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Abstract: Using DevSecOps, which 

combines development, security, and 

operations, has become more essential for 

creating safe and secure systems. This paper 

looks at how healthcare cloud environments 

use it to safeguard data and conform to 

HIPAA. To learn about CI/CD and other 

practices, the study uses case studies and 

secondary literature. It was found that 

DevSecOps supports architectures in the 

cloud that are scalable, strong, and follow 

all requirements. The study points out how 

important it is to use such frameworks to 

stop increasing healthcare breaches and 

urges every industry sector to adopt them 

accordingly. 
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I. INTRODUCTION 
A. Background 

Healthcare is benefiting from cloud 

computing because it offers better storage, 

access, and scalability for data. Still, this 

change has brought about cybersecurity and 

compliance issues, mainly when dealing with 

electronic protected health information 

(ePHI). According to HIPAA (Health 

Insurance Portability and Accountability 

Act), medical companies must have strong 

protection for patient information or face 

legal and financial consequences [1]. Since 

cyberattacks are increasing, there is a strong 

need to use secure and automated ways to 

deploy services. Use of DevSecOps makes it 

possible to build security and compliance 

into the workflows of cloud healthcare 

settings. 

B. Overview 

This study investigates the use of DevSecOps 

to secure healthcare data in cloud 

environments that satisfy HIPAA's 

requirements. The study compares key 

aspects of DevSecOps, including continuous 

security, automation, encryption, identity 

management, and policy enforcement with 

HIPAA's administrative and technical 

safeguards [2]. This study uses actual case 

studies and highlights where they are not 

being used. The study outlines how 

regulations should be involved in DevSecOps 

practices to ensure that healthcare cloud 

environments are secure, effective, and 

compliant with changing regulations. 

C. Problem Statement 

The main issue this study seeks to resolve is 

the lack of integrated, automated security 

policies in cloud-enabled healthcare DevOps 

pipelines which creates HIPAA non-

compliance. Healthcare professionals 

transition to the cloud mostly without 

security due to DevOps in general being 

deployed without baked in security to begin 

with. This results in misconfigurations, 

delayed vulnerability assessments, and 

inconsistent application of technical 

safeguards under HIPAA [1]. Existing 

security paradigms are not optimized for the 

speed of continuous deployment, so 

protecting patient information constants upon 

deployment increases vulnerability. Without 



                                International Journal of Information and Electronics Engineering, Vol. 10, No. 4, July 2020 

 

 

44 

Doi:10.48047/ijiee.2020.10.4.7 

a DevSecOps strategy to incorporate 

compliance by design in the software 

development lifecycle, healthcare 

organizations increasingly become void of 

protections against data breaches, legal 

consequences, and reputational damage.  

D. Aim & Objectives 

This study aims to examine how best 

practices in DevSecOps may be utilised for 

securing healthcare cloud workloads, along 

with HIPAA compliance standards. 

Objectives: 1) To examine the essential 

building blocks of DevSecOps and how they 

correlate with HIPAA technical safeguards. 

2) To analyse the evaluation of existing tools 

and frameworks that support DevSecOps in 

cloud-based healthcare environments. 3) To 

outline a proposal for an integrated 

DevSecOps model tailored for HIPAA-

compliant cloud infrastructure in the 

healthcare sector. 

E. Scope and Significance  

This is about healthcare organisations that 

store and process ePHI in public or hybrid 

clouds. It aims to discuss U.S. regulatory 

compliance and examine leading DevSecOps 

practices, tools, and models that are suited to 

cloud-native architecture [3]. The study is 

relevant in that it illustrates how compliance, 

security, and agile development are related 

and valued by modern healthcare IT. The 

study offers a useful DevSecOps framework 

to address security challenges, ease auditing, 

and foster trust in digital health systems. The 

insights will be useful for IT executives, 

compliance officers, and DevOps teams in 

the healthcare sector. 

II. LITERATURE REVIEW 

A. DevSecOps Practices aligned with 

HIPAA Security Standards 

When applying DevSecOps in healthcare 

cloud infrastructure, the concept of 

DevSecOps needs to be grounded in a clear 

understanding of how it relates to the HIPAA 

Security Rule. HIPAA describes a series of 

administrative, physical, and technical 

safeguards that protect electronic protected 

health information (ePHI) [4]. The sets of 

methods to secure information address access 

control of systems, audit reviews, 

information integrity checks, user 

authentication, and secure transmission of 

information. DevSecOps supports security as 

code, automation, and continuous monitoring 

- these overlaps directly with the requirement 

to implement these safeguards into 

agile/cloud-native pipelines. For example, 

assigning role-based access-control (RBAC) 

through Infrastructure as Code (IaC) allows 

only those users with consented access to 

access PII and EPHI, while automated 

scanning for security and automated testing 

in CI/CD can help find and fix issues before 

deploying any solutions. Logging, 

monitoring, with the ELK Stack or AWS 

CloudTrail provides continuous auditability 

and tracability in an ongoing sense, which are 

HIPAA requirements [5]. 

Furthermore, utilising tools such as Open 

Policy Agent (OPA) enables compliance 

checking to be done automatically across the 

infrastructure. Many of the processes in 

sophisticated DevSecOps ecosystems are 

also automated such as data encryption at rest 

and in transit, key rotation, and secrets 

management [5]. The real advantages of 

these methodologies are that they can both 

lower the likelihood of human error and 

demonstrate that an organisation is compliant 

when audits do occur. 

DevSecOps shifts security from a task that 

may get done at some point to a continuity of 
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assurance process that changes with your 

system by building security early into your 

development process and tying it back to 

HIPAA requirements. 

B. Assessment of Tools and Frameworks for 

Secure Healthcare Cloud Deployments 

The implementation of DevSecOps in 

healthcare cloud environments largely 

depends upon the selection and incorporation 

of tools that facilitate continuous security and 

regulatory compliance. Many tools and 

frameworks have been developed to apply 

automation and to create a continuous 

approach to security throughout the software 

development lifecycle (SDLC) that complies 

with HIPAA regulations [6]. 

For code analysis and vulnerability scanning, 

tools such as Snyk, SonarQube, and 

Checkmarx help identify security flaws in 

real-time during development. Infrastructure-

as-Code (IaC) tools like Terraform and 

Pulumi, when combined with policy-as-code 

engines such as OPA or HashiCorp Sentinel, 

can prevent insecure configurations from 

reaching production environments. Security 

policies such as encryption, private 

resources, and delegating roles are handled 

by these solutions fully automatically [7]. 

During the CI/CD stage, tools like GitLab CI, 

GitHub Actions, and Jenkins can be made to 

have security gates that stop pipeline 

execution in the event of vulnerabilities or 

compliance issues. Kubernetes is also usually 

utilised for workload orchestration, whereby 

Kube-bench and Kube-hunter are used to 

ensure secure cluster configurations. In 

cloud-native deployment, AWS, Azure, and 

Google Cloud provide HIPAA-eligible 

services, along with built-in compliance tools 

like AWS Config and Azure Security Centre 

[6]. 

The tools add to the visibility, control, and 

trackability of activities while also helping 

reduce the burden of manual compliance 

checks. Selecting appropriate tools allows 

healthcare organisations to set up cloud 

environments that can handle more activity, 

remain secure, and obey regulations. 

C. Designing an Integrated DevSecOps 

Model for HIPAA-Compliant 

Environments  

Building a DevSecOps pattern specific to 

HIPAA-compliant healthcare settings 

demands an integrated approach that weaves 

security, compliance, and automation into the 

entire development process. The pattern 

needs to consider the technical safeguards of 

HIPAA access controls, encryption, and audit 

mechanisms while accommodating the 

rapidity and agility of cloud-native 

development. 

At the core, Infrastructure as Code (IaC) 

allows version-controlled, reproducible 

environments with the security controls built 

in. Encryption, access, and network 

segmentation policies can be coded and 

applied consistently. Policy as Code (PaC) 

takes it one step further by enforcing HIPAA-

related rules automatically at each 

deployment point, with the use of tools such 

as Open Policy Agent or Conftest [8]. 

The CI/CD pipeline needs to be embedded 

with automated security tools for static code 

checks, dynamic analysis, container 

scanning, and dependency analyses. Failure 

and alerts can initiate rollbacks or isolate the 

vulnerable components. Runtime security 

monitoring with SIEM systems (e.g., Splunk, 

ELK) provides real-time threat identification 

and auditing [9]. Managing identity and 

access is necessary, as it enables both role-

based permissions and multiple-factor 

authentication. Centralised logging, 

immutable audit trails, and backup 
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verification all will comply with HIPAA 

requirements for auditability and recovery of 

data. 

The model should cover incident automation 

by using playbooks and simulated exercises. 

With these layers integrated in a single 

DevSecOps pipeline, organisations can 

provide real-time continuous compliance, 

minimal manual overhead, and enhance the 

security posture of healthcare workloads. 

III. METHODOLOGY 
A. Research Design 
The study uses an explanatory research 

design to reveal how DevSecOps supports 

healthcare workloads in cloud computing and 

meets HIPAA regulations. Explanatory 

research is used to explore and explain the 

cause-and-effect relationships between 

variables, providing insight into how and 

why specific practices lead to particular 

outcomes [10]. The design intends to study 

how different regulatory frameworks are 

associated with cloud security and 

DevSecOps practices. The study explains 

that implementing DevSecOps ideas helps 

meet the technical requirements of HIPAA 

regulations. Through this design, it is 

possible to systematically look into the ways 

that tools, policies, and automation help 

follow security standards and rules as 

healthcare IT systems become more 

advanced and flexible. 

B. Data Collection 
The study gathers information through 

secondary sources, by using both qualitative 

and quantitative data. For qualitative 

analysis, case studies from healthcare 

organisations that follow HIPAA and 

DevSecOps (such as Mayo Clinic, Cerner, 

and UnitedHealth Group) are studied to 

understand the best ways and difficulties in 

using DevSecOps. In addition, whitepapers, 

compliance reports, and technical 

documentation are all considered in the 

analysis. Quantitative analysis includes 

analysis of graphs, charts, and information 

from reliable sources like IBM Security, 

Ponemon Institute, and HIPAA Journal, 

which helps to determine trends in data 

breaches, cost increases, and how many 

organisations use DevSecOps solutions. 

Using various research methods makes the 

outcomes more reliable and detailed. 

C. Case Studies/Examples 
Case 1: Cloud Transformation Journey 

Mostly, organisations started using cloud 

computing to cut costs, scale smoothly, and 

focus on innovation. However, they faced 

challenges like expenses rising due to the 

organisation of unnecessary resources and 

not having enough control. Advanced 

approaches to controlling costs were adopted 

by enterprises, like streamlining their pricing, 

handling resources, and cutting waste [11]. 

This case is important to this research 

because it outlines both the financial and 

operational risks tied to DevSecOps in 

HIPAA-compliant cloud environments, 

stressing the need for careful supervision and 

awareness of costs. 

Case 2:  IBM Watson Health Cloud (WHC)  

The cloud-based WHC, supported by 

SoftLayer, was put in place at IBM to safely 

handle and host electronic health records 

(EHR). WHC follows HIPAA rules by 

putting in place SSL/TLS encryption, checks 

for data integrity, strong protection for data 

on the server and while being transferred, and 

effective key management. It separates data 

from other users using isolating bare-metal 

and private virtual servers, placed only in 

U.S. locations [12]. WHC ensures automated 

data backups, disaster recovery services 

available all over the world, activity records 

for 270 days, permission‑based access, 

automatic session expiration, as well as 

provides training for users [12]. This case is 
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a good example of how having a regulated 

plan in healthcare can take advantage of 

cloud capabilities and still follow all federal 

privacy and security standards. This case 

makes it clear that cloud infrastructure can be 

used in line with regulations, which 

illustrates the importance of security-by-

design approaches for people designing 

health-related cloud systems. 

D. Evaluation Metrics 
A variety of metrics are employed by the 

study to evaluate the safety of using 

DevSecOps in healthcare workloads that 

follow HIPAA regulations. Some of these 

measures are the number of security 

breaches, how much time it takes to detect 

and handle each breach, compliance audit 

performance, and the coverage of automated 

policy enforcement [5]. Other details looked 

at include the results of pipeline vulnerability 

checkups and how well security 

configurations are implemented in the cloud. 

The measurements are checked between 

traditional and DevSecOps environments 

whenever information is provided. The 

review considers operational, security, and 

compliance results to find out the 

improvements due to using DevSecOps. 

IV. RESULTS 
A. Data Presentation 

 

Healthcare data breaches from 2009 to 

2018 

Source: [13] 

The graph for healthcare data breaches from 

2009 to 2018 would demonstrate an upward 

pattern, revealing a minor fall in 2015. 

During 2018, around 365 breaches were 

reported, which involved over 500 records, 

showing a rise of almost 2% from 2017 and 

an impressive 83% increase from 2010 [13]. 

It stresses that healthcare data is still unsafe, 

despite more precautions, which explains 

why we need DevSecOps for HIPAA 

compliance. 

 

HIPAA penalty amounts by year from 

2008 to 2018 

Source: [14] 

In 2018, even though the highest number of 

penalties was not achieved, the total fines 

collected went up to a record of $28.7 

million. This year, OCR had the greatest 

financial recovery that it has ever achieved in 

one fiscal year. On average, each case led to 

penalties worth more than $2.6 million, 

showing how seriously the FTC deals with 

data breaches [14]. Because of this trend, 

there is a greater focus on healthcare 

organisations to comply with HIPAA rules. 
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B. Findings 
The evidence from the data is that there has 

been a steady increase in healthcare data 

breaches between 2009 and 2018, with an 

increase in both how often they occur and 

their size. The highest number of 365 

breaches in 2018 indicates that cyberattacks 

against PHI are still increasing, even with 

HIPAA guidelines in place [13]. In 2018, 

Anthem Inc. had to pay $28.7 million due to 

its lack of security, which proves there are 

plenty of risks involved with non-compliance 

[14]. The results are in line with the main 

issue of incorporating DevSecOps in cloud-

based healthcare systems. Since cyber threats 

keep changing, standard methods of security 

are not enough; security must become part of 

the software process from start to finish. 

DevSecOps helps automate compliance, 

keeps track of risks at all times, and codes the 

infrastructure to meet HIPAA’s technical 

requirements. Reviewing current trends 

demonstrates that being proactive and secure 

is necessary to lessen risks and support trust 

in digital healthcare. 

C. Case study outcomes 
Case 

Study Outcomes 

Relevance to the 

Research 

Cloud 

Transf

ormati

on 

Journe

y 

Revealed critical 

insights into cloud 

cost governance, 

resource sprawl, 

and optimisation 

strategies post-

migration [11]. 

Highlights the 

financial and 

governance 

challenges of cloud 

DevSecOps, 

emphasising cost-

control, risk 

mitigation, and 

scalable design. 

IBM 

Watso

n 

Health 

Cloud  

HIPAA-aligned 

architecture with 

encryption, 

isolation via 

private servers, 

RBAC, audit logs, 

and automated 

Validates the 

feasibility of secure 

cloud infrastructure 

in healthcare using 

security-by-design 

principles. 

backups [12]. 

Table 1: Case Study outcomes 

(Source: Self-developed) 

D. Comparative analysis 
Stud

y Aims Findings Gaps 

[4] 

To review 

HIPAA’s 

historical 

context and 

security/pri

vacy rules. 

Clarified 

HIPAA’s 

scope, PHI 

definitions, 

and 

compliance 

essentials. 

Lacks 

discussion on 

implementati

on in modern 

cloud or 

DevSecOps 

settings. 

[5] 

To link 

HIPAA/HI

TECH with 

best 

practices in 

counsellor 

education 

tech. 

Emphasised 

the role of 

legal 

frameworks 

in secure tech 

adoption. 

Limited to 

education; no 

operational 

DevSecOps 

implications. 

[6] 

To evaluate 

cybersecurit

y maturity 

models in 

the 

healthcare 

cloud. 

Revealed 

inconsistency 

and 

inefficiency 

in current 

models. 

Does not 

propose 

actionable 

integration 

with 

DevSecOps 

or CI/CD 

tools. 

[7] 

To analyse 

authenticati

on protocols 

in cloud and 

mobile 

systems. 

Identified 

strengths/wea

knesses of 

various 

protocols. 

Does not 

contextualise 

within 

healthcare-

specific 

regulatory 

needs. 

[8] 

To apply 

DevOps 

pipelines in 

industrial 

environmen

Proved 

CI/CD 

efficiency 

and faster 

deployments. 

Not tailored 

to HIPAA or 

healthcare 

data 

governance. 
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ts. 

[9] 

To 

implement 

blockchain 

in 

healthcare 

EHRs. 

Offered 

MedRec 

prototype for 

secure, 

interoperable 

records. 

Experimental

; lacks 

scalability 

and 

DevSecOps 

integration 

guidance. 

Table 2: Comparative analysis 

(Source: Self-developed) 

V. DISCUSSION 
A. Interpretation of Results 
The findings demonstrate that DevSecOps 

plays a big role in improving both security 

and compliance for healthcare cloud systems. 

IBM Watson Health Cloud made it clear that 

hospitals can follow HIPAA rules with 

encryption, permissions, and monitoring of 

their activities [12]. It was revealed through 

data presentation that healthcare data 

breaches and expensive settlements were 

increasing, so secure-by-design methods 

became more urgent. This proves that 

DevSecOps is essential for safeguarding 

private health information in today’s 

developing cloud-based setups by making 

compliance easy and identifying potential 

threats. 

B. Practical Implications 
This study shows that DevSecOps is a useful 

way to create infrastructure that complies 

with HIPAA standards in healthcare. If 

security is added in the initial stages of 

development and compliance tasks are 

automated, healthcare companies can deal 

with security risks and stick to rules with 

greater ease and less effort. Better automation 

brings faster service deployment, better 

control, and fewer errors made by people 

[15]. They show developers, IT leaders, and 

compliance officers how continuous delivery 

pipelines, Infrastructure as Code (IaC), and 

proactive governance used together can 

improve both security and compliance in 

their outdated systems. 

C. Challenges and Limitations 
Even though DevSecOps offers a way to 

secure healthcare workloads, its use brings 

forth several challenges. Adding security to 

CI/CD processes can be hard and use a lot of 

resources, mainly in older systems. There 

may not be enough experts who are aware of 

the unique challenges found in both 

cybersecurity and cloud-native technologies 

[16]. The use of excessive automation could 

cause important weaknesses to go unnoticed 

if the tools do not work correctly. The use of 

secondary data and example cases may miss 

certain important details, which lessens the 

applicability of the findings. 

D. Recommendations 
DevSecOps should be the main technique for 

building cloud applications in healthcare, 

with security being included at each level of 

software development. It helps to use 

Infrastructure as Code for making the 

environment consistent, use policy-as-code 

to automate governance, and set up tools to 

monitor security automatically. It is 

important to prepare teams in safe coding 

practices and make them familiar with 

regulations [17]. Begin with short 

experiments to detect the main issues and 

expand the project step by step. It is advised 

to use AWS and Azure because both 

companies provide HIPAA-enforced 

services. In the future, tools should be 

developed that follow the same standards, 

meeting healthcare rules to encourage greater 

use and maintenance in such areas. 

VI. CONCLUSION AND FUTURE 

WORK  
Combining DevSecOps frameworks with 

healthcare cloud services provides a solid 

method to comply with HIPAA and 
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strengthen security, automation, and how the 

system is run. IBM Watson Health Cloud are 

examples that show that applying security 

right from the start, along with CI/CD and 

Infrastructure as Code, limits the chances of 

data breaches and breaking laws. Analysis of 

security and settlement information confirms 

the importance of acting in advance to 

prevent breaches. 

In the future, doing primary research through 

interviews with security architects and 

compliance officers in healthcare 

organisations could offer a better idea of the 

challenges faced in implementation. At the 

same time, crafting DevSecOps tools and 

security policies for healthcare use cases can 

encourage more people to apply them. 

Evaluating AI-based threat detection in 

DevSecOps and studying its benefits for 

immediate compliance and fast response to 

issues is a good way to strengthen healthcare 

security. 
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