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Abstract
Database systems have been prime targets for cyber-attacks and
threats due to the critical nature of the data they store. Despite the
increasing reliance on database management systems, this field
continues to face numerous cyber-attacks. Databases are
collections of well-organized data that can be accessed,
maintained, and updated quickly. Database systems are critical to
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your company because they convey data about sales transactions,
product inventories, customer profiles, and marketing activities.
The number of attacks against these repositories has also
increased. Increasing internet consumption and constant
technological development, specifically have led to an increasingly
urgent need for cyber awareness. Database Management Systems
(DBMS) are the backbone of modern organizations, enabling
efficient storage and retrieval of sensitive information. However, as
the digital landscape evolves, so do the cybersecurity risks
targeting these systems. This paper critically reviews existing
research to identify key cybersecurity threats to DBMS, including
SQL injection, ransomware, insider threats, and denial-of-service
attacks. The paper analyzes recent studies and explores advanced
strategies for mitigating these threats, such as AI-driven anomaly
detection, blockchain-based security models, and Zero Trust
architectures. The objective is to provide a clear understanding of
the risks and actionable insights into building robust, secure
database systems. This study offers a comprehensive analysis
aimed at helping researchers and practitioners develop effective
data security measures, ensuring both resilience and adaptability in
an increasingly hostile cyber environment.
Keywords: Cyber insurance, Cyber risk, Open data, Systematic
review, DBMS, database security threat mitigation, Data protection
strategies for DBMS, Cyber threats in database management,
DBMS cybersecurity challenges
Introduction
In an age where data has become one of the most valuable
resources, the security of Database Management Systems (DBMS)
has emerged as a critical area of research. These systems are
pivotal in managing, storing, and safeguarding sensitive
information across industries, from finance and healthcare to
education and government [1]. However, their increasing reliance
has made them prime targets for sophisticated cyber threats,
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which continue to evolve in complexity and impact. From SQL
injection and ransomware to insider threats and denial-of-service
attacks, DBMS faces a myriad of challenges that threaten data
integrity, confidentiality, and availability. So, here are
several Cybersecurity Threats in Database Management Systems
(DBMS) [2, 3] Despite advancements in cybersecurity technologies,
significant gaps remain in fully addressing the risks associated with
DBMS. Current research often focuses on isolated threats or
specific technologies, resulting in fragmented strategies [4].
Moreover, the dynamic nature of cyber threats and the lack of
integrated solutions highlight the need for a holistic approach to
database security. This review consolidates findings from multiple
studies to bridge these gaps, providing a comprehensive
understanding of the challenges and potential solutions [5, 6].

Figure 1: DBMS-Security system [7]
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Figure 2: DBMS-Security vulnerabilities [8]
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So below we discuss existing studies to identify the cybersecurity
risks in Database Management Systems (DBMS) and examine the
strategies proposed or implemented to mitigate these data
security threats. This discussion aims to provide a comprehensive
understanding of the challenges and solutions within this domain
[9, 10]. These papers aim to provide actionable insights into
mitigating cybersecurity risks in DBMS by synthesizing existing
research. It emphasizes innovative strategies, including AI-driven
security solutions, Zero Trust architectures, and blockchain
frameworks, to ensure organizations can protect their critical data
assets effectively. By bridging the gap between research and
practice, this review serves as a valuable resource for both
academics and industry professionals [11, 12]. This study focuses
on advanced measures to enhance the cybersecurity of database
servers, addressing the growing sophistication of threats. The
authors propose strategies that integrate innovative technologies
and frameworks to mitigate potential vulnerabilities. Some of the
key approaches discussed include:
Zero Trust Architecture: This framework assumes that no user or
device is inherently trustworthy and implements strict access
controls [13].
Multi-Factor Authentication (MFA): Ensures an additional layer
of security by requiring multiple forms of verification before
granting access [14].
Machine Learning for Anomaly Detection: Uses algorithms to
detect unusual behavior or unauthorized access attempts in real-
time [15].
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Figure 3: Possible DBMS Threats [16]
The paper also emphasizes the importance of adhering to
regulatory frameworks such as GDPR and HIPAA to maintain data
integrity and compliance. Overall, this study highlights a multi-
layered approach that combines technology, policy, and user
education to address modern database security challenges [17].
This paper examines the unique cybersecurity challenges faced by
e-learning platforms and their associated databases. As e-learning
systems grow in popularity, they have become prime targets for
cybercriminals. The study identifies specific threats and proposes
practical solutions, including:
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Table 1: Non-Technical Threats in DBMS [18]

Unique Threats Identified
Denial-of-Service (DoS) Attacks: Overloading database servers to
disrupt access [19].
Unauthorized Access: Exploiting weak authentication measures
[20].
Cyber Espionage: Stealing sensitive government data [21].
Insider Threats:Malicious or negligent misuse by employees [22].
Electoral Data Manipulation: Tampering with votes in politically
sensitive regions [23]
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Table 2: Comparison of Measure for DBMS Security [24]

Unique Threats
Cross-site scripting (XSS) attacks exploit web application
vulnerabilities and SQL injection attacks targeting weak query
structures. A method to secure data transfers by encrypting
communications between users and servers.
IWAS Models: Real-time threat evaluation frameworks that assess
risks and recommend mitigation strategies. By addressing these
issues, the paper underscores the critical importance of
implementing robust security measures in e-learning systems to
ensure data privacy and system reliability [25, 26]. This paper
systematically addresses cybersecurity risks in database
management systems (DBMS) by creating a detailed classification
of threats, weaknesses, and countermeasures. The authors
emphasize that DBMS are frequent targets of cyberattacks due to
the critical nature of the data they store.
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Table 3: Comparison of DBMS-based Cyber Security Risk
Management Tools [27]

The literature review identifies various technical threats, such
as SQL injection, denial-of-service (DoS), and ransomware, as well
as non-technical threats like insider misuse and human errors [28].
The paper highlights key vulnerabilities, including weak
authentication, unpatched software, and insecure coding practices,
which attackers commonly exploit. To mitigate these risks, the
authors propose a structured framework that involves identifying
key components, Assessing threats, Identifying vulnerabilities and
implementing countermeasures. These countermeasures include
robust access control, data encryption, intrusion detection systems,
and continuous monitoring of database activity. The authors’
approach focuses on proactive risk management, encouraging
organizations to classify risks by severity and address them with a
multi-layered defense strategy [29, 30].
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Table 4: Non-technical threats in DBMS [31]

The paper underscores the importance of understanding the
interplay between threats and vulnerabilities to develop effective
mitigation plans for securing DBMS. This aligns closely with your
research title by providing a comprehensive strategy for
addressing cybersecurity risks in databases [32]. This paper
explores cybersecurity threats in public sector databases and
presents advanced solutions to enhance security. The authors
emphasize protecting sensitive public data, such as government
and electoral records, from threats like data theft, unauthorized
access, and insider misuse [33].
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Figure 4: Cybersecurity Research areas [35]
Literature Review
How implementing prototypes, like blockchain-based algorithms
and layered security architectures, can enhance resilience against
cyber threats. By combining advanced technologies with best
practices, the authors provide a practical roadmap for mitigating
risks in DBMS. This paper complements your research focus by
showcasing how emerging technologies like blockchain can
address modern cybersecurity challenges in databases. The paper
highlights how AI technologies like machine learning and deep
learning strengthen database security by enabling real-time
monitoring, anomaly detection, automated patching, and adaptive
encryption. AI systems proactively identify threats, predict risks,
and mitigate vulnerabilities while minimizing human error and
manual oversight. Despite its benefits, challenges like AI misuse by
attackers, ethical concerns, and computational demands are
addressed [36].
Unique Threats Identified
Evolving Threats: Zero-day exploits, advanced persistent threats
(APTs), and AI-driven attacks [37].
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Internal Misconfigurations: Errors in firewall settings, patch
delays, and weak data handling.
Sophisticated Data Breaches: Hackers bypassing traditional
encryption methods [38].
Table 5: Comparison of DBMS- security threats, Solutions and
damage [39]
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Figure 5: Data Security Threats for DBMS [40]
Proposed Solutions
AI transforms database security with adaptive and automated
defenses. While offering robust solutions to mitigate modern
threats, its implementation requires addressing ethical,
computational, and misuse concerns. This research aligns with your
focus on modernizing database cybersecurity strategies [41].

The paper comprehensively discusses the growing
sophistication and frequency of cybersecurity threats, highlighting
key types of attacks like malware, phishing, ransomware, and
distributed denial-of-service (DDoS). It explores how these threats
exploit vulnerabilities in systems, networks, and human behavior,
causing financial loss and reputational damage. Advanced threats,
such as state-sponsored attacks and hacktivism, are also analyzed
for their broader societal and national implications [42, 43].
Anomaly Detection: AI identifies deviations in behavior to detect
threats in real time.
Automated Patching: AI resolves vulnerabilities faster, reducing
exposure to risks.
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Adaptive Encryption: Dynamically adjusts encryption based on
threat levels.
Real-Time Monitoring: Ensures immediate response to
irregularities.
Predictive Risk Analysis: Anticipates threats using behavior trends.
Automation: Reduces human error by handling routine tasks
autonomously. The authors emphasize the importance of
leveraging advanced technologies like Artificial Intelligence (AI)
and machine learning to combat these threats. AI enhances
Cybersecurity by enabling real-time threat detection, behavior
analysis, and automated responses. However, the paper also raises
concerns about the ethical use of AI, potential biases, and its
reliance on high-quality data [44, 45].
Unique Threats Identified
Sophisticated Malware: Includes viruses, worms, trojans, and
spyware designed to harm or steal data. Phishing and Social
Engineering: Deceptive tactics to trick individuals into revealing
sensitive information. Ransomware: Encrypted files held hostage
until a ransom is paid [46]. DDoS Attacks: Overwhelming system
resources to cause downtime. State-Sponsored
Cyberwarfare: Targeting critical infrastructure for political or
economic disruption [47].
Proposed Solutions
AI and Machine Learning: Enhances real-time monitoring,
anomaly detection, and incident response.
User Education: Mitigates risks through awareness of phishing
and social engineering tactics.
Advanced Encryption: Protects sensitive data from breaches.
Proactive Risk Management: Includes regular software updates
and robust incident response plans.
Collaboration and Policy: Encourages organizations and
governments to work together to address evolving threats.
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Figure 6: Strategies to Mitigate Data Security Threats [48]
Mitigating data security threats in DBMS requires a multi-layered
approach that combines advanced technologies, robust policies,
and user awareness. Insights from the analyzed studies suggest
that organizations need to adopt both proactive and reactive
strategies to address the evolving threat landscape effectively.
These strategies ensure not only the prevention of attacks but also
the timely detection and response to potential breaches. AI-Driven
Anomaly Detection: Use machine learning algorithms to identify
and respond to unusual database activity in real-time, reducing the
risk of undetected breaches. Zero Trust Architectures: Implement
strict access controls based on the principle of "never trust, always
verify," ensuring that no user or device is inherently trusted.
Encryption Techniques: Employ adaptive encryption methods to
protect data both at rest and in transit, ensuring that sensitive
information remains secure even if intercepted. Blockchain-Based
Frameworks: Leverage blockchain for transparent and tamper-
proof transaction records, enhancing data integrity and
accountability. Regular Audits and Patch Management: Conduct
frequent security assessments and ensure that software
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vulnerabilities are promptly addressed through updates and
patches. User Training and Awareness: Educate users on best
practices for cybersecurity to minimize human errors, such as
phishing attacks and weak passwords. Intrusion Detection Systems
(IDS): Deploy systems that monitor network traffic and alert
administrators of potential threats, enabling faster response times.
By integrating these strategies, organizations can create a robust
defense mechanism against modern cyber threats. The
combination of innovative technology with well-defined policies
and educated users ensures a secure and resilient database
environment.
Conclusion
This article determined that awareness, knowledge, and behavior
are important as cyber threats cause security issues. Some users
take fitting action by pursuing cyber threat knowledge while others
freely share cyber threat information and experiences also
highlighting the dynamic and evolving nature of cybersecurity risks
targeting DBMS. Key threats such as SQL injection, ransomware,
insider misuse, and denial-of-service attacks pose significant
challenges to organizations. However, innovative strategies,
including AI-driven anomaly detection, blockchain-based
frameworks, and Zero Trust architectures, offer promising solutions
to these issues. The integration of advanced technologies with
robust policies and user education is crucial to mitigating these
risks effectively. This review consolidates findings from diverse
studies, providing actionable insights into addressing the most
pressing cybersecurity challenges. By adopting a proactive, multi-
layered approach, organizations can safeguard their databases
against evolving threats while maintaining operational resilience.
The significance of this work lies not only in its contribution to
academic research but also in its practical applications, equipping
practitioners with tools to navigate the increasingly complex
cybersecurity landscape.
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