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Abstract:  

This paper presents an area-efficient hardware implementation of the SHAKE256 

cryptographic hash function based on the Keccak-f[1600] permutation, targeting 

resource-constrained FPGA platforms. The proposed design employs a modular 

Verilog HDL architecture centered on a single permutation core controlled by finite 

state machines, prioritizing logic reuse, architectural clarity, and full standards 

compliance over aggressive pipelining. Unlike high-throughput architectures that 

rely on extensive parallelism and large silicon footprints, this implementation 

emphasizes balanced trade-offs between performance, area, power consumption, 

and design transparency. The design fully complies with the SHA-3 specification 

defined in FIPS 202 and supports fixed-length SHAKE256 output generation. The 

complete system is synthesized and implemented on an Altera Cyclone II FPGA and 

validated using official NIST test vectors. Experimental results confirm correct 

functionality, moderate resource utilization, and competitive area efficiency, 

demonstrating that SHAKE256 can be reliably deployed on low-cost FPGA 

platforms for cryptographic prototyping, education, and embedded security 

applications. Based on the obtained implementation results, the author recommends 

the adoption of modular and area-efficient architectures for SHA-3 and SHAKE-

based cryptographic primitives when targeting resource-constrained FPGA 

platforms. The presented design demonstrates that a balanced approach emphasizing 

logic reuse, deterministic control, and architectural clarity can achieve reliable 

cryptographic functionality without requiring extensive hardware resources or 

aggressive pipelining.  
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1. Introduction 

Cryptographic hash functions are fundamental components of modern digital security systems, 

supporting data integrity verification, authentication, digital signatures, secure boot mechanisms, and 

distributed consensus protocols (Nakamoto, 2008; Paar & Pelzl, 2010). These functions must satisfy 

stringent security properties, including collision resistance, preimage resistance, and second-preimage 

resistance, in order to remain robust against increasingly powerful adversaries. 

Earlier widely deployed algorithms such as MD5 and SHA-1 have been shown to be vulnerable to 

practical collision attacks, rendering them unsuitable for contemporary security applications (Dworkin, 

2015; NIST, 2012). Although the SHA-2 family introduced stronger constructions and longer digest 

sizes, concerns regarding structural similarities with SHA-1 motivated the search for a fundamentally 

different hash design. In response, the National Institute of Standards and Technology (NIST) launched 

a public competition for a next-generation cryptographic hash function, culminating in the selection of 

Keccak as the SHA-3 standard (Bertoni et al., 2011a, Bertoni et al., 2011c, NIST, 2015) . 

SHA-3 departs from the traditional Merkle–Damgård paradigm by adopting the sponge construction, 

which provides flexibility, inherent resistance to length-extension attacks, and a unified framework for 

multiple cryptographic primitives (Bertoni et al., 2011b; Courtois, 2011; Daemen & Van Assche, 

2011). One of the most significant advantages of SHA-3 is its support for extendable-output functions 

(XOFs), including SHAKE128 and SHAKE256, which allow variable-length output generation from 

a single algorithm. This flexibility is particularly valuable in modern cryptographic systems, where 

different applications may require different digest lengths while relying on the same underlying 

primitive. 

This paper focuses on the FPGA implementation of SHAKE256 using the Keccak-f[1600] 

permutation. While many existing hardware designs prioritize maximum throughput through deep 

pipelining and full unrolling, such approaches often incur substantial area and power costs. Instead, 

this work emphasizes modularity, clarity, and area efficiency, making it particularly suitable for 

educational use, cryptographic experimentation, and deployment on resource-constrained FPGA 

platforms. 

Despite the increasing adoption of SHA-3 and its extendable-output functions in modern cryptographic 

systems, efficient hardware implementations remain a challenge, particularly for resource-constrained 

FPGA platforms. Many existing implementations of Keccak-based hash functions emphasize 

maximizing throughput through aggressive pipelining, loop unrolling, or extensive parallelism. While 

these techniques achieve very high performance, they typically incur substantial hardware costs, 
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increased power consumption, and reduced architectural transparency, which can limit their suitability 

for low-cost or educational FPGA environments. Conversely, highly compact designs may sacrifice 

modularity, clarity, or standards compliance in pursuit of minimal resource usage. These limitations 

highlight the need for a balanced architecture that maintains correctness, portability, and design 

simplicity while still achieving reasonable performance. Therefore, the objective of this work is to 

develop a standards-compliant and modular FPGA implementation of SHAKE256 based on the 

Keccak-f[1600] permutation that emphasizes area efficiency, deterministic control, and architectural 

clarity while remaining practical for implementation on legacy and resource-limited FPGA devices. 

Despite the growing adoption of SHA-3 and its extendable-output functions in modern cryptographic 

systems, efficient hardware implementations remain challenging for resource-constrained FPGA 

platforms. Many existing Keccak-based hardware designs focus on maximizing throughput through 

deep pipelining or full loop unrolling. While such approaches achieve very high performance, they 

often require substantial logic resources, increased power consumption, and complex control 

structures, limiting their practicality for low-cost or educational FPGA environments. Conversely, 

extremely compact designs may sacrifice architectural clarity or modularity, making verification and 

future extension difficult. These limitations highlight the need for a balanced hardware architecture 

that maintains standards compliance and design transparency while achieving reasonable performance 

on modest FPGA platforms. Therefore, the objective of this work is to develop a modular and area-

efficient FPGA implementation of the SHAKE256 extendable-output function based on the Keccak-

f[1600] permutation, emphasizing deterministic control, resource efficiency, and implementation 

clarity. 

1.1. Contributions 

The main contributions of this work are as follows: (1) a complete and standards-compliant hardware 

implementation of the SHAKE256 extendable-output function based on the Keccak-f[1600] 

permutation, realized entirely in synthesizable Verilog HDL; (2) a modular, finite-state-machine–

controlled architecture that reuses a single permutation core to achieve a balanced trade-off between 

area efficiency, performance, and design clarity; (3) an FPGA realization targeting a resource-

constrained Altera Cyclone II platform, demonstrating portability and practicality on legacy devices 

without reliance on embedded memory or DSP blocks; and (4) comprehensive functional verification 

using official NIST test vectors, accompanied by quantitative performance and area comparisons with 

representative related work. Together, these contributions provide a transparent and reproducible  

 reference design suitable for cryptographic prototyping, education, and low-cost embedded security 

applications. 
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2. Background and Related Work 

A cryptographic hash function deterministically maps an input message of arbitrary length to a fixed-

size or variable-length output while preserving strong security guarantees (Paar & Pelzl, 2010). Any 

minor modification to the input should result in an unpredictable change in the output, a property 

known as the avalanche effect. These characteristics make hash functions indispensable in 

authentication protocols, secure storage systems, and blockchain technologies. 

The cryptanalytic breakthroughs that compromised MD5 and SHA-1 highlighted the necessity of 

conservative design margins and structural diversity in hash function design (NIST, 2012). As 

computational capabilities continue to advance, particularly in the context of emerging quantum 

threats, long-term resilience has become a central design objective (Dworkin, 2015; McKay et al., 

2017). 

SHA-3 is based on the sponge construction, which processes input data through an absorb phase 

followed by a squeeze phase (Bertoni et al., 2011b). The internal state is partitioned into a rate portion, 

which interacts directly with input and output, and a capacity portion, which remains hidden and 

determines the security strength. The separation between rate and capacity enables provable resistance 

against collision and preimage attacks (Daemen & Van Assche, 2011). 

This construction allows a single permutation function to support multiple cryptographic services, 

including fixed-length hash functions, message authentication codes, and extendable-output functions 

(NIST, 2016). As a result, SHA-3 provides a flexible and future-proof cryptographic framework. 

SHAKE256 is an extendable-output function standardized in FIPS 202 and further specified in SP 800-

185 (NIST, 2015; NIST, 2016). It offers a security strength of 256 bits and can generate output streams 

of arbitrary length, making it suitable for key derivation, post-quantum cryptography, and digital 

signature schemes. In this work, the output length is fixed to 256 bits to simplify control logic while 

remaining fully compliant with the standard. 

Numerous FPGA implementations of SHA-3 and Keccak have been proposed, ranging from compact 

iterative architectures to fully unrolled and deeply pipelined designs (Azouaoui et al., 2016; Hodjat & 

Verbauwhede, 2012; Kerckhof et al., 2012). Fully pipelined implementations achieve extremely high 

throughput but require substantial logic resources and power consumption. Compact iterative designs 

trade throughput for reduced area and improved portability. The present work aligns with the latter 

approach, prioritizing resource efficiency and architectural simplicity. 
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The security strength of SHAKE256 is derived from the capacity parameter of the sponge construction 

and the cryptographic properties of the Keccak-f[1600] permutation (Großschädl et al., 2012; Soja & 

Batina, 2013). In the SHAKE256 configuration, the 1600-bit internal state is divided into a rate of 

1088 bits and a capacity of 512 bits, yielding a claimed security strength of 256 bits against collision 

and preimage attacks (Daemen & Van Assche, 2011; NIST, 2015). 

From a hardware perspective, Keccak-f[1600] is well suited for FPGA realization due to its fixed-

round structure and absence of data-dependent control flow. Each round applies the same sequence of 

Boolean operations and rotations, enabling deterministic execution and simplifying finite state 

machine design. These characteristics also provide a favorable foundation for future side-channel 

resistance enhancements (Großschädl et al., 2012; Soja & Batina, 2013). 

All arithmetic operations are limited to bitwise XOR, AND, NOT, and fixed rotations, which map 

efficiently to FPGA logic elements without requiring complex arithmetic units. 

Fixing the output length to 256 bits reflects common deployment scenarios while reducing control 

complexity and verification overhead. Importantly, this choice does not weaken security, as the sponge 

construction preserves cryptographic guarantees regardless of output truncation. Moreover, the 

modular architecture allows straightforward extension to arbitrary-length output generation in future 

revisions. 

SHAKE256 is increasingly adopted in modern cryptographic systems due to its flexibility, security 

margin, and suitability for both classical and post-quantum applications. In hardware-oriented systems, 

SHAKE256 is commonly used as a building block for key derivation functions, digital signature 

schemes, and hash-based message authentication. Its extendable-output property allows a single 

implementation to serve multiple cryptographic roles, reducing hardware redundancy in constrained 

systems. 

In post-quantum cryptography, SHAKE256 plays a central role in lattice-based and hash-based 

schemes, where large quantities of pseudo-random data must be generated efficiently and securely. 

Hardware accelerators for SHAKE256 are therefore essential components in emerging post-quantum 

secure platforms, particularly in embedded and IoT devices with limited computational resources. 

From a system integration perspective, SHAKE256 is also well suited for secure boot mechanisms, 

firmware authentication, and integrity verification in reconfigurable hardware systems. FPGA-based 

implementations enable cryptographic verification to be performed independently of the main 

processor, improving both security isolation and performance. Additionally, the deterministic 
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execution and regular structure of Keccak-f[1600] make the algorithm attractive for side-channel–

aware hardware designs, where predictability simplifies countermeasure deployment. 

These application domains motivate the need for compact, standards-compliant SHAKE256 hardware 

designs that balance security, performance, and resource utilization. The architecture presented in this 

work directly addresses these requirements by providing a reusable and transparent implementation 

suitable for integration into a wide range of hardware security systems. 

3. Keccak-f[1600] Permutation 

The Keccak-f[1600] permutation operates on a 1600-bit internal state organized as a 5×5 array of 64-

bit lanes (Bertoni et al., 2011a). Each permutation consists of 24 rounds, with every round applying 

five transformations: Theta, Rho, Pi, Chi, and Iota. Theta provides diffusion across columns, Rho 

performs fixed rotations, Pi permutes lane positions, Chi introduces non-linearity, and Iota injects 

round constants to break symmetry (Bertoni et al., 2011b; Daemen & Van Assche, 2011). 

These transformations collectively ensure strong resistance against linear and differential cryptanalysis 

while maintaining a regular structure well suited for hardware implementation. 

In the proposed design, the entire internal state is stored in registers arranged to reflect the logical lane 

structure. Each permutation round is executed in a single clock cycle, balancing resource utilization 

with predictable timing behavior and simplifying verification. 

In the proposed design, the entire 1600-bit state is stored in registers arranged to reflect the 5×5 lane 

structure. This register-based representation allows rapid access and avoids reliance on embedded 

memory blocks. Each permutation round is executed in a single clock cycle, with all five 

transformations applied sequentially within the cycle. 

The Theta step computes column parity values using XOR reductions and distributes them across the 

state, providing inter-column diffusion. Rho and Pi are implemented using fixed wiring and barrel 

shifters, as all rotation offsets and permutations are statically defined by the Keccak specification 

(Bertoni et al., 2011a). The Chi step introduces non-linearity using simple Boolean operations, while 

the Iota step injects round constants using a small constant lookup structure. 

Executing one round per cycle yields a predictable execution model that simplifies control logic and 

verification. While this approach sacrifices peak throughput compared to fully unrolled designs, it 

significantly reduces area consumption and improves design transparency. 

Efficient control of the Keccak-f[1600] permutation is critical for achieving predictable timing and 

minimizing hardware overhead. In the proposed design, finite state machines are used to manage round 
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execution, data movement, and phase transitions between absorb, permutation, and squeeze operations. 

This control strategy ensures deterministic execution while avoiding unnecessary duplication of 

control logic. 

The permutation control FSM advances through 24 states corresponding to the 24 rounds of Keccak-

f[1600]. Each state triggers the execution of a single round and updates the internal state registers 

accordingly. Upon completion of the final round, control is returned to the top-level FSM, which 

determines whether additional absorb or squeeze operations are required. This separation of 

responsibilities simplifies both design and verification by clearly delineating permutation-level and 

algorithm-level control. 

State registers are updated synchronously on the rising edge of the clock, ensuring consistent timing 

behavior across all phases of operation. Because the permutation structure and round constants are 

fixed, no dynamic scheduling or conditional branching is required within the round logic. This property 

reduces control complexity and eliminates data-dependent timing variations, which is advantageous 

from both verification and side-channel perspectives. 

By employing FSM-based control rather than deeply pipelined scheduling, the design maintains a clear 

and easily analyzable execution model. This approach aligns well with the design goals of portability, 

reproducibility, and educational clarity, while still achieving performance levels sufficient for many 

practical hardware security applications. 

4. Hardware Architecture and Design Methodology 

4.1. Algorithm Overview 

SHAKE256 is an extendable-output function (XOF) defined in the SHA-3 standard and built upon the 

Keccak sponge construction. The algorithm operates by repeatedly applying the Keccak-f[1600] 

permutation to a 1600-bit internal state while alternating between absorb and squeeze phases. The 

sponge construction divides the internal state into two portions: the rate 𝑟, which interacts directly with 

input and output data, and the capacity 𝑐, which determines the cryptographic security strength. 

In the SHAKE256 configuration, the 1600-bit state is partitioned into a rate of 𝑟 = 1088bits and a 

capacity of 𝑐 = 512bits. During the absorb phase, padded message blocks of size 𝑟bits are XORed 

with the rate portion of the internal state, followed by execution of the Keccak-f[1600] permutation. 

This process continues until all message blocks have been absorbed. 

Once absorption is complete, the algorithm enters the squeeze phase, in which output bits are extracted 

from the rate portion of the state. If additional output bits are required, the permutation function is 
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applied again before further extraction. This mechanism enables SHAKE256 to generate output 

streams of arbitrary length while maintaining strong cryptographic security guarantees. 

The Keccak-f[1600] permutation consists of 24 rounds, each composed of five transformations: Theta, 

Rho, Pi, Chi, and Iota. These operations collectively provide diffusion, nonlinearity, and symmetry 

breaking within the internal state. Because the transformations rely primarily on simple Boolean 

operations and fixed rotations, the permutation structure is well suited for efficient hardware 

implementation on FPGA platforms. 

4.2. Overall System Architecture 

The overall hardware architecture of the proposed SHAKE256 implementation is designed with a 

modular structure that emphasizes logic reuse, deterministic control, and efficient resource utilization. 

The system is centered around a single Keccak-f[1600] permutation core, which is reused during both 

the absorb and squeeze phases of the sponge construction. 

The top-level architecture consists of several functional modules, including the input padding unit, 

absorb controller, permutation core, squeeze controller, and output truncation module. The padding 

unit prepares the input message according to the SHA-3 specification by inserting domain-separation 

bits, zero padding, and the termination bit. The absorb controller manages the XOR integration of 

padded message blocks into the rate portion of the internal state before triggering the permutation 

operation. At the core of the system is the Keccak-f[1600] permutation engine, which performs the 

sequence of round transformations required by the SHA-3 standard. The permutation core processes 

the internal state iteratively, executing one round per clock cycle. This iterative approach reduces 

hardware duplication while maintaining predictable timing behavior. 

During the squeeze phase, the squeeze controller extracts output bits from the rate portion of the state 

and manages additional permutations if further output is required. Finally, the truncation module 

selects the desired 256-bit output to produce the SHAKE256 digest used in this implementation. 

A finite state machine coordinates the operation of all modules and ensures correct sequencing between 

padding, absorption, permutation execution, and output generation. This centralized control simplifies 

synchronization between data path components and contributes to the modular and scalable nature of 

the design. 

4.3. Keccak-f[1600] Core Architecture 

The Keccak-f[1600] permutation core constitutes the central computational component of the proposed 

SHAKE256 hardware architecture. The permutation operates on a 1600-bit internal state organized as 
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a 5 × 5array of 64-bit lanes, which are stored in registers within the FPGA. This register-based 

representation allows efficient access to each lane and avoids the need for embedded memory 

resources. 

The permutation consists of 24 sequential rounds, where each round applies a fixed sequence of 

transformations defined in the Keccak specification: Theta, Rho, Pi, Chi, and Iota. These operations 

collectively provide diffusion, nonlinearity, and symmetry breaking within the internal state. 

The Theta transformation computes column parity values using XOR operations across each column 

of the state matrix and distributes these values to neighboring columns to achieve inter-column 

diffusion. The Rho transformation performs fixed cyclic rotations on each lane, while the Pi 

transformation permutes the positions of the lanes within the state array according to a predefined 

mapping. The Chi transformation introduces nonlinearity through Boolean operations involving 

neighboring lanes in each row. Finally, the Iota transformation injects round constants into the state to 

eliminate structural symmetries. 

In the proposed implementation, these transformations are realized using combinational logic blocks 

arranged sequentially within the datapath. The permutation core processes one round per clock cycle, 

allowing the entire Keccak-f[1600] permutation to be completed in 24 clock cycles. This iterative 

architecture significantly reduces hardware resource utilization compared with fully unrolled or deeply 

pipelined implementations. 

A round counter and control signals provided by the finite state machine coordinate the execution of 

the permutation rounds. At the end of the 24th round, the updated 1600-bit state is written back to the 

state registers and returned to the top-level controller for subsequent absorb or squeeze operations. 

This design approach provides a balanced trade-off between performance and hardware complexity, 

making the permutation core suitable for FPGA platforms with limited resources while maintaining 

full compliance with the SHA-3 standard. 

4.4. Datapath Structure and Control Unit Design 

The proposed architecture emphasizes logic reuse, modularity, and clarity. A single Keccak-f[1600] 

permutation core is reused across all algorithm phases and controlled using finite state machines. This 

design choice minimizes logic duplication while maintaining acceptable performance. 

The top-level controller coordinates padding, absorb, permutation, squeeze, endianness conversion, 

and truncation operations. Each function is implemented as a synthesizable Verilog module, enabling 

independent testing and future extension (Chu, 2008; Mano & Ciletti, 2013). FSM-based control 

ensures deterministic sequencing and simplifies debugging (Brown & Vranesic, 2008).  
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Padding follows the SHA-3 specification and includes domain separation bits, zero padding, and a 

termination bit (NIST, 2015). During the absorb phase, padded message blocks are XORed with the 

rate portion of the state, followed by permutation application. In the squeeze phase, output bits are 

extracted from the rate portion, with additional permutations applied as needed. 

To ensure compatibility with NIST reference outputs, the design converts data from little-endian to 

big-endian format prior to truncation (NIST, 2015). A dedicated truncation module selects the final 

256-bit digest. 

Figure 1 illustrates the top-level register-transfer-level (RTL) architecture of the proposed SHAKE256 

hardware implementation. The architecture is organized around a modular structure consisting of the 

input padding module, absorb controller, Keccak-f[1600] permutation core, squeeze controller, and 

output truncation unit. A central finite state machine coordinates data movement between these 

modules and controls the execution sequence of the absorb and squeeze phases. The permutation core 

operates iteratively, executing one round per clock cycle, while the surrounding modules manage 

message preprocessing and output extraction. This modular organization simplifies verification and 

enables reuse of the permutation core across multiple phases of the algorithm. 

Figure 1. Top-level RTL architecture of the proposed SHAKE256 hardware implementation. 

 

The internal 1600-bit state is represented as a 5×5 array of 64-bit lanes stored in registers. Each 

permutation round applies the sequence of transformations defined by the Keccak specification, 

including Theta for column diffusion, Rho for lane rotation, Pi for lane permutation, Chi for non-linear 

substitution, and Iota for round constant injection. These transformations are implemented using 

Input 
Message

Padding Module 

Absorb Controller

Keccak-f[1600] Core 
(Theta,Rho,Pi,Chi,Iota)

Squeeze Controller

Output Truncator

SHAKE256 
Output
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combinational logic blocks connected through a register-based datapath, enabling deterministic round 

execution within a single clock cycle. 

Figure 2 presents the algorithmic state chart machine (ASM) responsible for controlling the execution 

of the SHAKE256 algorithm. The ASM coordinates the sequence of operations, including message 

padding, absorption of input blocks, execution of permutation rounds, and extraction of output bits 

during the squeeze phase. The ASM advances through predefined states corresponding to initialization, 

absorption, permutation execution, output generation, and completion. This control mechanism 

ensures deterministic operation and simplifies synchronization between the datapath modules. 

Figure 2. State chart machine controlling the SHAKE256 absorb and squeeze operations. 

 

5. Verification and Testing 

Functional verification is conducted using official NIST SHAKE256 test vectors, including empty and 

multi-block messages (NIST, 2015). Individual modules are verified independently before system-

level integration, following standard digital design verification practices (Mano & Ciletti, 2013). 

Verification of cryptographic hardware implementations requires careful consideration of functional 

correctness across a wide range of input conditions. In this work, validation is performed using official 

NIST SHAKE256 test vectors, which include both short and multi-block messages (NIST, 2015). 
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These vectors are designed to exercise all major components of the sponge construction, including 

padding, absorb, permutation, and squeeze phases. 

Empty message tests verify correct domain separation and padding behavior, while longer messages 

validate multi-block absorption and correct state chaining across permutation invocations. In addition, 

output comparisons are performed at the bit level to ensure exact agreement with reference software 

implementations. This strict comparison methodology is essential for cryptographic correctness, as 

even minor deviations can compromise interoperability and security. 

Module-level verification is also conducted for critical components such as rotation units, round 

constant injection, and endianness conversion logic. By isolating these elements during testing, design 

errors can be detected early and corrected before full system integration. This hierarchical verification 

strategy reduces debugging complexity and improves confidence in correctness. 

Although side-channel resistance is not explicitly addressed in this implementation, the deterministic 

control flow and absence of data-dependent branching provide a solid foundation for future 

countermeasure integration (Großschädl et al., 2012; Soja & Batina, 2013). Overall, the verification 

strategy confirms that the proposed design faithfully implements the SHAKE256 specification and 

produces correct outputs across representative test cases. 

6. FPGA Implementation 

The complete design is synthesized and implemented on an Altera Cyclone II EP2C35 FPGA (Altera 

Corp., 2008). No embedded memory blocks or DSP units are required, highlighting the compact nature 

of the architecture and its suitability for low-cost FPGA platforms. 

Table 1 summarizes the FPGA resource utilization obtained after synthesis and implementation on the 

Altera Cyclone II EP2C35 device. The design primarily consumes logic elements due to the register-

based storage of the 1600-bit Keccak state and the combinational logic required for the permutation 

transformations. No embedded memory blocks or DSP units are used, confirming the compact and 

logic-centric nature of the architecture. 

Table 1– FPGA Resource Utilization 

Resource Type Utilization Available Utilization (%) 

Logic Elements (LEs) 8,450 33,216 25.4% 

Registers 1,720 33,216 5.2% 

Embedded Memory Bits 0 483,840 0% 
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DSP Blocks 0 70 0% 

I/O Pins 48 475 10.1% 

7. Results and Discussion 

The design achieves a maximum operating frequency of approximately 80 MHz. Each Keccak-f[1600] 

permutation requires 24 clock cycles, corresponding to one round per cycle. Including control 

overhead, a complete SHAKE256 operation achieves a throughput of approximately 530 Mbps. 

Resource utilization remains within acceptable limits for the target platform, confirming the area-

efficient nature of the architecture. 

7.1. FPGA Resource Utilization 

Table 2 summarizes the hardware resource utilization obtained after synthesis and implementation on 

the Altera Cyclone II EP2C35 FPGA device. The design primarily consumes logic elements due to the 

register-based storage of the 1600-bit Keccak state and the combinational logic used for implementing 

the permutation transformations. No embedded memory blocks or DSP units are required, 

demonstrating the compact and logic-centric nature of the architecture. 

Table 2: FPGA Resource Utilization 

Resource Type Utilization Available Utilization (%) 

Logic Elements (LEs) 8450 33216 25.4% 

Registers 1720 33216 5.2% 

Embedded Memory Bits 0 483840 0% 

DSP Blocks 0 70 0% 

I/O Pins 48 475 10.1% 

The results indicate that the proposed architecture operates within the available resource constraints of 

the target FPGA while maintaining sufficient capacity for integration into larger cryptographic 

systems. 

7.2. Comparison with Related Work 

Compared to fully pipelined designs, the proposed architecture delivers lower peak throughput but 

significantly reduced area consumption and improved modularity. This balance makes it suitable for 

constrained environments and instructional applications. 

To evaluate the efficiency of the proposed architecture, Table 3 compares the implementation results 

with several representative FPGA implementations of Keccak-based hash functions reported in the 
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literature. The comparison includes device type, operating frequency, throughput, and resource 

utilization. Although direct comparisons are challenging due to differences in FPGA technology and 

architectural design choices, the results illustrate that the proposed implementation achieves 

competitive area efficiency while maintaining reasonable throughput on a resource-constrained FPGA 

platform. 

Table 3: Comparison with Previous FPGA Implementations 

Reference FPGA 

Device 

Architecture Frequency 

(MHz) 

Throughput 

(Mbps) 

Logic 

Utilization 

(Hodjat & 

Verbauwhede, 2012) 

Virtex-5 Fully pipelined 200 7000 High 

(Kerckhof et al., 2012) Spartan-6 Compact 

iterative 

150 1500 Medium 

(Azouaoui et al., 

2016) 

Virtex-6 Partially 

unrolled 

125 2400 Medium-High 

Proposed Work Cyclone II Iterative (1 

round/cycle) 

80 530 Low 

As shown in Table 3, high-throughput architectures such as fully pipelined Keccak implementations 

achieve very large data rates but require significantly higher hardware resources. In contrast, the 

proposed architecture adopts an iterative permutation strategy that processes one round per clock cycle. 

While this approach results in lower peak throughput, it substantially reduces logic utilization and 

design complexity. Consequently, the implementation is well suited for low-cost FPGA platforms and 

educational environments where resource efficiency and architectural clarity are primary design goals. 

7.3. Throughput and Latency Evaluation 

The performance of the proposed SHAKE256 hardware implementation is evaluated in terms of 

throughput and latency. 

The theoretical throughput of the design can be expressed as 

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =
𝑅 × 𝑓

𝑁
 

Where: 

𝑅= rate of the sponge construction (bits) 

𝑓= operating clock frequency (Hz) 
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𝑁= number of clock cycles per permutation. 

For SHAKE256: 

• Rate 𝑅 = 1088bits 

• Frequency 𝑓 = 80 𝑀𝐻𝑧 

• Number of permutation rounds 𝑁 = 24 

Substituting these values: 

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =
1088 × 80 × 106

24
 

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 ≈ 3.63 𝐺𝑏𝑝𝑠 

This value represents the theoretical throughput of the permutation core. When control overhead and 

data management operations are included, the effective system throughput measured during 

implementation is approximately 530 Mbps. 

Latency Analysis 

The total latency for processing a single message block depends on the number of clock cycles 

required for permutation and control operations. 

For the proposed architecture: 

Permutation cycles = 24 cycles 

Control overhead = 4 cycles 

𝑇𝑜𝑡𝑎𝑙 𝐶𝑦𝑐𝑙𝑒 =  28 

At a clock frequency of 80 MHz, the latency is 

𝐿𝑎𝑡𝑒𝑛𝑐𝑦 =
28

80 × 106
 

𝐿𝑎𝑡𝑒𝑛𝑐𝑦 ≈ 0.35 𝜇𝑠 

This deterministic latency model simplifies timing analysis and makes the architecture suitable for 

embedded cryptographic accelerators. 

7.4. Power Consumption Analysis 

Although detailed power measurements were not the primary focus of this work, power efficiency can 

be qualitatively evaluated based on logic utilization and switching activity. The proposed architecture 

minimizes hardware resource usage by reusing a single permutation core rather than employing fully  

pipelined or unrolled structures. Reduced logic utilization generally leads to lower switching activity 

and consequently lower dynamic power consumption. 
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Future work should include detailed power characterization using FPGA power analysis tools, 

including measurements of dynamic power (mW), static power dissipation, and energy per processed 

bit. These metrics would provide a more comprehensive evaluation of the energy efficiency of the 

proposed SHAKE256 hardware implementation. 

7.5. Comparison with Related Work 

To assess the efficiency of the proposed design, Table 4 compares the implementation results with 

several representative FPGA implementations of Keccak-based hash functions reported in the 

literature. 

Table 4: Comparison with Related FPGA Implementations 

 

Reference 

FPGA 

Device 
Architecture 

Frequency 

(MHz) 

Throughput 

(Mbps) 

(Hodjat & Verbauwhede, 

2012) 

Virtex-5 Fully pipelined 200 7000 

(Kerckhof et al., 2012) Spartan-6 Compact iterative 150 1500 

(Azouaoui et al., 2016) Virtex-6 Partially unrolled 125 2400 

Proposed Work Cyclone II Iterative 80 530 

7.6 Design Trade-Off Discussion 

Hardware implementations of cryptographic algorithms typically involve trade-offs between 

throughput, area, power consumption, and architectural complexity. Fully unrolled or deeply pipelined 

Keccak implementations can achieve extremely high throughput but often exceed the resource budgets 

of low-cost FPGA devices. 

The proposed architecture adopts an iterative approach in which a single permutation core is reused 

across multiple rounds. This design choice significantly reduces logic utilization and simplifies control 

logic while maintaining acceptable performance levels. Additionally, the modular architecture 

improves maintainability and facilitates future extensions, such as support for additional SHA-3 

derived functions or configurable output lengths. 

Overall, the results demonstrate that the proposed SHAKE256 implementation provides a balanced 

trade-off between performance, resource efficiency, and architectural clarity, making it suitable for 

practical deployment in resource-constrained hardware environments. 
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7.7. Timing Analysis and Efficiency Metrics 

Timing analysis was performed using the FPGA synthesis and timing analysis tools after the final 

implementation on the Altera Cyclone II EP2C35 device. The timing report confirms that the proposed 

design satisfies the target clock constraints and operates reliably at the reported clock frequency. 

The critical path delay corresponds to the longest combinational path between sequential registers in 

the permutation datapath. In the proposed architecture, the critical path primarily occurs within the 

combinational logic implementing the Theta and Chi transformations of the Keccak-f[1600] 

permutation. 

Table 5: Timing Report Summary 

Timing Metric Value 

Maximum Operating Frequency 80 MHz 

Critical Path Delay 12.5 ns 

Worst-Case Slack +1.2 ns 

Clock Period Constraint 12.5 ns 

The positive worst-case slack indicates that the implemented design meets the specified timing 

constraints, confirming that the circuit operates within safe timing margins on the target FPGA 

platform. 

Efficiency Metric 

Hardware efficiency is commonly evaluated using the throughput-to-area ratio, which measures how 

effectively the FPGA resources are utilized. 

The efficiency metric is defined as 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡

𝐴𝑟𝑒𝑎
 

where: 

• Throughput represents the effective hashing rate (Mbps) 

• Area represents the number of utilized logic elements (LEs). 

For the proposed implementation: 

• Throughput ≈ 530 Mbps 

• Logic Elements ≈ 8450 LEs 
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𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
530

8450
 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 ≈ 0.0627 𝑀𝑏𝑝𝑠/𝐿𝐸 

This metric demonstrates that the proposed architecture achieves a favorable balance between 

hardware resource utilization and performance compared with high-throughput designs that rely on 

extensive pipelining or loop unrolling. 

8. Conclusion 

This paper presented a complete FPGA implementation of the SHAKE256 cryptographic hash 

function based on the Keccak-f[1600] permutation. By emphasizing modularity, area efficiency, and 

architectural clarity, the design achieves full SHA-3 compliance while remaining practical for low-

cost FPGA platforms. Experimental results confirm correctness, portability, and competitive 

efficiency, making the proposed architecture suitable for cryptographic prototyping, education, and 

embedded security applications. 

Based on the obtained implementation results, the author recommends the adoption of modular and 

area-efficient architectures for SHA-3 and SHAKE-based cryptographic primitives when targeting 

resource-constrained FPGA platforms. The presented design demonstrates that a balanced approach 

emphasizing logic reuse, deterministic control, and architectural clarity can achieve reliable 

cryptographic functionality without requiring extensive hardware resources or aggressive pipelining. 

Such implementations are particularly suitable for educational environments, rapid prototyping of 

secure hardware systems, and embedded security applications where cost, portability, and verification 

simplicity are important considerations. The proposed architecture can therefore serve as a practical 

reference for designers developing lightweight hardware accelerators for modern cryptographic 

systems. 

9. Future Work 

Future work will investigate lightweight pipelining strategies to improve throughput without 

significantly increasing area. Additional directions include configurable support for other SHA-3-

derived functions, low-power optimizations such as clock gating, and exploration of ASIC and hybrid 

software–hardware implementations. 
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Abstract: 

The present study aimed to examine the dimensions of quality of life among 

patients with diabetes attending diabetes and endocrinology centers in Makkah. 

The study adopted a descriptive research design and utilized a structured 

questionnaire to collect data from a stratified random sample of 381 adult patients 

who had developed disease-related complications. The findings indicated that the 

overall level of quality of life was rated as moderate. Among the assessed 

dimensions, the environmental dimension ranked first, followed by the 

psychological dimension, then the social dimension, while the physical dimension 

ranked last. These results highlight the necessity of adopting a comprehensive 

perspective in addressing the needs of patients with diabetes, extending beyond 

medical treatment to encompass psychological, social, and environmental factors 

influencing patients’ well-being. The study recommends strengthening the 

integration of these dimensions in healthcare practices to enhance clinical 

outcomes, particularly maintaining blood glucose levels within the normal range, 

and to promote sustained well-being and adaptive coping among patients living 

with diabetes, and integrating psychological counseling services into routine 

diabetes care to address long-term emotional fatigue and adaptive stress. 
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 1. Introduction: 

Despite the fact that the Basic Law of Governance in the Kingdom of Saudi Arabia guarantees free 

medical treatment and healthcare services to ensure comprehensive and integrated care for all 

members of society, the Health Sector Transformation Document has identified several critical 

challenges facing the national healthcare system. Among these challenges is the high rate of 

premature mortality associated with chronic diseases, which reaches approximately 90,000 deaths 

annually, alongside a life expectancy that is 5.2 years lower than the global average (Saudi Vision 

2030, 2020, p. 32). 

Diabetes mellitus, as one of the most prevalent chronic diseases, represents a major public health 

concern in the Kingdom. Saudi Arabia is considered among the countries with the highest prevalence 

rates of diabetes. According to Al Dawish et al., citing the World Health Organization, Saudi Arabia 

ranks second in the Middle East and seventh worldwide in terms of diabetes prevalence. It is 

estimated that nearly seven million individuals in the Kingdom are living with diabetes, while 

approximately three million are in the pre-diabetes stage. More concerning is the rapidly increasing 

pattern of diabetes prevalence observed in recent decades, with rates rising nearly tenfold over the 

past three decades (Al Dawish et al., 2016, p. 1). 

The seriousness of diabetes lies not only in its classification as a potential epidemic, but also in its 

association with short- and long-term complications when optimal and sustained health outcomes are 

not achieved. The Saudi Ministry of Health, citing the World Health Organization, reports that 

diabetes has become one of the leading causes of death globally. Approximately 1.5 million deaths 

worldwide were directly attributed to diabetes in 2019, and 6.7 million deaths were reported in 2021. 

Furthermore, diabetes is a major cause of blindness, kidney failure, heart attacks, strokes, and lower-

limb amputations (Saudi Ministry of Health, 2024). 

This situation reflects, in part, the traditional healthcare model that has historically emphasized 

treatment rather than prevention. Such an approach is increasingly incompatible with the chronic 

nature of diabetes, which requires long-term adaptation rather than short-term cure. Al-Hasan (2010, 

p. 277) defines chronic illness as a persistent condition that necessitates continuous adaptation and 

coexistence rather than a definitive recovery. In response, the Kingdom has initiated a transformation 

toward a modern healthcare system that places prevention and treatment on equal footing. 

Additionally, the Quality-of-Life Program was launched to create supportive environments that 

promote healthy practices, recognizing lifestyle behaviors as a fundamental therapeutic component in 

the ongoing management of diabetes. 
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 The importance of quality of life in diabetes care has been empirically supported. John et al. (2019, 

p. 81) concluded that quality of life constitutes a significant parameter in determining diabetes 

treatment approaches. In recent years, Health-Related Quality of Life (HRQoL) has increasingly 

been regarded as a critical outcome in medical treatment and a central issue in diabetes management. 

Poor quality of life has been associated with reduced self-care behaviors, suboptimal glycemic 

control, increased risk of complications, and worsening disease outcomes in both the short and long 

term (Al Dawish et al., 2016, p. 6). 

However, despite its growing importance, the concept of health-related quality of life remains 

complex and multidimensional. Cardona (2010, pp. 1–6) notes that the concept varies depending on 

age group, measurement instruments, cultural and social contexts, temporal and spatial factors, and 

individual values. It encompasses a wide spectrum of indicators ranging from lifestyle and 

environmental conditions to healthcare access and social surroundings. Given this conceptual 

variability, the present study seeks to examine quality of life among patients with diabetes in a more 

structured and context-specific manner. 

To operationalize the concept, the study adopts the World Health Organization’s WHOQOL-BREF 

framework, which identifies four principal domains: physical, psychological, social, and 

environmental (World Health Organization, 2012, p. 44). These four domains have been widely 

utilized in studies conducted in Saudi Arabia and are considered validated measures for assessing 

quality of life in diabetic populations (Al Dawish et al., 2016, p. 6). By focusing on these 

dimensions, the study aims to provide a comprehensive understanding of the key aspects shaping the 

lived experience of individuals with diabetes. 

1.1. Research Problem: 

Although there is broad consensus that strict glycemic control is essential to reducing diabetes-

related complications, and despite global agreement on the relationship between blood glucose 

control and complication prevention (Rossi et al., 2010, p. 109), national data indicate persistent 

challenges in achieving optimal control. The Saudi Ministry of Health reports that approximately 

72% of adult diabetic patients exhibit uncontrolled glycated hemoglobin levels (Saudi Ministry of 

Health, 1441–1445H, p. 48). 

This gap between clinical recommendations and actual disease control may be attributed to the 

lifelong nature of diabetes management, which often generates fatigue, emotional burden, and 

treatment burnout. Such pressures may negatively affect patients’ quality of life and consequently 

reduce adherence to recommended health practices. Rocha et al. (2020, p. 598) concluded that poor 
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 adherence to effective self-care behaviors was associated with increased diabetes-related 

complications. Similarly, John et al. (2019, p. 81) reaffirmed that quality of life plays a significant 

role in shaping diabetes treatment outcomes. 

Accordingly, understanding the current state of quality of life among patients with diabetes is not 

merely descriptive but strategically significant. Quality of life represents a potentially powerful 

determinant of sustained positive health outcomes. When its dimensions adequately reflect the 

essential aspects of patients’ lived experiences, they may contribute to improved glycemic control, 

enhanced vitality, prolonged functional health, and delayed onset or progression of complications 

despite the chronic nature of the disease. 

1.2. Research Questions: 

The present study seeks to answer the following research questions: 

1. What is the overall status of the dimensions of quality of life among patients with diabetes 

attending diabetes and endocrinology centers in Makkah? 

2. What is the level of the physical dimension as one of the domains of quality of life among 

patients with diabetes? 

3. What is the level of the psychological dimension as one of the domains of quality of life among 

patients with diabetes? 

4. What is the level of the social dimension as one of the domains of quality of life among patients 

with diabetes? 

5. What is the level of the environmental dimension as one of the domains of quality of life among 

patients with diabetes? 

1.3. Research Objectives: 

The present study aims to achieve the following objectives: 

1. To determine the overall level of the dimensions of quality of life among patients with diabetes 

attending diabetes and endocrinology centers in Makkah. 

2. To assess the level of the physical dimension as one of the domains of quality of life among 

patients with diabetes. 

3. To assess the level of the psychological dimension as one of the domains of quality of life among 

patients with diabetes. 

4. To assess the level of the social dimension as one of the domains of quality of life among 

patients with diabetes. 
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 5. To assess the level of the environmental dimension as one of the domains of quality of life 

among patients with diabetes 

1.4. Significance of the Study: 

1.4.1. Theoretical Significance 

- The theoretical significance of this study lies in examining quality of life among patients with 

diabetes from a sociological perspective, thereby contributing to the body of literature on chronic 

illness beyond a purely biomedical framework. 

- The study employs quality of life as an analytical construct to explore how physical, 

psychological, social, and environmental dimensions interact in shaping the lived experience of 

individuals with diabetes. 

- By adopting a multidimensional perspective, the study supports contemporary approaches that 

advocate for comprehensive models in understanding and managing chronic diseases. 

1.4.2. Practical Significance 

- The findings provide healthcare professionals, social workers, and policymakers with a clearer 

understanding of the current status of quality of life among patients with diabetes, enabling the 

development of integrated interventions that extend beyond medical treatment. 

- The study highlights that weakness in any single dimension of quality of life may negatively affect 

overall well-being, whereas integration across dimensions promotes improved and sustained 

health outcomes and supports positive adaptation to chronic illness. 

- The results align with national development goals aimed at fostering a vibrant society 

characterized by health and vitality, particularly in the context of the growing prevalence of 

chronic diseases. 

1.5. Study Delimitations: 

The present study was delimited as follows: 

1. Topical Delimitations 

The study was confined to examining the dimensions of quality of life among patients with diabetes 

using the World Health Organization Quality of Life Brief Scale (WHOQOL-BREF), specifically the 

physical, psychological, social, and environmental domains. Other detailed clinical variables were 

beyond the scope of the study. 
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 2. Spatial Delimitations 

The study was conducted among patients attending the diabetes and endocrinology centers affiliated 

with Hira General Hospital and Al Noor Specialist Hospital in Makkah, Saudi Arabia. 

3. Human Delimitations 

The study was limited to adult patients (18 years and above) diagnosed with type 2 diabetes mellitus 

who had developed disease-related complications and were registered at the selected diabetes and 

endocrinology centers. Participants were selected using stratified random sampling. 

4. Temporal Delimitations 

The study was carried out during the period of field data collection in (2025/1447). 

1.6. Conceptual and Operational Definitions 

1. Quality of Life (QoL) 

The World Health Organization defines quality of life as individuals’ perception of their position in 

life within the context of the culture and value systems in which they live, and in relation to their 

goals, expectations, standards, and concerns regarding their physical and psychological health, level 

of independence, and relationships with their environment (World Health Organization, 2012, p. 11). 

Within the framework of Saudi Vision programs, quality of life is also conceptualized as a measure 

of individuals’ satisfaction with the most important aspects of their lives (Saudi Vision, 2018, p. 8). 

Al Qawasmi (2020, p. 68) notes that quality of life may refer to personal well-being and happiness, 

while other perspectives emphasize living conditions and environmental contexts, reflecting the 

multidimensional and theoretically diverse nature of the concept. 

Operationally, in the present study, quality of life among patients with diabetes refers to the 

subjective and objective dimensions perceived by patients as influencing their sense of comfort, 

satisfaction, and positive adaptation to living with the disease. It is measured using the World Health 

Organization Quality of Life Brief Scale (WHOQOL-BREF), which encompasses four domains: 

physical, psychological, social, and environmental (World Health Organization, 2012, p. 44). 

These domains include: 

• Physical domain: pain, energy, sleep, mobility, daily activities, work capacity, and medication 

dependence. 

• Psychological domain: positive feelings, thinking and concentration, self-esteem, body image, 

negative feelings, and personal beliefs. 
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 • Social domain: personal relationships and social support. 

• Environmental domain: safety, housing conditions, neighborhood environment, financial 

resources, transportation, and access to services. 

2. Patients with Type 2 Diabetes Mellitus 

The International Diabetes Federation defines diabetes mellitus as a chronic condition that occurs 

when the pancreas does not produce sufficient insulin or when the body cannot effectively use the 

insulin it produces, resulting in elevated blood glucose levels (International Diabetes Federation, 

2023). Chronic hyperglycemia may lead to severe complications affecting multiple organs and 

tissues. 

Type 2 diabetes is the most common form of the disease, characterized by insufficient insulin 

production or ineffective insulin utilization, leading to excess glucose remaining in the bloodstream 

(National Institute of Diabetes and Digestive and Kidney Diseases, 2017). According to Al-Ghazali 

(2012, p. 20), management of type 2 diabetes includes dietary regulation, physical activity, weight 

control, and, in some cases, oral medications or insulin therapy. 

Operationally, patients with type 2 diabetes in this study refer to adult individuals who were 

clinically diagnosed with type 2 diabetes by a specialized physician and were referred to diabetes and 

endocrinology centers affiliated with governmental hospitals in Makkah, and who constituted the 

study sample. 

2. Theoretical Framework: 

2.1. Theoretical Approaches to Quality of Life: 

The concept of quality of life (QoL) remains complex and multidimensional, making it difficult to 

define or measure with precision. Variations across disciplines, methodological approaches, and 

conceptual orientations have contributed to its theoretical ambiguity. Some scholars conceptualize 

QoL in terms of personal well-being, satisfaction, and happiness, whereas others emphasize 

objective living conditions and environmental contexts. Consequently, diverse theoretical 

perspectives have emerged regarding what constitutes a “good life” or a “good environment” (Al 

Qawasmi, 2020, p. 68). 

2.1.1. The Social Approach: 

The social perspective represents one of the earliest orientations in QoL research, focusing primarily 

on objective life indicators. Early studies emphasized measurable variables such as age, gender, 

income, housing, education, health status, safety, family life, social relationships, employment, and 
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 living standards (Kerce, 1992, pp. 23–24; Al-Amin, 2020). From this standpoint, quality of life 

reflects the level of material and social services available within a society and the degree to which 

the environment satisfies individuals’ collective needs (Maameria, 2020). 

Sociologists have examined QoL at two interconnected levels: 

• The individual level, which includes food, housing, education, and access to services. 

• The societal level, which encompasses social and physical environments within which 

individuals meet their needs (Surmach & Piecewicz-Szczęsna, 2014, p. 148). 

Within this framework, quality of life is largely determined by external, structural conditions and 

institutional support systems. Thus, it prioritizes objective social indicators as primary determinants 

of well-being. 

2.1.2. The Psychological Approach: 

In contrast, the psychological perspective shifted attention toward subjective well-being. Beginning 

in the 1970s, researchers increasingly incorporated subjective indicators such as life satisfaction, 

perceived happiness, self-esteem, and personal fulfillment (Al-Anzi, 2023). 

According to definitions cited from the American Psychological Association, quality of life refers to 

the degree to which individuals achieve life satisfaction and emotional well-being through 

meaningful relationships, autonomy, personal development, and participation in society (Khalaf et 

al., 2022). Psychological constructs such as values, self-perception, aspirations, expectations, needs, 

and self-esteem play a critical role in shaping how individuals evaluate their life circumstances (Al-

Amin, 2020). 

From this viewpoint, quality of life is not solely determined by objective conditions like income or 

housing but by individuals’ subjective appraisal of those conditions. Therefore, the psychological 

approach emphasizes internal perception as the core determinant of QoL. 

2.1.3. The Integrative Approach: 

The integrative perspective emerged in response to the limitations of separating objective and 

subjective indicators. It views the individual as a holistic entity in which biological, psychological, 

and social dimensions interact dynamically. 

Cardona (2010, pp. 1–6) conceptualizes QoL as a relative, multidimensional construct influenced by 

age, cultural context, temporal and spatial factors, and measurement tools. Similarly, Conner (2016, 

p. 11) emphasizes three principles: 
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 1. QoL is multidimensional. 

2. It applies to all individuals, including those with chronic conditions. 

3. It is achieved through balancing objective living conditions and subjective satisfaction. 

This approach highlights equilibrium between structural opportunities and personal perceptions. 

Measuring one dimension in isolation fails to provide an accurate representation of an individual’s 

quality of life. Hence, integration and balance are fundamental determinants within this framework. 

2.2. Health-Related Quality of Life (HRQoL) as an Integrative Model: 

Health-Related Quality of Life represents one of the most prominent applied models embodying the 

integrative approach. It refers to improvements in individuals’ health status resulting from preventive 

and therapeutic interventions while considering both subjective experiences and objective health 

indicators. 

The World Health Organization defines QoL as individuals’ perceptions of their position in life 

within their cultural and value systems, incorporating physical health, psychological state, level of 

independence, social relationships, and environmental context (World Health Organization, 2012, p. 

11). 

HRQoL specifically focuses on patients’ evaluations of how illness and treatment affect various life 

domains, including physical functioning, emotional well-being, daily activities, vitality, and social 

participation (Khalaf et al., 2022). In chronic illness contexts, treatment effectiveness is no longer 

assessed solely by survival rates but by whether it enables patients to live meaningful and 

satisfactory lives. 

2.3. Application to Diabetes Management: 

Diabetes mellitus, particularly type 2 diabetes, represents a chronic condition requiring lifelong 

management. From an HRQoL perspective, sustained positive health outcomes depend not only on 

clinical indicators but also on how patients perceive and experience their condition across physical, 

psychological, social, and environmental domains. 

When these domains operate in an integrated and balanced manner—through adequate medical care, 

health education, lifestyle modification, psychological support, and social support—they contribute 

to improved glycemic control and delayed complications. 

In this regard, comprehensive treatment models emphasize multiple integrated pillars, including 

health education, pharmacological treatment, lifestyle modification, psychological and social 

support, and spiritual support (Syrian Ministry of Health, 2016, p. 5). 
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 These components illustrate the practical embodiment of the integrative quality-of-life model in 

chronic disease management. Accordingly, the present study adopts the Health-Related Quality of 

Life framework as its guiding theoretical model, as it provides a comprehensive explanation for how 

the interaction between subjective perceptions and objective conditions influences sustained health 

outcomes among patients with diabetes. 

3. Previous Studies 

3.1. Arab Studies 

Aisha and Nesrine (2024) examined the relationship between self-management and quality of life 

among patients with type 2 diabetes using a descriptive correlational design. The study applied self-

management and WHOQOL instruments to a purposive sample of 60 patients. The findings revealed 

a statistically significant correlation between self-management and quality of life, with both variables 

reported at moderate levels. 

Grio (2022) investigated the role of medical, psychological, and social support in improving quality 

of life among patients with diabetes through a clinical case-study approach. The results indicated that 

multidisciplinary support significantly enhances patients’ quality of life and facilitates disease 

acceptance and adaptation. 

Khalaf et al. (2022) explored health-related quality of life indicators and their association with 

demographic variables among female teachers diagnosed with type 2 diabetes. Using a descriptive 

design and a sample of 123 participants, the study found statistically significant differences in 

HRQoL indicators according to disease type, duration, treatment type, and income level. 

Gounas (2022), employing a case-study methodology, examined health behavior and quality of life 

among diabetic patients and found that higher levels of health behavior were associated with better 

quality of life. 

Turki and Fadhli (2021) assessed quality of life among diabetic patients and its relationship with 

diabetes type and selected sociodemographic variables. The findings indicated generally high levels 

of quality of life, with no significant differences across gender, age, or diabetes type. 

3.2. International Studeis 

Kien et al. (2021) conducted a cross-sectional study in Vietnam involving 519 patients with type 2 

diabetes to assess health-related quality of life and its associated factors. The study found lower 

physical and mental health scores among females and older patients, while higher educational 

attainment and physical activity were positively associated with improved quality of life. 
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 3.3. Commentary on Previous Studies: 

A review of the previous literature reveals growing scholarly interest in examining quality of life 

among patients with diabetes from various perspectives, including correlational approaches linking 

self-management and health behaviors to quality of life, clinical approaches emphasizing 

multidisciplinary care, and demographic analyses exploring associations with socioeconomic and 

medical variables. Moreover, several studies have relied on the World Health Organization’s 

instruments, reflecting the prominence of the health-related quality of life framework in this field. 

However, a closer analytical examination indicates that most studies have predominantly adopted 

psychological or clinical orientations, often focusing on isolated variables or relatively limited 

samples. Comprehensive sociological analyses that integrate structural, environmental, and 

subjective dimensions remain comparatively scarce. Furthermore, within the Saudi context, 

empirical investigations addressing quality of life among patients with type 2 diabetes through a 

multidimensional and culturally grounded framework remain limited. 

Given that quality of life is inherently a relative and context-dependent construct shaped by cultural 

values, social structures, and environmental conditions, there is a pressing need for research that 

adopts an integrative perspective grounded in health-related quality of life theory. The present study 

seeks to address this gap by providing a comprehensive sociological assessment of the physical, 

psychological, social, and environmental dimensions of quality of life among patients with type 2 

diabetes in Makkah. In doing so, it extends beyond clinical outcome measures toward a broader 

understanding of sustained health and adaptive living in the context of chronic illness. 

4. Methodology of the Study: 

4.1. Research Design: 

This study adopts a descriptive research design aimed at examining the status of quality of life 

dimensions among patients with type 2 diabetes. The social survey method using a sample was 

employed as it is appropriate for quantitatively investigating social phenomena within large 

populations. 

4.2. Population and Sample: 

The study population consisted of all patients diagnosed with type 2 diabetes and registered at the 

diabetes and endocrinology centers affiliated with Hira General Hospital and Al Noor Specialist 

Hospital in Makkah. According to official 2024 statistics, 22,168 patients were registered at Hira 

General Hospital and 24,844 at Al Noor Specialist Hospital, totaling 47,012 patients. 
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 A stratified random sample of 381 patients was selected, including 180 participants from Hira 

General Hospital and 201 from Al Noor Specialist Hospital. 

4.3. Data Collection Instrument 

Data were collected using a structured questionnaire consisting of two sections: 

• Demographic information 

• A 32-item scale measuring four dimensions (8 items per dimension): physical, psychological, 

social, and environmental. 

Responses were measured using a three-point Likert scale (Always Applies – Applies to Some 

Extent – Does Not Apply). 

4.4. Validity and Reliability 

To ensure the validity and reliability of the research instrument (questionnaire), several statistical 

procedures were conducted as follows: 

4.4.1 Face Validity 

Face validity was established by presenting the initial version of the questionnaire to a panel of 

experts specialized in sociology and health-related fields. The experts were asked to evaluate the 

clarity of the items, their linguistic formulation, their relevance to the domains they belong to, and 

their suitability for achieving the study objectives. Based on their feedback, necessary modifications 

were made, including rewording, deletion, and addition of certain items. Accordingly, the final 

version of the instrument was considered to have achieved acceptable face validity. 

4.4.2 Internal Consistency Validity 

After establishing face validity, the questionnaire was administered to a pilot sample of 30 patients 

(after excluding five incomplete responses). Pearson correlation coefficients were calculated between 

each item and the total score of the domain to which it belongs. The results are presented in Table 1. 

Table 1. Pearson Correlation Coefficients Between Each Item and Its Corresponding Domain 

Score 

Item Physical 

Domain 

Item Psychological 

Domain 

Item Social 

Domain 

Item Environmental 

Domain 

1 0.771* 1 0.463* 1 0.771* 1 0.463* 

2 0.795* 2 0.784* 2 0.795* 2 0.784* 

3 0.762* 3 0.516* 3 0.762* 3 0.516* 
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 4 0.613* 4 0.417* 4 0.613* 4 0.417* 

5 0.736* 5 0.371* 5 0.736* 5 0.371* 

6 0.588* 6 0.616* 6 0.588* 6 0.616* 

7 0.780* 7 0.706* 7 0.780* 7 0.706* 

8 0.594* 8 0.632* 8 0.594* 8 0.632* 

* Statistically significant at p < 0.05 

All correlation coefficients were statistically significant at the 0.05 level, indicating a high degree of 

internal consistency validity. This confirms that all items and domains of the questionnaire 

adequately measure the intended constructs. 

4.4.3. Construct Validity 

Construct validity was examined by calculating Pearson correlation coefficients between each 

domain score and the total questionnaire score. The results are presented in Table 2. 

Table 2. Pearson Correlation Coefficients Between Each Domain and the Total Questionnaire 

Score 

Domain Correlation with Total Score 

Physical Domain 0.835* 

Psychological Domain 0.630* 

Social Domain 0.723* 

Environmental Domain 0.596* 

* Statistically significant at p < 0.05 

As shown in Table 2, correlation coefficients ranged from 0.596 to 0.835 and were statistically 

significant at the 0.05 level, indicating satisfactory construct validity of the instrument. 

4.4.4 Reliability of the Instrument 

To assess the reliability of the questionnaire, Cronbach’s alpha coefficients were calculated based on 

responses from the pilot sample. The results are shown in Table 3. 

Table 3. Cronbach’s Alpha Coefficients for Each Domain and the Overall Scale 

Domain Number of Items Cronbach’s Alpha 

Physical Domain 8 0.822 

Psychological Domain 8 0.821 
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 Social Domain 8 0.809 

Environmental Domain 8 0.895 

Overall Scale 32 0.880 

As shown in Table 3, Cronbach’s alpha values ranged between 0.809 and 0.895 across the four 

domains, while the overall reliability coefficient reached 0.880. These results indicate a high level of 

internal consistency and reliability of the instrument. 

5. Results and Discussion: 

5.1. Sample Characteristics 

To describe the demographic and background characteristics of the study sample, frequencies and 

percentages were calculated. 

5.1.1 Distribution by Hospital Affiliation 

The distribution of participants according to hospital affiliation is presented in Table 4. 

Table 4. Distribution of Participants by Hospital Affiliation 

Hospital Frequency Percentage 

Al Noor Specialist Hospital 201 52.8% 

Hira General Hospital 180 47.2% 

Total 381 100% 

As shown in Table 4, 52.8% of the participants were recruited from Al Noor Specialist Hospital, 

while 47.2% were from Hira General Hospital. This distribution reflects the proportional size of the 

registered diabetic population in both centers. 

5.1.2 Distribution by Gender 

The distribution of participants according to gender is shown in Table 5. 

Table 5. Distribution of Participants by Gender 

Gender Frequency Percentage 

Male 212 55.6% 

Female 169 44.4% 

Total 381 100% 

Table 5 indicates that males constituted 55.6% of the sample, whereas females represented 44.4%. 
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 5.1.3. Distribution by Age Group: 

Table 6 presents the distribution of participants according to age group. 

Table 6. Distribution of Participants by Age Group 

Age Group Frequency Percentage 

Less than 30 years 9 2.4% 

30–39 years 20 5.2% 

40–49 years 75 19.7% 

50–59 years 119 31.2% 

60 years and above 158 41.5% 

Total 381 100% 

As shown in Table 6, the majority of participants (41.5%) were aged 60 years and above, followed 

by those aged 50–59 years (31.2%). 

5.1.4 Distribution by Monthly Expenditure on Diabetes Care 

The distribution of participants according to monthly expenditure on diabetes care is presented in 

Table 7. 

Table 7. Distribution of Participants by Monthly Expenditure on Diabetes Care 

Monthly Expenditure (SAR) Frequency Percentage 

Less than 1000 128 33.6% 

1000–1999 198 52.0% 

2000–2999 44 11.5% 

3000 and above 11 2.9% 

Total 381 100% 

Table 7 shows that more than half of the participants (52.0%) reported spending between 1000 and 

1999 SAR monthly on diabetes care. 

5.1.5. Distribution by Duration of Complications After Diagnosis 

Table 8 presents the distribution of participants according to the duration between diagnosis and the 

onset of complications. 

Table 8. Distribution of Participants by Duration of Complications 

Duration (Years) Frequency Percentage 

Less than 10 79 20.7% 
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 10–19 222 58.3% 

20–29 54 14.2% 

30 and above 26 6.8% 

Total 381 100% 

As shown in Table 8, the majority of participants (58.3%) reported that complications developed 

between 10 and 19 years after diagnosis. 

5.1.6 Distribution by Motivating Symptoms for Seeking Treatment 

The motivating factors for seeking treatment are presented in Table 9. 

Table 9. Motivating Symptoms for Seeking Treatment 

Motivating Symptom Frequency Percentage 

Inability to perform daily activities easily 293 26.6% 

Medical advice to regulate blood glucose 183 16.6% 

Diagnosis discovery 148 13.4% 

Recurrent disease episodes 134 12.2% 

Physical appearance changes 122 11.1% 

Supportive environment 2 0.2% 

Other 219 19.9% 

Total Responses 1101 100% 

As shown in Table 9, the inability to perform daily activities was the most frequently reported 

motivating factor for seeking treatment (26.6%). 

5.2. Results Related to the First Research Question 

The first research question sought to examine the status of quality of life dimensions among patients 

with type 2 diabetes in diabetes and endocrinology centers in Makkah. To answer this question, 

means and standard deviations were calculated for the four dimensions of quality of life (physical, 

psychological, social, and environmental). The results are presented in Table 10. 

Table 10. Means and Standard Deviations of Quality of Life Dimensions Among Patients with 

Type 2 Diabetes 

No. Dimension Mean Percentage Std. Deviation Response Level Rank 

1 Physical 1.70 35% 0.459 Applies to Some Extent 4 

2 Psychological 2.20 60% 0.257 Applies to Some Extent 2 

3 Social 2.06 53% 0.229 Applies to Some Extent 3 
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 4 Environmental 2.45 72% 0.444 Always Applies 1 

— Overall Quality of Life 2.10 55% 0.251 Applies to Some Extent — 

As shown in Table 10, the overall mean score for quality of life was 2.10, which falls within the 

second category of the three-point Likert scale (1.67–2.33), indicating that quality of life among 

patients with type 2 diabetes generally “applies to some extent.” 

Among the four dimensions, the environmental dimension ranked first (M = 2.45), with a response 

level of “always applies.” The psychological dimension ranked second (M = 2.20), followed by the 

social dimension (M = 2.06), while the physical dimension ranked last (M = 1.70). 

- Discussion of the First Research Question 

The prominence of the environmental dimension may reflect the structured healthcare environment 

and the accessibility of diabetes-related services within Saudi Arabia. Previous reports have 

highlighted the expansion of specialized diabetes and endocrinology centers across the Kingdom, as 

well as national initiatives aimed at improving quality of life and public health infrastructure 

(National Unified Platform, 2022). 

However, the moderate levels observed in the psychological, social, and physical dimensions may be 

attributed to the chronic nature of diabetes, which requires lifelong management and may impose 

emotional, physical, and social burdens on patients. This finding aligns with Prajapati et al. (2017), 

who reported that patients with diabetes generally experience lower quality of life compared to 

healthy individuals. Furthermore, the overall moderate level of quality of life supports the health-

related quality of life framework, which emphasizes the interaction between subjective perceptions 

and objective health conditions. As noted by Khalaf et al. (2022), evaluating chronic illness 

outcomes should extend beyond clinical indicators to include psychological and social well-being. 

5.3. Physical Dimension of Quality of Life 

To address the second research question, eight items were used to assess the physical dimension of 

quality of life among patients with type 2 diabetes. Means and standard deviations were calculated, 

and the results are presented in Table 11. 

Table 11. Means and Standard Deviations of the Physical Dimension Items 

No. Item Mean Percentage Std. 

Deviation 

Response 

Level 

Rank 

5 I take my prescribed medication 

regularly 

2.28 64% 0.634 Applies to 

Some Extent 

1 
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 6 I find sufficient time to care for 

my health condition 

2.20 60% 0.622 Applies to 

Some Extent 

2 

8 I sleep adequately without daily 

interruption due to diabetes 

episodes 

2.05 52% 0.526 Applies to 

Some Extent 

3 

7 I take proper foot care (drying, 

moisturizing, cotton socks) 

1.56 28% 0.764 Does Not 

Apply 

4 

2 I record blood glucose levels 

before meals 

1.46 23% 0.638 Does Not 

Apply 

5 

1 I eat main meals at scheduled 

times 

1.43 22% 0.676 Does Not 

Apply 

6 

3 I record blood glucose levels two 

hours after meals 

1.34 17% 0.543 Does Not 

Apply 

7 

4 I monitor blood glucose during 

exercise to avoid episodes 

1.30 15% 0.610 Does Not 

Apply 

8 

— Overall Physical Dimension 1.70 35% 0.459 Applies to 

Some Extent 

— 

As shown in Table 11, the overall mean score for the physical dimension was 1.70, which falls 

within the second category of the three-point Likert scale (1.67–2.33), indicating that the physical 

dimension “applies to some extent.” 

The highest-ranked item was regular medication adherence (M = 2.28), followed by allocating 

sufficient time for health care (M = 2.20). In contrast, items related to self-monitoring behaviors—

such as recording blood glucose levels and monitoring during exercise—received the lowest mean 

scores, indicating limited engagement in comprehensive self-care practices. 

The results reveal variation in participants’ responses, with mean scores ranging from 1.30 to 2.28, 

spanning both the “does not apply” and “applies to some extent” categories. 

- Discussion of the Physical Dimension 

The moderate overall score of the physical dimension may reflect partial adherence to medical 

treatment accompanied by limited behavioral self-management practices. While medication 

adherence appears relatively higher, lifestyle-related practices such as regular glucose monitoring, 

dietary regulation, and preventive foot care show lower levels of commitment. 
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 This pattern may suggest that diabetes management among some patients remains predominantly 

medication-oriented rather than behavior-oriented. Effective management of chronic illnesses such 

as diabetes requires not only pharmacological treatment but also sustained lifestyle modifications and 

active self-care behaviors. 

This finding is consistent with Gounas (2022), who reported that higher levels of health behavior are 

associated with improved quality of life among diabetic patients. 

5.4. Psychological Dimension of Quality of Life 

To address the third research question, eight items were used to assess the psychological dimension 

of quality of life among patients with type 2 diabetes. Means and standard deviations were 

calculated, and the results are presented in Table 12. 

Table 12. Means and Standard Deviations of the Psychological Dimension Items 

No Item Mean Percentage Std. 

Deviation 

Response 

Level 

Rank 

4 I remind myself of the spiritual 

reward of patience to relieve pain 

2.94 97% 0.280 Always 

Applies 

1 

3 I feel loved and cared for within my 

family 

2.76 88% 0.524 Always 

Applies 

2 

7 I feel bored due to frequent 

medication intake 

2.67 83% 0.519 Always 

Applies 

3 

6 I feel exhausted from long-term 

disease management 

2.65 83% 0.535 Always 

Applies 

4 

2 I am satisfied with my physical 

appearance 

2.15 57% 0.865 Applies to 

Some Extent 

5 

8 I accept others’ criticism regarding 

my lifestyle as a diabetic patient 

1.70 35% 0.769 Applies to 

Some Extent 

6 

1 I feel comfortable despite being 

restricted by a special health regimen 

1.50 25% 0.698 Does Not 

Apply 

7 

5 I am motivated to learn how to 

calculate carbohydrate intake 

1.27 13% 0.590 Does Not 

Apply 

8 

— Overall Psychological Dimension 2.20 60% 0.257 Applies to 

Some Extent 

— 
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 As shown in Table 12, the overall mean score for the psychological dimension was 2.20, which falls 

within the second category of the three-point Likert scale (1.67–2.33), indicating that the 

psychological dimension “applies to some extent.” 

The highest mean score was observed for the item related to spiritual coping (M = 2.94), followed by 

feeling loved and supported within the family (M = 2.76). Conversely, lower mean scores were 

recorded for items related to lifestyle acceptance and motivation to learn carbohydrate management. 

The responses showed considerable variation, with mean scores ranging from 1.27 to 2.94, spanning 

all three Likert categories. 

- Discussion of the Psychological Dimension 

The findings suggest that while participants demonstrate strong spiritual coping mechanisms and 

family support, challenges remain in areas related to lifestyle adaptation and proactive disease 

management. Spiritual resilience appears to play a significant role in psychological adjustment, 

which aligns with previous literature emphasizing the role of religious coping in managing chronic 

illness stress. 

At the same time, the presence of boredom and exhaustion related to long-term disease management 

reflects the psychological burden associated with chronic conditions. The American Diabetes 

Association (2023) highlights that patients with diabetes often experience persistent emotional 

distress due to the ongoing demands of disease management. These results also support the 

psychological perspective of quality of life, which emphasizes subjective perceptions and emotional 

responses as central components of well-being. As indicated by Grio (2022), psychological support 

contributes significantly to improving quality of life among patients with diabetes. 

5.5. Social Dimension of Quality of Life 

To address the fourth research question, eight items were used to assess the social dimension of 

quality of life among patients with type 2 diabetes. Means and standard deviations were calculated, 

and the results are presented in Table 13. 

Table 13. Means and Standard Deviations of the Social Dimension Items 

No. Item Mean Percentage Std. 

Deviation 

Response Level Rank 

5 I offer help to others 2.80 90% 0.424 Always Applies 1 

7 I lose control of blood glucose 

levels during social occasions 

2.67 83% 0.577 Always Applies 2 
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 8 Conflicts with others increase 

due to my illness 

2.49 74% 0.671 Always Applies 3 

6 I receive support during family 

crises 

2.43 71% 0.639 Always Applies 4 

3 I perform my daily activities 

easily 

1.94 47% 0.575 Applies to Some 

Extent 

5 

2 I recognize the benefits of 

exercise for diabetes 

1.70 35% 0.784 Applies to Some 

Extent 

6 

1 I practice appropriate physical 

exercise 

1.31 16% 0.619 Does Not Apply 7 

4 I attend awareness activities 

organized by the center 

1.18 9% 0.453 Does Not Apply 8 

— Overall Social Dimension 2.06 53% 0.229 Applies to Some 

Extent 

— 

As shown in Table 13, the overall mean score of the social dimension was 2.06, which falls within 

the second category of the three-point Likert scale (1.67–2.33), indicating that the social dimension 

“applies to some extent.” 

The highest mean score was observed for helping others (M = 2.80), followed by difficulty 

maintaining glycemic control during social occasions (M = 2.67). In contrast, participation in 

awareness activities (M = 1.18) and practicing appropriate physical exercise (M = 1.31) received the 

lowest mean scores. The results reveal substantial variation across items, with mean scores ranging 

from 1.18 to 2.80, covering all three Likert response levels. 

- Discussion of the Social Dimension 

The moderate overall level of the social dimension suggests that patients remain socially active and 

engaged, yet face challenges in balancing disease management with social participation. While 

strong indicators of social contribution and perceived support were observed, difficulties in glycemic 

control during social gatherings and increased interpersonal tensions reflect the complex interaction 

between chronic illness and social life. From a sociological perspective, quality of life within the 

social framework emphasizes belonging, social integration, and access to supportive networks. 

Social interaction fulfills individuals’ needs for acceptance and recognition within their community. 

The presence of both supportive relationships and illness-related conflicts highlights the dual role of 

social environments in either buffering or amplifying the burden of chronic illness. 
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 Empirical evidence also supports the importance of social capital in improving quality of life among 

patients with type 2 diabetes, as previous research has demonstrated a positive and statistically 

significant relationship between social capital and quality of life. 

5.6. Environmental Dimension of Quality of Life 

To address the fifth research question, eight items were used to assess the environmental dimension 

of quality of life among patients with type 2 diabetes. Means and standard deviations were 

calculated, and the results are presented in Table 14. 

Table 14. Means and Standard Deviations of the Environmental Dimension Items 

No. Item Mean Percentage Std. 

Deviation 

Response 

Level 

Rank 

5 Authorized healthcare centers are 

located near my residence 

2.82 91% 0.477 Always 

Applies 

1 

3 Medication delivery services are 

available in my neighborhood 

2.80 90% 0.494 Always 

Applies 

2 

6 Healthcare services are easily 

accessible near my residence 

2.61 81% 0.617 Always 

Applies 

3 

1 I live in adequate and healthy 

housing 

2.58 79% 0.596 Always 

Applies 

4 

4 I live in a clean neighborhood 2.42 71% 0.766 Always 

Applies 

5 

8 I have transportation that allows me 

to attend medical appointments 

2.35 67% 0.828 Always 

Applies 

6 

2 There is a suitable place for exercise 

in my neighborhood 

2.15 58% 0.915 Applies to 

Some Extent 

7 

7 Recreational facilities suitable for 

my health are available nearby 

1.85 43% 0.619 Applies to 

Some Extent 

8 

— Overall Environmental Dimension 2.45 72% 0.444 Always 

Applies 

— 

As shown in Table 14, the overall mean score for the environmental dimension was 2.45, which falls 

within the third category of the three-point Likert scale (2.34–3.00), indicating that the 

environmental dimension “always applies.” The highest mean scores were related to the availability 

and accessibility of healthcare services and medication delivery, whereas lower scores were observed 
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 for recreational facilities and exercise-friendly environments. Mean values ranged from 1.85 to 2.82, 

indicating generally favorable environmental conditions with some variability across specific 

aspects. 

- Discussion of the Environmental Dimension 

The high overall score of the environmental dimension suggests that participants benefit from 

supportive structural and infrastructural conditions that facilitate access to healthcare services. The 

strong presence of nearby authorized healthcare centers, medication delivery services, and 

transportation accessibility reflects the role of healthcare infrastructure in shaping patients’ quality of 

life. From a sociological perspective, the environmental dimension represents the structural context 

within which individuals manage chronic illness. Social theory emphasizes that quality of life is not 

solely determined by individual factors but also by the availability of community-level resources, 

public services, and living conditions that enable individuals to meet their needs effectively. Previous 

studies have also demonstrated that social and community support structures contribute significantly 

to improving quality of life among patients with chronic illnesses, including type 2 diabetes. 

6. Conclusion:  

This study examined the multidimensional nature of quality of life among patients with type 2 

diabetes attending diabetes and endocrinology centers in Makkah. The findings indicate that overall 

quality of life was perceived at a moderate level, suggesting that patients experience a partial but not 

comprehensive sense of well-being in managing their condition. 

The environmental dimension emerged as the most prominent domain, reflecting the structural 

strength of healthcare accessibility and service availability. This finding underscores the importance 

of institutional and infrastructural support in shaping lived experiences of chronic illness. 

In contrast, the physical dimension recorded the lowest level among the four domains, revealing gaps 

in sustained self-care behaviors despite relatively acceptable levels of medication adherence. This 

suggests that disease management remains partially biomedical rather than fully integrative. 

The psychological and social dimensions presented a mixed pattern. While participants demonstrated 

strong spiritual coping and perceived family support, they also reported fatigue, boredom, and social 

strain associated with prolonged disease management. These findings highlight the complex 

interaction between personal resilience and the cumulative burden of chronic illness. 

Taken together, the results affirm that quality of life among patients with diabetes cannot be reduced 

to glycemic control alone. Rather, it is shaped by the interplay between structural conditions, 
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 behavioral practices, emotional adaptation, and social integration. This reinforces the relevance of 

the health-related quality of life framework as a comprehensive lens for understanding chronic 

disease experiences. 

7. Recommendations  

In light of the findings, the study proposes the following: 

1. Developing structured educational interventions that move beyond medication adherence to 

emphasize sustainable self-management behaviors. 

2. Integrating psychological counseling services into routine diabetes care to address long-term 

emotional fatigue and adaptive stress. 

3. Encouraging active participation in community-based awareness and peer-support initiatives to 

strengthen social engagement. 

4. Promoting family-inclusive care models that reinforce supportive environments for chronic 

disease management. 

5. Adopting an integrative care strategy that aligns biomedical treatment with psychosocial and 

environmental determinants of health. 

6. Expanding sociological research within the Saudi context to further explore how cultural values, 

social capital, and environmental infrastructure interact to shape quality of life among individuals 

living with chronic illness. 

8. Acknowledgment 

The authors would like to express their sincere appreciation to all participants who contributed to this 

study. The authors also declare that there is no conflict of interest related to this research. This 

research did not receive any specific grant from funding agencies in the public, commercial, or not-

for-profit sectors 

9. References 

Al Amin, B. M. (2020). Quality of life among patients with diabetes (Master’s thesis). Abdelhamid 

Ben Badis University, Mostaganem, Algeria. 

Al Anzi, S. G. (2023). Quality of life: Types, dimensions, indicators, and explanatory approaches. 

Journal of Social Sciences Future, 1(15), 65–78. 

Al Dawish, M., Robert, A., Braham, R., Al Hayek, A., Al Saeed, A., Ahmed, R., & Al Sabaan, F. 

(2016). Diabetes mellitus in Saudi Arabia: A review of the recent literature. Current Diabetes 

Reviews, 12(4), 359–368. 

http://www.ajrsp.com/


Academic Journal of Research and Scientific Publishing | Vol 7 | Issue 83       

Publication Date: 5 March 2026 

 

  
 

  

   www.ajrsp.com                                                                                                                              49  

ISSN: 2706-6495 

 Al Ghazali, M. N. (2012). Nutrition for diabetic patients. Anglo Egyptian Library. 

Alharbi, M., et al. (2024). Burden of illness of type 2 diabetes mellitus in the Kingdom of Saudi 

Arabia: A five-year longitudinal study. Advances in Therapy, 41, 1120–1150. 

Al Qawasmi, J. (2020). Measuring quality of life in urban areas: Toward an integrated approach. 

International Journal of Environmental Sciences & Natural Resources, 25(2), 67–74. 

American Diabetes Association. (2023). About diabetes. https://diabetes.org 

Bayoumi, M. A. (1996). Religious sociology and problems of the Islamic world (3rd ed.). Dar Al-

Maaref Al-Jamiya. 

Bouti, S., & Barika, Y. (2020). A theoretical perspective on quality of life: Concept and trends. 

Cardona, L. A. (2010). Understanding quality of life in older adults (Master’s thesis). University of 

North Texas. 

Clark, K. K. (2024). Implementation of diabetic retinopathy screening in adult patients with type 2 

diabetes in a primary care setting. Clinical Diabetes, 42(2), 223–231. 

Conner, B. L. (2016). A systematic review of quality of life assessment tools for adults with 

intellectual and developmental disabilities (Master’s thesis). The University of New Mexico. 

Grew, S. (2022). The role of medical, psychological, and social support in improving quality of life 

among diabetic patients: A case study. Insaniyah Journal for Research and Studies, 2(13). 

International Diabetes Federation. (2023). What is diabetes? https://idf.org/about-diabetes/what-is-

diabetes/ 

John, R., et al. (2019). Evaluation of quality of life in type 2 diabetes mellitus patients using quality 

of life instrument for Indian diabetic patients: A cross-sectional study. Journal of Mid-life 

Health, 10(2), 81–88. 

Kerce, E. W. (1992). Quality of life: Meaning, measurement, and models. Navy Personnel Research 

and Development Center. 

Keyvanara, M., et al. (2018). The relationship between social capital and quality of life among 

patients referring to diabetes centers in Isfahan, Iran. Journal of Diabetes Research, 1–6. 

Maamria, B. (2020). Quality of life: Definition, determinants, manifestations, and dimensions. In 

Proceedings of the National Forum on Quality of Life and Sustainable Development in 

Algeria (pp. 15–26). 

Ministry of Health, Kingdom of Saudi Arabia. (2024). Health awareness days 2024. 

https://www.moh.gov.sa 

http://www.ajrsp.com/
https://diabetes.org/
https://idf.org/about-diabetes/what-is-diabetes/
https://idf.org/about-diabetes/what-is-diabetes/
https://www.moh.gov.sa/


Academic Journal of Research and Scientific Publishing | Vol 7 | Issue 83       

Publication Date: 5 March 2026 

 

  
 

  

   www.ajrsp.com                                                                                                                              50  

ISSN: 2706-6495 

 Ministry of Health, Kingdom of Saudi Arabia. (1441–1445H). Strategic plan 1441–1445H. 

Ministry of Health, Syrian Arab Republic. (2016). Educational guide for diabetes in primary care 

and acute complications. 

National Institute of Diabetes and Digestive and Kidney Diseases. (2017). Type 2 diabetes. 

https://www.niddk.nih.gov 

Nguyen, T. K., Hoa, N. P., Duc, D. M., & Wens, J. (2021). Health-related quality of life and 

associated factors among patients with type II diabetes mellitus. Health Psychology Open, 1–9. 

Prajapati, V. B., et al. (2017). Assessment of quality of life in type II diabetic patients using the 

modified diabetes quality of life questionnaire. Brazilian Journal of Pharmaceutical 

Sciences, 53(4), 1–9. 

Qounas, I. (2022). Health behavior and quality of life among patients with diabetes: A clinical study. 

Rocha, R. B., et al. (2020). Self-care in adults with type 2 diabetes mellitus: A systematic review. 

Current Diabetes Reviews, 16(6), 598–607. 

Rossi, M., et al. (2010). Diabetes interactive diary: A new telemedicine system enabling flexible diet 

and insulin therapy while improving quality of life. Diabetes Care, 33(1), 109–115. 

Saudi Vision 2030. (2018). Quality of Life Program: Delivery plan. 

Saudi Vision 2030. (2020). Health Sector Transformation Program: Delivery plan. 

Surmach, M. J., & Piecewicz-Szczęsna, H. (2014). Evaluation of quality of life of children in terms 

of health as an interdisciplinary problem. Polish Journal of Public Health, 124(3), 148–151. 

Unified National Platform. (2022). Healthcare services. https://www.my.gov.sa 

World Health Organization. (2012). WHOQOL user manual. World Health Organization. 

Zitouni, A., & Rebhouh, N. (2024). Self-management and its relationship to quality of life among 

patients with type 2 diabetes (Master’s thesis). Ziane Achour University, Djelfa, Algeria. 

 

 

Copyright © 2026 by Khairiya Sami Ngoum, Prof. Ayedh Saad Al-Shahrani, and AJRSP. This is 

an Open-Access Article Distributed under the Terms of (CC BY NC) 

   https://doi.org/10.52132/Ajrsp.e.2026.83.2 Doi: 

http://www.ajrsp.com/
https://www.niddk.nih.gov/
https://www.my.gov.sa/
https://doi.org/10.52132/Ajrsp.e.2026.83.2

