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Abstract Background Improper disposal of medication

has several possible consequences such as childhood poi-

soning, environmental pollution, a negative impact on

wildlife, and antibiotic resistance. The number of studies

conducted to characterize pharmaceutical disposal prac-

tices is limited, particularly in the Middle East. Objective

The aim of this cross-sectional study was to examine the

behaviour of individuals with respect to the disposal of

expired and unused medications. Furthermore, we aimed to

identify the best methods of education regarding appro-

priate, safe disposal of medication. Setting The study was

carried out in King Khalid University Hospital (KKUH),

and King Saud University (KSU), during a 3-month period

from February 2015 to April 2015. Method Twelve hun-

dred patients were randomly selected from KKUH and

KSU. Participants were invited to complete paper-based

questionnaire with self enumeration. Pilot testing was

conducted and involved 50 randomly selected participants.

Main outcome measures The proportion of expired

medications present in the home and their therapeutic

groups, disposal methods of expired and unused medica-

tions, and preferred educational methods regarding safe

and proper disposing of medications. Results A substantial

proportion (79.15 %) of respondents disposed of unwanted

medication via household waste, while a small proportion

(1.70 %) returned unwanted medication to a pharmacy.

Although currently practised disposal methods are

undoubtedly unsuitable, 70.20 % of respondents consid-

ered finding appropriate, safe methods via which to dispose

of unwanted medication their responsibility, and 78.6 %

expressed an interest in receiving information concerning

the correct disposal of unwanted medication. Conclusion

We have demonstrated that a low percentage of respon-

dents have ever received information regarding correct

medication disposal. Moreover, the results have shown that

over half of the respondents store antibiotics in their

households. Additionally, respondents weren’t aware of the

consequences of keeping expired medication at home. It is

quite clear that the awareness of proper and safe drug

disposal among the Saudi population is quite low making it

a priority of concerned authorities to implement educa-

tional programs.

Keywords Medication disposal � Medication waste �
Saudi Arabia � Unused medications

Impacts on practice

• Storage of unused and expired medications at home

may lead to unnecessary self medication and poison-

ings, thus, establishment of medication take-back pro-

gram in Saudi Arabia is required.
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• The presence of leftover antibiotics among stored

medications at home indicates antibiotic abuse and

may contribute to antibiotic resistance, which necessi-

tates the implementation of decisive policy action to

reduce the use of antibiotics without a prescription.

• Awareness of the preferable educational methods by

population about proper disposal of unused medication

is very important in order to deliver information in

effective, enjoyable and stimulating methods.

Introduction

The number of medications currently used worldwide is

high. In 2013, 1453 medications had received United States

Food and Drug Administration (USFDA) approval [1].

Several countries have developed policies for the disposal

of unused and expired medications. In the United States,

the Food and Drug Administration (FDA) and Office of

National Drug Control Policy developed federal guidelines

to govern the disposal of drugs [2]. In the United Kingdom,

selected pharmacies are required to accept unwanted

medication from patients on behalf of the National Health

Service (NHS) or waste contractors [3]. Moreover, the

Pharmaceutical Services Negotiating Committee (PSNC)

has worked with the Department of Health, Environment

Agency, and others to prepare guidelines for pharmacies

concerning the correct disposal of medication [3]. In

Australia, the government established the National Return

and Disposal of Unwanted Medicines (NatRUM) program

since 1998 to facilitate the safe disposal of medications in

the community [4]. This program is available for every

pharmacy in Australia by which unwanted medications can

be returned and disposed of safely free of charge [5]. In

Mexico, manufacturers, distributors, and hospitals were

responsible for the disposal of expired medication under

general law governing the handling and processing of

waste. In addition, some states in Mexico have imple-

mented programs for the collection of unwanted medica-

tions from households [6]. In the Republic of Serbia,

pharmacies are obliged by law to accept unused and

expired medications from the public and retain them as

pharmaceutical waste, which is returned to wholesalers,

manufacturers, or special operators trained in the collection

and transport of waste for destruction [7].

Environmental pollution is one of the main issues that

cause concern regarding the improper disposal of medica-

tions. Medications enter the environment in several ways,

one of which is via the disposal of unwanted medication. In

the past decade, more than 100 different medications,

including fluoxetine, gemfibrozil, and ibuprofen, have been

discovered in the environment, detected in wastewater [8].

Moreover, there is increasing concern that antibiotics found

in the environment may contribute to antibiotic resistance

[9]. Unfortunately, there is also evidence that pharmaceu-

ticals found in the environment could exert a negative

impact on wildlife. For instance, diclofenac found in

wastewater has been shown to affect renal function in

brown trout (Salmo trutta) [10]. Furthermore, the disposal

of medication via household waste increases the risk of

exposure for pets and humans, particularly young children.

Children and pets are able to access household waste

easily. The majority of children who are poisoned by

medication gain access to the medication at home [11]. For

example, the Food and Drug Administration (FDA) has

reported numerous deaths due to accidental exposure to

discarded fentanyl patches [12].

Therefore many studies have examined and tracked

methods and patterns of medication disposal and the

associated risks. Such studies have been conducted in

Siberia (Russia), New Zealand, the USA, the UK, and other

countries [7, 13–17].

Special attention must be directed towards Saudi Arabia.

The cost of medication wastage in Saudi Arabian homes

has been estimated at 10 USD (United States Dollars) per

person per household, with annual national medication

wastage costs of 150 million USD [18]. Many factors may

contribute to the considerable burden of pharmaceutical

waste from the perspectives of both quantity and quality. In

2010, the total pharmaceutical expenditure (TPE) in Saudi

Arabia was 13.5 billion SAR (3.5 billion USD) [19]. To our

knowledge, Saudi Arabia does not have comprehensive

drug disposal policies. It has a total population of

28,829,000 and a high prevalence rate for chronic disease.

The World Health Organization (WHO) reported that 69 %

of all deaths in Saudi Arabia occur as a result of chronic

disease [20]. In addition, governmental healthcare facilities

provide all Saudi citizens with free medication.

The number of studies conducted to examine medication

disposal practices in the Middle East is limited, particularly

in Saudi Arabia. Only one recent study has assessed the

safety measures used by parents to store and dispose of

medication to prevent their children from being poisoned

[21]. Several studies were conducted in Kuwait to explore

practice, awareness, and opinion concerning the disposal of

unused and expired medications [22, 23]. Public awareness

surrounding the disposal of medication is considered low in

Saudi Arabia.

Aim of the study

The aim of this study was to investigate the behaviour of

individuals in Riyadh in the disposal of expired and unused

medication. Furthermore, we aimed to identify the best
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methods to educate the public regarding appropriate, safe

disposal of medication.

Ethics approval

This study received approval from the institutional review

board of King Khalid University Hospital (KKUH) (project

number: E-15-1474).

Methodology

A cross-sectional, survey-based study was conducted over

a period of 3 months from February to April 2015. Pilot

testing, involving 50 randomly selected participants, was

performed to assess the clarity and validity of the ques-

tionnaire. This resulted in the omission, addition, or mod-

ification of questions to ensure participant understanding.

The survey (Appendix-A in supplementary material)

was distributed upon completion of pilot testing. The

required sample size was calculated as 1200, with random

participant selection. There was no specific method to

recruit participants. Individuals in the mentioned areas

were approached randomly without any previous measures.

50 % (n = 600) of the participants were recruited from

King Khalid University Hospital (KKUH). KKUH is an

800-bed facility that provides primary and secondary care

services to patients from the Northern Riyadh area and

referral-based tertiary care services to all Saudi citizens.

The survey was distributed in pharmacy and primary care

clinic waiting areas. The main target was patients, how-

ever; personnel working in the area were also included. In

addition, 50 % (n = 600) of the participants were recruited

from King Saud University and included both students and

staff members. This allowed for a diverse sample.

Potential participants were informed about the purpose

of the study and assured that any data collected would

remain confidential. If participants chose not to participate

in the study, their reasons for refusal were noted. Partici-

pants who provided verbal consent to participate in the

study completed the paper-based survey via self-enumer-

ation. It took an average of 10 min to complete the ques-

tionnaire. The questionnaire was completed and returned

back immediately.

The original English questionnaire was translated into

Arabic, and participants received their preferred version.

The questionnaire contained 16 items divided into three

sections: Section 1: demographic information; Section 2:

quantification and characterization of unused and expired

medication in the home; and Section 3: practice and atti-

tude regarding the disposal of unused or expired

medication.

Statistical analysis was performed using Statistical

Package for the Social Sciences (SPSS) version 21 (SPSS

Inc., Chicago, IL, USA). Chi square and Fisher’s exact

tests were performed to compare nominal variables with

demographic characteristics. Statistical significance was set

at p\ 0.05.

Results

Thousand-fifty-seven questionnaires (88.1 %) were com-

pleted by respondents and included in the analysis.

Demographic information

The proportion of women (58.9 %) in the sample was

slightly higher relative to that of men (41 %). The most

common age group was 18–25 years (44.8 %), and more

than half of the respondents (65.1 %) held a bachelor’s

degree. Respondents’ demographic characteristics are

shown in Table 1.

Influence of demographic characteristics on drug

disposal awareness and practice

Respondents’ overall awareness regarding drug disposal

was very low regardless of their demographic characteris-

tics. 55.3 % of respondents were unaware of the conse-

quences of keeping expired medication in the home

(Table 2). In addition, when the respondent were asked if

they think that prescription medications should be disposed

of differently than non-prescription medications, 44.7 and

Table 1 Respondents’ demographic characteristics (n = 1057)

Parameter % (n)

Gender

Female 58.94 (623)

Male 41.05 (434)

Age

18–25 44.84 (474)

26–35 25.45 (269)

36–45 18.45 (195)

46–55 7.66 (81)

[55 years 3.60 (38)

Educational level

None 1.61 (17)

Primary school 1.80 (19)

Elementary school 3.41 (36)

High school 19.50 (206)

Bachelor’s degree 65.18 (689)

Higher 8.51 (90)
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39.1 % of them answered with ‘‘no’’ and ‘‘I don’t know’’,

respectively (Table 2). Associations between respondents’

demographic characteristics (gender, age, and educational

level) and several items used to assess drug disposal

awareness and practice were examined. There were no

significant associations between any demographic charac-

teristics and differentiation between the disposal of pre-

scription and non-prescription medications (Table 2). As

shown in Table 2, willingness to use drug collection

facilities and awareness of the consequences of storing

expired medication in the home increased with age

(p\ 0.05), also individual responsibility for finding an

appropriate means of disposing of medication increased

with increasing age. Interestingly, women felt greater

responsibility for finding an appropriate means of disposing

of medication and willingness to return medication to

collection facilities relative to that of men (Table 2).

Alarmingly, educational level did not exert a positive

influence on the parameters measured, with the exception

of awareness of the consequences of storing expired

medication in the home and feeling of responsibility for

finding an appropriate means of disposing of medication

(Table 2).

Quantification and characterization of expired

and unwanted medication in the home

In total, 75.80 % of respondents used medication, includ-

ing both prescription and non-prescription medication, and

86, 9.6, and 4.4 % had 1–5, 6–10, and[10 different types

of medication at home, respectively. Furthermore, 21.4 %

of respondents reported having expired medication at

home. Of these respondents, 82.4, 13.1, and 4.5 % had 1–5,

6–10, and [10 different types of expired medication at

home, respectively.

Figure 1 shows the therapeutic medication groups pre-

sent in the home including expired, unused and used

medications. Some respondents selected more than one

therapeutic group. The most common therapeutic medica-

tion group kept in the home was cold, cough, and flu

medication, followed by vitamins/nutritional supplements

and antibiotics. Importantly, 51.9 % (549 from 1057) of

respondents reported having antibiotics at home.

Attitudes and methods of medication disposal

As shown in Fig. 2, disposing of medication via household

waste was the most common method of disposal for unused

and expired medications (79.1 %), followed by flushing

them down the toilet or sink (7 %); however, the rate at

which the latter was used was relatively low relative to that

of the former (Fig. 2). Other questions asked revealed that

61.7 % of respondents believed that disposing of medica-

tion by flushing it down the toilet was inappropriate. In

addition, 70.2 % of respondents believed that finding

alternative means of disposing of medication was their

responsibility, and 81.5 % were very willing or somewhat

willing to use drug collection facilities if available

(Table 2).

Table 2 Influence of demographic characteristics on drug disposal awareness and practice

Response Frequency Gender Age Educational level

Differentiation between disposal of prescription and non-prescription medications

Yes 16.08 (170) No difference (p = 0.139)* No difference

(p = 0.092)*

No difference (p = 0.156)*

No 44.75 (473)

I don’t know 39.17 (414)

Willingness to use drug collection facilities

Very willing 47.02 (497) Female[male (p\ 0.001)* Willingness increased

with age (p = 0.002)*

No difference (p = 0.917)*

Somewhat willing 34.53 (365)

Neither willing nor unwilling 13.72 (145)

Very unwilling 4.73 (50)

Awareness of consequences of storing expired medication in the home

No consequences 11.64 (123) No difference (p = 0.475)* Awareness increased

with age (p\ 0.001)*

Awareness highest in those

with higher education

(p\ 0.001)*
I don’t know 55.35 (585)

Yes 33.02 (349)

Individual responsibility for finding an appropriate means of disposing of medication

Yes 70.20 (742) Female[male (p\ 0.001)* Feeling of responsibility

increased with age

(p = 0.002)*

Feeling of responsibility

highest in those with higher

education (p = 0.005)*
No 29.80 (315)

* Appendix B in supplementary material

Int J Clin Pharm (2016) 38:822–828 825

123



Preferred methods of education regarding

the disposal of unused or expired medication

Only 9.1 % of respondents had received instructions con-

cerning the correct disposal of medication. When respon-

dents were asked whether they wished to receive

information regarding the correct disposal of medication,

78.6 % answered ‘‘yes.’’ The preferred educational meth-

ods are shown in Fig. 3.

Discussion

Improper disposal of unwanted or surplus medicines is one

of the main routes via which household medications enter

the environment [24], which exerts an impact on people

and the natural environment. Therefore, the current study

examined medication disposal practices used by members

of the public in Riyadh.

The results of this study showed a high rate of disposal

of medication via household waste (79.1 %). Although a

study conducted by Ruwailia et al. [21] focused on medi-

cation storage, their result regarding medication disposal

was comparable to our finding where 87 % of participants

in their study disposed of their unused medication via

household waste. Moreover, this method has been identi-

fied as the most common means of disposal in several other

countries including the USA, the UK, Serbia, and Kuwait

[7, 13–17, 23].
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The second most commonly reported disposal method

in the current study was flushing medication down the

toilet or sink; however, this rate was low (7 %) relative to

that of disposal via household waste. The results of a

corporate survey conducted in the UK revealed that 63 %

of respondents discarded unused medications via house-

hold waste, 11 % disposed of them via the sink or toilet,

and 22 % returned them to a pharmacy [16]. A study

conducted in the USA showed that 54 % of respondents

disposed of unwanted medications via household waste,

while 35 % emptied them down the toilet or sink and

1.4 % returned them to a pharmacy [24]. Research

recently conducted in the USA reported that 62.7 % of

participants disposed of unused medications via household

waste, 18 % flushed them down the toilet, and 11 %

returned them to a pharmacy [15]. In Serbia, 85 and

8.7 % of respondents disposed of medication via house-

hold waste and the toilet, respectively [7]. Similarly, a

study conducted in Kuwait indicated that 73 % of the

pharmacists surveyed discarded unused medications in

household waste, 32 and 9 % disposed of them via the

sink and toilet, respectively, and 10 % returned them to

the Central Drug Store [23]. Therefore, the medication

disposal patterns revealed in our study are congruent with

findings reported in previous studies.

The present study showed that only 2 % of respondents

returned unwanted medication to a pharmacy. This low

proportion could be explained by the lack of comprehen-

sive drug disposal policies and pharmacies with take-back

programs in Saudi Arabia [21]. In comparison, returning

unwanted medication to a pharmacy was the most promi-

nent disposal method in Sweden, where 45 % of respon-

dents did so [24]. Moreover, none of the Swedish

respondents reported using the toilet as a means of disposal

[24]. This finding could be the result of Apoteket AB, a

Swedish system via which unwanted medications are

returned to a pharmacy and appropriate handling of

returned medication is guaranteed [25].

The current study also found that 51.9 % of respondents

stored leftover antibiotics at home. This result may indicate

potential antibiotic abuse, particularly as community

pharmacies in Saudi Arabia dispense antibiotics without

requesting a prescription, as shown in previous reports [26,

27]. This necessitates the implementation of decisive pol-

icy action to reduce the use of antibiotics without a pre-

scription and reinforcement of public campaigns to

promote improved use of antibiotics.

One of our aims was to identify the most appropriate

methods of education regarding the disposal of expired and

unused medication. It comes as no surprise that only 9.1 %

of respondents had received instructions regarding the

correct disposal of medication. This is related to the lack of

established drug disposal policy in Riyadh.

When asked whether they wished to receive information

regarding the correct disposal of medication, 78.6 % of

respondents answered ‘‘yes.’’ In addition, 70.2 % of

respondents believed that finding alternative means of

disposing of medication was their responsibility, which

reflects enthusiasm to learn. Cooperation between several

governmental sectors in implementing nationwide educa-

tional campaigns would ensure that most citizens receive

appropriate information. This study revealed that respon-

dents’ most preferred methods of learning about medica-

tion disposal were social networks, smartphone

applications, and hospital pharmacists. This was expected,

as in one study, the Saudi Arabian population spent the

most time online per day (5.1 h) and had a higher pro-

portion of people (91 %) who used social media relative to

those of other countries [28].

The study was subject to some limitations. There was a

lack of manpower, and the data were collected through self

administration by respondents which might have intro-

duced some bias. Additionally, the study was restricted to

the KKUH and KSU; therefore, the results may not reflect

disposal practices in other regions of the capital. However,

this provides an opportunity for future studies to examine

disposal practices in Riyadh, and more extensively,

nationwide. Moreover, respondents retrieve some infor-

mation from memory which depends on respondent’s

cognitive ability and memory capacity.

Conclusion

The awareness of individuals regarding safe drug disposal

in Saudi Arabia is quite low. The most common method of

medication disposal is through the household trash,

regardless of medication type. Such a practice poses pos-

sible risks for the population and needs to be addressed.

However, individuals are quite eager to be educated about

the safe and proper disposal of unwanted medication.

Gender, age, and educational level have an impact on

practice and attitude which should be taken into account

should corrective measures be implemented.
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