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Introduction

Medication errors (MEs) are a major global health concern, 
causing significant patient harm and placing a substantial 
financial burden on healthcare systems.1-3 An ME is defined 
as any preventable event that may cause or lead to inappro-
priate medication use or patient harm while the medication 
is in the control of the healthcare professional, patient, or 
consumer.4 These errors can occur at any stage of the medi-
cation process, including prescribing, preparation, distribu-
tion, administration, or monitoring.5

In the United States alone, adverse events (AEs) in 
healthcare, including MEs, are estimated to contribute to up 
to 98 000 deaths annually,6 ranking them the third leading 

cause of death after heart disease and cancer.7 In addition, 
approximately 1.3 million individuals are harmed by MEs 
each year.8 Beyond their clinical consequences, MEs also 
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represent a considerable economic burden. Globally, the 
cost associated with MEs is estimated at $42 billion USD 
per year.9 More recent studies suggest that MEs are the 
most common preventable cause of adverse drug events 
(ADE),10 with cost exceeding $54 billion USD in OECD 
countries.11 In Finland, the National Audit Office has esti-
mated that quality deviations, including MEs and other 
AEs, result in annual healthcare costs exceeding one billion 
euros.12 ADEs are also estimated to account for approxi-
mately one quarter of emergency department visits by 
elderly patients.13 However, there is currently no national-
level evaluation of healthcare costs specifically attributable 
to MEs in Finland.

Estimating the financial burden of MEs is challenging due 
to variations in cost assessment methods and perspectives 
(eg, service providers, patients, or third-party payers) across 
studies.14-16 While previous studies have examined the eco-
nomic impact of MEs,17-20 they do not consider the cost of 
staff time spent managing these errors. In addition, no stand-
ardized approach exists for calculating their total economic 
impact.21 The aim of this pilot study is to examine the costs 
associated with MEs regionally and nationally in the Finnish 
public healthcare system by assessing the working time of 
healthcare personnel and other financial resources required to 
manage these errors and implement corrective measures.

Materials and Methods

This study was conducted as a cross-sectional study in 
within the wellbeing services county of North Savo. The 
study perspective is economic and healthcare system-
focused, specifically from the viewpoint of the Finnish 
public healthcare system. The wellbeing services county of 
North Savo, established in 2023, is one of Finland’s 21 pub-
lic regional social and healthcare service providers22,23 cov-
ering both specialized medical care and primary healthcare 
services. North Savo County, located in Eastern Finland, 
has a population of approximately 248 000 residents.24

Survey Design

The study consisted of an electronic survey (Surveypal©) 
aimed at assessing resource utilization and costs associated 
with MEs within the wellbeing services county of North 
Savo. The survey targeted healthcare professionals respon-
sible for handling safety incident reports using HaiPro®,25 a 
web-based tool for reporting patient safety incidents. The 
survey was conducted between 21 May, 2024, and 30 June, 
2024. Completing the survey took approximately 5 to 
10 minutes, and responses were submitted anonymously. A 
link to the online survey was distributed via email to all 
departmental managers (n = 1004) and medication contact 
persons in the departments (n = 481) within the wellbeing 
services county. The survey distribution covered both spe-
cialized medical care and primary healthcare services 
within the wellbeing services county, including all clinical 
specialties. The survey was also permitted and requested to 
be forwarded to relevant staff.

The survey collected work time usage, corrective 
actions, and potential improvements in medication safety. 
Respondents were instructed to report only additional ser-
vices directly caused by the ME, not routine patient care. 
Costs were thus attributed only to corrective or extra inter-
ventions due to MEs. The survey was developed by the 
researchers and was piloted in this study. The survey con-
sisted of the following five key components:

  (i) � Type of the most recent MEs (eg, prescribing error, 
administration error, dispensing error, documenta-
tion error, monitoring error, storage error, or unex-
pected patient reaction),

 (ii) � Error type – whether the event resulted in actual 
patient harm or was a near-miss,

(iii) � Work time estimation – estimated time (in minutes) 
spent by different healthcare professionals (eg, 
practical nurses, nurses, physicians, pharmacists, 
and other professionals) on detecting, investigat-
ing, correcting, and managing the error,

(iv) � Additional interventions required – whether cor-
recting the incident required additional actions 
beyond routine duties. If additional actions were 
required, participants specified the type of inter-
vention (eg, patient information, clinical proce-
dures, patient monitoring, hospital admission, 
ambulance transport, or intensive care), and

(v) � Proposals for improving medication safety – 
respondents were asked to evaluate which measures 
could improve medication safety in their workplace 
(eg, enhanced guidelines, additional training, pro-
cess improvements, better communication, or opti-
mized use of HaiPro reporting). An open-ended 
section allowed participants to provide additional 
suggestions on how to improve medication safety in 
their unit.

Inclusion criteria for the survey comprised healthcare pro-
fessionals involved in ME reporting within the wellbeing 
services county of North Savo. Exclusion criteria included 
responses unrelated to MEs or submitted outside the study 
period.

Work Time and Service Costs

Work time costs were calculated using the average salaries 
of various healthcare professionals based on the 2023 
financial administration statistics of the wellbeing services 
county of North Savo (Table 1). In the survey, respondents 
were asked to describe the events in more detail, and these 
events were subsequently classified into different service 
categories by three researchers. All classifications were 
reviewed collectively to achieve consensus. In addition, the 
frequency and type of MEs were analyzed based on the sur-
vey responses.

The cost calculations for services were based on the 
National Institute for Health and Welfare report on unit 
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costs in Finnish health and social care in 2017.26 The 2017 
prices for each procedure and service were corrected to 
reflect 2023 monetary value using Statistics Finland’s con-
sumer price index27 (Table 1). The average cost of a single 
medication dose was calculated using the total cost of all 
dispensed medications in 2023 from the hospital pharmacy 
of the wellbeing services county of North Savo, divided by 
the total number of dispensed units. This resulted in an 
average medication dose price of €2.88.

Statistical Analysis

The statistics values were presented as means with standard 
deviation (SD) or counts with percentages (%). As the data 
for costs were highly skewed, bias corrected and acceler-
ated bootstrap estimation (10 000 replications) was used to 
derive 95% confidence intervals. Incidence rates (per 1000 
person years) with 95% confidence intervals (CI) were cal-
culated assuming a Poisson distribution.

The regional ME incidence rate and mean cost per event 
were extrapolated to national population data using 
Statistics Finland’s population estimates for 2023. Stata 
18.0 (StataCorp LP, College Station, TX, USA) was used 
for the statistical analyses.

Results

Among the 130 reported MEs, 86 cases (66%) resulted in 
direct patient or customer harm, while 44 cases (34%) were 
near-misses.

Administration errors were the most frequently reported, 
accounting for nearly 50% of cases. Dispensing errors were 
the second most frequent, followed by documentation 
errors. Other less common errors included logistical issues, 
errors in verifying home medication, prescribing errors, 
and monitoring errors (Figure 1).

Work Time and Service Costs

The total work time per event was estimated at 1.24 hours 
(SD 6.31) [Range: 0.0-72.0]. The mean work time cost per 
event was €24.9 (95% CI: 13.0-55.1). Work time and cost per 
event by healthcare professional are presented in Table 1.

The number of service events reported in the MEs in the 
survey was 27, and their total cost was €14 635 (Table 2). 

The service costs per event (n = 130) was €114 (95% CI: 
5-333). In cases where the event directly affected the patient 
or customer (n = 86), the service cost was €171 (95% CI: 
8-556). Of the 86 cases affecting the patient or customer, 15 
(17%) required a service event, while 71 (83%) did not.

Figure 2 presents the cumulative distribution of medica-
tion error-related service costs. The majority of cases had 
relatively low costs, remaining below €200, while a small 
proportion of incidents resulted in significantly higher 
costs, exceeding €1000. The steep increase in the upper tail 

Table 1.  Work Time Cost Per Medication Error by Healthcare Professional Reported in a Survey in the Wellbeing Services County 
of North Savo in 2024 (n = 130).

Healthcare professional
Number
n (%)

Mean time usage per case (h)
Mean (SD) [range] Unit cost* (€/h)

Cost per error (€)
Mean (95% CI)

Practical nurse 38 (29) 0.10 (0.26) [0.0-2.0] 16.0 1.7 (1.1-2.5)
Nurse 97 (75) 0.89 (6.30) [0.0-72.0] 18.5 16.4 (5.3-16.1)
Physician 44 (34) 0.10 (0.21) [0.0-1.0] 34.9 3.4 (2.4-6.1)
Pharmacist 11 (8) 0.08 (0.37) [0.0-3.0] 23.2 1.8 (0.7-3.6)
Other 28 (22) 0.07 (0.21) [0.0-1.5] 20.3 1.5 (0.8-2.3)
Sum NA 1.24 (7.68) [0.0-72] 112.9 24.8 (4.39-44.21)

*The average salaries of various healthcare professionals based on the 2023 financial administration statistics of the wellbeing services county of 
North Savo.

Figure 1.  The types of medication errors reported in a 
survey in the wellbeing services county of North Savo in 2024 
(n = 130). Logistics errors include the following types of errors: 
delivery error, storage error, and ordering error.

Table 2.  Service Events and Their Costs Relating to Medication 
Errors Reported in a Survey in the Wellbeing Services County 
of North Savo in 2024 (n = 130).

Service event
Number 
(n)

Service 
event cost 
(€) Total (€)

Laboratory test 4 1.43* 5.72
Inpatient ward 3 4485.62* 13 456.86
Additional monitoring 11 41.69* 458.59
Home visit, nurse 1 98.87* 98.87
Gastrointestinal endoscopy 1 595.03* 595.03
Medication cost (1 unit, avg.) 7 2.88** 20.16
Sum 27 NA 14 635.23

*Based on the National Institute for Health and Welfare report on 
unit costs in Finnish health and social care in 201726 and prices were 
adjusted to reflect 2023 monetary value using Statistics Finland’s 
inflation calculator.27

**Total cost of all dispensed medications in 2023 from the hospital 
pharmacy of wellbeing services county of North Savo divided by the 
total number of dispensed units.
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of the curve demonstrates that a few high-cost incidents 
contribute disproportionately to the total financial burden 
of MEs.

Cost Estimation and Nationwide 
Extrapolation

The average cost per MEs, including work time and service 
costs, was estimated at €138 (95% CI: 22-373). Total num-
ber of MEs was 4973 in the wellbeing service county of 
North Savo in 2023 and estimated ME annual incidence 
was 20.1 per 1000 person-years (95% CI: 19.5-20.6). Using 
the annual estimator, the total annual cost of MEs in North 
Savo was €686 274 (including work time and service costs). 
In addition, in a nationwide extrapolation annual cost of 
MEs totaling €15 456 000 in Finland.

Discussion

This pilot study provided a comprehensive assessment of 
the time and financial costs associated with MEs in the 
wellbeing services county of North Savo and produced a 
national-level estimate of their economic burden in the 
Finnish public healthcare system. The results indicated 
that MEs consume significant healthcare resources, includ-
ing staff time, service costs, and additional corrective inter-
ventions. These findings align with previous studies 

highlighting the clinical and economic impact of MEs on 
healthcare systems globally.1-3

Unlike adverse drug reactions (ADRs), which are caused 
by the pharmacological properties of medications and are 
often unavoidable, MEs results from errors in the medica-
tion process.28 As MEs are considered preventable,5 they 
represent a highly relevant target for safety interven-
tions.9,29,30 Preventing, mitigating, and addressing MEs, 
healthcare systems can reduce both unnecessary patient 
harm and the inefficient use of resources.31 In contrast to 
ADRs, which may occur despite correct and appropriate 
medication use, MEs represent a clear opportunity for both 
clinical and economic improvement.

Our findings confirmed that MEs place a significant 
financial burden on public healthcare systems. Both work 
time and service costs contribute notably to this burden. 
Nurses and physicians were identified as the professionals 
most involved in managing MEs, increasing resource use. 
A notable proportion of errors required additional inter-
ventions, which further amplified the total cost. These 
findings align with previous studies demonstrating the 
substantial costs associated with MEs and its economic 
implications.17-19

When extrapolated to a national level, the findings sug-
gest that MEs contribute considerably to annual public 
healthcare expenditures across Finnish wellbeing service 
counties and regions. However, regional differences in pop-
ulation structure and healthcare utilization patterns, may 
introduce some bias. Also, differences in medication safety 
practices and incident reporting systems lead to fragmented 
data, which is not currently collected in a centralized man-
ner. Similar challenges have been observed internationally, 
highlighting the need for standardized methodologies in 
both ME cost estimation and prevention.14,20,21 The cost 
estimates reported in this study are in line with those 
observed across Europe and globally, where MEs are iden-
tified as a major contributor to healthcare expenditures.15,16 
Prior research has estimated that MEs cost European and 
worldwide healthcare systems billions of euros annu-
ally.9,10,21 This study adds nationally specific data from 
Finland to this discussion, reinforcing the importance of 
systematic cost assessments and the need for improved 
medication safety strategies and actions.32

Most reported MEs in this study resulted in direct harm 
to the patient or customer. However, near-miss events are 
also relatively common and are known to increase the risk 
of future AEs.33 To improve quality of care, it is essential 
to document near-misses, as they provide critical learning 
opportunities for improving error prevention and safety.34 
It has been identified that a positive work environment is 
associated with higher rates of near-miss reporting,35 and 
reporting these events is a crucial first step toward prevent-
ing future MEs.36 In addition, clear and standardized poli-
cies and procedures are likely to increase the reporting 
rates.36 It is important to note that due to limitation of the 
data available in this pilot study, it evaluated only direct 
work time and service costs, not indirect costs, such as pro-
ductivity loss, litigation, or longer-term morbidity. This is 
most likely leading to underestimation of total cost related 

Figure 2.  Distribution of service costs related to medication 
errors (n = 130) reported in a survey in the wellbeing services 
county of North Savo in 2024.
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to MEs. There is no standardized methodology for calcu-
lating ME costs that incorporates both direct and indirect 
costs.21 Comprehensive models, real-world data, and pre-
dictive tools are essential for more accurate cost 
assessments.

The most frequently reported errors were related to 
medication administration, followed by dispensing and 
documentation errors. These findings are consistent with 
previous research, which highlights administration-related 
MEs as a primary area of concern in clinical practice.4,5 
Errors in verifying home medication, prescribing, and mon-
itoring occurred less frequently but were still present. 
However, it is possible that these types of errors were 
underrecognized. International studies indicate that pre-
scribing errors are actually the most prevalent,37,38 suggest-
ing a need to enhance medication safety strategies 
particularly in underreported error categories. Even when 
patient harm does not occur, MEs result in additional costs 
due to detection, correction, and reporting processes, which 
all require substantial staff time and resources.18 However, 
the average costs associated with near-miss MEs are rela-
tively lower than those that reach the patient, highlighting 
the importance of learning from near-miss errors and tar-
geting improvement strategies to them as well, rather than 
focusing only on MEs with serious consequences. Even if 
the ME was a near-miss and was detected before it reached 
the patient, it is possible and quite likely that similar errors 
next time could result in patient harm and more costly cor-
rective actions. This is consistent with the principle that 
MEs should always be aimed at preventing errors, making 
them detectable so that they can be intercepted, and provid-
ing means of mitigating them if they are not caught.39 
Improvement measures are more effective and sustainable 
when they focus on systems, such as process improvements 
and fail-safes, rather than person-focused efforts that rely 
on individual memory and behaviour.40,41

To our knowledge, this is the first study to assess the eco-
nomic burden of MEs in Finland. It provides real-world data 
on the time use and costs, providing valuable insights for 
national-level healthcare decision-making. In addition, the 
study includes data from both specialized and primary care, 
as wellbeing services counties are responsible for both 
sectors.

While the study provides valuable findings, some limi-
tations should be acknowledged. First, the study data is 
limited only to public sector, due to the complexity of the 
healthcare delivery model in Finland, which involves the 
public, private and occupational sectors. Second, we do not 
know the total number of MEs during the study period or 
how many errors were left undocumented in reality. Also, 
the data were based on self-reported estimates of time and 
interventions, which may introduce recall bias. Differences 
in ME reporting practices across regions may also influ-
ence the accuracy of cost estimates. In addition, the study 
did not account for indirect costs, such as long-term patient 
health outcomes, legal expenses, or productivity losses, 
meaning the true economic burden is likely underestimated. 
Despite these limitations, the findings highlight the need 
for improved medication safety interventions and cost-

effective strategies to reduce the impact of MEs on health-
care systems.

This pilot study provided a preliminary analysis of eco-
nomic burden in the public healthcare system in Finland. 
Future research should build on these findings by incorpo-
rating data from multiple wellbeing services counties to 
enhance representativeness and generalisability. Importantly, 
the private and occupational healthcare sectors, both of 
which play a significant role in Finnish healthcare, should 
be included to capture the full scope of medication errors 
and related costs. Ideally, future studies should adopt a pro-
spective design and utilize objective data sources such as 
electronic health records, incident reports, or administrative 
registers to improve data reliability and reduce bias. This 
study piloted the use of survey instrument to gather informa-
tion of workload and service use relating to MEs providing 
useful information and study data. However, the survey 
could benefit from further testing and validation.

Future research should also assess the long-term cost-
effectiveness of such programs and investigate how digital 
tools could help reduce ME-related costs in Finnish health-
care settings. Furthermore, artificial intelligence (AI) could 
support cost analysis and estimation of MEs, providing 
valuable insights for cost-effective interventions. Further 
studies are also needed on how AI can be integrated into 
existing healthcare systems, including ME reporting, and to 
support the identification of risks and errors in the medica-
tion process and to promote corrective and preventive 
actions.

Conclusion

MEs impose a significant financial burden in public health-
care system in Finland, with an average cost of €138 per 
event and an estimated €15 million annually. Managing 
MEs demands extra work of healthcare personnel, which is 
a considerable waste of resources. Most of the events are 
preventable. That is why effective safety strategies are 
needed, and prompt action taken to improve quality of care 
and reduce unnecessary costs.
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