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ABSTRACT

Objectives This study aimed to understand disposal
practices of unwanted medications in Chinese households
and examine associations between influencing factors and
these disposal practices.

Design A nationwide cross-sectional study conducted
between 11 October and 26 October 2018.

Setting Municipalities directly under the central
government and provincial capitals across 30 provinces
and autonomous regions.

Participants A total of 6293 households participated in
the study.

Primary and secondary outcome measures A self-
designed questionnaire was used to survey disposing
methods of unwanted medications, which were
categorised into three groups: household waste disposal,
recycling and use or give unwanted medications to others.
Results 2771 (44%) households reported they have
unwanted medications. The majority (89%) disposed of
unwanted medications in the bin, sink or toilet. Having

a family member of 65 years old and above (OR: 5.45;
95% CI: 3.20 to 9.26), having a family member of medical
professions (OR: 1.45; 95% Cl: 1.15 to 1.83), receiving
information on proper disposal (OR: 6.03; 95% Cl: 4.54

t0 8.00) and having a high level of perception of risk to
the environment (OR: 1.56; 95% Cl: 1.05 to 2.30) were
associated with recycling. Additionally, a household
having more than 10 medications stored (OR: 1.73; 95%
Cl: 1.29 to 2.34) was more likely to dispose of unwanted
medications in the bin or sink/toilet. Women were less
likely to use unwanted medications or give them to others
(OR: 0.59; 95% Cl: 0.38 to 0.90). A higher perception of
health risks was associated with increased recycling,
particularly among middle-aged and older adults (OR:
1.60; 95% Cl: 1.04 to 2.47) and decreased likelihood of
using unwanted medications or giving them to others (OR:
0.36; 95% Cl: 0.20 to 0.67).

Conclusions There is an urgent need to establish a
standardised management system for rational disposal of
unwanted medications in China. This system should aim
to promote and educate the public on rational stocking
and use of medications, as well as appropriate disposal
practices.

BACKGROUND
As the global economy and health indus-
tries continue to advance rapidly, drug

2 Qiyun Zhu,* Weigi Chen,?® Qingyuan Xue,>®
% Bin Jiang®®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study is a large-scale investigation that analy-
ses the factors influencing the disposal of unwanted
household medications across 30 provinces and au-
tonomous regions in China.

= However, potential recall bias may have led to an
underestimation of households with unwanted
medications.

= Findings may not be generalisable to rural areas or
older adults due to the sample’s demographic bias.

= We did not investigate the specific types of un-
wanted medications, limiting the understanding of
disposal practices related to different medication
categories.

= Seasonal variations in disposal practices were not
considered.

utilisation patterns have undergone signifi-
cant transformations, leading to an augmen-
tation in drug purchases. In developing
countries, drug expenditure constitutes
approximately 30%—-40% of total health-
care expenditures.' Approximately 78.6%
of households in China report storing medi-
cines.? However, numerous medications are
not used for treating diseases due to factors
such as alterations in the patient’s condition
(including condition improvement, deterio-
ration or death), side effects and poor treat-
ment outcomes. Consequently, a substantial
proportion of the medications are wasted.
Unused and expired medications not only
are a significant waste of resources but also
pose potential hazards to the environment
and human health when disposed of improp-
erly.” Unwanted medications can infiltrate the
soil, rivers and lakes, thereby contaminating
the environment and increasing the risk of
antibiotic resistance.” Furthermore, chil-
dren may be accidentally exposed to unused
and expired drugs stored in the household,
leading to adverse health consequences.’
Additionally, some addictive drugs may be
shared among individuals, which increases
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the risk of illicit use of psychotropic substances.’ There is
a growing international concern regarding the potential
societal, environmental and health impacts of improper
disposal of unwanted household medicines.

Unwanted medications refer to those that have expired,
become denatured/moldy due to improper storage, or
those which remain within their expiration date but are
no longer needed for use.” A recent systematic review
revealed that consumers used multiple methods for
disposing of unwanted medicines. The most prevalent
methods include discarding them in the bin and flushing
them down the sink, drain or toilet.® In many devel-
oping countries, the incidence of returning medications
to pharmacies or healthcare facilities remains low,” and
much of the unwanted solid waste collected is directed to
poorly managed landfills.'” Recent research on the selec-
tion of disposal destinations of unwanted medications
has investigated the demographic characteristics of the
public (such as gender, age and educational attainment),
household factors (such as the number of medications
stored in the household, type of medications and patients
with chronic diseases in the house) and health educa-
tion (such as proper education and clear instructions
for disposal practices).'" In addition to the above factors,
individuals’ knowledge and attitudes toward medica-
tion disposal practices are also risk factors for improper
disposal of unwanted medications in households.
Although previous studies have found that respondents
are generally concerned about improper medication
disposal and have a good understanding of the environ-
mental and health effects of unwanted medications, their
actual behaviours are generally inconsistent with their
awareness."”

The prevalence of improper disposal methods is also
influenced by the availability of well-functioning disposal
systems.® From an international perspective, some coun-
tries have formulated policies and action guidelines for
the disposal of unwanted medicines. This usually requires
various government departments to jointly manage
unwanted medications and encourage both enterprises
and the public to participate in social governance. In the
UK, the Royal Pharmaceutical Society has gradually imple-
mented activities for proper medication disposal since the
‘90s. The Pharmaceutical Services Negotiating Committee
published the ‘Disposal of Unwanted Medicines Service
Specification’ in 2004 and collaborated with other organ-
isations to specify guidelines for community pharmacies
in 2013. In the USA, the Food and Drug Administration
and Office of National Drug Control Policy jointly devel-
oped federal guidelines,'"* while the Drug Enforcement
Administration and Environmental Protection Agency
manage the disposal of unwanted medications. The
German Federal Ministry of Health provides guidance on
household drug storage and disposal of unwanted drugs
on its official website. Furthermore, France is one of the
few countries to have enacted legislation regarding the
collection and safe destruction of unused pharmaceutical
drugs with ‘Decree No. 2009-718’. Currently, China lacks

regulations and detailed operational guidelines for the
disposal of unwanted household medications."” Despite
some local governments introducing regulations for recy-
cling expired medications, these face issues such as a weak
legal basis, lack of enforcement and poor operability.

As the world’s second-largest pharmaceutical market
and the largest producer and exporter of active pharma-
ceutical ingredients,'® China faces the risk of long-term
environmental exposure to large amounts of unwanted
medications in the environment. This poses a significant
challenge in reducing environmental loads and ecological
risks. Therefore, understanding how Chinese households
dispose of unwanted medications is crucial to minimise
potential hazards to society and the environment from
medication contamination sources.

METHODS

To understand the current status of household disposal
of unwanted medicines in China, we conducted a 2-week
cross-sectional survey. Using a convenience sampling
method, we investigated households in municipalities
directly under the central government and provincial
capitals across 30 provinces and autonomous regions
from 11 October to 26 October 2018, except Xizang
and Taiwan. The surveyed population in each province
was shown in figure 1. The study was conducted through
face to face interviews using structured questionnaires,
completed with the assistance of trained investigators to
ensure clarity and precision.

Questionnaire design

A self-designed foursection questionnaire was devel-
oped based on published studies.'" '* 7 The first section
gathered demographic information of household heads,
including sex, age, education level and region of resi-
dence. The second section focused on basic household
information and medication storage status. The third
section explored respondents’ perceptions of the poten-
tial risks of unwanted medications to human health and
environmental health. The final section investigated
actual disposal methods for unwanted household medi-
cations and knowledge of proper disposal methods. A
single item measured disposal practices: ‘how do you
usually dispose of unwanted medicines at home?’ Respon-
dents could choose multiple disposal methods: throwing
them in the trash, flushing them down the toilet or sink,
recycling them, keeping or taking them, selling them or
giving them to family members or friends. A pilot survey
was conducted with 100 participants before the formal
questionnaire was distributed, and these participants
formed a separate cohort for refining the questionnaire.
The reliability and validity of the questionnaire have been
reported elsewhere.'®

Data collection
For quality assurance purposes, we dispatched trained
staff to oversee the investigators and randomly checked
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® province

Distribution of participants in the unwanted medication survey across China’s 30 provinces. This figure shows the

proportion of the surveyed population in each province, reflecting the distribution of the survey sample in different regions.

the completion of the questionnaires. Participation in
the survey was voluntary and anonymised. Trained inves-
tigators conducted the survey at the respondents’ homes.
After thorough screening, we collected a total of 6388
questionnaires, of which 6293 were valid and complete,
resulting in a nearly 99.8% response rate. Considering
our resource limitations, this sample size represents the
maximum feasible within our capabilities and is sufficient
to provide precise estimates for our study objectives at the
designated confidence level.”

Dependent variable

In our survey, respondents were provided with six
disposal options for unwanted medications. For analyt-
ical purposes, we categorised these options into three
composite variables: household waste disposal, recy-
cling and use or give unwanted medications to others.
Household waste disposal refers to methods that involve
discarding unwanted medications in the bin/sink/toilet.

Using unwanted medications or giving them to others
included keeping or taking unwanted medications,
selling to others and giving to family members/friends.
These three dichotomised variables served as indepen-
dent variables in subsequent analyses.

Data analysis

The categorical variables were presented as numbers and
percentages. Both univariate and multivariate analyses
were conducted to examine the associations between
influencing factors and the disposal of unwanted medica-
tions. To verify the logistic regression model assumptions,
three key tests were performed: a link test to assess the
suitability of the logistic function, a Hosmer-Lemeshow
test for model fit, and a multicollinearity assessment
using variance inflation factors. The outcomes of these
tests have validated that our model adheres to the logistic
regression assumptions. In the multivariate logistic
analysis, the models were adjusted for demographic
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characteristics (gender, age, educational attainment and
region), household factors (presence of patients with
chronic diseases, medical professionals and the number
of medications stored), perceptions of potential risks of
unwanted medicines (health risk perception and envi-
ronment risk perception) and receipt of proper disposal
information. Additionally, we stratified the recycling of
unwanted medications by age and information receipt
(whether participants had received information about
proper disposal of unwanted medications). The results
were reported as ORs with 95% ClIs. Statistical analyses
were performed using Stata/MP V.17.0, with p values
<0.05 considered statistically significant.

Patient and public involvement
Patients and the public were not involved in the design,
conduct, reporting or dissemination plans of this research.

RESULTS

Characteristics of participants

Table 1 showed the characteristics of the participants.
Among the 2771 households with unwanted medications,
slightly more than half (53%) of the household heads
were women. The majority of respondents were under
35 years old (50.6%), had a college degree (59.4%), had
family members with chronic diseases (60.1%), had less
than 10 medications (67.8%) and had no medical profes-
sional in the family (67.1%). Additionally, over half of the
respondents (55.1%) received information about proper
disposal of unwanted medications. 1953 (70.5%) respon-
dents believed that unwanted medications were harmful
to human health, and 1777 (64.1%) stated that they were
harmful to the environment. The households interviewed
were from the eastern region (35.3%), central region
(32.7%) and western region (32%).

Multiple disposal destinations

2771 of all respondents reported having unwanted
medications in their household. Figure 2 illustrated the
characteristics of these respondents’ various disposal desti-
nations. Household waste disposal was the most common
destination, with 2465 (89%) respondents disposing of
them in the bin/sink/toilet. Only 487 (17.6%) respon-
dents chose to recycle and 93 (3.4%) respondents chose
to use or give their unwanted medications to others.
Detailed distributions of the demographic characteristics
were shown in online supplemental table 1.

Factors influencing disposal behaviours of unwanted
medications

Recycling

After adjusting for potential confounding factors, table 2
shows the association between participant characteristics
and recycling of unwanted medications. Compared with
respondents younger than 36 years, those aged 46-55
years (OR: 1.58; 95% CI: 1.08 to 2.31), 56-65 years (OR:
4.73; 95% CI: 2.79 to 8.03) and older than 65 years (OR:

5.45; 95% CI: 3.20 to 9.26) were more likely to recycle
unwanted medications. High school educational attain-
ment (OR: 1.78; 95% CI: 1.18 to 2.70), households
without patients with chronic disease (OR: 0.62; 95%CI:
0.49 to 0.78), having more than 10 medications stored at
home (OR: 0.79; 95% CI: 0.62 to 1.00), household with
medical professionals (OR: 1.45; 95% CI: 1.15 to 1.83),
information about proper disposal (OR: 6.03; 95% CI:
4.54 to 8.00), health risk perception (OR: 1.56; 95% CI:
1.05 to 2.30) and environment risk perception (OR: 3.72;
95% CI: 2.55 to 5.41) were factors significantly associated
with recycling of unwanted medication. In age subgroup
analyses, receiving information about proper disposal of
unwanted medications was significantly associated with
medication recycling for both respondents over (OR:
4.70; 95% CI: 2.82 to 7.83) or under 45 years of age (OR:
7.11; 95% CI: 4.96 to 10.19). However, respondents aged
under 45 years who perceived health risks (OR: 1.60; 95%
CI: 1.04 to 2.47) were more likely to recycle unwanted
medications, whereas this association was not observed
for older respondents (p >0.05). Perception of environ-
mental risk was significantly associated with recycling
behaviour among those respondents younger than 45
years (OR: 3.45; 95% CI: 2.28 to 5.24) and older than 45
years (OR: 4.71; 95% CI: 1.94 to 11.43). Perceptions of
environmental risk remained significantly associated with
recycling behaviour regardless of whether or not they
received information about proper disposal of unwanted
medications ((OR: 3.42; 95% CI: 2.29 to 5.12); (OR: 5.52;
95% CI: 1.96 to 15.53)). Sample size and unadjusted
models are shown in online supplemental table 2.

Bin or sink/toilet

Table 3 showed the association between various factors
and disposal of unwanted medications in bins and sink/
toilet. For the total population, people aged 56-65 years
(OR: 0.22; 95% CI: 0.12 to 0.38), people older than
65 years (OR: 0.15; 95% CI: 0.08 to 0.26), households
without patients with chronic disease (OR: 1.56; 95% CI:
1.19 to 2.05), having more than 10 medications storage
(OR:1.73;95% CI: 1.29 to 2.34), households with medical
professionals (OR: 0.63; 95% CI: 0.48 to 0.83), receiving
proper disposal information (OR: 0.26; 95% CI: 0.17 to
0.44) and environment risk perception (OR: 0.27; 95%
CI: 0.17 to 0.44) were factors significantly associated with
the disposal of unwanted medications into bins and sink/
toilet. Moreover, older individuals (over 45) with more
than 10 medications were more likely to dispose of them
in a bin, sink or toilet (OR: 3.71; 95% CI: 2.03 to 6.80).
Receiving proper information about medication disposal
was associated with lower household medication disposal
behaviours in both young (OR: 0.23; 95% CI: 0.15 to
0.34), middle-aged and older adults (OR: 0.33; 95%
CI: 0.19 to 0.57). Perception of risk to the environment
reduced bin and sink/toilet disposal among young (OR:
0.29; 95% CI: 0.17 to 0.49), middle-aged and older adults
(OR: 0.22; 95% CI: 0.08 to 0.65). Sample size and unad-
justed models are shown in online supplemental table 3.
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Table 1 Sociodemographic characteristics of respondents

Households with Households without

Total unwanted medicines unwanted medicines

Characteristic N % N % N %
Gender

Male 2963 471 1301 47.0 1662 47.2

Female 3330 52.9 1470 53.0 1860 52.8
Age (years)

<35 3428 54.5 1401 50.6 2027 57.6

36-45 1792 28.5 841 30.4 951 27.0

46-55 634 10.1 287 10.4 347 9.9

56-65 259 4.1 119 4.29 140 4.0

>65 180 2.9 123 4.4 57 1.6
Education attainment

Middle school or below 724 11.5 279 10.1 445 12.6

High school 1954 31.1 845 30.5 1109 3i:-5

Bachelor’s degree or above 3615 57.4 1647 59.4 1968 5519
Patients with chronic diseases at home

No 3241 518 1106 39.9 2135 60.6

Yes 3052 48.5 1665 60.1 1387 39.4
The number of medications stored at home

<10 5051 80.3 1880 67.8 3171 90.0

>10 1242 19.7 891 32.2 351 10.0
Households with medical professionals

No 4488 71.3 1860 67.1 2628 74.6

Yes 1805 28.7 911 32.9 894 25.4
Having received information about proper disposal of unwanted medicines

No 3131 49.8 1244 44.9 1887 53.6

Yes 3162 50.2 1527 55.1 1635 46.4
Health risk perception
Low 1647 26.2 818 29.5 829 23.5
High 4646 73.8 1953 70.5 2693 76.5
Perception of risk to the environment
Low 1961 31.2 994 35.9 967 27.5
High 4332 68.8 1777 64.1 2555 72.5
Region of residence

Eastern province 2348 37.3 977 35.3 1371 38.9

Middle province 2138 34.0 907 32.7 1231 35.0

Western province 1806 28.7 887 32.0 919 26.1

Using unwanted medications or giving them to others

Table 4 showed the association between various factors
and giving unwanted medications to others. Women (OR:
0.59; 95% CI: 0.38 to 0.90) were independently associ-
ated with using unwanted medications or giving them to
others. Those who had medical professionals in the family
(OR: 1.61; 95% CI: 1.01 to 2.55), low levels of health risk
perception (OR: 0.34; 95% CI: 0.19 to 0.61) and high
levels of environmental risk perception (OR: 2.69; 95%

CI: 1.44 to 5.03) were more likely to use unwanted medi-
cations or give them to others. Sample size and unad-
justed models were shown in online supplemental table 4.

DISCUSSION

To our knowledge, this is the first study to analyse the
factors that influence disposal practices of unwanted
medications using survey data from 30 provinces in
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Figure 2 Rates of 2771 respondents reporting multiple disposal destinations. It presents the proportions of different disposal
methods for unwanted medications, such as household waste disposal, recycling and using or giving them to others, visually
demonstrating the differences in the proportions of various disposal methods.

China. Our study showed that 44% of households had
unwanted medications. This proportion is consistent with
the results of a survey conducted on household medica-
tion management (50%) in Kunming, Yunnan Province,
China."” The presence of expired or unused medication
in households is a global phenomenon, with previous
studies reporting proportions of households with
unwanted medications being 88% in Ireland,” 72% in
Portugal,”' 60% in Australia,” 42% in the USA and 31%
in Sweden.” The relatively low proportion of unwanted
medications in China may be related to moral frugality, a
trait of Chinese national identity.”” Unused medications
are often assigned high values. People tend to store and
use them until the expiration date before disposing of
them.

This study found that the primary disposal practice for
unwanted medication in China was disposal with house-
hold waste, with less than 20% of households prefer-
ring recycling. In developing countries lacking policy
measures for the disposal of unwanted medications, the
proportion of disposal via household waste was higher,
such as Kuwait (87.7%),%° Saudi Arabia (86.2%),"
Lebanon (84.3%-92.4%),” India (81.9%)° and Ethiopia
(77.1%)." In most of these countries, less than 10% of
unwanted medications are returned to the pharma-
cies. However, in some developed countries with better
disposal systems, the proportion of recycling of unwanted
medications is higher, such as Sweden (43%),** the UK
(27%)*® and Australia (22.5%).% Additionally, some devel-
oping countries that have medicine return programmes
exhibit similarly high recycling rates, such as Malaysia
(25.2%).%® Therefore, at the national level, the govern-
ment should formulate measures to guide the proper
disposal of unwanted medications.

Gender and disposal of unwanted medications

This study found that men were more likely to use or give
away unwanted medications. This behaviour may stem
from a reduced concern or interest in proper medication

storage and disposal, potentially leading to disregard for
expiration dates and associated risks, as well as a greater
propensity to use or share medications without consid-
ering the consequences.” This reduced concern for
proper medication practices aligns with findings from
previous studies.® Furthermore, men may unintention-
ally use unwanted medications due to a lower likelihood
of reading medication labels. These findings highlight
the need for targeted educational interventions to
increase awareness of proper medication disposal and
the potential risks associated with the misuse of unwanted
medications.

Age and disposal of unwanted medications

Age was positively associated with recycling of unwanted
medications and negatively associated with disposal in
bins and sinks/toilets. Patients frequently visiting phar-
macies or receiving healthcare services, often elderly in
China, are more familiar with returning medications.
Perceived inconvenience (time and space) and inflex-
ible work schedules hinder younger adults from proper
disposal, leading them to dispose in bins, sinks or toilets
due to laziness and busyness. However, young adults are
more concerned about environmental contamination
and believe that pharmacy interventions could effectively
control environmental contamination from unwanted
medications.” Therefore, younger adults may be more
likely to keep or take or give to others if they perceive
high environmental risks. Middle-aged and older adults,
a high medication storage group, are more vulnerable
to adverse drug reactions and may be more impacted by
health risk perception in medication disposal.*

The number of medications at home and disposal of unwanted
medications

Overstocking of medications implies poor home medica-
tion management,33 often due to alack of awareness about
proper waste disposal.34 Our study found that middle-
aged and older adults (over 45) with over 10 medications
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Table 2 Factors influencing recycling of unwanted medications

Age Information group
Characteristic Model 1b <45 years (n=2242) >45 years (n=529) Yes No
Gender
Male 1.00 1.00 1.00 1.00 1.00
Female 1.00 (0.80,1.24) 0.98 (0.77,1.26) 1.01 (0.64,1.61) 0.99 (0.78,1.27) 0.95 (0.57,1.58)
Age (years)
<35 1.00 - - 1.00 1.00
36-45 1.18 (0.92,1.53) - - 1.19 (0.91,1.56) 1.18 (0.57,2.41)
46-55 1.58 (1.08,2.31)* - - 1.49 (0.98,2.26) 1.87 (0.76,4.58)
56-65 4.73 (2.79,8.03)"* - - 2.99 (1.65,5.76)* 9.91 (3.75,26.19)***
>65 5.45 (3.20,9.26)* - - 4.29 (1.98,9.25)** 8.00 (3.10,20.65)***
Education attainment
Middle school or  1.00 1.00 1.00 1.00 1.00
below
High school 1.78 (1.18,2.70)**  1.53 (0.79,2.99) 1.70 (0.99,2.92) 1.3 (0.79,2.12) 3.77 (1.60,8.88)**

Bachelor’s degree
or above

1.24 (0.80,1.92)  1.11(0.58,2.11)

Patients with chronic diseases at home

No 1.00 1.00

Yes 0.62 (0.49,0.78)** 0.67 (0.52,0.86)**
The number of medications stored at home

<10 1.00 1.00

>10 0.79 (0.62,1.00) 0.98 (0.74,1.28)
Households with medical professionals

No 1.00

Yes 1.45 (1.15,1.83)**

1.00
1.72 (1.34,2.21)*

0.66 (0.32,1.36)

1.00
0.50 (0.29,0.85)"

1.00
0.40 (0.24,0.67)"*

1.00
0.57 (0.30,1.09)

Receiving information about proper disposal of unwanted medications

No
Yes

1.00
6.03 (4.54,8.00)**

1.00
7.11 (4.96,10.19)**
Health risk perception

Low 1.00 1.00

High 1.56 (1.05,2.30)* 1.60 (1.04,2.47)*
Perception of risk to the environment

Low 1.00 1.00

High 3.72 (2.55,5.41)** 3.45 (2.28,5.24)***

Region of residence

1.00

0.92 (0.70,1.21)
1.34 (1.03,1.75)"

1.00
0.95 (0.71,1.28)
1.11 (0.82,1.50)

Eastern province
Middle province
Western province

1.00
4.70 (2.82,7.83)**

1.00
1.56 (0.61,4.04)

1.00
4.71 (1.94,11.43)™

1.00
0.99 (0.49,1.99)
3.11 (1.59,6.09)*

1.03 (0.63,1.70)

1.00
0.66 (0.51,0.85)*

1.00
0.95 (0.73,1.24)

1.00
1.46 (1.14,1.86)*

1.00
1.47 (0.96,2.24)

1.00
3.42 (2.29,5.12)

1.00
0.95 (0.71,1.28)
1.19 (0.89,1.60)

1.38 (0.51,3.72)

1.00
0.52 (0.29,0.92)

1.00
0.27 (0.14,0.52)***

1.00
1.65 (0.89,3.08)

1.00
2.12 (0.75,5.95)

1.00
5.52 (1.96,15.53)™

1.00
0.79 (0.36,1.74)
1.95 (0.98,3.89)

Model 1b: in the multivariate logistic regression, age, gender, education attainment, region, having patients with chronic diseases, presence of
medical professionals and the number of medications stored, health risk perception and environment risk perception were adjusted, and the
dependent variable was whether someone recycled unwanted medications.

—, The item is not applicable.
*p<0.05, *p<0.01, **p<0.001.

at home were more likely to dispose of unwanted medi-
cations in bin/sink/toilet. This may stem from handling
numerous medications due to multiple health issues and

perceiving these methods as clean and convenient. High
medication storage levels could contribute to a lack of
awareness about proper disposal,35 leading to disposal in
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Table 3 Factors influencing disposal of unwanted medications into bin and sink/toilet

Age Information group
<45 years
Characteristic Model 2b (n=2242) > 45 years (n=529) Yes (n=1527) No (n=1244)
Gender
Male 1 1 1.00 1.00
Female 1.23 (0.95,1.60) 1.37 (1.01,1.85)*  0.93 (0.55,1.57) 1.37 (1.02,1.83)*  0.93 (0.53,1.65)
Age (years)
<35 1 - - 1.00 1.00
36-45 1.01 (0.74,1.38) - - 0.91 (0.65,1.27) 1.95 (0.78,4.87)
46-55 0.70 (0.45,1.11) - - 0.75 (0.45,1.25) 0.68 (0.26,1.80)
56-65 0.22 (0.12,0.38)** - - 0.36 (0.17,0.75)**  0.11 (0.04,0.32)***
>65 0.15 (0.08,0.26)** - - 0.15 (0.07,0.34)** 0.16 (0.06,0.46)**
Education attainment
Middle school or 1 1 1 1.00 1.00

below
High school 0.68 (0.42,1.09)

Bachelor’s degree or 0.78 (0.47,1.30)
above

Patients with chronic
diseases at home

No 1
1.56 (1.19,2.05)**
The number of medications stored at home
<10 1
>10 1.73 (1.29,2.34)***
Households with medical professionals
No 1
0.63 (0.48,0.83)*

Yes

Yes

0.97 (0.45,2.11)
1.01 (0.48,2.11)

;
1.43 (1.06,1.93)

;
1.28 (0.91,1.79)

1
0.52 (0.38,0.70)**

0.67 (0.37,1.23)
1.68 (0.72,3.94)

”
2.04 (1.10,3.78)*

:
3.71 (2.03,6.80)**

,
1.72 (0.80,3.70)

Receiving information about proper disposal of unwanted medications

No 1
Yes 0.26 (0.19,0.36)***

Health risk perception

Low 1

High 0.67 (0.41,1.09)
Perception of risk to the environment

Low 1

High 0.27 (0.17,0.44)*

Region of residence

Eastern province 1
1.22 (0.87,1.73)
0.57 (0.42,0.78)***

Middle province
Western province

]
0.23 (0.15,0.34)**

;
0.71 (0.42,1.22)

.
0.29 (0.17,0.49)**

1

1.16 (0.80,1.68)
0.74 (0.52,1.05)

1

0.33 (0.19,0.0.57)**

:
0.50 (0.16,1.60)

,
0.22 (0.08,0.65)"

1

1.19 (0.48,2.93)
0.19 (0.09,0.43)**

1.25 (0.71,2.18)
1.2 (0.68,2.12)

1.00
1.48 (1.09,2.00)*

1.00
1.48 (1.06,2.07)*

1.00
0.56 (0.42,0.76)**

1.00
0.75 (0.44,1.29)

1.00
0.27 (0.16,0.47)**

1.00
1.01 (0.70,1.46)
0.59 (0.42,0.85)"

0.13 (0.04,0.42)
0.3 (0.08,1.11)

1.00
1.78 (0.92,3.44)

1.00
3.46 (1.71,7.00)*

1.00
0.86 (0.41,1.81)

1.00
0.41 (0.13,1.24)

1.00
0.28 (0.10,0.80)*

1.00
3.49 (1.21,10.09)*
0.63 (0.31,1.29)

Model 2b: in the multivariate logistic regression, age, gender, education attainment, region, having patients with chronic diseases, presence of
medical professionals and the number of medications stored, health risk perception and environment risk perception were adjusted, and the

dependent variable was whether someone disposed unwanted medications into bin and sink/toilet.

-, The item is not applicable.
*p<0.05, **p<0.01, **p<0.001.
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Table 4 Factors influencing giving unwanted medications to others

Age Information group

Characteristic Model 3b <45 years (n=2242) >45 years (n=529) Yes (n=1488) No (n=1244)
Gender

Male 1 1 1 1.00 1.00

Female 0.59 (0.38,0.90)* 0.53 (0.34,0.85)** 1.16 (0.35,3.89) 0.57 (0.32,0.99)" 0.61 (0.31,1.21)
Age (years)

<35 1 - - 1.00 1.00

36-45 0.98 (0.61,1.57) - - 0.99 (0.55,1.79) 0.95 (0.41,2.16)

46-55 0.75(0.32,1.73) - - 0.81 (0.30,2.23) 0.63 (0.13,2.98)

56-65 0.89 (0.25,3.13) - - 0.54 (0.07,4.35) 1.5 (0.28,7.90)

>65 0.51(0.11,2.34) - - 1 (1.00,1.00) 1.2 (0.22,6.61)
Education attainment

Middle school or below 1 1 1 1.00 1.00

High school 1.04 (0.40,2.68)

Bachelor’s degree or  1.29 (0.51,3.28)

above
Patients with chronic diseases at home
No 1
1.61 (1.01,2.55)*
The number of medications stored at home
<10 1
>10 1.32 (0.85,2.04)
Households with medical professionals
No 1
0.98 (0.62,1.53)

Yes

Yes

1.02 (0.29,3.58)
1.22 (0.37,4.03)

"
1.57 (0.98,2.55)

;
1.34 (0.84,2.13)

y
0.99 (0.62,1.59)

1.32 (0.30,5.76)
2.29 (0.46,11.47)

;
2.09 (0.42,1.41)

;
1.28 (0.37,4.40)

;
0.71 (0.14,3.64)

Having received information about proper disposal of unwanted medications

No 1
Yes 1.26 (0.81,1.97)
Health risk perception

Low 1

High 0.34
(0.19,0.61)*

Perception of risk to the environment

Low 1

High 2.69 (1.44,5.03)
Region of residence

Eastern province 1

Middle province

Western province 0.54 (0.32,0.89)*

"
1.28 (0.79,2.06)

;
0.34 (0.18,0.63)**

y
2.91 (1.49,5.66)*

1

0.41 (0.24,0.71)* 0.39 (0.22,0.71)**

0.60 (0.35,1.02)

;
0.97 (0.28,3.33)

;
0.36 (0.05,2.63)

;
1.79 (0.26,12.47)

1

0.52 (0.13,2.05)
0.27 (0.06,1.28)

1.47 (0.32,6.71)
1.41 (0.32,6.29)

1.00
1.72 (0.94,3.15)

1.00
1.75 (1.01,3.03)*

1.00
0.86 (0.49,1.51)

1.00
0.24 (0.11,0.50)**

1.00
4.16 (1.78,9.76)"

1.00
0.44 (0.22,0.87)*
0.56 (0.29,1.08)

0.69 (0.19,2.52)
1.26 (0.35,4.52)

1.00
1.44 (0.69,2.98)

1.00
0.80 (0.37,1.70)

1.00
1.21 (0.56,2.61)

1.00
0.59 (0.23,1.50)

1.00
1.51 (0.59,3.87)

1.00
0.37 (0.15,0.89)*
0.45 (0.19,1.06)

Model 3b: in the multivariate logistic regression, age, gender, education attainment, region, having patients with chronic diseases, presence of
medical professionals and the number of medications stored, health risk perception and environment risk perception were adjusted, and the
dependent variable was whether someone used or gave unwanted medications to others.

—, The item is not applicable.
*p<0.05, *p<0.01, **p<0.001.

trash or flushing them down the sink/ toilet.” In China,
unwanted medications are classified as hazardous house-
hold waste. Households with large medication stocks,

unaware of classification standards, may dispose of them
as general waste. Therefore, advocating for rational medi-
cation preparation and use, with particular attention to
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households with overstocked medications and patients
with chronic conditions, is crucial.

Proper disposal information and disposal of unwanted
medications

Appropriate health education effectively transforms
public attitudes and behaviours towards medication
disposal.”® Our study revealed that respondents informed
about proper disposal methods increased recycling
and decreased household waste disposal, aligning with
previous research.'' *” Kusturica et al noted that a lack
of information was the primary reason for not returning
medications.'” A significant correlation was observed
between knowledge of disposal methods and behaviour.
A Malaysian survey found that knowledge reduced the
proportion of medications discarded in trash or flushed
down sinks/ toilets.'? Furthermore, healthcare profes-
sionals exhibited greater awareness than the general
public. Households with medical professionals had
higher access to disposal information, thereby increasing
the likelihood of recycling unwanted medications.
Subgroup analysis revealed that among those unaware of
proper disposal methods, a stronger perception of envi-
ronmental risk was associated with a higher likelihood
of recycling unwanted medications compared with those
who were informed. This suggests that self-perceived
risk can be a stronger driver of disposal behaviour than
externally provided information. This may be because
inadequate information can heighten anxiety™; individ-
uals with a strong sense of environmental risk may then
default to the generally accepted correct methods, such
as recycling, when specific disposal options are unknown.

Perception of risk to the environment and disposal of
unwanted medications
The perception of risk to the environment is associated
with proper disposal of unwanted medications. When indi-
viduals recognise the environmental problems caused by
waste medications, they are more inclined to return them
to pharmacies. Previous studies have shown that envi-
ronmental identity moderates the relationship between
risk perception and proper disposal behaviours.” For
those with high levels of pro-environmental behaviour,
the perception of risk to the environment increases
their willingness to dispose of pharmaceutical residues
in a proper disposal behaviour. The public believes that
discarding unwanted medications in bins or toilets/sinks
is harmful to the environment.”' Therefore, people with a
high perception of environmental risk are more likely to
recycle unwanted medications and less likely to dispose of
them improperly, thereby preventing them from contam-
inating water and soil. It is crucial to educate the public
on proper disposal methods and to highlight the envi-
ronmental and health hazards associated with improper
disposal.

Itis important to note that our study did not distinguish
between expired/deteriorated medications and unused
but non-expired medications in the analysis. While this

approach allowed us to explore general patterns of medi-
cation disposal behaviour, it may have obscured poten-
tial differences in disposal practices between these two
categories. Future studies should consider separating
these categories during data collection and analysis to
provide more targeted recommendations. Furthermore,
our study precedes the COVID-19 pandemic, which has
profoundly affected public health, including medication
usage and disposal practices. Future research should
explore changes in public awareness, policies and drug
disposal behaviours before and after the pandemic
to further standardise drug policy. Our survey results
provide a valuable baseline for understanding medication
disposal behaviours in China during the pandemic and
postpandemic periods.

Limitations

This study had several limitations. First, the number of
households with unwanted medications may be under-
estimated due to inevitable recall errors. Second, the
sample size of our study was substantial, but we cannot
generalise this finding to the entire Chinese population
as most respondents were from urban areas and under 35
years old. Older adults often have multiple chronic condi-
tions, which can present greater challenges in medication
storage and disposal. While we conducted a subgroup
analysis to explore differences in the disposal of unwanted
medications between older and younger adults, the limited
sample size restricts the generalisability of these findings.
Future research should prioritise a large-scale survey
specifically targeting older adults in China to validate
these preliminary observations. Third, we did not investi-
gate the types of unwanted medications used in Chinese
households. Throwing unwanted medications in the bin or
flushing them down the sink/toilet is not the best disposal
method. However, this outcome depends on the type of
medication used. Disposing of certain types of medication
with household waste can also be reasonable. Finally, our
survey was conducted in the winter, yet the extent to which
this seasonal factor influenced our results remains uncer-
tain. Future studies need a more comprehensive assess-
ment and consideration of the timing factors of the survey.

CONCLUSIONS

This cross-sectional study assessed the disposal practices of
unwanted medications in 6293 households in China and
found that nearly half of the households had unneeded
medications. Most participants chose household waste
disposal, potentially due to a lack of professional knowl-
edge, health risk perception and environmental risk
perception. There is an urgent need to establish a stan-
dardised management system for the rational disposal
of unwanted medications and to promote education on
proper storage, use and disposal practices among patients.

Author affiliations
'Peking University First Hospital, Beijing, China
%Public Policy Research Center, Peking University, Beijing, China

10

Yang Z, et al. BMJ Open 2025;15:¢088086. doi:10.1136/bmjopen-2024-088086



SDepartment of Health Policy and Management, Peking University, Beijing, China
“University of California at San Diego, San Diego, CA, USA

%School of Pharmaceutical Sciences, Peking University Health Science Center,
Beijing, China

Sinner Mongolia Medical University, Hohhot, Inner Mongolia, China

"National Health Commission Information Center, Beijing, People's Republic of China

Acknowledgements The authors thank all of the participants of the survey.

Contributors ZY, ZL and QZ contributed equally as co-first authors. BJ, XLF and YZ
conducted the research design and questionnaire. BJ and XLF organised the survey
and conceived the analysis, outlined and revised the manuscript. WC, QX and QZ
conducted the survey and cleaned the data. ZY and ZL analysed the data and

wrote the draft of the manuscript. BJ and XLF have accessed and verified the data.
QZ polished the manuscript. WC submitted the manuscript. All authors provided
administrative, technical or material support and approved the final manuscript. ZY
is the guarantor.

Funding National Science Foundation (72274008); Beijing Natural Science
Foundation (9224039).

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein) or of any geographic or locational reference, does not imply
the expression of any opinion whatsoever on the part of BMJ concerning the legal
status of any country, territory, jurisdiction or area or of its authorities. Any such
expression remains solely that of the relevant source and is not endorsed by BMJ.
Maps are provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval The research protocol received approval from the Ethics
Committee for Biomedical Research, Peking University First Hospital
(2021keyan020). Participation in the survey was both voluntary and anonymous,
with respondents being asked to provide their implied informed consent before
starting the survey. An option for participants to opt out of answering sensitive
questions was included in the questionnaire.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Zhixin Liu http://orcid.org/0009-0005-7758-4889
Xing Lin Feng http://orcid.org/0000-0003-3588-1859

REFERENCES

1 Teni FS, Surur AS, Belay A, et al. A household survey of medicine
storage practices in Gondar Town, Northwestern Ethiopia. BMC
Public Health 2017;17:238.

2 Han J. Barcoding drug information to recycle unwanted household
pharmaceuticals: a review. Environ Chem Lett 2022;20:2989-3003.

3 Bound JP, Voulvoulis N. Household disposal of pharmaceuticals as
a pathway for aquatic contamination in the United kingdom. Environ
Health Perspect 2005;113:1705-11.

4

5

20

21

22

23

24

25

26

27

28

Jones OAH, Voulvoulis N, Lester JN. Human pharmaceuticals in the
aquatic environment a review. Environ Technol 2001;22:1383-94.
Gidey MT, Birhanu AH, Tsadik AG, et al. Knowledge, attitude, and
practice of unused and expired medication disposal among patients
visiting ayder comprehensive specialized hospital. Biomed Res Int
2020;2020:9538127.

Kiyingi KS, Lauwo JA. Drugs in the home: danger and waste. World
Health Forum 1993;14:381-4.

Group of Food and Drug Safety Research Center in Shanghai

Food and Drug Administration. Situation of recovery & treatment
discarded drugs stored by household and connection with related
regulations (in Chinese). The 2009 Annual Meeting of the Chinese
Pharmaceutical Association’s Committee of Pharmaceutical
Administration and Forum on “National Drug Policy and Amendments
to the Drug Administration Law.” Benxi, Liaoning Province, China;
2009:27-32.

Tong AYC, Peake BM, Braund R. Disposal practices for unused
medications around the world. Environ Int 2011;37:292-8.
Sivasankaran P, Mohammed EB, Ganesan N, et al. Storage and safe
disposal of unwanted/unused and expired medicines: a descriptive
cross-sectional survey among indian rural population. JYP
2018;11:97-100.

Paut Kusturica M, Tomas A, Sabo A. Disposal of unused drugs:
knowledge and behavior among people around the world. Rev
Environ Contam Toxicol 2017;240:71-104.

Watkins S, Barnett J, Standage M, et al. Household disposal of
pharmaceuticals: attitudes and risk perception in a UK sample. J
Mater Cycles Waste Manag 2022;24:2455-69.

Ong SC, Ooi GS, Shafie AA, et al. Knowledge, attitude and disposing
practice of unused and expired medicines among the general public
in Malaysia. J Pharm Health Serv Res 2020;11:141-8.

Ayele Y, Mamu M. Assessment of knowledge, attitude and practice
towards disposal of unused and expired pharmaceuticals among
community in Harar city, Eastern Ethiopia. J of Pharm Policy and
Pract 2018;11:27.

Al-Shareef F, EI-Asrar SA, Al-Bakr L, et al. Investigating the disposal
of expired and unused medication in Riyadh, Saudi Arabia: a cross-
sectional study. Int J Clin Pharm 2016;38:822-8.

Chung S, Brooks BW. Identifying household pharmaceutical waste
characteristics and population behaviors in one of the most densely
populated global cities. Resour Conserv Recycl 2019;140:267-77.
Gautam A, Pan X. The changing model of big pharma: impact of key
trends. Drug Discov Today 2016;21:379-84.

Al-Qerem W, Hailat MM, Gassar ES, et al. Development and
validation of medication storage and disposal questionnaire. J Pharm
Health Serv Res 2021;12:262-70.

Yang Z, Han X, Yang C, et al. Storage practice and wastage of
pharmaceuticals in Chinese urban-dwelling households: Description
of urban-dwelling households. Public Health Nurs 2025;42:179-91.
Luo Y, Reimers K, Yang L, et al. Household drug management
practices of residents in a second-tier city in China: opportunities for
reducing drug waste and environmental pollution. Int J Environ Res
Public Health 2021;18:8544.

Vellinga A, Cormican S, Driscoll J, et al. Public practice regarding
disposal of unused medicines in Ireland. Sci Total Environ
2014;478:98-102.

Dias-Ferreira C, Valente S, Vaz J. Practices of pharmaceutical waste
generation and discarding in households across Portugal. Waste
Manag Res 2016;34:1006-13.

Bettington E, Spinks J, Kelly F, et al. When is a medicine unwanted,
how is it disposed, and how might safe disposal be promoted?
Insights from the Australian population. Aust Health Review
2018;42:709.

Law AV, Sakharkar P, Zargarzadeh A, et al. Taking stock of
medication wastage: Unused medications in US households. Res
Social Adm Pharm 2015;11:571-8.

Persson M, Sabelstrédm E, Gunnarsson B. Handling of unused
prescription drugs--knowledge, behaviour and attitude among
Swedish people. Environ Int 2009;35:771-4.

Zanasi M. Frugal modernity: livelihood and consumption in
republican China. J of Asian Stud 2015;74:391-409.

Abahussain EA, Ball DE, Matowe WC. Practice and opinion
towards disposal of unused medication in Kuwait. Med Princ Pract
2006;15:352-7.

Massoud MA, Chami G, Al-Hindi M, et al. Assessment of household
disposal of pharmaceuticals in Lebanon: management options

to protect water quality and public health. Environ Manage
2016;57:1125-37.

Ariffin M, Zakili TST. Household pharmaceutical waste disposal in
Selangor, Malaysia—policy, public perception, and current practices.
Environ Manage 2019;64:509-19.

Yang Z, et al. BMJ Open 2025;15:¢088086. doi:10.1136/bmjopen-2024-088086

11


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0005-7758-4889
http://orcid.org/0000-0003-3588-1859
http://dx.doi.org/10.1186/s12889-017-4152-8
http://dx.doi.org/10.1186/s12889-017-4152-8
http://dx.doi.org/10.1007/s10311-022-01420-1
http://dx.doi.org/10.1289/ehp.8315
http://dx.doi.org/10.1289/ehp.8315
http://dx.doi.org/10.1080/09593330.2001.11090873
http://dx.doi.org/10.1155/2020/9538127
https://pubmed.ncbi.nlm.nih.gov/8185788
https://pubmed.ncbi.nlm.nih.gov/8185788
http://dx.doi.org/10.1016/j.envint.2010.10.002
http://dx.doi.org/10.5530/jyp.2019.11.20
http://dx.doi.org/10.1007/398_2016_3
http://dx.doi.org/10.1007/398_2016_3
http://dx.doi.org/10.1007/s10163-022-01494-7
http://dx.doi.org/10.1007/s10163-022-01494-7
http://dx.doi.org/10.1111/jphs.12333
http://dx.doi.org/10.1186/s40545-018-0155-9
http://dx.doi.org/10.1186/s40545-018-0155-9
http://dx.doi.org/10.1007/s11096-016-0287-4
http://dx.doi.org/10.1016/j.resconrec.2018.09.024
http://dx.doi.org/10.1016/j.drudis.2015.10.002
http://dx.doi.org/10.1093/jphsr/rmaa024
http://dx.doi.org/10.1093/jphsr/rmaa024
http://dx.doi.org/10.1111/phn.13401
http://dx.doi.org/10.3390/ijerph18168544
http://dx.doi.org/10.3390/ijerph18168544
http://dx.doi.org/10.1016/j.scitotenv.2014.01.085
http://dx.doi.org/10.1177/0734242X16639388
http://dx.doi.org/10.1177/0734242X16639388
http://dx.doi.org/10.1071/AH16296
http://dx.doi.org/10.1016/j.sapharm.2014.10.003
http://dx.doi.org/10.1016/j.sapharm.2014.10.003
http://dx.doi.org/10.1016/j.envint.2008.10.002
http://dx.doi.org/10.1017/S0021911815000029
http://dx.doi.org/10.1159/000094268
http://dx.doi.org/10.1007/s00267-016-0666-6
http://dx.doi.org/10.1007/s00267-019-01199-y

29

30

31

Rogowska J, Zimmermann A, Muszynska A, et al. Pharmaceutical
household waste practices: preliminary findings from a case study in
Poland. Environ Manage 2019;64:97-106.

Domingues PHF, Galvao TF, Andrade KRC de, et al. Prevalence of
self-medication in the adult population of Brazil: a systematic review.
Rev Saude Publica 2015;49.

34

35

Abahussain E, Waheedi M, Koshy S. Practice, awareness and
opinion of pharmacists toward disposal of unwanted medications in
Kuwait. Saudi Pharm J 2012;20:195-201.

Alfian SD, Insani WN, Halimah E, et al. Lack of awareness of the
impact of improperly disposed of medications and associated
factors: a cross-sectional survey in Indonesian households. Front
Pharmacol 2021;12:630434.

Yu X, Hu X, Li S et. al. Attitudes and practice regarding diSpOSf:ﬂ.fOr 36 Service USPH. Healthy people 2000: National health promotion and
unwanted medications among young adults and elderly people in disease prevention objectives. Jones & Bartlett Learning, 1991.
China from an ecopharmacovigilance perspective. Int J Environ Res 37 Shaaban H, Alghamdi H, Alhamed N, et al. Environmental
Public Health 2019;16:1463. contamination by pharmaceutical waste: assessing patterns of

32 Chung MK, Bartfield JM. Knowledge of prescription medications _diﬁposin_g unwantec: gjedicatliorrl]s and ig\éﬁ%ﬁgating the factors
among elderly emergency department patients. Ann Emerg Med Influencing persona disposal cnoices. :
2002-39-605—}/8 rgency cep pat g 38 Wang M, Keller C, Siegrist M. The less you know, the more you are

e § L afraid of —a survey on risk perceptions of investment products.

33 Lau CLL, Hor CY, Ong ST, et al. Home medication management Journal of Behavioral Finance 2011:12:9-19.
problems and associated factors among psychiatric patients using 39 Lima ML, Luis S, Poggio L, et al. The importance of household
home care pharmacy services at government hospitals in western pharmaceutical products disposal and its risk management: Example
Malaysia. BMC Health Serv Res 2022;22:726. from Southwestern Europe. Waste Manag 2020;104:139-47.

12 Yang Z, et al. BMJ Open 2025;15:¢088086. doi:10.1136/bmjopen-2024-088086


http://dx.doi.org/10.1007/s00267-019-01174-7
http://dx.doi.org/10.1590/S0034-8910.2015049005709
http://dx.doi.org/10.3390/ijerph16081463
http://dx.doi.org/10.3390/ijerph16081463
http://dx.doi.org/10.1067/mem.2002.122853
http://dx.doi.org/10.1186/s12913-022-08069-0
http://dx.doi.org/10.1016/j.jsps.2012.04.001
http://dx.doi.org/10.3389/fphar.2021.630434
http://dx.doi.org/10.3389/fphar.2021.630434
http://dx.doi.org/10.1080/15427560.2011.548760
http://dx.doi.org/10.1016/j.wasman.2020.01.008

	Disposal practices of unwanted household medications in China: a cross-­sectional study
	Abstract
	Background﻿﻿
	Methods
	Questionnaire design
	Data collection
	Dependent variable
	Data analysis
	Patient and public involvement

	Results
	Characteristics of participants
	Multiple disposal destinations
	Factors influencing disposal ﻿﻿behaviours﻿﻿ of unwanted medications
	Recycling
	Bin or sink/toilet
	Using unwanted medications or giving them to others


	Discussion
	Gender and disposal of unwanted medications
	Age and disposal of unwanted medications
	The number of medications at home and disposal of unwanted medications
	Proper disposal information and disposal of unwanted medications
	Perception of risk to the environment and disposal of unwanted medications
	Limitations

	Conclusions
	References


