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Abstract
Aims: This study evaluated the effect of nature-based therapy on treatment adherence and exercise capacity in patients with ischemic heart disease.
Methods: This randomized controlled clinical trial was conducted on 58 patients who were randomly assigned to either an intervention group (n = 29) or a control group (n = 29). The intervention group participated in a structured nature-based educational program that included guided walking, group discussions, relaxation techniques, and exercise sessions conducted in a natural environment, while the control group received routine face-to-face education. Treatment adherence was assessed using the eight-item Morisky Medication Adherence Scale, and exercise capacity was evaluated using the six-minute walk test before and after the intervention. Secondary physiological outcomes, including blood pressure, heart rate, respiratory rate and oxygen saturation, were also measured.
Findings: After the intervention, treatment adherence increased by 38.5% in the intervention group, whereas a slight decrease (2.1%) was observed in the control group. Exercise capacity improved by 16.6% in the intervention group compared with a 0.8% increase in the control group. Between-group analyses showed statistically significant improvements in treatment adherence and exercise capacity in intervention group (p < 0.01). Additionally, significant improvements were observed in physiological parameters in the intervention group, including reduced blood pressure, heart rate, and respiratory rate, along with increased oxygen saturation (p < 0.001).
Conclusion: Nature-based therapy significantly improved treatment adherence, exercise capacity, and physiological outcomes in patients with ischemic heart disease in the short term. This approach may be considered a valuable complementary strategy to conventional cardiac rehabilitation.
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Introduction
Cardiovascular diseases (CVDs) remain a leading cause of morbidity and mortality worldwide and represent a major public health challenge[1]. In Iran, these diseases are among the primary causes of death and disability, highlighting the need for effective preventive, therapeutic, and rehabilitative strategies [2]. Ischemic heart disease (IHD), the most common type of CVD, results from reduced myocardial blood supply and is associated with angina pectoris, myocardial infarction, decreased quality of life, and increased healthcare costs [3, 4].[5]
Adherence to treatment is a fundamental component of successful management in patients with ischemic heart disease. Appropriate medication use, lifestyle modification, and patient engagement have been shown to reduce complications, hospital readmissions, and mortality[6]. Nevertheless, adherence to long-term treatment remains suboptimal. Previous studies indicate that a substantial proportion of patients discontinue essential cardiovascular medications over time, including antiplatelet agents, statins, and antihypertensive drugs [7, 8]. Poor adherence is strongly associated with adverse clinical outcomes and increased risk of recurrent cardiac events [9].
Exercise capacity is another critical indicator of functional status and prognosis in patients with ischemic heart disease. Reduced exercise tolerance is common in these patients and is linked to physical limitations, fatigue, and diminished quality of life[10]. Cardiac rehabilitation programs have demonstrated significant benefits in improving exercise capacity and cardiovascular function; however, maintaining patient participation and long-term adherence to these programs remains a challenge[11, 12].
In recent years, interest has grown in complementary approaches that may enhance the effectiveness of cardiac rehabilitation. Nature-based therapy (ecotherapy) involves structured physical and educational activities conducted in natural environments with the aim of improving physical and psychological health[13]. Evidence suggests that exposure to natural settings can reduce stress, improve mood, and increase motivation for physical activity, potentially leading to better engagement in rehabilitation programs [14]. Additionally, exercising in green environments may confer greater cardiovascular benefits than indoor exercise, including improvements in blood pressure and heart rate [15].
Despite growing evidence supporting the general health benefits of nature-based interventions, research focusing on their impact on treatment adherence and exercise capacity in patients with ischemic heart disease remains limited. Existing studies have primarily addressed psychological outcomes, while functional and behavioral outcomes have received less attention [13, 16]. Moreover, the role of education delivered through nature-based therapy as a structured nursing intervention has not been adequately explored.
Therefore, the present study aimed to investigate the effect of education through nature-based therapy on treatment adherence and exercise capacity in patients with ischemic heart disease, with the intention of providing evidence to support the integration of nature-based approaches into cardiac rehabilitation and nursing practice.


Materials & Methods
Study design and setting
This study was conducted as a randomized controlled clinical trial with a pretest–posttest design. The study was carried out in 2024 in Mashhad, Iran. Participants were recruited from patients referred to a cardiologist’s private clinic. The intervention sessions for the experimental group were held in Koohsangi Park, while the control group received conventional face-to-face education at the School of Nursing and Midwifery of Mashhad University of Medical Sciences.
Participants and sample size
The study population consisted of patients diagnosed with ischemic heart disease who met the inclusion criteria. A total of 58 patients were enrolled and randomly assigned to either the intervention group (n = 29) or the control group (n = 29). Sample size calculation was based on previous studies using VO₂max as the primary outcome related to exercise capacity, with a confidence level of 95% and a statistical power of 80% [17]. Considering a potential dropout rate of 20%, 29 participants were allocated to each group. Sample size estimation based on treatment adherence outcomes yielded a smaller required sample; therefore, the larger calculated sample size was adopted (2).
Randomization and allocation concealment
Participants were recruited using convenience sampling and randomly allocated to the intervention or control group through block randomization with a block size of four. The random allocation sequence was generated using an online randomization tool. Allocation concealment was ensured using sealed, opaque envelopes containing group assignments, which were opened sequentially after participant enrollment.
Inclusion and exclusion criteria
Inclusion criteria were: diagnosis of ischemic heart disease class I or II, age between 18 and 70 years, literacy, cognitive orientation to time and place, at least two weeks since the acute cardiac event, ability to walk for more than six minutes, and medical clearance from a cardiologist to engage in mild physical activity. Exclusion criteria included the need for urgent invasive procedures, physical or mental disabilities limiting participation, unwillingness to continue the study, and occurrence of acute symptoms such as chest pain during the intervention.
Intervention
The intervention group participated in a structured nature-based therapy (ecotherapy) educational program consisting of four weekly sessions held from 8:00 to 12:00 a.m. in Koohsangi Park. Sessions were conducted in small groups (10–15 participants) and facilitated by a nurse researcher and a physiotherapist. The program included educational and practical components focusing on medication adherence, dietary recommendations, stress management, and physical exercise. Activities consisted of guided walking and discussion, relaxation exercises accompanied by natural sounds, and group stretching and aerobic exercises performed in a natural environment. Participants were encouraged to perform additional home-based exercises between sessions, which were followed up via telephone calls.
The control group received the same educational content through four weekly face-to-face classroom sessions at the School of Nursing and Midwifery, without exposure to a natural environment.
Data collection instruments
Data were collected using a demographic questionnaire, the eight-item Morisky Medication Adherence Scale (MMAS-8), and the Six-Minute Walk Test (6MWT)[18, 19]. 
1. Demographic Information Questionnaire
The demographic information questionnaire was used to collect patients’ personal and clinical characteristics and was completed through face-to-face interviews conducted by the researcher. The questionnaire included items on age, gender, weight, height, marital status, level of education, smoking status, substance use, and history of hospitalization.
2. Morisky Medication Adherence Scale (MMAS-8)
Medication adherence was assessed using the standardized 8-item Morisky Medication Adherence Scale (MMAS-8)[18]. The first seven items are answered in a dichotomous (yes/no) format, with a score of 0 assigned to “yes” and 1 to “no.” The eighth item is rated on a 5-point Likert scale, with scores ranging from 0 (always) to 4 (never/rarely). The total score ranges from 0 to 8. The validity and reliability of the Morisky Medication Adherence Scale-8 (MMAS-8) have been well established in previous studies, with acceptable construct and criterion validity and satisfactory reliability indices, including internal consistency (Cronbach’s alpha = 0.83) and test–retest reliability, as reported by Morisky et al. (2008)[18] .In the present study, to ensure the appropriateness of the instrument within the research context, the questionnaire was reviewed by 10 relevant faculty members, and its content validity was confirmed in terms of clarity, relevance, and applicability. Internal consistency reliability was evaluated using Cronbach’s alpha based on data obtained from 10 participants, yielding a coefficient of 0.78, which indicates acceptable reliability.
3. Six-Minute Walk Test (6MWT)
The Six-Minute Walk Test (6MWT) is a standardized functional exercise test used to assess patients’ functional capacity. It provides valuable information regarding the ability to perform daily activities and evaluates the physiological responses of the cardiovascular and respiratory systems to physical activity.Participants were instructed to walk at their usual pace along a flat, measured corridor for six minutes, and the total distance walked during this period was recorded. Vital signs, including heart rate, respiratory rate, blood pressure, and peripheral oxygen saturation, were measured by the researcher immediately before and after the test. The distance covered in six minutes typically ranges from 400 to 700 meters in adults, with greater distances indicating higher functional capacity[19, 20]. Previous studies, including those conducted by Hamilton, have demonstrated that the 6MWT is a valid and reliable method for assessing functional capacity in cardiac patients during the rehabilitation phase[21].In the current study, content validity of the 6MWT was confirmed by 10 faculty members with relevant expertise who evaluated its applicability to the study objectives. Reliability was assessed using the inter-rater reliability method, whereby the test was independently administered by two observers with a minimum interval of two hours for 10 patients. The intraclass correlation coefficient (ICC) was calculated and found to be 0.92, indicating excellent reliability.
Statistical analysis
Data were analyzed using SPSS version 26. Descriptive statistics were used to summarize participant characteristics. Normality of quantitative variables was assessed using the Shapiro–Wilk test. Independent t-tests or Mann–Whitney U tests were applied for between-group comparisons, and paired t-tests or Wilcoxon tests were used for within-group analyses. Chi-square tests were used for categorical variables. Two-way analysis of variance was conducted to examine the effects of potential confounding variables. A significance level of p < 0.05 was considered statistically significant.
Ethical considerations
Written informed consent was obtained from all participants prior to enrollment. Confidentiality of participant data was strictly maintained, and all participants were informed of their right to withdraw from the study at any time without any consequences.

Findings 
Participant Characteristics
A total of 58 patients with ischemic heart disease were included in the analysis, with 29 patients in the intervention group and 29 in the control group. Baseline demographic and clinical characteristics of participants are presented in Table 1. The two groups were comparable across most baseline variables, including age, sex, marital status, educational level, employment status, economic status, comorbidities, hospitalization history, and medication use patterns (p > 0.05). Significant between-group differences were observed in body mass index, smoking status, and method of medication administration at baseline (p < 0.05).
Table 1. Baseline characteristics of participants 
	Variable / Category
	Intervention (n=29)
	Control (n=29)
	P-value

	Age (years), mean ± SD
	56.7 ± 6.0
	56.3 ± 5.9
	0.808

	BMI (kg/m²), mean ± SD
	26.9 ± 2.8
	28.6 ± 3.2
	0.037

	Sex

	  Male, n (%)
	19 (65.5)
	17 (58.6)
	0.588

	  Female, n (%)
	10 (34.5)
	12 (41.4)
	

	Marital status

	  Single, n (%)
	5 (17.2)
	6 (20.7)
	0.855

	  Married, n (%)
	18 (62.1)
	15 (51.7)
	

	  Divorced, n (%)
	3 (10.3)
	4 (13.8)
	

	  Widowed, n (%)
	3 (10.3)
	4 (13.8)
	

	Education level

	  Below diploma, n (%)
	6 (20.7)
	8 (27.6)
	0.553

	  Diploma, n (%)
	12 (41.4)
	12 (41.4)
	

	  Bachelor’s degree, n (%)
	9 (31.0)
	5 (17.2)
	

	  Master’s or higher, n (%)
	2 (6.9)
	4 (13.8)
	

	Employment status

	  Unemployed, n (%)
	3 (10.3)
	7 (24.1)
	0.191

	  Employee, n (%)
	8 (27.6)
	8 (27.6)
	

	  Retired, n (%)
	14 (48.3)
	7 (24.1)
	

	  Self-employed, n (%)
	4 (13.8)
	7 (24.1)
	

	Economic status

	  Low, n (%)
	4 (13.8)
	7 (24.1)
	0.146

	  Moderate, n (%)
	15 (51.7)
	12 (41.4)
	

	  Good, n (%)
	10 (34.5)
	7 (24.1)
	

	  Excellent, n (%)
	0 (0.0)
	3 (10.3)
	

	Smoking status

	  Smoker, n (%)
	18 (62.1)
	10 (34.5)
	0.036

	  Non-smoker, n (%)
	11 (37.9)
	19 (65.5)
	

	History of addiction

	  Yes, n (%)
	4 (13.8)
	3 (10.3)
	0.687

	  No, n (%)
	25 (86.2)
	26 (89.7)
	

	Hospitalization history

	  One time, n (%)
	22 (75.9)
	15 (51.7)
	0.251

	  Two times, n (%)
	5 (17.2)
	8 (27.6)
	

	  Three times, n (%)
	2 (6.9)
	3 (10.3)
	

	  Four times, n (%)
	0 (0.0)
	3 (10.3)
	

	Medical history

	  Diabetes, n (%)
	10 (34.5)
	2 (6.9)
	0.201

	  Hypertension, n (%)
	7 (24.1)
	9 (31.0)
	

	  Hyperlipidemia, n (%)
	4 (13.8)
	3 (10.3)
	

	  Asthma, n (%)
	2 (6.9)
	3 (10.3)
	

	  Renal disease, n (%)
	3 (10.3)
	4 (13.8)
	

	  Thyroid disorder, n (%)
	2 (6.9)
	4 (13.8)
	

	  Musculoskeletal disorders, n (%)
	1 (3.4)
	4 (13.8)
	

	Number of medications per day

	  0 drugs, n (%)
	2 (6.9)
	6 (20.7)
	0.223

	  1 drug, n (%)
	10 (34.5)
	5 (17.2)
	

	  2 drugs, n (%)
	4 (13.8)
	7 (24.1)
	

	  3 drugs, n (%)
	7 (24.1)
	5 (17.2)
	

	  4 drugs, n (%)
	4 (13.8)
	4 (13.8)
	

	  5 drugs, n (%)
	0 (0.0)
	2 (6.9)
	

	  ≥6 drugs, n (%)
	2 (6.9)
	0 (0.0)
	

	Medication administration

	  Independent, n (%)
	19 (65.5)
	7 (24.1)
	0.002

	  Dependent, n (%)
	10 (34.5)
	22 (75.9)
	



Primary Outcomes
As presented in Table 2, no significant differences were observed between the intervention and control groups in treatment adherence or exercise capacity at baseline (p > 0.05). Following the intervention, treatment adherence improved significantly in the intervention group, whereas no significant change was observed in the control group. Analysis of change scores (post–pre) demonstrated a significantly greater improvement in treatment adherence in the intervention group compared with the control group (p < 0.001).
Similarly, exercise capacity increased significantly in the intervention group after the intervention, while only minimal and non-significant change was observed in the control group. Both post-intervention comparisons and change-score analyses showed statistically significant between-group differences in exercise capacity, favoring the intervention group (p < 0.01).

Table 2. Comparison of primary outcomes (treatment adherence and exercise capacity) before and after the intervention between the study groups 
	Outcome
	Group
	Pre-intervention (Mean ± SD)
	Post-intervention (Mean ± SD)
	Change (Post–Pre)
	Within-group P
	Between-group P

	Treatment adherence
	Intervention
	5.2 ± 1.9
	3.2 ± 1.7
	-2.0 ± 0.2
	<0.001
	<0.001

	
	Control
	4.8 ± 1.7
	4.9 ± 1.9
	+0.1 ± 0.2
	0.617
	

	Exercise capacity (m)
	Intervention
	331.7 ± 42.1
	386.6 ± 48.6
	+54.8 ± 24.7
	<0.001
	0.006

	
	Control
	347.9 ± 43.7
	351.0 ± 46.5
	+3.1 ± 40.5
	0.683
	



Secondary Outcomes
Changes in physiological parameters are summarized in Table 3. After the intervention, patients in the intervention group experienced significantly greater reductions in systolic and diastolic blood pressure compared with the control group (p < 0.001). In addition, a significant decrease in heart rate and a greater improvement in arterial oxygen saturation were observed in the intervention group relative to the control group (p < 0.001 for all comparisons). 
Table 3. Comparison of secondary physiological outcomes before and after the intervention between the intervention and control groups
	Outcome
	Group
	Pre-intervention (Mean ± SD)
	Post-intervention (Mean ± SD)
	Change (Post–Pre)
	P-value

	Systolic blood pressure (mmHg)
	Intervention
	155.8 ± 5.6
	140.9 ± 5.9
	-14.9 ± 3.4
	<0.001

	Systolic blood pressure (mmHg)
	Control
	155.6 ± 6.5
	155.2 ± 6.7
	-0.4 ± 2.2
	0.931

	Diastolic blood pressure (mmHg)
	Intervention
	89.9 ± 3.6
	82.5 ± 4.3
	-7.4 ± 1.7
	<0.001

	Diastolic blood pressure (mmHg)
	Control
	90.4 ± 3.3
	90.8 ± 4.2
	+0.4 ± 1.8
	0.545

	Heart rate (beats/min)
	Intervention
	89.7 ± 3.3
	79.5 ± 5.3
	-10.2 ± 6.3
	<0.001

	Heart rate (beats/min)
	Control
	90.3 ± 2.6
	90.1 ± 5.6
	-0.2 ± 4.5
	0.410

	Respiratory rate (breaths/min)
	Intervention
	18.5 ± 3.2
	15.5 ± 0.8
	-3.0 ± 0.6
	<0.001

	Respiratory rate (breaths/min)
	Control
	18.9 ± 2.8
	18.0 ± 2.1
	-0.9 ± 0.7
	0.633

	Oxygen saturation (%)
	Intervention
	92.4 ± 2.7
	96.8 ± 1.4
	+4.4 ± 0.3
	<0.001

	Oxygen saturation (%)
	Control
	91.3 ± 2.1
	95.2 ± 1.7
	+3.9 ± 1.1
	0.090



Discussion
The present study examined the effect of education delivered through nature-based therapy on treatment adherence and exercise capacity in patients with ischemic heart disease. The findings demonstrated that nature-based therapy resulted in meaningful improvements in both primary outcomes when compared with routine care, supporting the potential role of this approach as a complementary strategy in cardiac rehabilitation.
With regard to treatment adherence, the results showed a substantial improvement in the intervention group following the nature-based educational program. Treatment adherence improved by approximately 38.5% in the intervention group, calculated as the relative change from baseline (the difference between post-intervention and baseline values relative to baseline), whereas the control group exhibited a 2.1% decrease over the same period. This contrast suggests that the observed improvement was not attributable to routine follow-up alone, but rather to the specific characteristics of the nature-based intervention.
To the best of our knowledge, no previous studies have directly investigated the effect of nature-based therapy on treatment adherence in patients with ischemic heart disease. In the absence of direct evidence, the present findings should therefore be interpreted in relation to studies that have examined nature-based interventions targeting related behavioral and psychological factors known to influence adherence. Prior research has shown that exposure to natural environments can reduce stress, enhance motivation, and increase engagement in health-promoting behaviors, all of which are recognized determinants of adherence to long-term treatment regimens [13, 22-25]. Nature-based interventions have been reported to improve participation in physical activity, self-care behaviors, and lifestyle modification, even when medication adherence was not assessed as a primary outcome [13].
In contrast, a substantial body of evidence exists regarding the impact of structured educational and cardiac rehabilitation programs on adherence. Studies have consistently demonstrated that educational, motivational, and supervised rehabilitation interventions improve adherence to medication, dietary recommendations, and physical activity [17, 26-28]. The intervention employed in the present study shares several core elements with these programs, including structured education, guided activity, and patient engagement. However, it differs in that education and exercise were delivered in a natural environment rather than a clinical setting. This contextual difference may be critical, as the natural environment likely facilitated experiential learning, reduced perceived burden, and increased enjoyment, thereby enhancing patients’ intrinsic motivation and self-efficacy [22, 24]. Nevertheless, given the short follow-up period, the findings primarily support the short-term effectiveness of nature-based therapy on adherence, and future studies are needed to evaluate the durability of these effects over longer periods [29, 30].
In terms of exercise capacity, the present study demonstrated a significant improvement in the intervention group compared with the control group. Exercise capacity increased by approximately 16.6% in the intervention group, whereas only a 0.8% increase was observed in the control group. These results indicate a clinically meaningful enhancement of functional capacity associated with participation in the nature-based therapy program. Importantly, baseline exercise capacity was comparable between groups, strengthening the inference that the observed changes were attributable to the intervention.
Previous studies have examined the effects of nature-based and outdoor rehabilitation on physical performance and functional outcomes, although not all have focused specifically on ischemic heart disease. Several investigations have reported improvements in walking distance, aerobic capacity, and physical functioning following nature-based or green exercise interventions [13, 31-33]. These benefits appear to be comparable to those reported for conventional cardiac rehabilitation, particularly when the interventions are structured and supervised [31, 34]. The intervention in the present study closely resembles traditional cardiac rehabilitation in content, incorporating aerobic exercise, education, and stress management, while differing primarily in the environment in which it was delivered. This similarity suggests that nature-based therapy may function as a form of rehabilitation analogous to conventional programs, at least in the short term.
At the same time, inconsistencies in the literature indicate that the effectiveness of nature-based interventions on exercise capacity may depend on intervention duration, intensity, and structure. Studies reporting neutral findings have often employed brief or unsupervised exposure to natural environments or focused solely on environmental comparison rather than intervention content [35-37]. In contrast, the present study implemented a structured, group-based program with guided activity and education. This comparison suggests that nature-based therapy supports exercise capacity primarily when delivered as a structured and supervised intervention, reinforcing the importance of program design rather than environment alone [13, 31]. As with adherence, further research is required to determine whether improvements in exercise capacity persist beyond the immediate post-intervention period.
In addition to the primary outcomes, favorable changes were observed in several physiological parameters, including blood pressure, heart rate, respiratory rate, and oxygen saturation. These findings suggest that improvements in adherence and exercise capacity were accompanied by measurable physiological adaptations. Such changes are consistent with previous research demonstrating that exposure to natural environments modulates autonomic nervous system activity, reduces sympathetic activation, and enhances parasympathetic tone, leading to improved cardiovascular and respiratory function [38-40].

Conclusion
The findings of the present study indicate that education delivered through nature-based therapy may improve treatment adherence and exercise capacity through a combination of behavioral, psychological, and physiological pathways. By integrating education, physical activity, and exposure to nature, the intervention appears to address multiple dimensions of cardiac rehabilitation simultaneously [13, 22]. Given the lack of prior studies directly examining nature-based therapy and treatment adherence, the present findings contribute novel evidence to this emerging field. However, the short duration of follow-up limits conclusions regarding long-term effectiveness. Future longitudinal and comparative studies are needed to evaluate the sustainability of these effects and to determine whether nature-based therapy can serve as a long-term alternative or complement to standard cardiac rehabilitation programs.
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