Journal of Multidisciplinary Healthcare Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Medication Disposal Practices, Awareness, and
Medication Adherence Among Patients with

Chronic Conditions: Implications for Public
Health

Su-Han Hsu'™*, Shu-Chuan Wu**, Si-Wen Lin?, Yu-Cheng Lin%, Yu-Meng Yang(®°, Shih-Horng Huang®°,
Joseph Jordan Keller’®, Kung-Pei Tang'®'!, Li-Hsuan Wang®"'?

'School of Pharmacy, College of Pharmacy, Taipei Medical University, Taipei, Taiwan; 2Department of Pharmacy, Taipei City Hospital Yangming Branch,
Taipei, Taiwan; 3Department of Exercise and Health Sciences, University of Taipei, Taipei, Taiwan; “Department of Pharmacy, Taipei City Hospital,
Taipei, Taiwan; *Graduate Institute of Clinical Pharmacy, College of Medicine, National Taiwan University, Taipei, Taiwan; ®Department of Surgery,
Division of General Surgery, Fu Jen Catholic University Hospital, New Taipei City, Taiwan; ’Department of Psychiatry, Western Michigan University
Homer Stryker M.D. School of Medicine, Kalamazoo, MI, USA; 8Department of Psychiatry and Behavioral Sciences, University of Washington School
of Medicine, Seattle, WA, USA; 9Department of Psychiatry, Children’s Hospital and Regional Medical Center, Seattle, WA, USA; '°Department of
Education and Humanities in Medicine, School of Medicine, Taipei Medical University, Taipei, Taiwan; ' 'Department of Early Childhood and Family
Education, College of Education, National Taipei University of Education, Taipei, Taiwan; '2Department of Pharmacy, Taipei Medical University
Hospital, Taipei, Taiwan

*These authors contributed equally to this work

Correspondence: Li-Hsuan Wang, Department of Pharmacy, Taipei Medical University Hospital, No. 250 Wu-Hsing Street, Taipei, 11031,
Taiwan, Tel +886-2-2737-2181 #8434, Fax +886-2-2739-0671, Email shiuan@tmu.edu.tw; Kung-Pei Tang, Department of Early Childhood and
Family Education, College of Education, National Taipei University of Education, No. 134, Sec. 2, Heping E. Road, Taipei, 106320, Taiwan,
Tel +886-2-2732-1104 #52461, Fax +886-2-2738-4763, Email kptang@mail.ntue.edu.tw

Purpose: Medication disposal knowledge is a key component of safe pharmaceutical management, while medication adherence
remains essential for achieving optimal treatment outcomes among patients with chronic conditions. However, poor adherence may
contribute to medication accumulation and waste, which, if not disposed of properly, can pose risks to environmental and public health.
Therefore, this study aimed to assess medication disposal knowledge, policy awareness and satisfaction, as well as medication
adherence among chronic disease patients, and to examine how these outcomes differed across demographic and clinical subgroups.
Patients and Methods: A cross-sectional design was employed, collecting data from 273 chronic disease patients with long term
medication usages at a hospital in Taipei, Taiwan. The questionnaire covered knowledge of medication disposal, medication
adherence, clarity of the disposal policy and satisfaction with the disposal policy promotional strategies, and socio-demographics.
Independent samples #-tests were used to assess the influence of demographic characteristics on knowledge and adherence. Pearson
correlation coefficients were applied to evaluate the relationship between knowledge of medication disposal and medication adherence.
Results: Younger age and higher education were associated with better medication disposal knowledge. Medication adherence was
significantly higher among patients over 65, lower education, who lived alone and those taking five or more medications. The
medication disposal knowledge was not significantly different between good or poor adherence. Although most respondents were
unaware of the recycling label on medication bags, those who knew the location of disposal stations scored higher knowledge of
medication disposal, clarity in the disposal policy and satisfaction with the disposal policy promotional strategies.

Conclusion: Medication disposal competency plays an important role in reducing environmental harm, especially in people with poor
adherence. Improving knowledge of medication disposal and adherence remains a key objective for medication safety and health
issues.

Keywords: cross-sectional survey, environmental health, health literacy, medication taking behavior, pharmaceutical waste, public
health policy
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Introduction

Medication adherence is a critical factor affecting treatment outcomes in patients with chronic diseases. A study reported
that in developed countries, only approximately 50% of patients with chronic conditions maintain satisfactory long-term
medication adherence, and this rate is even lower in developing countries. Surveys conducted in Taiwan have indicated
that approximately 40% to 60% of patients with chronic conditions have a satisfactory medication adherence rate.>
Poor medication adherence both adversely affects patient health and leads to an accumulation of unused medications.
Improper disposal of these medications substantially contributes to pharmaceutical waste, which, if not managed
appropriately, can result in severe environmental pollution.”® Certain specialized medications, such as contraceptives,’
pose an even greater risk to ecosystems, making it especially important for patients with poor adherence having more
unused medicines.

Improper disposal of pharmaceutical waste can lead to environmental stress. A 2012 survey conducted in Taiwan
reported that approximately 8% of the population discarded unused medications by flushing them down the toilet or
washing them down the sink,® which leads to increased concentrations of antibiotics in rivers, groundwater, and drinking
water. Such contamination threatens both environmental and public health.” A similar problem has been observed in
China, where local studies have reported an association of antibiotic residues in water bodies with an increased risk of
antimicrobial resistance.'® A study in Ethiopia demonstrated that improper antibiotic disposal was associated with the
emergence of antimicrobial resistance genes, increasing the risk of infectious disease outbreaks.'' Survey studies
conducted in 2015 and 2016 in Arab countries and Afghanistan have revealed that approximately 70% to 80% of the
population disposed of unused medications carelessly. These studies also determined that people were concerned about
potential environmental pollution and the risk of accidental ingestion. In Taiwan, in 2006, to address environmental

1213 the Taiwanese government established

problems caused by the improper disposal of pharmaceutical waste,
a medication disposal program. Local governments in Taiwanese cities and counties have established disposal sites at
community pharmacies, hospitals, and health service centers. As Taiwan’s waste incinerators have improved their ability
to safely process organic matter, the medication disposal policy has shifted. In Taiwan, only certain categories of
medications—such as antibiotics, cytotoxic agents, and controlled substances—require special disposal. This policy
stems from the fact that Taiwan now relies almost entirely on high-temperature waste incineration, which is capable of
safely processing most pharmaceutical organic matter. As a result, only medications with higher environmental or safety
risks require additional handling, while most others can be safely disposed of with general household waste. However,
this category-based disposal system requires patients to distinguish between different drug types, which may increase the
difficulty of proper disposal, especially for older adults or those with limited health literacy.

The medication disposal policy was formulated by the Taipei City Government in accordance with national guidelines
issued by Taiwan’s Ministry of Health and Welfare. Instead of routinely collecting all pharmaceutical waste, only five
categories of waste, namely antibiotics, hormonal medications, anticancer and immunosuppressive drugs, controlled
substances, and needles and syringes, must be taken to designated collection points in located in hospitals, community
pharmacies, and health service centers. All other medications should be disposed of properly at home.'*

Taiwan’s National Health Insurance system provides high accessibility to health care at a low cost, leading to frequent
doctor visits and duplicate prescriptions for system participants.'> These factors not only compromise medication safety
but also lead to substantial health-care resource wastage. In Taiwan, the estimated annual value of discarded medications
is approximately NT$30 billion.'® In 2018, data from a regional hospital in Taipei revealed that the facility collected an
average of 220 kilograms of returned medications per month. Although the volume of discarded medications is exhibiting

1.'7 A 2012 survey in Taiwan identified that the most common reason for

a downward trend, it remains substantia
medication waste was patients discontinuing or reducing their dosage upon perceiving an improvement in their symptoms
or condition.® In addition, even when households attempt to return or dispose of medications, designated pharmaceutical
waste is frequently mixed with nondesignated items, resulting in improper disposal as general waste.!” Together, these
behaviors reflect suboptimal medication adherence and inadequate public awareness regarding proper medication

disposal in Taiwan.
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Although effort has been expended to improve medication adherence, insufficient attention has been given to proper

disposal of unused medications, which is equally critical to preventing environmental pollution”'®

and minimizing
ecological harm. Reassessing household disposal strategies is vital to reducing environmental damage, enhancing
medication safety, and minimizing healthcare resource waste. Evaluating public knowledge, sources of unused medica-
tions, adherence levels, and label clarity can guide educational initiatives to promote accurate disposal, improve
adherence, and ensure safe and sustainable medication practices.

This study surveyed chronic disease patients to assess medication adherence and their knowledge of pharmaceutical
waste disposal. Therefore, this study aimed (1) to evaluate patients’ medication disposal knowledge, policy awareness
and satisfaction, and medication adherence, and (2) to explore how these outcomes differed across demographic and
clinical characteristics. The findings can aid in the development of strategies to enhance medication adherence, reduce

pharmaceutical waste, and improve the accuracy of proper disposal practices among the public.

Materials and Methods

Study Design

This cross-sectional study was conducted at Taipei City Hospital Yang-Ming Branch in spring 2022 using a self-designed
questionnaire. This study was reviewed and approved by the Institutional Review Board of Taipei City Hospital, with
approval granted on Dec 03, 2021.

The medication disposal policy referenced in this study was formulated by the Taipei City Government, based on
national guidelines issued by Taiwan’s Ministry of Health and Welfare. The policy specifically targets five categories of
pharmaceutical waste—antibiotics, hormonal medications, anticancer/immunosuppressants, controlled substances, and
needles/syringes—which must be returned to designated disposal stations.

Promotional strategies under this policy included recycling labels on medication bags, posters and bulletins displayed
at disposal stations and hospital premises, as well as public health education seminars aimed at increasing awareness and
compliance among patients.

Participants

Participants were recruited through convenience sampling at the hospital’s outpatient pharmacy (ie, the hospital-based
outpatient dispensary). Eligible participants were adults (1) aged 20 years or older, (2) receiving medication treatment for
chronic diseases, and (3) self-administering medications. Individuals who were unable to communicate with the
researchers were excluded. Written informed consent was obtained from all participants before enrollment.

Procedures

The questionnaire development was conducted in consultation with licensed pharmacists who provided input on the
relevance and clarity of items related to medication disposal practices and policy awareness. The self-designed ques-
tionnaire encompassed four domains: knowledge of pharmaceutical waste disposal, clarity in the disposal policy,
satisfaction with the disposal policy promotional strategies, and sociodemographic information. The pharmaceutical
waste disposal section included 10 true-or-false statements, with one point awarded for each correct response and zero
points for incorrect or “I don’t know” answers. Higher scores indicated greater competence in pharmaceutical waste
disposal. Medication adherence was assessed using the Adherence to Refills and Medications Scale (ARMS), which
comprises 12 items used to evaluate adherence to medication instructions and refill compliance. Total scores range from
12 to 48." A score of 16 was used as a cutoff;>*?! participants with a score of 12—15 points were classified as having
good adherence, and 16 or higher were poor adherence. Clarity in the disposal policy and satisfaction with the disposal
policy promotional strategies were each assessed using one items, rated on a 5-point Likert scale. Higher scores indicated
greater perceived disposal policy or satisfaction with the policy promotion. The ARMS is reverse-scored, with higher
scores indicating poorer adherence, whereas other instruments are positively scored. To minimize potential confusion, all
questionnaires were presented with clear instructions and consistent formatting. Participants were informed of the scoring
direction where applicable. A detailed description of the full survey instrument is provided in Supplementary File 1.
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The questionnaire underwent content validation by a panel of five experts, including one specialist in behavioral
theory and four licensed practicing pharmacists, to ensure clarity, relevance, and appropriateness of each item. The
questionnaire was pre-tested with six patients to evaluate clarity and comprehension. Minor wording revisions were made
based on their feedback to ensure that the items could be completed independently without assistance from research
personnel. Internal consistency reliability of the self-developed section was assessed, with Cronbach’s alpha = 0.797,
indicating acceptable reliability.

Data Analyses

Questionnaires with substantial missing responses were excluded prior to analysis. For the remaining valid cases, a small
number of missing values were not included in the corresponding analyses, and the number of missing cases is indicated
in the tables where applicable. Descriptive statistical analyses were conducted to examine knowledge of medication
disposal, medication adherence, and satisfaction with the disposal policy promotion. Categorical variables are reported as
frequencies and percentages, and continuous variables are expressed as means and standard deviations. Independent
samples t-tests were used to assess differences by participant characteristics, and Pearson’s correlation coefficient was
used to analyze relationships among the study variables. Data were processed using Microsoft Excel 2010 (Microsoft
Corporation, Redmond, WA) and PASW Statistics Version 21.0 (SPSS, Chicago, IL, USA). No a priori power analysis
was conducted; however, the final sample of 273 participants is considered adequate for cross-sectional survey analyses.
The sample size also met the commonly recommended ratio of at least 5-10 participants per questionnaire item.

Results

A total of 301 patients were approached for participation in this study. After excluding 28 questionnaires due to
incomplete responses, 273 valid samples were included in the final analysis. No patient explicitly refused participation.
Figure 1 presents the flow of patient recruitment and inclusion.

The average age of the respondents was 64.32 (SD = 13.182) years, and 149 (55%) participants were aged 65 years or
older. Females accounted for 149 (55%) participants. Furthermore, 149 (55%) respondents had a college degree or
higher, whereas 124 (45%) had lower educational attainment. Most respondents, 245 (90%) lived with others, and 28
(10%) lived alone. Regarding medication use, 153 (56%) participants reported taking one to four medications, whereas
120 (44%) took five or more. Detailed information is presented in Table 1.

The medication disposal survey results indicated that patients younger than 65 years had higher competence than did
those aged 65 years and older (5.984 vs 5.268, p = 0.001). In addition, participants with a college degree or higher
demonstrated greater competence in medication disposal than did those with a lower education level (5.812 vs 5.258, p =
0.003). Both adherence groups exhibited insufficient knowledge of proper medication disposal; however, the participants
with good adherence reported higher satisfaction with the disposal policy promotional strategies (3.657 vs 3.439, p =
0.024). No significant differences in disposal knowledge were observed with respect to living situation or the number of

chronic medications used. Detailed information is presented in Table 1. For specific disposal items, the correct response

Patients approached
(n=301)

Excluded due to incomplete
responses (n=28)

Valid responses included
in final analysis
(n=273)

Figure | Study flow diagram of participant recruitment and inclusion.
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Table | Patient Characteristics by Disposal Competence and Policy Clarity and Satisfaction

Demographic Variable

Knowledge of

Medication Disposal

Clarity of
Disposal Policy

Satisfaction with the Disposal Policy
Promotional Strategies

Age (Mean (SD)) 64.32 (13.182)
Age (years) n %
<65 124 45% | 5.984 (1.557) 3.374 (1.011) 3.496 (0.793)
265 149 55% | 5.268 (1.417) 3.215 (1.017) 3.651 (0.744)
p value 0.001 0.199 0.098
Sex
Male 124 45% | 5.476 (1.500) 3.323 (1.017) 3.621 (0.750)
Female 149 55% | 5.631 (1.535) 3.255 (1.015) 3.544 (0.784)
p value 0.400 0.585 0.409
Education Level
Below the college level | 124 45% | 5.258 (1.349) 3.395 (0.936) 3.621 (0.728)
Above the college level | 149 55% | 5.812 (1.604) 3.195 (1.070) 3.544 (0.801)
p value 0.003 0.100 0.409
Living Situation
Living alone 28 10% | 5.536 (1.401) 3.036 (0.962) 3.679 (0.863)
Living with others 245 90% | 5.563 (1.532) 3.314 (1.018) 3.567 (0.758)
p value 0.928 0.169 0.469
Number of Chronic Medications
1—4 types 153 56% | 5.529 (1.655) 3.235 (1.031) 3.529 (0.787)
5 or more types 120 44% | 5.600 (1.325) 3.350 (0.993) 3.642 (0.742)
b value 0.696 0.355 0.232
Adherence®
Good (ARMS 12-15) 175 64% | 5.657 (1.50) 3.331 (1.014) 3.657 (0.733)
Poor (ARMS >15) 98 36% | 5.388 (1.537) 3.204 (1.015) 3.439 (0.813)
p value 0.159 0.320 0.024
Overall 273 5.560 (1.5162) 3.286 (1.0141) 3.579 (0.7683)

Note: *Adherence categorized as binary variable (good vs poor) based on cutoff score 16.

rate was highest for needles and syringes (187 in 273, 68.5%) and lowest for general expired medications (109 in 273,
39.9%), which could be discarded through household waste disposal.

In the analysis of medication adherence, an ARMS score of 16 was used as the cutoff for poor adherence. The results
indicated that older age (=65 vs <65 years, 14.792 vs 16.325, p = 0.001), lower education level (low vs high, 14.879 vs
16.040, p = 0.009), living alone (alone vs with others, 14.036 vs 15.682, p < 0.001), and taking more medications (=5 vs
<5, 14.792 vs 16.078, p = 0.004) significantly affected medication adherence. Detailed information is provided in

Table 2.
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Table 2 Patient Characteristics by Medication Adherence

Demographic Variable | n Adherence to Refills and Medications Scale (ARMS)
Age (Mean (SD)) 64.32 (13.182)
Age n %
<65 124 45% | 16.325 (4.128)
265 149 55% | 14.792 (3.165)
p value 0.001
Sex
Male 124 45% | 15.492 (3.668)
Female 149 55% | 15.53 (3.786)
p value 0.933
Education Level
Below the college level | 124 45% | 14.879 (3.292)
Above the college level | 149 55% | 16.040 (3.986)
p value 0.009
Living Situation
Living alone 28 10% | 14.036 (1.598)
Living with others 245 90% | 15.682 (3.862)
p value < 0.001
Number of Chronic Medications
14 types 153 56% | 16.078 (3.965)
5 or more types 120 44% | 14.792 (3.274)
p value 0.004
Overall 273 15.513 (3.7260)

Table 3 Correlations of Disposal Knowledge, ARMS, Medication Count, Policy Clarity, and Satisfaction

Adherence to Refills and

Medications Scale (ARMS) *

Knowledge of
Medication
Disposal

Number of
Chronic
Medications

Clarity of the
Disposal Policy

Adherence to Refills and
Medications Scale (ARMS) ?

Knowledge of Medication Disposal

~0.021 (p = 0.728)

Number of Chronic Medications

~0.143 (p = 0.018)

~0.029 (p = 0.476)

Clarity of Disposal Policy

~0.167 (p = 0.006)

~0.016 (p = 0.792)

0.043 (p = 0.476)

Satisfaction with the Disposal

Policy Promotional Strategies

~0.235 (p < 0.001)

~0.043 (p = 0.482)

0.102 (p = 0.092)

0.688 (p < 0.001)

Note: *Adherence treated as continuous variable; higher scores indicate poorer adherence.
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Table 4 Associations between awareness of medication disposal information and

perceptions of disposal policy

medication disposal knowledge, adherence, and

n Knowledge of Adherence to Refills and Clarity in Satisfaction with the Disposal
Medication Medications Scale (ARMS) | Disposal Policy Promotional Strategies
Disposal Policy
Awareness of the Recycling Label on the Medication Bag
Awareness * 26 | 5.500 (1.581) 15.731 (3.459) 3.538 (1.029) | 3.846 (0.613)
Unawareness 247 | 5.567 (1.512) 15.490 (3.759) 3.259 (1.011) | 3.551 (0.779)
p value 0.831 0.754 0.182 0.029

Awareness of Medication Disposal Station Locations

Awareness 140 | 5.800 (1.384) 15.686 (3.944) 3.529 (0.940) | 3.679 (0.780)
Unawareness 131 | 5.326 (1.604) 15.348 (3.495) 3.023 (1.030) | 3.470 (0.746)
p value 0010 0.457 < 0.001 0.025

Note: *Missing data for two participants.

Correlation analysis revealed no significant relationship between the knowledge of medication disposal and medica-
tion adherence. Detailed information is presented in Table 3.

In the survey on medication disposal promotion, most respondents (247, 90.48%) were unaware of the recycling label
on their medication bags, and 140 (51.28%) knew the location of hospital recycling stations. Further analysis revealed no
significant differences in the knowledge of medication disposal, ARMS total score, or clarity in the disposal policy
between those aware and unaware of the recycling label. However, respondents who recognized the label reported higher
satisfaction with the disposal policy promotional strategies (3.846 vs 3.551, p = 0.029). Patients who knew the location of
recycling stations had significantly higher scores for knowledge of medication disposal (5.800 vs 5.326, p = 0.01), clarity
in disposal policy (3.529 vs 3.023, p < 0.001), and satisfaction with the disposal policy promotional strategies (3.679 vs
3.470, p = 0.025). Detailed information is provided in Table 4. In addition, demographic factors such as age, sex,
education level, living situation, and the number of medications did not lead to significant differences in clarity in the
disposal policy or satisfaction with the disposal policy promotional strategies. Detailed information is presented in
Table 1.

The ARMS score was significantly negatively correlated with the number of medications (r = —0.143, p = 0.018),
clarity in disposal policy promotion (r = —0.167, p = 0.006), and satisfaction with the disposal policy promotional
strategies (r = —0.235, p < 0.001). These results indicate that patients taking more medications, perceiving greater clarity
in policy, and reporting higher satisfaction with the disposal policy promotional strategies had weak positive impact on
medication adherence. In addition, clarity in disposal policy was significantly positively correlated with satisfaction with
the disposal policy promotional strategies (r = 0.688, p < 0.001), indicating that increased clarity was associated with
greater patient satisfaction. Detailed information is provided in Table 3.

Discussion

Knowledge of Medication Disposal

The results of the present study revealed an average medication disposal competence score of 5.56 among participants.
Participants younger than 65 years and those with higher education levels had significantly better medication disposal
competence. This age-related effect on disposal competence is consistent with the findings of a 2017 study conducted in
Taiwan, where Wang et al observed that individuals aged over 71 years had lower competence in medication disposal.?*
A 2011 survey performed in Taiwan that examined the public’s handling of unused medications at home indicated that
most individuals disposed of them improperly. Although 69.3% of respondents supported returning unused medications
to medical institutions or community pharmacies, 30.2% admitted that they did not follow this practice. Only 7.1%
reported using designated collection stations, whereas most either discarded medications as regular waste or stored them

Journal of Multidisciplinary Healthcare 2025:18 hetps: 8371



Hsu et al

at home.”* These findings indicate that only a small proportion of the public engaged in proper medication disposal at the
time. Although the present study did not directly examine disposal behaviors, it evaluated public awareness of
medication disposal practices following policy changes in Taiwan.

Although efforts to promote medication recycling programs have advanced in Taiwan, public competence in proper
medication disposal still requires improvement. Educational outreach efforts must be strengthened, particularly for older
adults and individuals with lower education levels. Expanding recycling education can enhance medication disposal
competence, increase awareness of the environmental effects of medication waste, and ultimately reduce the negative
effects of improper disposal on environmental and public health.®"!

Medication Adherence

In the present study, the ARMS score of participants was 15.513. Overall, 64.1% of the participants had good medication
adherence, a rate slightly higher than that reported in previous studies on medication adherence in Taiwan.>* This
improvement may reflect increased health literacy over time leading to better medication-taking behaviors.

Studies investigating the effect of personal characteristics, such as age, on medication adherence have reported
inconsistent findings. The present study determined that patients younger than 65 years had poorer medication adherence,
whereas Xie et al (2020) reported no significant association between medication adherence and factors such as sex, age,
or living situation. However, their findings demonstrated that patients with a better perceived health status were more
likely to adhere to their medication regimen, indicating that self-assessed health plays a critical role in adherence.?* By
contrast, West et al (2020) reported that younger participants (under 65 years) had more unused medications than older
participants did, potentially indicating poorer adherence.” Our study demonstrated that patients with higher education
levels exhibited lower medication adherence, a result consistent the findings of West et al, who identified a significant
association between higher education (particularly among younger and employed individuals) and both poor medication
adherence and increased medication waste. This trend may be attributed to the higher prevalence of chronic conditions
among older adults, who often require consistent medication management and may have a better understanding of
medication use, and increase their perceived health status leading to decreased wastage in this population.” Research on
the relationship between patient characteristics and medication adherence remains inconclusive, with discrepancies likely
arising from variations in sample populations, backgrounds, and study designs. Future studies should investigate the
effects of these demographic factors to develop more effective interventions for improving adherence in different groups.

Knowledge of Medication Disposal and Medication Adherence

The present study examined the relationship between knowledge of medication disposal and medication adherence.
Although no significant correlation was observed, the results align with a 2020 study conducted in Malta.> Nonadherence
is a major contributor to medication wastage'®* because individuals who do not follow prescribed regimens tend to
accumulate unused medications. When combined with limited disposal knowledge, this may exacerbate environmental
harm. A study in Florida indicated that mismanagement of medical products, including improper medication nonadher-
ence, safety, storage, and disposal, can significantly affect the quality of life of community-dwelling older adults with
chronic diseases.”® Thus, in addition to reducing medication waste and its environmental impact, adherence is crucial in
disease management and affects overall quality of life.

Findings from the Malta study and the present study suggest that improving medication disposal competence should
be integrated with diversified strategies to enhance both adherence and disposal behaviors. Previous research has shown
that health literacy promotion can increase adherence while also reducing medication waste.'® Employing a multi-
strategy approach can help minimize unsafe disposal practices and associated health and environmental risks.

Although medication adherence and disposal knowledge are distinct behaviors, they both contribute to the accumula-
tion and management of unused medications. Nonadherence increases the likelihood of stockpiling, whereas limited
disposal knowledge affects how these medications are ultimately discarded. Examining both behaviors together thus
provides a more comprehensive understanding of the upstream factors influencing medication waste and safe medication
practices, which is consistent with the objectives of this study.
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Interestingly, this study revealed contrasting patterns between medication disposal knowledge and medication
adherence. Younger adults and those with higher education had better disposal knowledge, likely reflecting greater
health literacy and better access to information. In contrast, adherence was higher among older adults and individuals
with lower education, possibly due to longer disease experience, stronger medication routines, and caregiver support.
These findings suggest that disposal knowledge and adherence are shaped by different determinants—knowledge by
educational and cognitive factors, and adherence by behavioral habits and clinical engagement—highlighting the need for
tailored interventions for different patient groups.

Clarity of the Disposal Policy and Satisfaction with the Disposal Policy Promotional

Strategies and Knowledge of Medication Disposal

The results of the present study indicate a correlation between the promotion of disposal policies and knowledge of
medication disposal. In this study, patients who knew the location of disposal stations had significantly higher disposal
knowledge, suggesting that specific and practical information enhances patients’ ability to adopt proper disposal
behaviors. A 2017 survey in Hsinchu County, Taiwan, recommended labeling medication bags to indicate whether
a drug should be taken to a disposal station.** In addition, Taipei City Hospital introduced a new medication bag in 2018
with labels specifying disposal methods, indicating which medications required disposal at a medical facility. However,
fewer than 10% of the respondents were aware of these labels, suggesting that the design has not achieved its intended
effect. In contrast to relying on symbols on medication bags, providing actionable information, such as specifying the

location of disposal stations, may be more effective in guiding patients toward proper disposal practices.

Study Limitations

This study used a well-structured design; however, several limitations must be considered. First, its cross-sectional design
limits the ability to assess causal relationships, which only allowed for correlation analysis. Second, the sample was
drawn from a single hospital, which may limit the generalizability of the findings. In addition, the small sample sizes of
certain subgroups, including participants living alone and those aware of recycling labels, may have limited the statistical
power of subgroup comparisons. Therefore, these results should be interpreted with caution, and future studies should
consider stratified sampling or targeted recruitment to ensure adequate representation of key subpopulations.

Selection bias is another concern, as participants who agreed to complete the survey may have had a higher level of
interest in or awareness of the topic, potentially affecting the objectivity of the responses. Moreover, the use of the
ARMS to measure medication adherence may have introduced social desirability bias, potentially leading to an over-
estimation of adherence levels. This study did not differentiate between types of chronic diseases, which can affect both
medication disposal knowledge and adherence,”’ potentially masking disease-specific differences. Although the ARMS is
designed to assess medication adherence rather than disposal behavior, it was included to explore potential behavioral
correlates of disposal knowledge and clarity of disposal policy clarity; however, this may limit the precision of behavioral
inferences regarding disposal practices.

Finally, the study was designed as a practical, context-specific investigation aimed at understanding current patterns
of medication adherence and disposal behavior in Taiwan. As such, its contribution is primarily applied and policy-
oriented, and the study offers limited advancement of theoretical frameworks.

Study Strengths

This study addressed a gap in the literature regarding medication disposal competence in Taiwan and its correlation with
medication adherence. A rigorous questionnaire survey was conducted that involved patients from diverse age groups
and educational backgrounds, enabling a comprehensive assessment of knowledge levels across different demographics.
In addition, by analyzing the relationship between clarity of disposal policy and satisfaction with promotional efforts and

medication adherence, this study provides valuable insights for improving future promotion strategies.
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Future Recommendations

A 2024 systematic review on global medicine take-back programs identified key factors for success, including acces-
sibility, clear policies, and conveniently located collection sites.® Incorporating policy and disposal location information
into educational materials is essential for improving public awareness. Based on current findings, outreach efforts should
prioritize older adults and individuals with lower education levels by providing simple, easy-to-follow disposal guide-
lines. Moreover, recycling labels on medication bags should be made more prominent, with clear instructions distin-
guishing medications that must be returned to disposal stations from those that can be safely discarded at home,
improving patient recognition and compliance. In Taiwanese hospitals, where most outpatients wait at pharmacies or
cashier counters, multimedia displays can be used to promote disposal education. Digital tools, such as mobile app
notifications, could further reinforce proper disposal practices.”’ These strategies would not only improve medication
disposal competence but also reduce medication waste and mitigate the environmental impact of improper disposal,
ultimately enhancing public health and safety. This study did not collect detailed information on the specific types of
unused medications held by participants. As the disposal policy targets five environmentally hazardous categories, future

research should include itemized medication inventories to assess compliance and environmental risk more accurately.

Conclusion

Although this study did not identify a significant correlation between medication disposal competence and medication
adherence, enhancing both remains essential for improving medication safety and reducing environmental impact.
Pharmacists play a critical role in strengthening public knowledge of medication disposal and adherence by actively
promoting patient education, and providing clear guidance on proper disposal and medication use. Integrating pharma-
cists’ educational efforts with policy support is crucial to developing comprehensive interventions that improve both

disposal competence and adherence in the future.
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