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Abstract

The issue of expired and unused medications is a significant matter worthy of analysis. The study focused on the analysis of
pharmaceutical products returned to public pharmacies, with particular emphasis on expired drugs and those returned within their
expiration date, along with an economic assessment of the returned products.

The research methodology relied on the analysis of products returned by patients to public pharmacies in the Mazovian
voivodeship. The analysis encompassed the content of containers containing expired medications in terms of their expiration
date, pharmaceutical form, active ingredient, ATC classification, drug availability category, and monetary value. The analyzed
products belonged to various categories, including: medicines, dietary supplements, medical devices, specialized medical foods,
cosmetics, biocidal products, and hygiene items.

The study revealed that 75.75% of the returned products were drugs. Among the most frequently returned active ingredients
was paracetamol, and prescription medications were the predominant category among the returned products. The most commonly
returned therapeutic products belonged to the groups related to the Gastrointestinal and Metabolism, Respiratory System, and
Nervous System. The economic evaluation showed that the value of returned products was significantly lower for expired items
compared to those within their expiration date. The total value of the returned products amounted to 42 218.07 PLN.

In summary, the issue of medication waste presents a challenge that requires a comprehensive approach, such as public educa-

tion and the proposal of efficient solutions.
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INTRODUCTION

In the current era of facilitated access to diverse pharmaceu-
tical products, a significant issue arises concerning their wast-
age. Expired medications and other pharmaceuticals generate
substantial economic losses for the entire healthcare system.
Consequently, this study focuses on the analysis of products
returned by patients to public pharmacies.

The pharmaceutical industry has been one of the most dy-
namically operating sectors in both the global and European
economies for years. Each year witnesses a rise in the number
of new medicinal products, accompanied by an increase in the
locations where such drugs can be acquired, leading to easier
access to preparations and heightened drug consumption. In
2021, the total value of the pharmaceutical market in Europe,
at manufacturing prices, amounted to 255 billion euros. Man-
datory health insurance systems, including national health
funds, allocated nearly 157.5 billion euros for outpatient treat-
ment [1].

Pharmacies and pharmacy points constitute essential ele-
ments of the healthcare system, providing residents with me-
dicinal products, medical supplies, and dietary supplements.

According to the Central Statistical Office’s report in 2021,
there were 11,866 public pharmacies and 1,147 pharmacy
points in Poland. Health Ministry data for 2021 indicated that
the sales value of all prescription drugs amounted to 19.7 bil-
lion PLN, with a reimbursement value of 8.1 billion PLN. The
sales value of prescription drugs, per capita in Poland, was 520
PLN, of which 305 PLN constituted the patient’s co-payment
[2].

The increase in drug consumption and the growing quan-
tity of waste in the form of unused medicinal products present
a global problem, particularly observed in countries like In-
dia and China [3]. Drugs remain unused for various reasons,
with treatment discontinuation due to achieving the intended
therapeutic effect being a primary cause (New Zealand: nearly
68% [4], Ethiopia: 42% [5]). Other reasons include excessive
prescription, treatment change, lack of treatment continuation,
non-compliance with the treatment regimen, adverse effects
or patient death, and the purchase of more medication than
necessary [3,6]. Storing unused medications poses risks such
as taking medication against the doctor’s recommendations,
usage by other individuals in the household, or taking expired
medication.
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A review of scientific literature reveals that the primary
method of disposing of unused/expired medications, both in
highly developed and low- to middle-income countries, is dis-
posing them in household garbage and subsequently flushing
them down the sewer through toilets or sinks (England, Lithu-
ania, Serbia, Ireland, Romania, Cyprus, Poland, Pakistan,
Bangladesh, India, Malaysia, Thailand, Hong Kong, China,
Egypt, Ethiopia, Nigeria, Ghana, Kuwait, Qatar, Saudi Arabia,
Brazil, New Zealand, and Australia) [7-13]. Among countries
with the highest medication return rates to pharmacies are
the Netherlands (58%), Sweden (43%), and Germany (29%),
while in Australia and New Zealand, approximately 1/4 of re-
spondents return medications to pharmacies [10]. A pilot study
conducted in Poland revealed that nearly 68% of respondents
dispose of expired products together with household waste or
sewage, while an average of 33% declare returning expired
preparations to the pharmacy [14].

AIM

The aim of the study was to assess the products returned
by patients to selected public pharmacies, with a focus on the
expiration date of the products, the accessibility category of
the returned drugs, their classification within the anatomical
groups of the ATC Classification, active substance, and phar-
maceutical form. Additionally, the study aimed to evaluate the
economic aspects of the products returned by patients to phar-
macies.

MATERIAL AND METHODS

The research methodology was based on the analysis of
products returned by patients to four public pharmacies in
the Mazovian Voivodeship (103 days of study). The analysis
of the products was conducted based on the contents of con-
tainers for expired medications, with two containers sourced
from rural areas and two from urban areas. Each pharmacy
was visited four times. Quantitative assessment and container
contents were determined after obtaining information from the
pharmacy staff about the filling status and the approaching dis-
posal date (through incineration) of the returned products.

The selection criterion for the study material was the con-
tent of the product in the immediate packaging. All products
from the container were analyzed, excluding empty packag-
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ing, medical materials such as bandages, syringes, needles,
and unpackaged pharmaceutical forms like tablets, capsules,
or others.

Information about the returned products was collected,
including the trade name of the product, dosage, substances
(International Nonproprietary Names, INN), pharmaceutical
form, expiration date, quantity of the product in the immediate
packaging in relation to the quantity in the external packag-
ing, the initial capacity of the product, and its origin. Prod-
ucts described in a foreign language with an active substance
were classified as foreign drugs. Kamsoft system: KS-AOW
(version 2022.4.0.0), the KS-BLOZ database, as well as the
Summaries of Product Characteristics were used. The database
was supplemented with the Anatomical Therapeutic Chemi-
cal (ATC) classification and drug availability category. Mar-
ket price, representing the amount the patient must pay for the
product in the pharmacy (assuming no reimbursement for the
patient, 100% out-of-pocket payment, as the product’s price at
the time of purchase was unknown, status as of October 2022),
was also determined. Data were collected in tabular form us-
ing MS Excel 2021. Statistical analysis was performed using
statistical tools and software such as Microsoft Excel 2021,
STATISTICA 13.1. Statistical methods applied included the
Pearson’s chi-squared test, Similarity Index of Structures [15],
and the Student’s t-test. The analysis encompassed data from
the direct packaging of the products, as well as information
available in the Kamsoft online system, the KS-BLOZ data-
base, and the Summaries of Product Characteristics.

RESULTS

The total number of products subjected to analysis was
n=4776. The study results are summarized in Tables 1-9. De-
tails regarding products returned by patients to public pharma-
cies in the examined material are presented in Figure 1.

The analysis of products returned by patients to public phar-
macies revealed that the largest category consisted of drugs
(75.75%), both for expired and non-expired products. Patients
returned a total of n=3014 expired drugs and n=604 with cur-
rent expiration dates to pharmacies. In the examined material, in
addition to over-the-counter (OTC) medications (n=1580) and
prescription medications (Rx) (n=1983), homeopathic remedies
(n=11), foreign drugs (n=24), and veterinary medications (n=20)
were also identified. Detailed data are presented in Table 1.

TABLE 1. The assessment of the products returned by patients to public pharmacies based on expiration date in the studied material.

Expired Non-expired All
Products Number Struct[l‘l)}:; index Number Structllz;)el index Number Structll‘l)z:; index
Drugs* 3014 75.03 604 79.58 3618 75.75
Cosmetics 57 1.42 9 1.19 66 1.38
Medical products 248 6.17 52 6.85 300 6.28
Dietary supplements 623 15.51 92 12.12 715 14.97
Food for special medical purposes 72 1.79 1 0.13 73 1.53
Biocidal products 3 0.07 0 0.00 3 0.06
Hygiene products 0 0.00 1 0.13 1 0.02
All 4017 100.00 759 100.00 4776 100.00

Statistical analysis

Pearson’s Ch-squared test = 7.11

Significance level = 0.0685

Source: own research

Note: Due to the distribution of the feature, statistical analysis was performed for the first 4 rows, including homeopathic, veterinary, and foreign medicines.
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Tablets were the predominant pharmaceutical form in the ex-
amined material, representing 49.78% (n=2335) of all analyzed
products (i.e., tablets in blister packs were the most common
among all analyzed products). Capsules ranked second in terms
of frequency, accounting for 12.34% (n=577) of the examined
products. Powder was a pharmaceutical form in 10.10% of
products (n=472). Aerosols (n=215), solutions (n=149), drops
(n=138), and gels (n=124) were also commonly used pharma-
ceutical forms, though to a lesser extent than tablets, capsules,
and powders. Other pharmaceutical forms, such as ointments,
liquids, syrups, creams, and suspensions, constituted a smaller
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part of the analyzed material. Statistical analysis showed a high
similarity index of pharmaceutical form structures between ex-
pired and non-expired products (89.20%). This suggests that
pharmaceutical forms do not significantly differ depending on
the expiration date of the products.

The most frequently returned active substance among me-
dicinal products, constituting 8.86% of products, was par-
acetamol alone and in combination with other drugs (n=267),
followed by bisoprolol (n=128). For medicinal products with
a current expiration date, the largest group consisted of sub-
stances enoxaparin sodium (n=34) and budesonide (n=21).

TABLE 2. The Assessment of the most commonly contained active substances in medicinal products depending on the expiration date in the examined

material.
] All Expired pharmaceuticals Non-expired pharmaceuticals
Active substance Number Struct[l:;)e; index Number Struct[l(l];)e; index Number Struct[l‘l);)e; index
bisoprololum 128 8.01 121 8.78 7 3.17
paracetamolum 126 7.88 119 8.64 7 3.17
budesonidum 78 4.88 57 4.14 21 9.50
diosmectitum 75 4.69 75 5.44 0 0.00
diclofenacum 69 4.32 62 4.50 7 3.17
acidum acetylsalicylicum 69 4.32 65 4.72 4 1.81
enoxaparinum natricum 62 3.88 28 2.03 34 15.38
drotaverinum 59 3.69 48 3.48 11 4.98
metformini hydrochloridum 59 3.69 51 3.70 8 3.62
productum compositum 57 3.56 48 3.48 9 4.07
acidum ascorbicum. rutosidum 57 3.56 54 3.92 3 1.36
ibuprofenum 55 3.44 46 3.34 9 4.07
simeticonum 45 2.81 41 2.98 4 1.81
pantoprazolum 43 2.69 35 2.54 8 3.62
mometasonum 42 2.63 29 2.10 13 5.88
acetylcysteinum 40 2.50 30 2.18 10 4.52
argininum 38 2.38 38 2.76 0 0.00
tramadolum. paracetamolum 35 2.19 35 2.54 0 0.00
natrium chloratum 32 2.00 25 1.81 7 3.17
amoxicillinum 30 1.88 26 1.89 4 1.81
loperamidum 30 1.88 29 2.10 1 0.45
inosinum 30 1.88 29 2.10 1 0.45
ramiprilum 29 1.81 9 0.65 20 9.05
ranitidinum 29 1.81 26 1.89 3 1.36
amlodipinum 29 1.81 27 1.96 2 0.90
atorvastatinum 29 1.81 26 1.89 3 1.36
$§11r$:1um. pyridoxinum. cyanocobala- 8 175 17 123 1 498
nimesulidum 27 1.69 26 1.89 1 0.45
benzydaminum 26 1.63 24 1.74 2 0.90
captoprilum 26 1.63 19 1.38 7 3.17
girez;cyeltj;r}llgil;rlr; acidum ascorbicum, 25 156 25 181 0 0.00
naproxenum 24 1.50 24 1.74 0 0.00
meloxicamum 23 1.44 20 1.45 3 1.36
hydroxyzinum 23 1.44 23 1.67 0 0.00
omeprazolum 22 1.38 21 1.52 1 0.45
All 1599 100.00 1378 100.00 221 100.00

Statistical analysis

Index of similarity of structures [%] = 55.98

Source: own research
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Table 2. presents the active substances most commonly
found in medicinal products depending on the expiration date
in the examined material. The content of paracetamol in prod-
ucts in the examined material is depicted in Figure 2.

Anatomical Therapeutic Chemical (ATC) classification

The examined material encompassed a wide range of phar-
maceutical products belonging to various groups in the ATC
classification [16]. The analysis revealed therapeutic diversity
among pharmaceutical products in the examined material. The
study demonstrated that anatomical groups such as the Gas-
trointestinal System and Metabolism (21.57%) and the Res-
piratory System (17.53%), along with the Nervous System
(16.89%), were the most numerous in the case of expired prod-

Products returned by patients to public pharmacies

66
1,38% 300
6,28%

715
14,97%

73
1,53%

3618
75,75%

0,06%

0,02%

= Drugs = Cosmetics = Medical products

Dietary supplements = Food for special medical purposes = Biocidal products

= Hygiene products

Pol J Public Health, Vol. 133 (2023)

ucts. Conversely, for products with a current expiration date,
the dominant groups were the Respiratory System (17.90%),
Cardiovascular System (17.57%), Gastrointestinal System and
Metabolism (15.76%), and Nervous System (15.60%). De-
tailed data are presented in Table 3.

Medications used in infections (antibiotics, antifungals,
antituberculosis, antiviral, vaccines) constituted 4.77% of the
products. A graphical representation of the distribution of the
Anatomical Therapeutic Chemical (ATC) Classification of
products returned by patients to public pharmacies is depicted
in Figure 3.

paracetamol in products in the studied material
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: . 1
Hydrochloridhum, terpini hydras, acidom ascorbicum |
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FIGURE 1. Products returned by patients to public pharmacies in the
examined material.

Source: own research

FIGURE 2. The structure of paracetamol in products in the studied
material.

TABLE 3. The Anatomical Therapeutic Chemical (ATC) Classification of preparations depending on their expiration date in the studied material.

All Expired Non-expired
Anatomical Group Number Structure index Number Structure index Number Structure index
1% (%] 1%
Alimentary tract and metabolism 769 20.62 673 21.57 96 15.76
Respiratory system 656 17.59 547 17.53 109 17.90
Nervous system 622 16.68 527 16.89 95 15.60
Cardiovascular system 536 14.37 429 13.75 107 17.57
Musculo-skeletal system 309 8.29 274 8.78 35 5.75
Dermatologicals 209 5.60 186 5.96 23 3.78
Antiinfectives for systemic use 178 4.77 150 4.81 28 4.60
Blood and blood forming organs 134 3.59 85 2.72 49 8.05
Sensory organs 103 2.76 72 2.31 31 5.09
Various 82 2.20 65 2.08 17 2.79
Genito urinary system and sex hormones 71 1.90 64 2.05 7 1.15
Systemic hormonal preparat19ns, 37 0.99 27 087 10 164
excl. sex hormones and insulins
Antiparasitic products, insecticides 19 051 17 0.54 5 033
and _repellent; i ]
Antineoplastic and immunomodulating 4 011 4 0.13 0 0.00
agents
All 3729 100.00 3120 100.00 609 100.000

Statistical analysis

Index of similarity of structures [%] = 86.23

Source: own research
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Category of medication availability in the examined material

The examined material exclusively included drugs from the
OTC category (over-the-counter — without a doctor’s prescrip-
tion): n=1580 and Rx (prescription medications — requiring a
doctor’s prescription) n=1983 [17]. The analysis revealed that
in the examined material returned to pharmacies, the major-
ity of medications were prescription drugs (Rx), constituting
55.66%, while OTC drugs accounted for 44.34%. In the case
of expired medications, Rx drugs were the dominant group,
comprising 52.15%. Among products with a current expiration
date, Rx drugs also prevailed, constituting 73.42%.

Over 47% of OTC drugs had exceeded their expiration date.
Meanwhile, OTC medications with a current expiration date ac-
counted for 26.58% of OTC medications.

Statistical analysis demonstrated a statistically significant differ-
ence (p=0.0001) in the distribution of OTC and Rx medications de-
pending on the expiration date in the examined material (Table 4).

Value of products in the examined material [in PLN]

The total value of the returned products in the examined ma-
terial was estimated at 42,218.07 PLN. The value of products
with a current expiration date was 9,598.42 PLN. The highest
value (in PLN) among all products was attributed to medica-
tions with a total value of 30,968.06 PLN, of which expired
medications accounted for 22,722.57 PLN, and medications
with a current expiration date amounted to 8,245.49 PLN.
The value (in PLN) of products returned by patients to public
pharmacies in the examined material, along with the classifica-
tion of products into anatomical groups (ATC Classification),

Anatomical Group [%]
ANTINEOPLASTIC AND IMMUNOMODULATING

AGENTS

ANTIPARASITIC PRODUCTS, INSECTICIDES AND
REPELLENTS

SYSTEMIC HORMONAL PREPARATIONS, EXCL. SEX
HORMONES AND INSULINS

GENITO URINARY SYSTEM AND SEX HORMONES [l 1.9
VARIOUS [N 2.2
SENSORY ORGANS [ 2.76
BLOOD AND BLOOD FORMING ORGANS 3.50
ANTIINFECTIVES FOR SYSTEMIC USE [ 4.77
DERMATOLOGICALS 5.6
MUSCULO-SKELETAL SYSTEM 820
CARDIOVASCULAR SYSTEM | 1437
NERVOUS SYSTEM I 16.65
RESPIRATORY SYSTEM I 17.59
ALIMENTARY TRACT AND METABOLISM I 20.62

Source: own research

FIGURE 3. Graphic representation of the Anatomical Therapeutic
Chemical (ATC) Classification System of medications returned by
patients to public pharmacies.
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based on the value of products (in PLN), is presented in Tables
5. and 6. Statistical analysis revealed that the value of expired
medications returned to the pharmacy is significantly statistically
smaller than the value of products with a current expiration date
(p<0.0001). Detailed data are presented in Table 7. and Figure 4.
The value (in PLN) of OTC and Rx medications in the ex-
amined material is presented in Table 8. The average value of
expired medications returned to the pharmacy was 7.61 PLN.
Statistical analysis indicated a statistically significant differ-
ence (p<0.0001) in the average value of expired OTC and Rx
medications. Detailed data regarding the statistical analysis

13 o
o Average

1 [ AveragexError std
I Average+1,96*Error std

8

7

Value of product
[in PLN]

Source: own research

expired Products non-expired

FIGURE 4. Graphic representation of the values of medications
(in PLN) returned to the pharmacy depending on the expiration date in
the examined material.
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T

6,8
6.6
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Value of product
in PLN] oTC

expired drugs RX

Source: own research

FIGURE 5. Graphic representation of the value of expired OTC and
prescription (RX) medications (in PLN) returned to the pharmacy in the
examined material.

TABLE 4. The division between over-the-counter (OTC) and prescription drugs depending on the expiration date in the studied material.

Expired Non-expired All
Drugs Structure index Structure index Structure index
Number [%] Number [%] Number [%]
OTC 1424 47.85 156 26.58 1580 44.34
RX 1552 52.15 431 73.42 1983 55.66
All 2976 100.00 587 100.00 3563 100.00

Statistical analysis

Pearson’s Ch-squared test = 8§9.91

Significance level = 0.0001

Source: own research

Note: Drugs excluding veterinary, homeopathic, foreign medicines
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for the value of expired medications (OTC and Rx) are in-
cluded in Table 9. and Figure 5.

Waste Index

X prices of products returned to the pharmacy.

Waste Index = ( ) x 100%

Z market prices of products

The waste index for the examined material, defined as the
percentage of the quotient of the sum of the values of products
returned to the pharmacies and the sum of the market values

TABLE 5. The medications returned by patients to public pharmacies
depending on the value (in PLN) in the examined material.

Pol J Public Health, Vol. 133 (2023)

of the same products, was equal to 37.11%. Medications ex-
hibited a waste index of 37.12%. The highest waste index was
observed in the following groups: Miscellaneous (73.75%),
Antineoplastic and Immunomodulating Agents (58.91%) and
Dermatology (56.18%). The lowest Waste Index, on the other
hand, was found in the groups: Nervous System (24.47%),
Musculoskeletal System (30.38%), and Respiratory System
(34.99%).

TABLE 7. Statistical analysis of the values of medications (in PLN)
returned to pharmacies depending on the expiration date in the examined
material.

Value of products Value of returned products to the

Products

according to pharmacy (in PLN) Value of products
Products market price (in PLN)
@in PLll)\I) Expired Non-expired All Expired Non-expired All

Drugs* 83 427.79 22722.57 824549  30968.06 Number 3971 735 4706
Cosmetics 1339.91 682.13 151.56 833.68 Minimum 0.10 0.16 0.10
Medical products 10 469.85 4148.52 873.18 5021.70 Maximum 238.40 206.17 238.40
Dietary supplements 16 488.88 4788.59 304.24 5092.83 Quartile 1 2.39 2.00 2.35
Fooq for special 1 949.98 221.55 11.96 233.51 Quartile 1T (Median) 4.95 4.98 4.95
medical purposes -

Biocidal products 64.79 56.30 0.00 56.30 Quartile I1T 9.26 11.99 9.59
Hygiene products 11.99 0.00 11.99 11.99 Average 8.21 13.06 8.97
All 11375319 32619.66 9598.42 4221807 Standarddeviation 11.81 14.73 14.73
Source: own research Asymmetry factor 7.90 4.05 - 6.74
*excluding foreign and veterinary drugs Pearson’s Significance

TABLE 6. Classification of medicinal products by anatomical therapeutic
chemical (ATC) classification, based on the value of the products (in PLN)
in the examined material.

Value of products Value of returned products to the

Anatomical Group ;c::l:::itlz%itc(:: pharmacy (in PLN)

(in PLN) Expired Non-expired All
Respiratory system 17 450.16 4971.97 113456  6106.53
Dermatologicals 461553 224224 350.84 2593.08
Alimentary tract 15987.56 491349 132801 624149
and metabolism
Various 2 605.65 1742.89 178.73 1921.61
Nervous system 13 089.91 2599.17 604.4 3203.57
Genito urinary
system and sex 2281.37 792.31 129.28 921.59
hormones
Sensory organs 317891 1 088.74 528.17 1616.92
Cardiovascular 782341 236639 51572 2882.11
system
Musculo-skeletal 6290.55 172901 182.02  1911.03
system
Antiinfectives 462509  1437.69 28123  1718.92
for systemic use
Blood and blood 9093.79 890.11 319834  4088.45
forming organs
Antiparasitic prod-
ucts, insecticides 614.01 247.48 14.53 262.02
and repellents
Antineoplastic and
immunomodulating 139.83 82.37 0 82.37
agents
Systemic hormonal
preparations, excl. 45239 178.83 5111 229.94
sex hormones and
insulins
All 88 248.16 25282.71 8496.93 33 779.64

Statistical analysis

Ch-squared test = 8.25 level = 0.0001

Source: own research

TABLE 8. The value (in PLN) of OTC and Rx drugs in the examined
material.

Value of prod- Value of returned products to the
Drugs uc,t;;ckc:trsli-?i to pharmacy (in PLN)
(in PLN) Expired Non-expired All
OTC 30 730.16 954230 1064.76 10 607.06
RX 52402.08 13001.75 7180.72 20 182.47
All 83132.24 22 544.05 824548 30789.53

Source: own research

TABLE 9. Statistical analysis of the value of expired OTC and prescrip-
tion (RX) medications (in PLN) returned to pharmacies in the examined
material.

Value of products Expired
(in PLN) oTC RX Al
Number 1421 1540 2961
Minimum 0.14 0.27 0.14
Maximum 61.66 115.46 115.46
Quartile 1 2.20 2.95 2.60
Quartile IT (Median) 432 4.99 4.95
Quartile I1I 8.65 9.30 8.98
Average 6.72 8.44 7.61
Standard deviation 6.89 8.41 8.41
Asymmetry factor 2.37 3.42 3.30
Pearson’s Significance

Statistical analysis

Ch-squared test = 5.62 level = 0.0001

Source: own research

Source: own research
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DISCUSSION

The study revealed that the largest group of returned prod-
ucts consisted of drugs, accounting for 75.75%. Dietary sup-
plements constituted over 1/7 of the analyzed products. In the
studied material, solid oral forms were the predominant type
of products returned by patients to pharmacies, both with cur-
rent and expired expiration dates. Tablets, representing nearly
50% of all analyzed products, and capsules, constituting over
13%, are commonly used and available on the market. They
are popular due to their convenience and the ease of admin-
istering active substances. A significant diversity in pharma-
ceutical forms was noted. Importantly, pharmaceutical forms
did not significantly differ depending on the expiration date of
the products. The studied material also included a wide range
of pharmaceutical products belonging to various groups in the
Anatomical Therapeutic Chemical (ATC) Classification.

The most frequently returned active substance was paracet-
amol. Preparations containing paracetamol accounted for just
under 9% of all returned medicines, and the scale of returns
indicates its potential misuse by patients in the surveyed phar-
macies. Similar results were obtained in the USA [6]. Differ-
ences between the group of expired drugs and those with a
current expiration date suggest that certain active substances
may be more prone to expiration than others. Interestingly, one
of the reasons for the high number of returned products with
enoxaparin sodium and a current expiration date may be the
fact that, since September 1, 2020, in appropriate indications
or conditions, drugs containing this substance have been free
of charge for pregnant women.

The statistical analysis of the anatomical groups of the ATC
Classification indicates that they differ depending on the expi-
ration date of the products. Nevertheless, there is a relatively
high similarity between anatomical groups among expired and
current products. In terms of the availability category of medi-
cines, prescription drugs dominate among returned products,
both expired and with a current expiration date.

Economic analysis showed that the value of returned prod-
ucts was significantly lower for expired products compared to
products with a current expiration date. This may suggest that
patients are more inclined to take care of storing and using
still-valid products to avoid financial losses associated with
waste. However, it is essential to note that the reasons for this
phenomenon may be diverse and require additional analysis
and further research. Extrapolating the value of returned prod-
ucts over 12 months shows that the value of returned products
would be 149,607.724 PLN. For all 11,866 registered pharma-
cies in Poland (in 2021), the annual value of returned products
would be nearly PLN 500 million (of which nearly PLN 318
million would be medicines).

For comparison, a study conducted in Vienna in 2009,
analyzing drugs disposed in household waste, showed that
the most numerous group consisted of cardiovascular drugs
(23.7%), musculoskeletal drugs (11.2%), and nervous system
drugs (10.5%). As many as 95% of the drugs had a current
expiration date. When it comes to 18% of disposed drugs, they
were in full packaging, and 74% of drugs were prescription
drugs [18]. Another Viennese study showed that 36% of drugs
were disposed with a current expiration date, and the most fre-
quently disposed drugs were in the groups of the gastrointesti-
nal tract, nervous system, and respiratory system. In this study,
the value of wasted medicinal products reached 4207 euros. It
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was estimated that for Vienna, at least 37.65 million euros of
public funds were wasted, equivalent to 21 euros per inhabit-
ant [19]. In Italy, a study conducted for a similar sample size
(n=3219) and at a similar time in 2020 and 2021 showed that
72.4% of medicinal products were expired. Cardiovascular
drugs and drugs used in infections were the main therapeutic
classes (17.2% and 15.2%, respectively), and the total cost was
27,681 euros [20]. In a study conducted in the USA during so-
called take-back days, aimed at assessing drug disposal prac-
tices and quantitatively determining discarded products, a total
of 786,882 dosage units were collected, with a total estimated
value of 1,118,020 USD. The most frequently returned drugs
were antihypertensive drugs, drugs used for gastrointestinal
disorders, and analgesics. The study showed that organizing
drug return events is an effective method of collecting unused
drugs [21]. A 9-month study conducted in Malta showed that
the value of products collected during the study was 2613.28
euros. Most of the products belonged to the groups of the gas-
trointestinal tract (24.6%, 619.39 euros), respiratory system
(23.8%, 309.93 euros), and musculoskeletal system (10.5%,
397.82 euros). Dietary supplements and herbal products ac-
counted for 1.9% of the total (73.75 euros) [22].

Study Limitations

The study had several limitations that should be consid-
ered when interpreting the results. One limitation was the
lack of information regarding the cost of the drugs returned
by patients. Therefore, the analysis assumed a 100% cost for
all drugs. Additionally, the cost analysis did not account for
losses associated with returning aerosol products (due to the
inability to determine the amount of product remaining in the
primary packaging). A subjective assessment of residues was
made for liquid or semi-solid products. Foreign and veterinary
products were excluded from the analysis for which the market
price could not be determined. Products with removed expira-
tion dates (e.g., cut blister packs) were also excluded from the
analysis. Due to the COVID-19 pandemic, access to research
material was limited. It would have been interesting to under-
stand the reasons for not using and returning drugs, however,
conducting such surveys using questionnaires would exceed
the scope of this work.

CONCLUSIONS

The conducted analysis revealed a significant quantity of
unused drugs and other products returned by patients. A sub-
stantial portion of these drugs expires without being utilized.
Moreover, over 15% of the returned drugs had not yet reached
their expiration date and could potentially be reused if they are
in intact packaging and stored under appropriate conditions or
subjected to recycling. The analysis highlighted a significant
issue related to the wastage of pharmaceuticals, including me-
dicinal products that could be effectively recycled. Of particu-
lar concern is the fact that antibiotics accounted for 3.6% of
the returned medicinal products. It is essential to investigate
the reasons for non-compliance with prescribed medications,
as adhering to medical recommendations is crucial for mini-
mizing the risk of antibiotic resistance. The returned products
encompassed a variety of preparations, emphasizing the need
to monitor not only the expiration dates of medications but
also those of other products and cosmetics. Collaboration
among pharmacies, physicians, manufacturers, and patients
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can contribute to reducing the number of unused products by
increasing awareness and education on proper handling of
pharmaceutical products.
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