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Background/Objectives: Dispensing errors have the potential to cause significant and preventable patient harm, including adverse
drug events, hospitalization, or even death. This study aims to analyze the characteristics of drug product dispensing errors in the
outpatient pharmacy, identify risk factors, and develop a risk warning model for error prediction.

Methods: A retrospective study analyzed 930 prescriptions with product dispensing errors and 1860 control prescriptions without errors in
an outpatient pharmacy of a tertiary hospital from April 2021 to March 2023. Univariate and multivariable logistic regression were used to
identify risk factors. A risk warning model with a cutoff value was constructed and its reliability evaluated using Receiver Operating
Characteristics(ROC) curve analysis. The cutoff value was then used to assess the model’s test effectiveness with validation dataset.
Results: Logistic regression analysis identified six independent risk factors for product dispensing errors in outpatient pharmacies:
work experience, professional title, education level, similar drug names, similar drug appearances, and multiple specifications. A risk
warning model (p=e*/(1+¢e*), x=3.721-2.133xX1-0.424xX2-0.382xX3+0.736xX4+0.890xX5+0.701xX6) was established. ROC curve
analysis showed an AUC of 0.921 (95% CI: 0.908, 0.933), cutoff value of 0.508, sensitivity of 86.0%, specificity of 91.7%, and
Youden index of 0.777 for the training dataset. For the validation dataset, results revealed an AUC of 0.928 (95% CI: 0.901, 0.956),
sensitivity of 85.90%, specificity of 83.10%, and Youden index of 0.69.

Conclusion: The risk warning model demonstrated high accuracy in predicting product dispensing errors in outpatient pharmacies.
Validated externally, it provides a practical reference for preventing such errors.
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Introduction
Medication error(ME) refers to any preventable inappropriate use of qualified drugs during the entire clinical application
process.' In March 2017, the World Health Organization(WHO) launched a global initiative aimed at improving
medication safety by strengthening systems to reduce MEs and preventable drug-related harms.> MEs can occur at
any stage of the drug treatment process, including prescription writing (or medical orders), drug storage, drug dispensing,
preparation for administration, and actual administration.> MEs are a major cause of harm and preventable patient harm
globally, with serious clinical and economic consequences, including adverse drug events, hospitalization, and even
death. The annual cost associated with MEs worldwide is estimated to be as high as $42 billion.* MEs that cause harm or
have the potential to cause harm pose significant risks to patients’ health.

Drug dispensing constitutes a crucial aspect of medication therapy, with the primary objective of providing
personalized, safe, and effective drug treatment to patients.” Drug dispensing errors refer to discrepancies between the
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prescribed medication and the drugs dispensed by the pharmacy to patients or hospital wards.® Hospital outpatient and
inpatient pharmacies play vital roles in the drug dispensing process. However, outpatient pharmacies face higher risks
than inpatient pharmacies due to their direct patient-pharmacist interaction. When dispensing errors occur, patients may
receive incorrect medications or dosages, leading to treatment failure, life-threatening adverse events, and other adverse
outcomes.” Common types of dispensing errors include drug product errors, quantity errors, labeling errors, and omission
errors. Among these errors, drug product errors and drug quantity errors are the most prevalent. Quantity errors rarely
result in serious adverse events, as they involve the correct medication. In contrast, product errors occur when dispensed
drugs do not match the prescription and often lead to ineffective treatment or serious adverse reactions, such as allergies,
poisoning, and harmful drug-drug interactions.® '

Dispensing error rates reported in the literature vary across practice settings and countries, likely attributed to
differences in operational definitions and error reporting methodologies. A comprehensive systematic review of dispen-
sing errors across diverse pharmacy settings and countries revealed that the overall global prevalence of dispensing errors
across pharmacy settings was 1.6%.'" In 2024, a total of 27,309 cases of ME from 484 hospitals in 27 provincial
administrative regions were collected in the National Clinical Safe Medication Surveillance Network of China. Among
these, drug product errors accounted for 5,347 cases (19.13%). Of the 27,030 MEs classified as Grade B to Grade I, the
main locations of occurrence were outpatient departments (11,009 cases, 40.73%), inpatient wards (7,393 cases, 27.35%),
and pharmacies (6,219 cases, 23.27%).'? Currently, most studies on MEs focus primarily on prescribing and adminis-
tration errors,”> with relatively less attention paid to drug product dispensing errors.

The Chinese government has issued numerous policies to enhance the safety and accessibility of medication usage. In
2019, the General Office of the State Council issued the “Pilot Program for Centralized Procurement and Use of Drugs
Organized by the State”.'* By December 2023, the National Medical Insurance Administration had organized nine rounds of
state-organized centralized drug procurement, encompassing a total of 374 drugs. Furthermore, the National Medical
Insurance Administration negotiates prices with drug manufacturers to determine payment standards, includes drugs in the
medical insurance reimbursement list, and implements national medical insurance negotiation drugs, continuously improving
drug accessibility and reducing patients’ medication burden.'> As various drug policies are gradually advanced and
implemented, the variety of covered drugs continues to increase, posing new risks and challenges for outpatient pharmacy
dispensing. The increasing number of drug types and frequent changes in drug catalogues have posed higher requirements for
the accuracy of drug product dispensing.'® In the outpatient pharmacy environment, ensuring the quality of drug dispensing,
preventing dispensing errors, and safeguarding safe and rational drug use are the primary responsibilities of pharmacists.

Existing research on drug dispensing has predominantly focused on characterizing errors by examining their types and
underlying causes. In 2021, Poole et al conducted a systematic review and meta-analysis, which demonstrated that
intervention strategies such as staff training and technology implementation can reduce error rates in hospital
pharmacies.'” In another study in 2021, Soubra et al carried out a separate observational study on Lebanese community
pharmacies, where they employed logistic regression to examine dispensing errors. They identified key causes of errors,
including work overload, illegible handwriting, distractions, and similar drug naming or packaging.'® However, due to
variations in culture, laws, and healthcare systems, the generalizability of these findings to other regions remains uncertain. In
China, research on multifactorial analysis and risk warning models for drug product dispensing errors is particularly limited.
This study therefore aims to analyze the causes of such errors in outpatient pharmacies, construct a risk warning model, and
evaluate its ability to predict error occurrence to ultimately enhance dispensing accuracy and safeguard rational drug use.

Methods

Study Design

A retrospective controlled study was conducted using prescription data from the outpatient pharmacy of a tertiary
hospital, which was passively divided into an observation group and a control group based on whether product
dispensing errors occurred. Specifically, the observation group (error group) included 930 prescriptions with
product dispensing errors that happened between April 2021 and March 2023, while the control group (non-
error group) consisted of 1860 randomly selected error-free prescriptions from the same period, at a 1:2 ratio to
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the observation group.'®?° Dispensing errors were classified into two types: internal dispensing errors and external
dispensing errors. Internal dispensing errors refer to those occurring during the dispensing process by pharmacists
and are corrected through secondary verification, thus not being dispensed to patients. External dispensing errors,
on the other hand, refer to errors that are detected and reported by patients, medical staff, or others after the drugs
have been dispensed. The focus of this study is specifically on internal dispensing errors related to the dispensed
drug product, which encompass medication name errors, dosage form errors, and specification errors.

Intelligent Drug Dispensing in Outpatient Pharmacy Description

The parameter configuration interface of the intelligent dispensing system in outpatient pharmacies is integrated with the
Hospital Information System (HIS). The standard setup of this system comprises smart drug baskets and other components.
These smart baskets are wirelessly connected to the system, enabling information synchronization with the dispensing
machinery and displaying their respective locations. Upon scanning a card reader, the automated dispensing process is
initiated, establishing a binding relationship with the patient’s prescription. Once a patient pays for their medication, their
prescription details are instantaneously transmitted to the outpatient pharmacy’s data server. The system then automatically
designates a pick-up window, and a barcode printer generates a dispensing list. The dispensing pharmacist prepares the
medication as per the list and places it in the smart drug basket. Concurrently, scanning the card reader triggers the display of
the patient’s name on the screen. Once the patient sees their name on the screen, they proceed to the designated window with
their prescription and receipt to collect their medication. Upon receiving the prescription and receipt, the dispensing
pharmacist scans the barcode on the pick-up slip. Utilizing radio frequency technology, the smart drug basket prompts
and illuminates to indicate its location, enabling the dispensing pharmacist to promptly retrieve the patient’s basket, dispense
the medication, and provide the necessary medication instructions.

Intelligent Error Management System Description

Building upon the comprehensive information management of outpatient pharmacy, an intelligent error management
system has been developed, leveraging the electronic recording capabilities of operators across various positions, as well
as the system’s automated backup functionalities. This system comprises an intelligent error recording system and an
error management platform. By digitizing and intelligently recording errors, the system transmits the recorded content in
real-time to the error management platform, making errors immediately visible. The “Error Registration” function is
integrated into the outpatient pharmacy dispensing system interface. When a dispensing error occurs, the pharmacist
promptly logs the relevant details, including specifics of the prescription medication. Upon selecting the medication
name, the system automatically saves the corresponding information related to that medicine such as name, specification,
quantity, usage, frequency, dosage, and manufacturer. Additionally, the documentation will encompass the various error
types encountered during dispensing, including incorrect medication, quantity discrepancies, specification errors, dosage
form issues, administration route deviations, contraindications, and other missteps. The pharmacist then delves into the
specific details of these errors and identifies their underlying root causes, ranging from non-compliance with procedures
to unfamiliarity with standards, chaotic working environments, limited knowledge, fatigue, mixed dispensing practices,
lack of responsibility, equipment malfunctions, and errors in manual dispensing. The system’s backend efficiently
facilitates real-time data export for in-depth analysis. Furthermore, it automatically generates error reports, enabling
individuals to review their error occurrences and their proportion of total errors at any given time. The entire recording
process is streamlined with a single mouse click, eliminating the need for manual data entry, thus enhancing efficiency
and accuracy.

Collection of Drug Product Error Information

When the checking pharmacists verify prescriptions and drugs, if they detect any discrepancies between the dispensed
drugs and the prescriptions, they promptly communicate with the dispensing pharmacist to verify and replace any
incorrect drugs. Concurrently, they record the errors that occurred in the dispensing system, including the personnel
involved, the cause, and the type of error. The registration information of prescriptions with product dispensing errors
and the relevant data of prescriptions with no dispensing errors were exported from the outpatient pharmacy dispensing
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system’s backend. Relevant data were collected, including the dispensing pharmacists’ work experience, professional
title, educational background, and gender, as well as the presence of drugs with similar names, similar appearances, or
multiple specifications in the prescribed medications. Additionally, 156 prescriptions with product dispensing errors and
195 prescriptions with no dispensing errors from April 2023 to December 2023 were selected for a validation data set,
following the same inclusion criteria as the initial modeling data set. Drug name similarities refer to Look-Alike/Sound-
Alike (LASA) characteristics, specifically orthographic and phonetic similarity. Drug appearance similarities are defined
by medications’ highly similar visual features: matching packaging (size, color, shape), identical dosage forms, and
comparable labeling designs.”’

Model Construction and Evaluation

The construction of the final risk warning model for drug product dispensing errors was conducted using both univariate
and multivariable logistic regression analysis. Logistic regression is widely applied in medical research for binary
outcomes, enables clear interpretation of risk factor effects via coefficients and odds ratios.”> The outcome of internal
errors in drug product dispensing in the outpatient pharmacy was designated as the dependent variable, while the relevant
objective and human factors related to the error events served as independent variables. Initially, univariate analysis was
employed to screen for independent variables influencing drug product dispensing errors, aiming to comprehensively
cover potential risk warning variables. Variables with a P-value < 0.2 in the univariate analysis were selected to increase
the sensitivity of the risk warning model and incorporate a wider range of potential variables. Subsequently, these
variables underwent further scrutiny through multivariable logistic regression analysis. Finally, the significantly influen-
tial independent variables (P<0.05) were included in the risk warning model for drug product dispensing errors.

The ROC curve, a commonly used standard in research, was utilized in this study to evaluate the screening
effectiveness of the risk warning model. This analysis was conducted to assess the predictive value of the model for
drug product dispensing errors. The Area Under the Curve (AUC) is a metric related to the ROC curve.”> An AUC value
less than 0.6 indicates low discrimination, while a value between 0.6 and 0.75 represents moderate discrimination. Values
greater than 0.75 indicate high discrimination. A high AUC value suggests a higher accuracy of the model.

Statistical Analysis

The statistical analysis was conducted using SPSS 26.0 software. In the univariate analysis, all statistical variables in the error
group were compared with the corresponding variables in the control group to determine the P-value for each variable. Count
data were represented as frequencies, and categorical variables were evaluated using chi-square tests. Multivariable analysis
was performed using a logistic regression model, with variable selection based on the results of univariate analysis. Variables
in univariate analysis with a hypothesis test result of P < 0.1 were included in the subsequent multivariable analysis. A test
level of a = 0.05 was specified for introducing variables into the model, and o = 0.10 for removing variables from it. Logistic
regression was employed to calculate the regression coefficients, standard errors, Wald chi-square values, P-values, corre-
sponding odds ratios (OR), and 95% confidence intervals (CI) for each potential predictor. Based on the independent risk
warning indicators for outpatient pharmacy drug product dispensing errors identified by logistic regression analysis, an early
warning model was constructed. Its screening performance was evaluated using the ROC curve, and external validation was
performed to assess its predictive performance, with P < 0.05 considered statistically significant.

Results

Basic Characteristics of Dispensing Pharmacists

A total of 2,790 prescriptions were analyzed in this study, comprising 930 prescriptions in the error group and 1,860
prescriptions in the control group. Table 1 presents an overview of the fundamental characteristics of the dispensing
pharmacists involved in the study. With regard to work experience, 30.9% of the prescriptions were dispensed by
pharmacists with 0 to 1 year of experience, 37.1% by those with 1 to 2 years, 23.7% by those with 2 to 5 years, and 8.4%
by those with 5 or more years of experience. This distribution indicates that the participating pharmacists generally had
relatively short work tenures, with nearly 70% having worked for 2 years or less. In terms of professional titles, 38.6% of

3940 https: Risk Management and Healthcare Policy 2025:18



Xu et al

Table | Single Factor Analysis of Possible Risk Factors for Drug Product Dispensing Errors in Outpatient

Pharmacy
Variables No. of Cases Error Group Control Group a P
(n=2790) (n=930) (n=1860)

Work time (year)*
0-<I 861(30.9) 758 (81.5) 103 (5.5)
1-<2 1034(37.1) 126 (13.5) 908 (48.8) 1687.776 <0.001
2-<5 660(23.7) 32 (34) 628 (33.8)
25 235(8.4) 14 (1.5) 221 (11.9)

Pharmacist titles
Assistant pharmacists 1076(38.6) 812 (87.3) 264 (14.2)
Pharmacists 1117(40.0) 76 (8.2) 1041 (56.0) 1399.046 <0.001
Pharmacists-in-charge or above 597(21.4) 42 (4.5) 555 (29.8)

Educational levels
Associate degree 1277(45.8) 827 (88.9) 450 (24.2)
Bachelor’s degree 1288(46.2) 78 (8.4) 1210 (65.1) 1048.843 <0.001
Master’s degree or above 225(8.1) 25 (2.7) 200 (10.8)

Gender
Male 306(11.0) 91 (9.8) 215 (11.6) 1.999 0.157
Female 2484(89.0) 839 (90.2) 1645 (88.4)

Characteristics of prescription drugs

Similarities in drug names
No 1667 (59.7) 396 (42.6) 1271 (68.3) 170.974 <0.001
Yes 1123 (40.3) 534 (57.4) 589 (31.7)

Similarities in drug appearances
No 1787 (64.1) 457 (49.1) 1330 (71.5) 134.690 <0.001
Yes 1003 (35.9) 473 (50.9) 530 (28.5)

Multiple specifications
No 1627 (58.3) 378 (40.6) 1249 (67.2) 179.185 <0.001
Yes 1163 (41.7) 552 (59.4) 611 (32.8)

Note:*Data are expressed as number (%).

the prescriptions were dispensed by Pharmacy Assistants, 40.0% by Pharmacists, and 21.4% by Pharmacists-in-Charge
or higher-level pharmacists. This finding reveals that junior professional titles were the dominant qualification among the
study population.

From an educational perspective, 45.8% of the prescriptions were dispensed by pharmacists with associate degrees,
46.2% by those with bachelor’s degrees, and 8.1% by those with master’s degrees or above. This reflects that associate
and bachelor’s degrees constituted the primary educational background of the participating pharmacists. Regarding
gender distribution, 11% of the prescriptions were dispensed by male pharmacists, while 89% were dispensed by female
pharmacists. Collectively, these data demonstrate that the dispensing pharmacists in the outpatient pharmacy were
predominantly female, with the overall personnel structure characterized by a noticeable younger profile, junior profes-

sional titles, and associate or bachelor’s degree backgrounds.

Univariate Analysis of Internal Dispensing Errors in Outpatient Pharmacy Drug

Products

The results of univariate analysis revealed that factors such as the dispensing pharmacists’ years of work experience,
professional titles, educational backgrounds, gender, as well as the similarity of drug names, similarity of appearance,
and the existence of multiple specifications for a single drug were correlated with the occurrence of internal dispensing
errors in outpatient pharmacy drug products, showing statistical significance (P < 0.05, see Table 1).
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Multivariable Analysis of Internal Dispensing Errors in Outpatient Pharmacy Drug

Products

In this study, the occurrence of internal dispensing errors in outpatient pharmacy drug products was designated as the
dependent variable. Initially, a univariate analysis was performed to identify potential independent variables that
significantly influenced the occurrence of dispensing errors (p < 0.10). Subsequently, significant independent variables
were included in a multivariable logistic regression model to further elucidate the relevant factors associated with
dispensing errors in outpatient pharmacy drug products. Six independent risk factors were identified: years of work
experience (X1) (P < 0.05), professional title (X2) (P < 0.05), educational background (X3) (P < 0.05), similarity of drug
names (X4) (P = 0.001), similarity of drug appearance (X5) (P = 0.004), and the presence of multiple specifications for
a single drug (X6) (P = 0.001). Logistic regression analysis was conducted to determine the regression coefficients,
standard errors, Wald chi-square values, P-values, corresponding odds ratios (OR), and 95% confidence intervals (CI) for
these independent risk indicators. The results are presented in Table 2.

Construction of a Risk Warning Model for Dispensing Errors in Outpatient Pharmacy
Drug Products

Based on the results of the multivariable logistic regression analysis, the assignment methods for the independent
variables in the model are presented in Table 3. The final risk warning model is formulated as follows:

p=c/(1+¢)
X = 3.721 — 2.133 x X1 — 0.424 x X2 — 0.382 x X3 + 0.736 x X4 + 0.890 x X5 + 0.701 x X6

In this model, p represents the probability of occurrence of dispensing errors, where e is the base of the natural logarithm.

The assignment of years of work experience (X1) is as follows: 0 to less than 1 year is assigned a value of 1, 1 to less than 2
years is assigned a value of 2, 2 to less than 5 years is assigned a value of 3, and 5 or more years is assigned a value of 4. For
professional titles (X2), Pharmacy Assistant is assigned a value of 1, Pharmacist is assigned a value of 2, and Senior Pharmacist
and higher titles are assigned a value of 3. Similarly, for educational backgrounds (X3), Associate degree is assigned a value of
1, Bachelor’s degree is assigned a value of 2, and Master’s degree or higher is assigned a value of 3. The variables for similarity
of drug names (X4), similarity of drug appearance (X5), and multiple specifications for a single drug (X6) are binary values,
with “1” indicating the presence of the respective factor in the prescription and “0” indicating its absence.

Evaluation of the Risk Warning Model of Drug Product Dispensing Errors in
Outpatient Pharmacy

Utilizing the risk warning model formula for drug product dispensing errors in outpatient pharmacy, ROC curve analysis was
conducted to estimate the predictive probability of drug product dispensing errors. The area under the ROC curve (AUC) was
0.921 (95% CI: 0.908, 0.933), with a standard error of 0.007, showing high discrimination for drug product dispensing errors
in outpatient prescriptions. Additionally, the Hosmer-Lemeshow test (H-L test) was performed on the risk warning model,

Table 2 Multivariable Analysis of Risk Factors for Drug Product Dispensing Errors in Outpatient Pharmacy

Variables Point Standard | Wald Chi-Square P OR Lower Upper
Estimation Error Values Interval Interval
Xl —2.133 0.164 169.327 <0.001 | 0.118 0.086 0.163
X2 —0.424 0.193 4.827 0.028 | 0.655 0.448 0.955
X3 —0.382 0.146 6.831 0.009 | 0.683 0.513 0.909
X4 0.736 0.122 36.421 <0.001 | 2.088 1.644 2.652
X5 0.890 0.125 50.414 <0.001 | 2.435 1.905 3.113
X6 0.701 0.121 33.400 <0.001 | 2.015 1.589 2.556
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Table 3 The Way to Evaluate the Value of the Variable of the Risk
Warning Mode

NO. Variables Assignment

X1 Work experience 0-<lyear = |

1-<2 years = 2

2-<5 years = 3

25 years = 4

X2 Professional title Assistant pharmacist = |

Pharmacist = 2

Pharmacists-in-charge or above = 3

X3 Educational level Associate degree = |
Bachelor’s degree = 2

Master’s degree or above = 3

X4 Similarities in drug names No =0, | = Yes
X5 Similarities in drug appearances No =0, | = Yes
X6 Multiple specifications No =0, | = Yes

and the x2 value was 724.416. The risk warning model was utilized to determine the cutoff value, which was established as
0.508. The predicted sensitivity was 86.0%, specificity was 91.7%, and the Youden index was 0.777, as illustrated in Figure 1.

External Validation of the Risk Warning Model

The validation data set, consisting of 156 prescriptions with drug product dispensing errors and 195 prescriptions with no
dispensing errors, was input into the established risk warning model to calculate the prediction probability of drug
product dispensing errors occurring in each prescription. The model’s cutoff value was then used to evaluate the
predictive performance of the validation data set. The results revealed a sensitivity of 85.90%, specificity of 83.10%,
accuracy of 84.30%, and a Youden index of 0.69. These findings indicate that the risk warning model exhibited a high
predictive efficiency in both internal and external validations.

Discussion
Drug dispensing is a crucial component of the pharmacy’s direct provision of pharmaceutical services to patients, and the
quality of dispensing directly impacts the safety and effectiveness of medication use.”**> Both internal and external

dispensing errors are mistakes or oversights that occur during the dispensing process, which can have adverse effects on
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Figure | ROC curve of drug product errors risk warning model in outpatient pharmacy.
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drug management and patient medication. Internal dispensing errors can, to a certain extent, increase the risk of external
errors occurring. If pharmacists make mistakes during the dispensing process, it can further lead to patients receiving
incorrect medications, thereby increasing the rate of external feedback errors.?® Therefore, reducing the occurrence of
internal errors is one of the important means to lower the risk of external errors. Currently, research on dispensing errors
in outpatient pharmacies has mainly focused on identifying the causes of these errors, while there is a paucity of studies
utilizing logistic regression analysis to identify risk factors influencing such errors. This study aims to establish a risk
prediction model by applying logistic regression analysis to the occurrence of dispensing errors in outpatient pharmacies,
specifically focusing on the perspective of product dispensing errors.

A study analyzing the impact of drug name similarity on dispensing errors, which classified all drugs stored in the
dispensary in terms of both drug name similarity and drug efficacy similarity, demonstrated that drug name similarity
increases the risk of dispensing errors. It also indicated that prioritizing the differentiation of medicines with similar
packaging over those with similar names is more important when arranging drug shelving.?” Another study found that the
number of medication orders on a prescription (>4 medications) and pharmacy busyness significantly predicted the
occurrence of medication dispensing errors. The causes of dispensing errors have been explored in various countries and
factors, such as work overload and pharmacists fatigue, have been highlighted as contributory factors.'® This study
combined model construction with a conceptual framework to scientifically and comprehensively assess both objective
and subjective factors related to product dispensing errors in outpatient pharmacies. In univariate analysis, the con-
sideration of confounding factors and/or the interaction between various factors is often overlooked, whereas further
multivariable analysis can fully account for the interactions among these factors.”*>° Therefore, it is necessary to
conduct multivariable analysis after univariate analysis to determine the true factors leading to errors and avoid false
positive results. Consequently, evaluating the model after its establishment is crucial to ensure its authenticity and
reliability. Utilizing logistic regression analysis and ROC curve evaluation, we identified work experience, professional
title, educational background, similarity of drug names, similarity of drug appearance, and multiple specifications for
a single drug as independent risk factors for product dispensing errors. Using logistic regression to fit multiple risk
factors, we established a model to predict the risk of product dispensing errors in outpatient pharmacies. The final results
of logistic multivariable analysis revealed that work experience, professional title, and educational background had
a negative correlation with the occurrence of errors, suggesting that longer work experience, higher professional titles,
and higher educational backgrounds are associated with a lower risk of errors. Conversely, similarity of drug names,
similarity of drug appearance, and the presence of multiple specifications for a single drug had a positive correlation with
error occurrence, indicating a higher risk of errors when these factors are present. Furthermore, the evaluation results of
the model showed that the AUC under the ROC curve for predicting product dispensing errors in outpatient pharmacies
was 0.921, indicating good predictive ability. This model can be utilized in practical work for early warning of potential
product dispensing errors.

To continually reduce dispensing errors in outpatient pharmacies, it is imperative to address both personnel and
medication aspects based on the relevant risk factors identified in our research. Specifically: (1) Personnel Aspect:
Pharmacists play a pivotal role in drug handling and dispensing, particularly at outpatient dispensing counters where they
have direct contact with patients. Dispensing errors often occur due to human factors. Our study reveals that pharmacists with
less than one year of work experience may possess insufficient knowledge and comprehension of drugs due to their limited
exposure. Consequently, outpatient pharmacies should establish standardized training programs for drug dispensing,
emphasizing training and assessments for staff, particularly those with shorter work experience, lower professional titles,
and fewer academic qualifications. Layered and targeted training should be undertaken to enhance pharmacists’ familiarity
with drugs and ensure the safety of dispensed medications. Additionally, a robust quality control system for outpatient
pharmacies should be established to regularly review and analyze dispensing errors, propose optimization and rectification
measures, and continuously track their effectiveness. The oversight of the drug dispensing process should also be fortified,
with regular inspections and prompt corrective measures for pharmacists’ irregular practices. Notably, pharmacist absence
duration is another non-negligible factor under the personnel aspect. A separate study identified that the longer a pharmacist
is absent from work, the more likely they are to make a dispensing error upon their return. Accordingly, the study
recommends that when a pharmacist has been away from work for more than 72 hours, they should first find their way
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back to work before dispensing, which will also reduce the number of errors.’' (2) Medication Aspect: Medications are also
a significant factor leading to dispensing errors in outpatient pharmacies.*>** As the last line of defense for patients’ safe and
rational use of drugs, outpatient pharmacies face high patient volume and a diverse medication inventory, which can easily
lead to dispensing errors.>**> Therefore, outpatient pharmacies should implement zoning management for the storage and
placement of drugs with similar names, similar appearances, and multiple specifications that are prone to errors. Additionally,

EEINT3

warning labels such as “similar in appearance,” “similar in pronunciation,” and “multiple specifications” should be
prominently displayed to remind pharmacists to strengthen verification when dispensing drugs. Printed and digital drug
names may be optimized for readability and distinctiveness by modifying font color, weight, kerning, or capitalization. Tall
Man lettering is a popular typographic strategy for this purpose. Technologically, it has been reported that integrating barcode
scanning into dispensing enables verification of physically selected drugs against on-screen prescriptions. Theoretically,
proper use eliminates most dispensing errors. However, a key limitation is that it may perpetuate pre-dispensing errors, as
neglected manual checks reduce their detection.*®

Driven by healthcare reform policies, the variety and specifications of drugs are constantly increasing, with new and
specialized drugs emerging frequently. Changes in drug varieties, packaging, and manufacturers pose a challenge for pharmacists
to continuously update their knowledge and familiarize themselves with new drugs’ indications, dosages, adverse reactions, and
other drug information to ensure accurate drug dispensing.>’ Furthermore, the diversity of drug varieties and the high similarity of
packaging among different manufacturers or even within the same manufacturer can easily lead to confusion and errors during
dispensing.®® As competition in the pharmaceutical market intensifies, manufacturers and specifications of drugs are constantly
changing. This requires pharmacists to be well-versed in the drugs from various manufacturers and to be familiar with the
differences between drugs of different specifications and manufacturers to avoid dispensing errors.>>*® To address these
challenges, medical institutions can leverage information technology.*! For instance, electronic bulletin systems can be
established on internal networks to real-time post information about new drugs, packaging changes, and manufacturer changes.
Pharmacists and relevant staff can access this information at any time to stay updated. Mobile applications can also be developed
to provide pharmacists with convenient access to drug information, including indications, dosages, manufacturers, and updates.**
These applications enable pharmacists to learn about new drugs and changes in real-time. Additionally, intelligent reminder
functions can be integrated into outpatient pharmacy information systems. When there are changes in drug packaging or
manufacturers, the system can automatically alert pharmacists to these changes. Social media and instant messaging tools can
also be utilized to establish pharmacist communication groups for timely sharing of new drug training, drug changes, and other
relevant information, ensuring rapid dissemination and sharing of knowledge.** ** By comprehensively utilizing these informa-
tion technology tools, pharmacists and relevant staff can promptly access information on new drug training, packaging and
manufacturer changes, and take corresponding measures to improve the accuracy of drug dispensing and ensure patient safety.

In summary, the construction of a prediction model for product dispensing errors in outpatient pharmacies can
provide theoretical support for preventing risks. Based on the results of the model, pharmacy managers in medical
institutions can optimize drug dispensing and rationalize the management of personnel and drugs in the outpatient
pharmacy workflow to more effectively control the occurrence of related risks and ensure the quality of drug
dispensing. Additionally, by providing quantitative information about potential future risks, it can assist decision-
makers in better understanding and managing drug risks, providing valuable theoretical references for managers to
design preventive strategies for risk events. However, this study has certain limitations. Due to constraints in
personnel and other resources, the sample size and scope of this study in a single hospital may limit the
establishment of more comprehensive and in-depth conclusions. Therefore, future research plans focus on
conducting larger-scale multi-center studies to further clarify the accuracy and reliability of the research results.

Conclusion

This study explored the factors that contribute to product dispensing errors in outpatient pharmacies and constructed a risk
warning model for such errors. The model incorporates six independent risk factors: years of work experience, professional
title, educational background, similarity in drug names, similarity in drug appearance, and multiple specifications for a single
drug. By effectively predicting potential errors, this model can assist pharmacists in implementing targeted interventions,
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ultimately improving patient safety and medication accuracy. Particularly, it demonstrates high predictive performance for
product dispensing errors in outpatient pharmacies and holds practical application value.
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