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ABSTRACT

Healthcare is one of the most data-intensive sectors, with patient records, clinical trials, public
health surveillance, and research generating vast amounts of information that directly impact patient
safety, clinical decision-making, and health policy. However, healthcare data quality remains a
persistent challenge, with studies documenting widespread issues across multiple dimensions
including accuracy, completeness, consistency, and timeliness. This review examines data quality
management in healthcare, analyzing the unique challenges of healthcare data, including the
complexity of clinical information, the diversity of data sources and formats, the sensitivity of patient
data, and the high stakes of quality failures. We review the evidence on data quality in healthcare,
drawing on studies from multiple settings and countries, and analyze the causes of quality problems,
including training gaps, process weaknesses, and governance deficiencies. We examine solutions
that have been implemented, including WHO's Data Quality Review toolkit, electronic health record
validation, and quality improvement initiatives. We propose a comprehensive framework for
healthcare data quality management that addresses technical, organizational, and ethical
dimensions
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Introduction

Healthcare is one of the most data-intensive sectors of the economy, with patient records,
clinical trials, public health surveillance, and research generating vast amounts of
information that directly impact patient safety, clinical decision-making, and health policy.
The digitization of healthcare has accelerated dramatically over the past two decades, with
electronic health records, telemedicine, and digital health applications generating
unprecedented volumes of data. These data have the potential to transform healthcare,
enabling personalized medicine, population health management, and evidence-based
practice.

However, healthcare data quality remains a persistent challenge. Studies have documented
widespread quality problems across multiple dimensions, including accuracy, completeness,
consistency, and timeliness. These problems have serious consequences: inaccurate patient
records can lead to medical errors, incomplete data can compromise clinical decision-
making, inconsistent data can complicate care coordination, and untimely data can delay
critical interventions. Data quality problems also undermine public health surveillance,
clinical research, and healthcare policy.

The stakes of healthcare data quality are exceptionally high. Unlike other sectors, where data
guality failures may result in financial losses or operational inefficiencies, healthcare data
quality failures can lead directly to patient harm. This reality makes data quality management
in healthcare a matter of patient safety as well as operational effectiveness.
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This review examines data quality management in healthcare, analyzing the unique
challenges of healthcare data and the solutions that have been implemented. We draw on
evidence from multiple settings and countries, identifying common patterns and sector-
specific challenges. We propose a comprehensive framework for healthcare data quality
management that addresses technical, organizational, and ethical dimensions.

The remainder of this article is organized as follows. Section 2 examines the unique
challenges of healthcare data quality. Section 3 reviews the evidence on data quality in
healthcare. Section 4 analyzes the causes of quality problems. Section 5 examines solutions
and best practices. Section 6 proposes a comprehensive framework. Section 7 addresses
implications for practice and policy. Section 8 identifies future directions. Section 9
concludes.

Unique Challenges of Healthcare Data Quality

Healthcare data present unique quality challenges that distinguish them from data in other
sectors. These challenges arise from the nature of healthcare, the characteristics of health
data, and the context in which data are collected and used.

Clinical information is inherently complex. Patient records contain diverse types of data,
including structured data such as diagnoses and medications, and unstructured data such as
clinical notes and imaging reports. The complexity of clinical information creates challenges
for standardization, validation, and integration. Different healthcare providers may record
information differently, making it difficult to combine data from multiple sources. Clinical
information is also context-dependent: the interpretation of a lab result, for example, depends
on the patient's condition, medications, and other factors.

Healthcare data come from diverse sources and formats. Data are collected in hospitals,
clinics, laboratories, pharmacies, and public health agencies, often using different systems
and formats. Integration of data from these diverse sources is essential for comprehensive
patient care and population health management, but it is technically challenging and often
incomplete. The lack of interoperability across healthcare systems is a persistent quality
challenge.

Patient data are highly sensitive. Healthcare data include personal health information that is
protected by privacy regulations such as HIPAA and GDPR. The sensitivity of health data
creates challenges for data sharing and integration, as organizations must balance the benefits
of data use against privacy and confidentiality concerns. Data quality efforts must address
these concerns while maintaining patient trust.

The stakes of quality failures are exceptionally high. Inaccurate or incomplete data can lead
to medical errors, delayed diagnosis, inappropriate treatment, and patient harm. The
consequences of healthcare data quality failures are not merely financial but can affect
patient safety and outcomes. This reality creates a different imperative for quality
management than in other sectors.

Evidence on Data Quality in Healthcare
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Research has documented widespread data quality problems in healthcare, with studies from
multiple settings and countries identifying issues across multiple quality dimensions.

Accuracy problems have been documented across healthcare settings. Medication lists are
often incomplete or inaccurate, with discrepancies between patient-reported medications,
prescriber records, and pharmacy records. Lab results may be incorrectly recorded or
transcribed. Diagnosis codes may not accurately reflect patient conditions. These accuracy
problems can lead to medication errors, delayed diagnosis, and inappropriate treatment.

Completeness problems are also common. Patient records often lack important information,
including medication history, allergy information, and family history. Public health
surveillance data may be incomplete, with underreporting of communicable diseases and
other conditions. Research data may have missing values, compromising the validity of
findings.

Consistency problems arise from differences in recording practices across healthcare
settings. A patient's blood pressure may be recorded differently in different clinics. A
medication may be recorded using different names or codes. A diagnosis may be documented
differently in different parts of the record. These consistency problems complicate care
coordination and quality measurement.

Timeliness problems affect public health surveillance and clinical decision-making. Delays
in reporting disease outbreaks can compromise response efforts. Delays in updating patient
records can lead to outdated information being used for clinical decisions. Delays in
processing lab results can delay diagnosis and treatment.

Research in Ethiopian public health facilities provides instructive examples of healthcare
data quality challenges. Qualitative studies found that inadequate training, weak governance,
and insufficient infrastructure compromise the timeliness, completeness, and accuracy of
care, directly affecting patient outcomes. Similar findings have been reported in studies from
other countries, suggesting that the challenges are global.

Causes of Healthcare Data Quality Problems

The causes of healthcare data quality problems are multifaceted, reflecting the complexity
of healthcare systems and the challenges of managing clinical information.

Training gaps are a significant factor. Healthcare providers and staff may lack adequate
training in data management, including accurate data entry, appropriate use of electronic
health records, and understanding of data quality importance. Training gaps are particularly
pronounced in resource-limited settings, where competing demands on staff time may limit
attention to data quality.

Process weaknesses contribute to quality problems. Inadequate procedures for data entry,
validation, and verification allow errors to enter and persist. Poorly designed workflows may
make accurate data entry difficult or time-consuming, leading to shortcuts and errors. Lack
of feedback mechanisms may allow errors to go uncorrected.
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Governance deficiencies also play a role. Many healthcare organizations lack clear
accountability structures for data quality. Roles and responsibilities for data management
may be unclear, and there may be insufficient oversight and enforcement. Without clear
governance, quality may be neglected.

Technical challenges include the complexity of healthcare information systems, the diversity
of data sources and formats, and the difficulty of integrating data across systems. Many
healthcare organizations use multiple systems that do not communicate effectively, creating
data quality challenges. Legacy systems may lack validation capabilities or may be difficult
to update.

Cultural factors also matter. Healthcare organizations may not prioritize data quality,
viewing it as a technical concern rather than a clinical one. Staff may not understand the
importance of data quality for patient care and outcomes. Without a culture that values data
quality, improvements will be difficult to sustain.

Solutions and Best Practices

Despite the challenges, healthcare organizations have implemented solutions that improve
data quality. These solutions address technical, organizational, and cultural dimensions.

The World Health Organization's Data Quality Review toolkit provides a comprehensive
framework for healthcare data quality assessment. The toolkit addresses multiple quality
dimensions and provides practical guidance for assessment and improvement.
Implementation of the toolkit has been associated with improved data quality in multiple
settings.

Electronic health record validation is a key technical solution. Electronic health records can
incorporate validation checks that flag errors, enforce completeness, and promote
consistency. For example, range checks can flag implausible values, required fields can
ensure completeness, and cross-checks can promote consistency. Advanced validation can
include clinical decision support that prompts clinicians about potential errors.

Quality improvement initiatives have also been effective. Regular audits of data quality can
identify issues and track progress over time. Feedback to staff can promote learning and
improvement. Improvement teams can address specific quality problems through systematic
approaches.

Governance improvements are essential for sustainability. Clear accountability structures
ensure that data quality has ownership. Policies and standards provide direction and
guidance. Monitoring and enforcement ensure that standards are met. Leadership
commitment signals that quality is a priority.

Training and capacity building support all other solutions. Staff must understand the
importance of data quality and have the skills to maintain it. Training should be ongoing,
with refreshers and updates as needed. Specialized training in data management may be
needed for some roles.

A Comprehensive Framework for Healthcare Data Quality Management

26| Page



We propose a comprehensive framework for healthcare data quality management that
addresses technical, organizational, and ethical dimensions. The framework is organized
around three pillars: clinical excellence, operational efficiency, and patient trust.

Clinical excellence is the primary driver of healthcare data quality. Data quality is essential
for patient safety and effective care. The framework emphasizes that data quality is not
merely a technical concern but a clinical one, with direct implications for patient outcomes.
Quality efforts should be integrated into clinical workflows and driven by clinical priorities.

Operational efficiency supports data quality through effective processes and systems. The
framework emphasizes the importance of well-designed workflows, appropriate technology,
and effective governance. Quality should be embedded into processes rather than addressed
through post-hoc correction.

Patient trust is essential for healthcare data quality. Patients must trust that their data will be
accurate, secure, and used appropriately. The framework emphasizes the importance of
privacy and confidentiality, transparency, and patient engagement in data management.

The framework addresses the full data lifecycle, from collection through use. At each stage,
guality considerations must be addressed. The framework recognizes that healthcare data
guality requires continuous attention and improvement, with feedback loops that enable
learning and adaptation.

Implications for Practice and Policy

For healthcare practitioners, the framework highlights the importance of data quality for
patient care. Clinicians should understand the implications of data quality for clinical
decision-making and should be engaged in quality improvement efforts. Data quality should
be integrated into clinical workflows and training.

For healthcare administrators, the framework emphasizes the importance of governance,
resources, and culture. Organizations should invest in data quality infrastructure, training,
and systems. Leadership should signal that quality is a priority and should support
continuous improvement.

For policymakers, the framework underscores the importance of standards, incentives, and
oversight. Standards should specify data quality requirements and provide guidance for
assessment and improvement. Incentives should reward quality and discourage neglect.
Oversight should ensure that quality standards are met.

Future Research Directions

Several research directions are needed to advance healthcare data quality. Research on the
effectiveness of interventions is needed to identify best practices. Research on the
relationship between data quality and patient outcomes is needed to demonstrate the
importance of quality. Research on the implementation of quality improvements is needed
to understand barriers and enablers. Research on international differences is needed to
understand how context shapes quality outcomes.
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Conclusion

Healthcare data quality is essential for patient safety, clinical decision-making, and public
health. Despite the importance of quality, widespread problems persist across multiple
dimensions. The causes of these problems are multifaceted, including training gaps, process
weaknesses, governance deficiencies, technical challenges, and cultural factors.

Solutions exist, including the WHO's Data Quality Review toolkit, electronic health record
validation, quality improvement initiatives, governance improvements, and training.
However, sustainable improvement requires comprehensive approaches that address
technical, organizational, and ethical dimensions. A comprehensive framework for
healthcare data quality management, organized around clinical excellence, operational
efficiency, and patient trust, provides guidance for practitioners, administrators, and
policymakers.

As healthcare continues to digitize and data become increasingly central to care delivery and
research, the importance of data quality will only intensify. Organizations that attend to data
quality will be better positioned to deliver safe, effective care and to generate the evidence
that supports continuous improvement. The challenge is significant but the imperative is
clear: data quality in healthcare is not optional but essential.
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