recognize their comple-
mentary rather than competing roles in understanding the 
benefits of therapy gardens. For example, Stress Reduction 
Theory and Attention Restoration Theory provide immedi-
ate psychological and cognitive explanations, whereas Bio-
philia Theory offers a broader evolutionary perspective.

Moreover, the neurobiological mechanisms underlying 
these effects should be integrated with behavioral obser-
vations. Theories that emphasize stress modulation (e.g., 
reduced cortisol, autonomic nervous system balance) are 
more directly measurable and can be linked to the observed 
reduction in depression. Thus, future research should priori-
tize these theories in empirical studies while acknowledging 
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In addition, while we focused on depression as an indica-
tor of emotional well-being, we recognize that depression 
and emotional well-being are distinct constructs. Depres-
sion scales (MADRS, HAM-D) primarily assess negative 
affect, whereas broader well-being measures (e.g., WHO-5 
Well-Being Index) capture positive emotional states. Future 
studies should incorporate both types of measures to pro-
vide a more comprehensive assessment.

Moreover, behavioral symptoms such as agitation, 
aggression, and sleep disturbances were not directly mea-
sured, even though these are common targets of non-
pharmacological dementia interventions. Incorporating 
behavioral symptom assessments (e.g., Neuropsychiatric 
Inventory) would allow for a more nuanced evaluation of 
therapy garden effects beyond mood improvements.

Conclusion

This study highlights the potential of dementia-friendly 
therapy gardens as a non-pharmacological intervention to 
improve psychological well-being. Despite methodological 
limitations, our findings suggest that therapy gardens can 
provide meaningful benefits regardless of dementia sever-
ity. By refining study designs and integrating neurobiologi-
cal assessments, future research can further elucidate the 
mechanisms underlying these therapeutic effects.
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