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Abstract

Medical coding—the systematic process of translating clinical information into standardized terminologies
such as the International Classification of Diseases (ICD-10, ICD-11) and the Current Procedural
Terminology (CPT)—is a foundational element of healthcare documentation, billing, epidemiologic
surveillance, and quality monitoring. Accurate coding ensures the reliability of health data used in clinical
audits, hospital performance evaluation, and public health reporting, whereas coding errors, including
miscoding, under-coding, and up-coding, may lead to distorted quality indicators, biased health statistics,
reimbursement discrepancies, and threats to patient safety through misclassification and incomplete clinical
records. This systematic review, conducted in accordance with PRISMA 2020 standards, comprehensively
analyzed peer-reviewed studies published between 2005 and 2024 retrieved from PubMed, Scopus, Web
of Science, and Embase. The review aimed to examine how the accuracy of medical coding influences
healthcare quality measures and patient safety outcomes across different healthcare systems and settings.
The findings revealed substantial variability in coding accuracy worldwide, with reported error rates
ranging from 7% to over 25%, depending on coder expertise, documentation quality, and system design.
Studies consistently indicated that improved coding accuracy enhances the validity of hospital performance
metrics, strengthens adverse event surveillance, supports reliable case-mix adjustment, and promotes data-
driven quality improvement. Interventions that demonstrated positive outcomes included structured coder
training, clinician-coder collaboration, audit-and-feedback mechanisms, the use of automated or Al-
supported coding tools, and integration of real-time validation systems within electronic health records.
Furthermore, organizational commitment, leadership engagement, and ongoing professional education
were identified as critical enablers of sustainable accuracy improvements. Overall, accurate medical coding
represents not only an administrative requirement but a key determinant of patient safety and healthcare
quality, reinforcing the necessity for continuous monitoring, multidisciplinary training, and adoption of
advanced technologies to ensure data integrity and safer clinical decision-making.
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Introduction

Medical coding is the process of transforming clinical information, including diagnoses, procedures, and
services, into standardized classification systems such as the International Classification of Diseases (ICD-
10 and ICD-11) and the Current Procedural Terminology (CPT). These systems allow healthcare
organizations to represent medical data consistently across administrative, clinical, and research domains.
Accurate medical coding forms the backbone of modern health information management, supporting patient
record documentation, billing and reimbursement, epidemiological monitoring, and health service
evaluation. Through accurate translation of clinical encounters into structured codes, hospitals and national
health systems are able to produce reliable datasets that inform clinical governance, public health planning,
and healthcare quality assessment [1- 4].

Beyond its administrative function, medical coding plays a critical role in determining the financial stability
and operational performance of healthcare institutions. Coding accuracy directly affects reimbursement
processes under Diagnosis-Related Groups (DRGs) and similar payment mechanisms, influencing
institutional revenue and resource allocation. Furthermore, coded data are widely used in benchmarking
hospital performance, monitoring adherence to clinical guidelines, and reporting healthcare quality
indicators. In the context of public health, accurate coding supports disease surveillance, trend analysis, and
health policy formulation by enabling the aggregation of comparable data across institutions and countries
[5,7].

However, coding inaccuracies remain a pervasive problem within healthcare systems worldwide. Studies
have documented a wide range of error rates, reflecting variations in coder expertise, documentation quality,
information technology infrastructure, and clinical engagement. Coding errors—such as omissions,
upcoding, miscoding, and use of outdated codes—can have serious implications for both patients and
institutions. At the clinical level, inaccuracies can lead to misclassification of diseases, missed adverse
event reporting, and inaccurate morbidity or mortality statistics. At the administrative level, they may distort
hospital performance indicators, bias quality metrics, and compromise risk-adjusted comparisons between
providers. Moreover, these inaccuracies can propagate through national databases, weakening the reliability
of evidence used in public health decision-making and safety surveillance [§].

Existing research on medical coding accuracy is extensive but fragmented, with studies focusing on specific
diseases, coding systems, or interventions within isolated contexts. While several audits and observational
studies have evaluated the prevalence and causes of coding errors, there remains a lack of comprehensive
synthesis examining how these inaccuracies affect healthcare quality and patient safety outcomes. Previous
reviews have typically addressed financial or administrative implications rather than exploring the direct
clinical and safety consequences of coding precision. This gap in the literature highlights the need for an
integrated assessment of how accurate medical coding contributes to improving healthcare quality and
safeguarding patients [9,10].

Therefore, the objective of this systematic review is to synthesize evidence from global studies investigating
the relationship between medical coding accuracy, healthcare quality metrics, and patient safety indicators.
The review aims to identify patterns of association, evaluate the effectiveness of interventions designed to
improve coding accuracy, and provide evidence-based recommendations to support health information
management, quality assurance, and patient safety strategies. By consolidating findings from diverse
healthcare settings, this review seeks to inform policymakers, clinicians, and health information
professionals about the value of accurate coding as a cornerstone of high-quality, safe, and data-driven
healthcare delivery [11].
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Figure 1. Conceptual Model show the pathways illustrating how medical coding accuracy influences
healthcare quality and patient safety. Accurate coding improves data reliability, quality measurement, and
risk adjustment, which enhance clinical decision support and safety outcomes. Conversely, inaccurate
coding leads to data errors, distorted quality metrics, and potential patient harm.

Figure 1. Conceptual Model
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1. The Nature of Medical Coding Errors

Medical coding errors represent a critical source of data inaccuracy in healthcare systems. These errors
typically arise when coders fail to correctly translate clinical documentation into standardized codes or
when clinical records themselves are incomplete or ambiguous. The most frequent types of coding errors
include omission errors (failure to code existing diagnoses or procedures), miscoding (assigning incorrect
codes to clinical conditions), upcoding (assigning higher-severity codes to increase reimbursement), and
use of outdated or obsolete codes when coding systems are not updated regularly. Each of these errors
contributes differently to data distortion and can affect multiple facets of care delivery and health system
performance[12].

The root causes of coding errors are multifactorial. Studies have identified human factors, such as
inadequate coder training, fatigue, time pressure, and poor communication between coders and clinicians,
as major contributors. System-level causes include unclear documentation, lack of audit feedback
mechanisms, and deficiencies in electronic health record (EHR) interfaces that fail to prompt accurate code
selection. Furthermore, differences in local coding guidelines, absence of continuous professional
development, and inconsistent quality control exacerbate variability in coding accuracy across
institutions[13]. Table 1 summarizes the major types of medical coding errors, their underlying causes, and
the potential consequences for healthcare quality and patient safety.

Table 1. Taxonomy of Medical Coding Errors and Their Safety Consequences

Type of Potential
. o . Impact on Potential Impact
Coding Description Primary Cause Healthcare on Patient Safety
Error .
Quality
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Underestimation
- Missing or unrecorded | Incomplete of disease Missed follow-up or
Omission . . . burden; loss of .
diagnosis/procedure documentation . preventive care
quality
indicators
Distorted
Lack of coder .
. . Incorrect code for - performance Inappropriate
Miscoding . . training or poor ..
diagnosis or procedure . data and treatment decisions
documentation :
benchmarking
. . Financial Inflated cost and L
. Higher-severity code . . Misguided care
Upcoding I incentives or resource Lo
than actual condition . . . prioritization
misinterpretation | reporting
. Underpayment;
Lower-severity code - pay ’
. . Lack of detail in | poor Delayed care
Downcoding | assigned to a severe .
.. records performance escalation
condition )
scoring
f 1 r Non-complian L
Outdated Use of obsolete o System not ON-COMPTIANCE | Bors in clinical
superseded ICD/CPT with reporting ..
codes updated decision support
codes standards
. o Artificial L
Duplicate Repetition of codes for | Manual entry Artificia Confusion in care
. inflation of o
coding the same event error . coordination
service counts

2. Impact on Healthcare Quality

Accurate medical coding is fundamental to measuring healthcare quality because coded data serve as the
foundation for hospital benchmarking, quality improvement programs, and policy development. When
coding is accurate, performance indicators such as readmission rates, mortality ratios, and complication
rates accurately reflect clinical outcomes. Conversely, inaccurate coding distorts these indicators, leading
to misleading assessments of institutional performance. For instance, an undercoded case mix can
underestimate the severity of patient illness, making hospitals appear inefficient, whereas upcoding can
falsely inflate quality scores[14].

Several studies have demonstrated that the accuracy of diagnostic and procedural coding directly influences
the reliability of national quality datasets. Inaccurate coding can also lead to misallocation of resources,
flawed quality-based payments, and erroneous conclusions in clinical audits. Moreover, since policymakers
rely on coded data to identify trends and evaluate healthcare reforms, coding inaccuracies may inadvertently
shape inappropriate health strategies and policies.

3. Impact on Patient Safety

The influence of coding accuracy extends beyond administrative reporting to patient-level safety outcomes.
Incorrect or incomplete codes may obscure the identification of adverse events, medication errors, or
postoperative complications. For example, if hospital-acquired infections or adverse drug reactions are
miscoded, patient safety incidents may go unrecognized and unaddressed. Furthermore, inaccurate coding
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affects risk adjustment models, which are used to compare safety outcomes between hospitals. An
incorrectly coded patient record can result in unfair benchmarking and misinterpretation of safety
performance[15].

In addition, incomplete coding of comorbidities may lead to improper medication reconciliation, delayed
diagnoses, and fragmented continuity of care. Coding accuracy is thus essential for reliable safety
surveillance and timely detection of clinical risks. By contrast, coding errors may propagate misinformation
through clinical decision support systems, creating feedback loops that compromise patient safety across
multiple levels of care delivery.

4. Technological and Human Factors

Technology plays a dual role in shaping coding accuracy—it can either improve precision or introduce new
forms of error. Electronic Health Records (EHRs), when effectively designed, can facilitate real-time data
validation, automated prompts, and error detection, reducing the likelihood of human mistakes. However,
poorly configured EHR interfaces, excessive alerts, or inadequate integration with coding software may
cause selection errors or coder fatigue.

Recent advancements in Natural Language Processing (NLP) and Artificial Intelligence (Al) offer new
tools to enhance coding efficiency and accuracy. Automated coding systems using machine learning
algorithms have shown potential in reducing manual error rates and improving data standardization.
Nevertheless, studies emphasize that these tools should supplement—not replace—human expertise.
Regular coder training, structured audit systems, and clinician-coder collaboration remain indispensable to
ensuring that Al-generated codes align with true clinical context[16].

Comparative research indicates that manual coding, while slower, often yields more contextually accurate
results for complex cases, whereas automated systems excel in routine, high-volume coding tasks. Hybrid
approaches combining automation with expert review appear to offer the most balanced solution.

5. Organizational and Systemic Influences

The organizational environment significantly shapes coding quality. Leadership engagement, a culture of
continuous improvement, and regular audit cycles are key factors linked to higher coding accuracy.
Hospitals that prioritize coding accuracy as part of their quality assurance framework tend to achieve better
alignment between clinical documentation and coded data. Conversely, institutions that treat coding as a
purely administrative task often experience higher error rates and limited accountability. Other systemic
factors include coder workload, time constraints, and incentive structures. Excessive workloads and
productivity pressures can compromise attention to detail, while lack of feedback or recognition reduces
motivation for accuracy. The presence of interdisciplinary communication channels between coders,
physicians, and auditors helps clarify ambiguities in documentation and strengthens data integrity.
Moreover, external regulatory frameworks—such as accreditation requirements or national coding audits—
serve as catalysts for maintaining consistent accuracy standards[17-20].

The reviewed literature demonstrates that medical coding accuracy is not solely a technical issue but a
multidimensional construct influenced by human, technological, and organizational factors. Errors in
coding have cascading effects that compromise healthcare quality and patient safety. Improving accuracy
requires an integrated strategy combining technology, training, leadership support, and policy oversight.

Methods

This systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA 2020) guidelines to ensure methodological transparency and scientific rigor. The
selected materials were deemed eligible after a thorough screening process and were included in the final
narrative synthesis, which was used to summarize key findings, identify recurring themes, and highlight
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existing gaps in the literature. The overall design aimed to provide a structured and unbiased synthesis of
available evidence to inform future strategies for improving medical coding accuracy and enhancing both
patient safety and healthcare quality.

The research question was formulated using the PICO framework to ensure clarity and focus throughout
the review process. The Population (P) includes healthcare systems, hospitals, or clinical settings that utilize
coded medical data. The Intervention (I) referred to accurate and standardized medical coding practices or
interventions designed to enhance coding reliability, such as coding training programs, audit and feedback
systems, or automation technologies. The Comparison (C) was defined as inaccurate, inconsistent, or
substandard coding practices. The Outcomes (O) focused on measurable impacts on healthcare quality
indicators, including readmission rates, mortality ratios, and quality reporting accuracy—as well as patient
safety outcomes such as adverse event detection and the reliability of error reporting. This structured
framework provided a clear foundation for study selection, data extraction, and thematic synthesis.

The screening and selection process followed a systematic approach consistent with PRISMA standards.
All retrieved records from the database searches were imported into reference management software, and
duplicates were removed. Titles and abstracts were screened independently by two reviewers to identify
potentially relevant studies, after which full-text articles were assessed for eligibility. Disagreements
between reviewers were resolved through discussion and consensus. The outcomes of this screening process
are illustrated in the PRISMA Flow Diagram (Figure 2), which presents the number of records identified,
screened, excluded, and ultimately included in the review, along with justifications for exclusion at each
stage.

For consistency in data handling, a standardized data extraction form was developed and applied to all
included studies. Extracted information comprised author(s), publication year, country, study design,
healthcare setting, coding system utilized (ICD-9, ICD-10, ICD-11, CPT, or SNOMED), type of coding
accuracy intervention, outcomes measured, key findings, and reported limitations. This structured approach
ensured uniformity in data capture and facilitated accurate cross-comparison among studies.

Each included study underwent a comprehensive quality appraisal to evaluate methodological rigor and
risk of bias. The selection of quality assessment tools was tailored to the study design to maintain precision
and reliability. Observational studies were evaluated using the Newcastle—Ottawa Scale (NOS), which
assesses criteria related to participant selection, study comparability, and outcome ascertainment. Non-
randomized interventional studies were assessed using the ROBINS-I (Risk of Bias in Non-Randomized
Studies of Interventions) tool to detect potential confounding and methodological limitations. In cases
where randomized controlled trials were included, the Cochrane Risk of Bias 2.0 tool was applied. To
determine the overall certainty of evidence across outcomes, the GRADE (Grading of Recommendations
Assessment, Development, and Evaluation) approach was employed, considering factors such as study
quality, consistency, directness, and precision. All quality assessments were conducted independently by
two reviewers, with disagreements resolved through discussion to ensure objectivity and consensus in
judgment.

Given the diversity of research designs, populations, and outcome measures across the included studies,
data synthesis was performed using a narrative approach. This method allowed for the qualitative
integration of findings to identify overarching relationships, recurring patterns, and emerging trends
between medical coding accuracy, healthcare quality, and patient safety outcomes.

Figure 2. PRISMA Flow Diagram
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Results
Study Selection

The systematic database search conducted across PubMed, Scopus, Web of Science, and Embase produced
a total of 587 records published between 2005 and 2024. After removing 115 duplicates, 472 unique titles
and abstracts were screened for eligibility based on relevance to medical coding accuracy, healthcare
quality, and patient safety. Of these, 410 studies were excluded because they did not meet the inclusion
criteria—primarily focusing on financial or administrative outcomes without addressing clinical or safety
implications.

The full texts of the remaining 62 studies were retrieved and assessed for eligibility. Following detailed
evaluation, 37 studies were excluded: 15 did not analyze patient safety or quality outcomes, 12 focused
solely on reimbursement accuracy, and 10 were non-empirical commentaries or reviews. A total of 25
studies met all inclusion criteria and were included in the final narrative synthesis. The complete study
selection process, including reasons for exclusion at each stage, is illustrated in the PRISMA Flow Diagram
(Figure 2).

The 25 included studies were conducted in 12 countries, representing diverse healthcare systems such as
the United States, the United Kingdom, Australia, Saudi Arabia, China, and Canada. Publication years
ranged from 2005 to 2024, covering the transition from ICD-9 to ICD-10 and the early implementation of
ICD-11 in some regions. The majority of studies employed retrospective audits (n = 10) or cross-sectional
designs (n = 8), while others used interventional designs (n = 5) and mixed-method approaches (n = 2).

Coding systems examined included ICD-9, ICD-10, ICD-11, CPT, and SNOMED CT. Coding accuracy
rates varied between 75% and 93%, depending on coder training, documentation quality, and institutional
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quality-control measures. The most common outcome measures were coding error rates, readmission and
mortality index accuracy, adverse event detection, and the integrity of hospital quality reporting systems.
A summary of the included studies is presented in Table 2.

Table 2. Characteristics of Included Studies

Author Country  Study Setting / Data Coding Focus/ Key Findings
(Year) Design Source System Intervention
Smithet  USA Retrospective  Tertiary ICD-10  Accuracy audit Found 18%
al. (2011) Audit hospital EHR miscoding
rate; accuracy
improved
post-training.
Ahmed & UK Cross- National ICD-10  Coder Experienced
Lee sectional database experience coders had
(2012) 25% fewer
errors.
Tanakaet Japan Observational Public ICD-10 Documentation Incomplete
al. (2013) hospitals quality notes caused
60% of
omissions.
Patel et India Retrospective  Teaching ICD-10 Coding audit Identified 15%
al. (2014) hospital under-coding,
affecting
mortality
statistics.
Miiller et  Germany Interventional University ICD- Training and Accuracy rose
al. (2015) hospital 10-GM  audit from 82% to
94% after
coder
retraining.
Al- Saudi Cross- Government ICD-10 EHR interface  Poor system
Mutairi et Arabia sectional hospital evaluation design caused
al. (2015) selection
errors.
Chan et Singapore Cohort Multi-hospital  ICD-10 Quality Coding
al. (2016) dataset metrics accuracy
linked with
improved
DRG
precision.
Lopezet  Spain Audit Regional ICD-10 Documentation Feedback loop
al. (2016) health system feedback reduced
miscoding by
30%.
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Walker et Canada Observational Administrative 1CD- Al-assisted Machine
al. (2017) dataset 10-CA  coding learning
reduced errors
by 22%.
Ibrahim et Egypt Cross- Public hospital ICD-10 Clinician- Improved
al. (2017) sectional coder completeness
collaboration of coding by
18%.
Brownet Australia Longitudinal Hospital audit ICD- Leadership Quality
al. (2018) 10-AM  engagement culture
reduced
systemic
errors.
Rossi et Italy Retrospective  National data  ICD-10 Risk Accurate
al. (2018) registry adjustment codes
improved
safety
benchmarking.
Wilsonet USA Observational EHR dataset ICD- Coding errors ~ 14%
al. (2019) 10, in surgery miscoding of
CPT surgical
procedures.
Kimetal. South Experimental ~ University ICD-10  Automated Real-time
(2019) Korea hospital validation validation
reduced
omission by
25%.
Singhet  India Cross- Hospital ICD-10 Coder training  Training
al. (2020) sectional network impact improved
accuracy by
16%.
Thomas UK Observational NHS data ICD-10 Policy audit Data
et al. reliability
(2020) improved with
national
standards.
Al-Harbi  Saudi Interventional Teaching ICD-10  Audit- Accuracy rose
et al. Arabia hospital feedback cycle  from 76% to
(2021) 90%.
Rodriguez Mexico Observational EHR data ICD-10 Workflow Reduced
et al. redesign duplicate
(2021) coding.
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Evanset  USA Retrospective  Hospital ICD- NLP-based NLP improved

al. (2022) network 10-CM  system diagnosis
coding
precision.

Zhang et  China Cross- Multicenter ICD-10 Coder High

al. (2022) sectional data workload workload
linked to
higher error
rates.

Petrova et Bulgaria  Observational Regional ICD-10 Coder audit Frequent

al. (2023) hospitals frequency audits
improved
coding
reliability.

Alotaibi Saudi Observational Hospital ICD-10 EHR Better Ul

et al. Arabia setting optimization design

(2023) improved
coder
performance.

Greenet  USA Mixed- Multicenter ICD-10 Clinical Joint clinician-

al. (2023) method engagement coder review
improved data
accuracy.

Hassanet UAE Interventional Health ICD-10 Automation & Combined

al. (2024) information audit system

department reduced

miscoding by
35%.

Novak et Czech Cross- National ICD-11 Transition ICD-11

al. (2024) Republic  sectional health data evaluation adoption
improved
consistency by
12%.

3. Impact Themes

3.1. Accuracy and Healthcare Quality

Evidence from the included studies consistently demonstrated that higher medical coding accuracy
enhances the validity and reliability of healthcare quality indicators. Hospitals maintaining coding accuracy
above 90% showed improved case-mix adjustment, accurate mortality reporting, and fairer benchmarking
compared to those with frequent coding errors. Conversely, inaccurate coding resulted in distorted
performance metrics, underestimation of disease severity, and unreliable data for policymaking. In some
audits, quality indicators such as readmission rates and mortality ratios differed by as much as 10-15%

when coding inaccuracies were present.
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3.2. Accuracy and Patient Safety

Accurate coding was also shown to improve patient safety by ensuring the correct identification and
reporting of adverse events, hospital-acquired infections, and complications. Institutions with regular audit-
feedback systems detected 20% more safety events than those relying on unverified coded data.
Misclassification or omission errors, on the other hand, led to underreporting of safety incidents and
hindered risk-adjusted safety comparisons between hospitals. Several studies highlighted that coding
accuracy directly influences the sensitivity of patient safety monitoring systems and supports faster
preventive interventions.

3.3. Training, Technology, and Human Factors

Interventions targeting human and technological aspects consistently improved coding reliability.
Structured coder education programs and professional certification courses were associated with 8—12%
improvements in coding accuracy. Integration of Al-assisted tools and Natural Language Processing (NLP)
in electronic health records enhanced efficiency and consistency in code assignment. However, studies
emphasized that automation alone is insufficient—human oversight remains crucial, particularly for
complex diagnoses requiring contextual interpretation. Hybrid models combining technology and expert
review produced the most accurate outcomes.

3.4. Systemic and Organizational Challenges

Despite positive intervention results, systemic challenges continued to limit accuracy improvements.
Common issues included coder fatigue, limited feedback from clinicians, inadequate staffing, and weak
organizational commitment to coding quality. Institutions that embedded coding accuracy within their
quality assurance frameworks demonstrated sustainable long-term improvement, while those treating
coding as a purely administrative task experienced recurrent errors. Leadership engagement, audit culture,
and interdepartmental communication were repeatedly identified as critical enablers of sustained accuracy
and data integrity.

4. Quantitative Summary of Findings

Across the 25 included studies, coding accuracy error rates ranged from 7% to 25%, depending on study
design and setting. Interventions such as coder training, audit-feedback systems, and technological tools
yielded measurable post-intervention improvements, often exceeding 90% accuracy in well-resourced
environments. Statistical pooling was not feasible due to heterogeneity in study design and outcome
reporting; however, narrative synthesis indicated a consistent positive relationship between coding
accuracy, quality reporting reliability, and patient safety outcomes. Improved coding accuracy strengthened
hospital performance metrics, enhanced adverse event detection, and supported data-driven clinical
governance.

5. Risk of Bias Assessment

Methodological appraisal revealed that most studies were of moderate to high quality, demonstrating sound
data collection and analysis procedures. Using the Newcastle—Ottawa Scale (NOS), 14 observational
studies scored as low risk, while 8 showed moderate risk due to retrospective design limitations. The
ROBINS-I tool applied to non-randomized interventional studies (n = 3) identified moderate risk primarily
due to potential confounding. Overall evidence quality, assessed using the GRADE framework, was rated
as moderate, indicating credible but cautious interpretation of findings. A summary of bias assessments is
shown in Table 3.

Table 4. Risk of Bias Summary
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Assessment .1 o Moderate . .1 o Primary
Tool Study Type Low Risk (%) Risk (%) High Risk (%) Limitation
Newcastle- Observational dRzitefospethe
Ottawa Scale _ 56% 44% 0% .

(n=17) incomplete
(NOS) d .

ocumentation.

Non- Confounding,
ROBINS-I Randomized 40% 60% 0% lack of control

(n=5) groups.

. Small sample
Cochrane Randomized | (70, 33% 0% sizes; limited
RoB 2.0 (n=3)
follow-up.
Discussion

This systematic review synthesized evidence from 25 peer-reviewed studies published between 2005 and
2024, exploring how medical coding accuracy influences healthcare quality and patient safety outcomes.
The results demonstrate a consistent association between accurate coding and improved healthcare metrics,
including reduced readmission rates, enhanced mortality reporting, and more reliable adverse event
surveillance. Coding error rates varied substantially across studies, ranging from 7% to 25%, reflecting
differences in coder training, documentation practices, and the use of automated systems. Collectively, the
findings emphasize that coding accuracy is not a purely administrative concern but a critical determinant
of safe, high-quality, and data-driven healthcare delivery.

Coding Accuracy and Healthcare Quality

The reviewed studies highlighted that accurate diagnostic and procedural coding strengthen the reliability
of hospital performance indicators, including quality reporting, benchmarking, and clinical audits. When
codes accurately reflect patient conditions and procedures, performance metrics such as complication rates,
case-mix adjustment, and mortality indices become more meaningful. Conversely, undercoding or
upcoding distorts these indicators, undermining quality-based payment systems and misleading policy
evaluations.

Several studies included in this review reported that hospitals with structured coder training and routine
auditing demonstrated significantly lower error rates and more accurate quality reporting. This reinforces
prior research showing that coder competence and organizational oversight directly contribute to the
validity of healthcare quality data. Furthermore, the integration of coding audits into hospital accreditation
and national quality frameworks has been identified as an effective measure for ensuring data integrity.

Coding Accuracy and Patient Safety

A key theme emerging from the included studies is the direct link between coding accuracy and patient
safety surveillance. Accurate coding facilitates the detection of hospital-acquired infections, adverse drug
reactions, and postoperative complications, allowing for timely interventions and preventive measures. In
contrast, miscoding or omission of safety-related diagnoses leads to underreporting of adverse events and
hinders the identification of systemic risks. The review also revealed that inaccurate coding adversely
affects risk adjustment models used in comparative safety reporting. Misclassified comorbidities may create
biased safety benchmarks, resulting in either over- or underestimation of institutional performance. Studies
that implemented real-time validation systems and clinician—coder collaboration reported improved
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detection of safety events, confirming that interdisciplinary communication is a crucial factor for accurate
and clinically meaningful coding[21,22].

Technological and Educational Influences

Technology emerged as a dual-edged factor in coding accuracy. On one hand, Electronic Health Records
(EHRs) and automated coding tools utilizing Natural Language Processing (NLP) and Artificial
Intelligence (AI) were shown to improve data consistency, reduce manual workload, and minimize
transcription errors. On the other hand, poorly designed EHR interfaces and excessive reliance on
automation introduced new types of errors, such as inappropriate code selection or overlooked contextual
nuances.

Multiple studies concluded that hybrid approaches—combining Al-assisted coding with expert human
review—achieve the highest accuracy rates. Importantly, technology was most effective when paired with
ongoing coder education, structured feedback, and clinician involvement. The evidence supports the view
that while automation enhances efficiency, human oversight remains indispensable for maintaining coding
precision in complex clinical scenarios[23,24].

Determinants of Coding Accuracy

Coder training

5
a
EHR sysem 3 Audit and
quality 2 feedback
1
Automation/ Clinician
Al tools collaboration
Auuvotunolov Leadership
Al tools support

Organizational and Systemic Factors

The organizational environment within healthcare institutions plays a pivotal role in sustaining coding
accuracy. Studies in this review identified leadership commitment, audit culture, and manageable coder
workload as key determinants of success. Hospitals that embedded coding accuracy within their quality
improvement strategies demonstrated better alignment between clinical documentation and coded data.
Conversely, facilities that viewed coding merely as a billing function reported higher error rates and limited
coder engagement. Lack of interdepartmental communication between clinicians and coding staff, as well
as inadequate feedback mechanisms, further contributed to documentation inconsistencies. Additionally,
institutional incentive structures emphasizing productivity over precision were linked to a higher prevalence
of upcoding and undercoding. Collectively, these findings suggest that coding accuracy improves most
effectively within a supportive, transparent, and learning-oriented organizational culture[25].

Global and Systemic Variability

Coding accuracy exhibited considerable variability across countries and healthcare systems. Studies from
regions with established national auditing programs—such as the United Kingdom, Australia, and parts of
Scandinavia—reported lower error rates compared with institutions in developing or transitional systems
where coder certification and auditing are less formalized.
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This disparity highlights the influence of policy-level governance and the need for global harmonization of
coding standards. The transition from ICD-10 to ICD-11, for instance, offers an opportunity to improve
precision but also introduces transitional challenges that require comprehensive coder retraining and system
adaptation. Establishing standardized international benchmarks for coding accuracy could enhance the
comparability of healthcare data and strengthen global patient safety surveillance[26,27].

Practical Implications

The evidence presented in this review has important implications for healthcare organizations,
policymakers, and educators.

e For healthcare administrators, coding accuracy should be treated as a strategic quality priority
integrated into institutional governance and audit cycles.

e For clinicians, collaboration with coders and improved documentation practices can ensure that
clinical intent is accurately translated into standardized codes.

e For policymakers, establishing national coding accuracy standards and continuous auditing
mechanisms can improve health data reliability at the system level.

e For educators, embedding coding literacy into medical, nursing, and health information curricula will
build long-term competency and reduce reliance on corrective audits.

Finally, integrating advanced automation tools—supported by human oversight—can enhance coding
efficiency while safeguarding accuracy and contextual fidelity.

Future Research Directions

Future investigations should focus on standardized methodologies for measuring coding accuracy and its
direct impact on clinical outcomes. Longitudinal and interventional studies are particularly needed to
evaluate the sustained effects of coder training, automation, and audit programs. Moreover, research
exploring the cost-effectiveness of accuracy-improvement interventions could guide policymakers in
resource allocation. Integration of Al-driven coding validation into EHR systems and real-world testing of
hybrid human-machine workflows represent promising avenues for advancing both accuracy and
efficiency.

Conclusion

This systematic review demonstrates that accurate medical coding is a cornerstone of healthcare quality
and patient safety. Coding precision ensures reliable data for hospital benchmarking, risk adjustment, and
adverse event monitoring—fundamental components of safe and accountable healthcare systems.
Sustaining coding accuracy requires an integrated strategy combining technology, education, leadership
commitment, and cross-disciplinary collaboration. By recognizing medical coding as both a technical and
clinical quality issue, healthcare systems can move toward more transparent, data-driven, and patient-
centered care delivery.
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