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DIGITAL SYSTEMS IN PHARMACOVIGILANCE:
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IN ENDOCRINE DISORDERS

Abstract: Objective: To examine the efficacy of digital systems in impro-
ving the detection and management of adverse drug reactions (ADRs) in
patients with endocrine disorders, focusing on diabetes, hypothyroidism,
and hyperprolactinemia.

Methods: A retrospective observational study analyzed data from ele-
ctronic health records (EHRs), the National Pharmacovigilance Center,
and the global VigiBase database (2019-2023). Quantitative analysis
compared ADR reporting rates via traditional and digital channels
using chi-square tests and ROC analysis to evaluate Al model accuracy.
Qualitative analysis included a survey of 120 healthcare workers and
thematic coding of responses.

Results: Digital systems increased ADR reporting by 335% compared to
traditional methods (p < 0.01). AI models (Random Forest, XGBoost)
achieved 89% sensitivity, 92% specificity, and an AUC of 0.94, iden-
tifying 17% more high-risk drug interactions in diabetic patients. The
survey revealed 78% of respondents found digital tools more efficient,
but 30% highlighted the need for additional training.

Conclusion: Digital systems significantly enhance pharmacovigilance for
endocrine disorders through faster ADR detection, precise risk analysis,
and greater healthcare worker engagement. Key recommendations inc-
lude investing in interoperable EHR platforms, staff training, and stan-
dardized protocols. This study emphasizes the necessity of integrating
innovative technologies into clinical practice to improve therapy safety.
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INTRODUCTION

1. Pharmacovigilance and the Importance
of Monitoring Adverse Drug Reactions

Pharmacovigilance is a critical field in pharmacy and medicine, aimed at identi-
fying, assessing, understanding, and preventing adverse drug reactions (ADRs). This
process is particularly vital in endocrinology, where patients often rely on long-term
therapies with potentially severe side effects. According to the World Health Orga-
nization (WHO), ADRs are a leading cause of hospitalizations and morbidity, and
their proper monitoring can significantly improve therapeutic outcomes and reduce
healthcare costs [1].

For patients with endocrine disorders such as diabetes, hypothyroidism, hyper-
prolactinemia, and adrenal dysfunction, pharmacotherapy requires continuous moni-
toring due to possible drug interactions, adverse effects, and individual variations in
treatment response [2]. Traditional pharmacovigilance methods, relying on manual
reporting by physicians and pharmacists, are often inefficient due to data gaps and
subjective patient assessments [3].

2. The Role of Digital Systems in Pharmacovigilance

Modern digital systems are revolutionizing ADR monitoring by enabling auto-
mated detection through electronic health records (EHRs), databases, and artificial
intelligence (Al) algorithms [4]. EHRs facilitate faster data entry, processing, and
analysis, while machine learning models can identify adverse event patterns that
might otherwise go unnoticed [5].

In endocrinology, integrating digital pharmaceutical databases with data analytics
tools allows precise tracking of therapeutic outcomes and personalized treatment [6].
Advanced pharmacovigilance platforms use real-world data analysis algorithms to
identify risks associated with insulin therapy, thyroid medications, and other endo-
crine drugs [7].

3. Research Questions and Hypotheses

While traditional pharmacovigilance systems are useful, their application is
often limited by slow data collection and insufficient analysis of reported ADRs [8].
Implementing digital systems could significantly improve the recognition and mana-
gement of ADRs in endocrinology.



DIGITAL SYSTEMS IN PHARMACOVIGILANCE: ENHANCING ADVERSE DRUG REACTION... 67

Research Question:

— Does the application of digital systems improve the recognition and manage-
ment of ADRs in patients with endocrine disorders?

Hypotheses:

H1: Digital systems significantly increase the detection and reporting of ADRs
in endocrinology compared to traditional pharmacovigilance methods.

H2: EHRs and databases enhance the analysis and prediction of potential ADRs.

H3: Al and machine learning enable earlier detection of severe ADRSs in patients
on insulin and thyroid hormone therapy.

H4: Greater integration of digital systems into clinical practice increases heal-
thcare workers’” ADR reporting rates.

This study aims to analyze the application of digital systems in pharmacovigilan-
ce, particularly in endocrinology, and determine whether digitalization can improve
ADR detection and management.

METHODOLOGY
Study Design and Timeline

This retrospective observational study analyzed data collected from January
2019 to December 2023 to evaluate the impact of digital systems on ADR detection
and reporting in patients with endocrine disorders, including type 1 and 2 diabetes
mellitus, hypothyroidism, and hyperprolactinemia. The study used anonymized se-
condary data without direct patient involvement [9].

Data Sources

Data were collected from three main sources: electronic health records (EHRs),
pharmacovigilance databases, and digital data analytics platforms.

1. Electronic Health Records (EHRs):

— Data from three endocrinology clinics in Serbia (Belgrade, Novi Sad, Nis).

— Key parameters included laboratory results (HbAlc, TSH, prolactin), treatment
protocols, and documented ADRs.
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2. Pharmacovigilance Systems:

— National database: Anonymized ADR reports from the National Pharmaco-
vigilance Center (2019-2023).

— Global VigiBase (WHO): ADR data linked to endocrine disorders [10].

3. Digital Platforms:

— Machine learning algorithms: Random Forest and XGBoost models analyzed
EHR data to identify ADR patterns.

— IBM Watson NLP: Automated extraction of ADRs from textual medical reports.

Analytical Methods

The analysis included quantitative and qualitative methods for a comprehensive
assessment of digital systems’ efficacy.

1. Quantitative Analysis:

— Comparative analysis: ADR reporting rates via traditional (paper forms) and
digital channels (EHRs, Al tools).

— Statistical processing: Chi-square test for comparing reporting proportions;
ROC analysis for Al model accuracy (sensitivity, specificity).

— Software: R Studio (v4.2.1) with tidyverse, caret, and pROC packages [11].

2. Qualitative Analysis:

— Healthcare worker survey: Online questionnaire (N = 120 nurses and physi-
cians) via Google Forms, focusing on experiences with digital ADR reporting.

— Thematic analysis: Open-ended responses analyzed using NVivo 12.
Ethical Considerations
All data were anonymized and analyzed retrospectively, with no access to patient

identifiers. The study adhered to the Helsinki Declaration and Serbian Personal Data
Protection Law [12].
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RESULTS

Quantitative Analysis

Digital systems significantly improved ADR reporting. As shown in Table 1,
digital reporting increased from 285 in 2019 to 1,240 in 2023 (335% increase vs.
traditional methods, p < 0.01) [13]. The line chart (Graph 1) shows a rising trend,
with the sharpest increase after Al tool implementation in 2021, consistent with
global studies [14].

Al models achieved 89% sensitivity, 92% specificity, and an AUC of 0.94
(Table 2) [15], supporting H1 by detecting 42% more ADRs than traditional met-
hods [16].

Table 1. Comparative Overview of ADR Reports (2019-2023)

Year Traditional Reports Digital Reports Growth (%)

2019 320 285 -11%

2020290 410 +41%

2021 275 720 +162%

2022 260 980 +277%

2023 240 1,240 +417%

Table 2. AI Model Performance

Metric Value

Sensitivity 89%

Specificity 92%

AUC 0.94
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Graph 1. ADR Reporting Trends Over Time
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Note: Data confirm trends observed in EHR implementation studies [18].

Qualitative Analysis

The survey (N = 120) revealed 78% of respondents found digital tools improved
ADR reporting efficiency (Graph 2) [19]. However, 22% cited technical barriers like
complex interfaces. Thematic analysis (Table 3) identified three key themes:

1. Increased reporting motivation (65%) [20].
2. Faster communication with pharmacovigilance centers (53%) [21].
3. Need for additional training (30%) [22].

Table 3. Thematic Analysis of Survey Responses

Theme Frequency (%)

Increased Motivation 65%

Faster Communication 53%

Need for Training 30%
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Graph 2. Perceived Usefulness of Digital Systems
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Note: Results align with prior studies on healthcare worker motivation [23].

Analysis of Specific Endocrine Disorders

Al models identified 17% more high-risk drug interactions in diabetic patients
(supporting H2) [24]. For insulin-treated patients, Al enabled 25% earlier detection
of hypoglycemia (p = 0.03), aligning with H3 and machine learning studies [25].

DISCUSSION
Key Findings in Context of Hypotheses

The results confirm that digital systems significantly enhance ADR detection
and reporting in endocrine pharmacovigilance. H1 was supported by a 335% increase
in digital reports (Table 1), consistent with Balkan EHR implementation studies [26].
H2 was validated by identifying 17% more drug interactions in diabetics, crucial
given insulin therapy’s complexity [27]. H3 was reinforced by earlier hypoglycemia
detection (25%), aligning with real-world Al applications [28]. H4 was supported by
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78% of healthcare workers endorsing digital tools, though 30% emphasized training
needs [29].

Comparison with Existing Literature

Findings align with global trends: Al models show 20-30% higher accuracy than
traditional methods [30], close to our AUC of 0.94. Standardized digital protocols can
reduce reporting variability [31].

Clinical Implications

1. Al Implementation: Integrating machine learning into EHRs reduces ADR
underreporting.

2. Training: Prioritize staff education on digital tools.

3. Regulatory Framework: Develop national guidelines inspired by global stan-
dards [32].

Study Limitations

1. Retrospective design limits causal inference.
2. Geographic restriction (three Serbian clinics) affects generalizability [33].
3. Survey subjectivity due to respondents’ prior experiences.

Future Research Directions

1. Personalized algorithms for rare endocrine disorders (e.g., polyglandular
syndromes) [34].

2. Long-term evaluation of digital systems’ impact on treatment outcomes [35].
3. EHR interoperability for global data exchange [36].

CONCLUSION

This study evaluated the efficacy of digital systems in improving ADR detection
and management for endocrine disorders. Results showed EHRs, Al models, and phar-
macovigilance databases significantly enhanced reporting and analysis. Key findings
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include a 335% increase in digital reporting, high Al accuracy (AUC 0.94), and earlier
hypoglycemia detection in insulin-treated patients. Digitalization not only increases
efficiency but also enables personalized approaches in endocrinology.

Clinical Practice Recommendations:

1. Invest in interoperable EHR platforms.
2. Train staff regularly on digital tools.
3. Adopt standardized ADR reporting protocols.

Final Message:

Digital transformation of pharmacovigilance is crucial for safer endocrine
therapy. Combining EHRs, Al and global databases paves the way for personalized
medicine. Collaboration among clinicians, regulators, and researchers is essential to
realize these technologies’ full potential.
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