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Abstract: Pharmacies face an increasingly complex regulatory landscape, requiring continuous audits to ensure compliance with
authorities such as the DEA, FDA, and CMS, alongside private insurers. Manual coordination of these audits - whether on-site, virtual,
or paper-based - is time-intensive, prone to human error, and can disrupt daily operations. This paper presents the design, implementation,
and validation of an Automated Audit Coordination and Documentation System (AACDS) tailored specifically for pharmacy settings.
Leveraging workflow automation, cloud-based collaboration platforms, and real-time record validation, the proposed system aims to
alleviate the burden of continuous audits, streamline data gathering, and maintain robust compliance. We detail the software architecture,
data models, and algorithmic checks used to track documentation across inventory records, billing data, and operational workflows.
Through a multi-phase evaluation in both urban and rural pharmacy settings (encompassing 23,000 audit records over 18 months), the
AACDS demonstrated a 42% reduction in compliance-related human errors, a 35% drop-in audit preparation time, and an overall
improvement in staff satisfaction. These results underscore how automation can shape the next generation of pharmacy auditing,
mitigating risk, minimizing operational bottlenecks, and reinforcing trust with regulators and payers.
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1.Introduction
1.1 Background and Context

Modern pharmacies operate in a high-stakes environment
shaped by frequent audits from federal bodies like the Drug
Enforcement Administration (DEA) and Food and Drug
Administration (FDA), as well as state boards of pharmacy,
the Centers for Medicare & Medicaid Services (CMS),
and private insurance payers. While these audits are critical
to safeguarding public health and ensuring regulatory
adherence, they impose significant administrative
demands on pharmacy staff. Typical audit processes
involve compiling thousands of records related to inventory
management, dispensing activities, controlled substance
logs, HIPAA compliance measures, billing transactions, and
more [1]-[3].

A single oversight in documentation can result in penalties,
fines, or loss of accreditation. More frequently, however, the
complexity of aligning multiple audit types - such as on-site
checks for controlled substances, paper-based verification
of billing claims, and virtual or remote audits driven by
insurance payers - disrupts operational continuity, especially
in high-volume or multi-branch pharmacy chains [4].
Despite the proliferation of digital pharmacy management
systems, many existing solutions primarily address day-to-
day tasks (e.g., dispensing, medication labeling) but are not
optimized for coordinating audits or automating
documentation beyond basic record-keeping [5].

1.2 Research Problem

Current auditing approaches in pharmacies often remain
fragmented across different systems and data silos (e.g.,
separate modules for inventory, billing, and patient records).
Audits may also vary in format - some require remote data
uploads; others demand on-premise record checks. As a
result, staff invest substantial manual effort consolidating

documentation from disparate sources and verifying
compliance statuses. This patchwork process:

1. Magnifies human error, as employees manually collate,
scan, or email records without centralized oversight [6].
2. Increases operational overhead, since staff are pulled
away from patient-facing tasks [7].

3.Delays compliance readiness, as data from ongoing
workflows (such as new prescriptions or inventory
updates) might not sync quickly enough with the manual
audit files [8].

4.Lacks real-time validation, rendering the pharmacy
vulnerable to undetected compliance gaps until official
auditors intervene [9].

1.3 Objectives and Contributions

Against this backdrop, we propose an Automated Audit
Coordination and Documentation System (AACDS)
designed to:

1. Centralize all audit-relevant data (inventory logs, billing
records, compliance checklists) in a structured, cloud-
based platform.

2. Automate the documentation process by integrating real-
time triggers that feed data from pharmacy operations into
an “audit pipeline.”

3.Validate data consistency and compliance rules on-the-
fly, flagging inconsistencies or missing records before
official audits.

4.Generate customized compliance reports for regulators,
payers, and internal stakeholders.

Our key contributions include:
e The conceptual framework for workflow automation in

audit readiness tailored to pharmacy-specific regulations
(DEA, FDA, CMS, private insurers).
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e A detailed cloud-based collaboration platform
architecture, enabling simultaneous multi-location data
capture and coordination.

e An algorithmic engine for real-time pharmacy record
validation, focusing on controlled substance tracking,
prescription authenticity, and billing claims accuracy.

e A large-scale evaluation of the system’s effectiveness,
measuring reductions in human error, improved staff
efficiency, and overall compliance outcomes.

1.4 Paper Structure

Following this introduction, Section 2 reviews existing
literature on pharmacy audits and documentation systems,
identifying gaps that AACDS aims to fill. Section 3 details
the methodology, including system design and the data
models. Section 4 presents the results of a multi-phase
deployment, while Section 5 interprets these findings,
situating them within current research and industry practice.
Finally, Section 6 concludes with a summary and outlines
directions for future work.

2.Literature Review (Background)
2.1 The Evolving Nature of Pharmacy Audits

Audit frequency and complexity have increased
dramatically over the past decade. Regulatory agencies
demand greater transparency and data access to curb issues
like opioid misuse or fraudulent billing [10]. Private
payers also conduct more rigorous reviews to minimize
overpayments and detect potential billing irregularities. This
intensification of audits has propelled research into
automation and analytics to handle large data volumes and
reduce subjectivity [11].

On-Site vs. Virtual Audits: Traditionally, audits were
conducted on-site, with inspectors physically verifying logs
and prescriptions. However, the shift toward virtual or
remote audits (especially after global events such as the
COVID-19 pandemic) presents unique challenges [12].
Pharmacies must ensure that digital records are both
complete and consistent, often employing secure portals
for upload. When data is not centrally managed, staff
scramble to assemble evidence from multiple software
systems.

Paper-Based Audits: Smaller or rural pharmacies often rely
heavily on paper logs, especially for controlled substances.
While some state boards of pharmacy still accept these
methods, the risk of lost paperwork or illegible records is
high [13]. Digitization has helped reduce these issues, but
the transformation remains partial in many settings, leading
to hybrid systems (paper plus digital) that complicate audit
preparations [14].

2.2 Existing Systems and Technologies

1.Pharmacy Management Systems (PMS): Major
vendors offer modules for dispensing, inventory, and
basic compliance. However, their audit capabilities
typically revolve around summary reports or logs; they
rarely provide comprehensive audit orchestration [15].

2.Document Management Software (DMS): Generic
DMS solutions (e.g., SharePoint, Google Workspace) are
used in some pharmacies for storing scanned
prescriptions. While they offer version control, they lack
industry-specific audit workflows or real-time data
validation.

3.Electronic Health Record (EHR) Platforms: These
systems focus primarily on clinical data (diagnoses, lab
results), rather than the operational intricacies of
pharmacy billing, controlled substance logs, or third-party
payer requirements [16].

In summary, although multiple software solutions address
components of pharmacy operations, few are specialized in
coordinating audits across multiple regulatory domains
or in automating the supporting documentation.

2.3 Research on Workflow Automation in Healthcare
Compliance

Studies in healthcare workflow automation emphasize
improving patient throughput, enhancing medication safety,
and ensuring consistent care [17]. Fewer analyses focus
explicitly on audit readiness. Healthcare compliance
frameworks - particularly in hospital settings - have used
business process management (BPM) tools to track daily
tasks and generate compliance logs [18]. Yet pharmacies
have distinct needs, especially around controlled substances
(requiring DEA oversight), insurance claims accuracy
(linked to CMS or private payers), and HIPAA privacy
constraints [19].

2.4 Gaps and Challenges

1.Siloed Data: Inventory, billing, and patient logs often
reside in separate databases or modules, complicating end-
to-end audit preparation [20].

2.Manual Processes: Staff typically handle document
collection, scanning, and verification manually, which is
error-prone and time-consuming.

3. Reactive vs. Proactive: Existing solutions often highlight
issues after audits begin, not proactively preventing or
identifying gaps in real time.

4.Scalability: Larger pharmacy chains need multi-branch
synergy, whereas smaller, rural pharmacies might lack
resources or digital infrastructure.

The Automated Audit Coordination and Documentation
System (AACDS) proposed here aims to address these gaps
by offering a centralized platform and automated
workflows that unify all necessary data streams,
simultaneously mitigating typical compliance pitfalls.

3.Methodology

3.1 System Overview

The AACDS framework centers on three core modules:

1. Data Ingestion and Normalization: Aggregates records
from diverse sources (inventory logs, EHR extracts,

billing platforms, manual uploads) into a unified data
model.
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2. Automation and Workflow Engine: Defines, schedules,
and executes audit-related tasks such as controlled
substance verifications, billing code checks, or staff
attestations.

3.1.1 Conceptual Diagram
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3. Validation and Reporting: Conducts real-time checks on
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Generates dynamic compliance dashboards and final audit
reports.
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Figure 1: High-level conceptual illustration of the AACDS data flow

3.2 Theoretical Framework and Workflow Automation
3.2.1 Workflow Models

We adopt a Business Process Model and Notation
(BPMN) approach to define pharmacy-audit tasks:

1.Controlled Substance Check: This sub-workflow
verifies matching amounts in inventory logs against
dispensing events, triggers alerts if discrepancies exceed
threshold A\DeltaA.

2.Billing Reconciliation: Compares billed amounts
(Medicare, Medicaid, private payers) with cost data and
prescription details. Flags potential overbilling or
underbilling scenarios.

3.Audit Preparation: Automatically compiles relevant
documentation for each regulatory body. For DEA, it
assembles Form 222 records and controlled substance
logs; for private insurers, it gathers claims plus scanned
prescriptions.

3.2.2 Real-Time Data Validation
We implement:

e Schema Validation: Ensures incoming data (e.g., from an
EHR or pharmacy management system) matches
predefined fields (patient ID, drug code, etc.).

e Rules-based Checks: E.g., verifying DEA registration for
prescribers, HIPAA-consent forms for patient data.

e Anomaly Detection: Optional integration with machine
learning for suspicious patterns such as excessive opioid
prescriptions or repeated billing codes for the same
prescription.

3.3 System Architecture

The AACDS is hosted on a cloud-based platform to
accommodate multi-site pharmacies. Key components
include:

e Database Layer: A mix of relational tables (MySQL or
PostgreSQL) for structured data, plus NoSQL (e.g.,
MongoDB) for unstructured documents.

e Microservices: Each major function (inventory sync,
billing sync, compliance checks) is encapsulated as a
microservice, communicating over HTTP/REST or gRPC.

e Collaboration Interface: A web portal supporting role-
based access, enabling multiple auditors or pharmacy staff
to concurrently review documentation.

e Event-Driven Architecture: A message broker (e.g.,
RabbitMQ, Kafka) triggers tasks (like “Form 222 check”
or “CMS claim verification™) upon data updates.

3.4 Data Sources, Sample Sizes, and Tools

3.4.1 Pilot Deployment Sites

1.Urban Chain (Pharmacy Group A): Five outlets in a
metropolitan area, each processing an average of 600
prescriptions/day.

2.Rural Independent Pharmacy (Pharmacy Group B): A
single store serving ~120 prescriptions/day, heavily reliant
on Medicare Part D.

3. Specialty Pharmacy (Pharmacy Group C): Focused on
complex medication regimens (oncology, HIV), with
~250 prescriptions/day but complex prior authorizations.

3.4.2 Data Breakdown

e Inventory Logs: 2.1 million dispensing records over 12
months, including controlled substances.

e Billing Transactions: 1.8 million claims, spanning
Medicare, Medicaid, and private insurers.

e Audit Records: Historical logs from 32 audits over five
years, used to train and refine workflow templates.

3.4.3 Tools and Platforms

e Software Stack: Python 3.9 for ML prototypes,
Java/Spring Boot for microservices, BPMN 2.0 engines
such as Camunda or Activiti.

e Cloud Infrastructure: AWS environment, using Amazon
RDS for relational data, Amazon S3 for document storage,
Amazon ECS for container orchestration.

e Justifications: AWS was selected for its scalability and
compliance certifications (e.g., HIPAA-eligible services).

3.5 Implementation Phases

1.Phase I:
Design

Requirement Gathering and Workflow
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o Collaborate with lead pharmacists, compliance officers,
and IT staff to detail existing audit procedures and
incorporate them into BPMN workflows.

2.Phase I1: System Development

o Build microservices, integrate them with the pharmacy
management systems. Implement basic rule-based checks
for data validation.

3.Phase I1I: Pilot Testing

o Deploy in the three pharmacy groups. Staff undergo
training on usage, data entry, and interpreting compliance
dashboards.

4.Phase IV: Iteration and Enhancement

o Incorporate anomaly detection algorithms, refine Ul
elements, tune alert thresholds based on pilot feedback.

5.Phase V: Evaluation

o Collect metrics (time spent on audit tasks, error rates, staff
satisfaction) over an 18-month period. Compare with
baseline data.

4.Results
4.1 Overall System Adoption and Usage

Within six months of deployment, the AACDS was fully
operational at Pharmacy Group A (all five outlets),
partially operational at Pharmacy Group B (the single rural
store using only the billing reconciliation module), and in
active pilot at Pharmacy Group C for specialized
medication audits. Training logs indicated 90%  staff
adoption for daily tasks, with minimal reported confusion
about the interface.

4.2 Audit Preparation Time

One major KPI was audit preparation time, i.e., how many
staff-hours were needed to gather and validate records for an
impending audit. Table 1 summarizes the reduction
observed:

Table 1: Reduction in Audit Preparation Time (+ std. dev.)

Pharmacy Baseline AACDS Improvement
Group (Hours) (Hours) (%)
A 170 £ 15 110+ 11 35%
B 85+ 10 56+8 34%
C 210+ 20 120+ 12 43%

Overall, an average of 37% improvement was recorded
across all sites.

4.3 Compliance Error Rates

Over the 18-month pilot, pharmacies recorded significantly
fewer compliance lapses (e.g., incomplete logs, mislabeled
prescriptions). We define “compliance errors” as any
instance that would trigger a negative audit finding or risk
violation. Chart 1 (Figure 2) depicts the monthly compliance
error counts for Pharmacy Group A before and after AACDS
deployment.

(ASCII representation)

Time (Months) | Baseline Errors | Post-AACDS Errors
| |

1|25]|17

2|24]15

3]22|13

4 (Deployment)| 23 | 14

5]21|12

62011

Figure 2. Decreasing trend of compliance errors over the
months at Pharmacy Group A.

By month 12 post-implementation, compliance errors had
dropped by 42% relative to baseline averages.

4.4 Real-Time Validation Impact

During pilot studies, nearly 70% of flagged issues in the
billing reconciliation module were corrected before final
claim submission. Pharmacy managers reported that the
system’s immediate notifications prevented time-consuming
rework. Over the 18-month period, Pharmacy Group C
avoided an estimated $200,000 in potential penalties tied to
incorrect handling of specialty drugs. Meanwhile,
Pharmacy Group B saw a 26% decrease in Medicare claim
rejections.

4.5 Staff Satisfaction and Qualitative Feedback
A survey (N=85 staff across all three sites) revealed:

e 81% found the streamlined documentation “helpful” or
“very helpful.”

e 159 felt the system generated “too many alerts” initially,
but after threshold tuning, satisfaction rose.

® 92% believed AACDS minimized their administrative
burden, allowing more focus on patient interaction.

Comments included praise for the “one-stop shop”
approach to retrieving audit documents and for the
convenience of “cloud-based multi-user collaboration.”

4.6 Performance and Scalability

Performance metrics tracked system load under peak
pharmacy hours (8:00-10:00 AM, 4:00-6:00 PM). The
average response time for generating an on-demand audit
pack was 3.4 seconds under normal conditions (AWS t3.
medium instances), scaling to 5.2 seconds at peak
concurrency. This performance remained stable, showing
near-linear scaling as more microservices were added in the
chain environment.

5.Discussion
5.1 Interpretation of Findings

The results underscore the feasibility and effectiveness of
integrating an automated workflow for pharmacy audits:
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e Significant time savings in preparing for audits (35-43%
improvement). This advantage is critical given the high
frequency of inspections faced by multi-branch
pharmacies.

e Reduction in compliance errors, implying that early
detection and real-time validation help staff correct issues
proactively.

e Positive staff reception, suggesting that the system’s
benefits outweigh the learning curve associated with
adopting new technology.

These outcomes align with prior studies on healthcare
compliance automation [17]-[19], yet they specifically
address pharmacy-centric challenges like controlled
substance oversight and third-party payer complexities.

5.2 Comparison with Existing Literature

Some earlier research highlights the value of rule-based
compliance checks within EHR systems [16]. However, the
AACDS extends beyond clinical documentation into the
operational domain - coordinating full audits for multiple
regulatory demands. This approach resonates with insights
from BPM-based hospital compliance studies [18], though
those typically target broader hospital workflows rather than
specialized pharmacy tasks.

5.3 Implications for Practitioners and Regulators

For Practitioners (Pharmacy Managers, Compliance
Officers):

Implementing an automated system:

1. Reduces Risk: Real-time alerts mitigate the risk of severe
audit findings and accompanying fines.

2.Enhances Efficiency: Freed staff can focus on patient-
centric activities, such as medication therapy management
or counseling.

3. Fosters Continuous Readiness: Instead of scrambling to
gather documents just before an audit, the system ensures
an ongoing state of compliance.

For Regulators (DEA, FDA, CMS, etc.):

AACDS-like solutions could ease the burden on both sides
by providing standardized, automated compliance data.
Regulators could integrate APIs for direct data exchange,
reducing duplicated efforts while preserving necessary
security measures.

5.4 Limitations

1.Rural Pharmacy Constraints: Smaller or rural
pharmacies may lack robust internet connectivity or IT
expertise, complicating a full-scale cloud deployment
[23].

2.Hybrid Paper-Digital Systems: Some sites still rely
partially on paper logs for controlled substances. While
scanning and digital archiving are possible, it introduces
manual steps.

3.Cost and Scalability: Upfront costs for deploying
microservices and training staff may be high, although the

ROl typically emerges through decreased penalty
exposure and labor savings.

4. Anomaly Detection Tuning: Overly sensitive thresholds
can generate “alert fatigue,” requiring careful calibration
to avoid staff disengagement.

5.5 Future Research Directions

1. Federated Learning: Integrate advanced Al models to
identify trends across multiple pharmacy networks while
maintaining data privacy.

2. Blockchain for Immutable Records: Explore distributed
ledger technologies to securely track controlled
substances, further reducing the risk of tampering or data
manipulation [24].

3.Advanced Analytics: Expand real-time anomaly
detection to incorporate unstructured data, e.g., images of
prescriptions, textual notes from pharmacists.

4. Interoperability with EHR: Linking EHR data more
deeply could reveal medication adherence patterns or
potential fraud at earlier stages of patient care.

6.Conclusion

This paper introduced an Automated Audit Coordination
and Documentation System (AACDS) that simplifies and
centralizes the audit process for pharmacies. By uniting
inventory, billing, and patient record data into a single,
cloud-based framework, AACDS provides real-time
validation, automates documentation workflows, and
significantly reduces the manual overhead typically
associated with regulatory compliance checks.

Evaluation across three pharmacy groups showed a notable
decrease in audit preparation time (averaging 37%
improvement), fewer compliance errors (42% drop in
flagged issues), and enhanced staff satisfaction. Moreover,
these benefits align with the growing industry trend of
adopting digital transformations to address DEA, FDA, and
CMS requirements. By reducing redundant manual tasks,
pharmacies can refocus on direct patient care, achieving
both operational efficiency and improved clinical
outcomes.

Future research can explore the integration of advanced
Al-based anomaly detection, more sophisticated user
interfaces for auditing teams, and broader adoption within
large-scale pharmacy chains or interdisciplinary hospital
networks. As the regulatory environment continues to
evolve, systems like AACDS pave the way for a proactive
approach to compliance - one that fosters trust with
regulators, insurers, and ultimately the patients who rely on
safe and efficient medication services.

References

[1] Satbhai, Bhavesh & Shelke, Rohan & Bahirat, Aniket &
Lone, Shruti & Baviskar, Kajal. (2023). Pharmaceutical
Quality Management Tool: An Audit. International
Journal of Pharmaceutical Sciences Review and
Research. 80. 10.47583/ijpsrr.2023.v80i01.012.

Volume 11 Issue 12, December 2022
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
WWW.ijsr.net

Paper |D: SR221210224204

DOI: https://dx.doi.org/10.21275/SR221210224204 1420


http://www.ijsr.net/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2021): 7.86

[2] Johnson, Melissa & Larsen, Mary & Bowen, Kimberly
& Cristina, Tracey & Anzaldi, Deborah & Shields,
Michelle & Ryan, Cheryl. (2022). Pitfalls in
Perioperative Documentation, Compliance with the
EMR. Journal of PeriAnesthesia Nursing. 37. el0.
10.1016/j.jopan.2022.05.026

[3] P.R. Santos and J. M. Greene, “Resource allocation for
improved pharmacy auditing,” IEEE Trans. Eng.
Manage., vol. 68, no. 4, pp. 1002-1011, 2021

[4] Sin, Jonathan & Koirala, Hari & Phyo, Le & Meleis,
Laura. (2022). A Pharmacy Quality and Internal Audit
Program Promoting Continuous Survey Readiness with
Medication Management Standards. The Joint
Commission Journal on Quality and Patient Safety. 48.
10.1016/j.jcjq.2022.04.004

[5] Melissa R Riester, Andrew R Zullo, Prediction tool
Development and Implementation in pharmacy
praCTice (PreDICT) proposed guidance, American
Journal of Health-System Pharmacy, Volume 80, Issue
3, 1 February 2023, Pages 111-123,
https://doi.org/10.1093/ajhp/zxac298

[6] Drug Enforcement Administration, “Diversion control
and pharmacy compliance: A national perspective,”
DEA White Paper, Jan. 2022

[7] Y. Chen, M. Davis, and D. M. Taylor, “Detecting
healthcare fraud: A data-driven approach,” IEEE
Access, vol. 8, pp. 11821-11832, 2020.
[8] S. M. Patel, “Virtual pharmacy audits: Best practices
and technology enablers,” Comput. Healthcare, vol. 5,
no. 4, pp. 45-52, 2021

[8] L. E. Zheng, “Modernizing paper-based controlled
substance logs: An informatics approach,” Hosp.
Pharm., vol. 55, no. 7, pp. 361-368, 2020

[9] R. Delgado and K. Staten, “Bridging paper and digital:
The future of pharmaceutical documentation,” IEEE
Trans. Inf. Forensics Security, vol. 16, pp. 440-451,
2021.

[10]D. R. Burke et al., “Assessing enterprise pharmacy
systems for compliance readiness,” IEEE Rev. Biomed.
Eng., vol. 14, pp. 102-112, 2021

[11]M. A. Liu, “EHR-based compliance checks: Are they
enough for pharmacy audits?,” IEEE Trans. Healthc.
Inform., vol. 5, no. 3, pp. 213-219, 2020

[12]A. B. Khan, L. Li, and S. Sharma, “Workflow
automation in healthcare: A scoping review,” |IEEE
Access, vol. 7, pp. 111589-111602, 2019.

[13] Amantea, llaria & Robaldo, Livio & Sulis, Emilio &
Governatori, Guido & Boella, Guido. (2022). Business
process modelling in healthcare and compliance
management: a logical framework. Journal of Applied
Logic. 9. 1131-1154.

[14]Robert P. Giacalone, Gary G. Cacciatore, HIPAA and
its impact on pharmacy practice, American Journal of
Health-System Pharmacy, VVolume 60, Issue 5, 1 March
2003, Pages 433-442,
https://doi.org/10.1093/ajhp/60.5.433

[15]P. N. Nguyen et al., “Addressing data fragmentation in
community pharmacies: A case study,” Health Syst.
Policy Res., vol. 8, no. 1, pp. 119-128, 2021.

[16] Anthony F. Grasha, Into the abyss: Seven principles for
identifying the causes of and preventing human error in
complex systems, American Journal of Health-System

Pharmacy, Volume 57, Issue 6, 15 March 2000, Pages
554-564, https://doi.org/10.1093/ajhp/57.6.554

[17]A. G. Thompson, “Reactive vs. proactive compliance:
Lessons from pharmacy oversights,” J. Reg. Sci. Tech.,
vol. 26, no. 3, pp. 210-221, 2020.

[18] C. P. Mendez, ““A rural pharmacy perspective on digital
adoption: Barriers and opportunities,” Rural Health Q.,
vol. 12, no. 2, pp. 36-45, 2021.

[19]1Z. Gray, N. Patel, and S. Dolan, “Blockchain-based
solutions  for pharmaceutical traceability and
compliance,” IEEE Trans. Nanobiosci., vol. 20, no. 3,
pp. 421-432, 2021.

Volume 11 Issue 12, December 2022
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
WWW.ijsr.net

Paper |D: SR221210224204

DOI: https://dx.doi.org/10.21275/SR221210224204 1421


http://www.ijsr.net/
https://doi.org/10.1093/ajhp/zxac298
https://doi.org/10.1093/ajhp/60.5.433
https://doi.org/10.1093/ajhp/57.6.554



