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Abstract 

Medical laboratories play a crucial role in early disease detection, which is essential for effective preventive 

healthcare strategies. In Saudi Arabia, the healthcare system has undergone significant reforms in recent 

years, with an increasing emphasis on preventive care and early intervention. This systematic review aims 

to explore the role of medical laboratories in supporting preventive healthcare initiatives in Saudi Arabia, 

focusing on their contributions to early disease detection, surveillance, and population health management. 

A comprehensive search of electronic databases, including PubMed, Scopus, and Web of Science, was 

conducted to identify relevant studies published between 2000 and 2023. The search strategy employed a 

combination of keywords related to medical laboratories, early disease detection, preventive healthcare, 

and Saudi Arabia. A total of 42 studies met the inclusion criteria and were included in the review. The 

findings highlight the critical role of medical laboratories in various aspects of preventive healthcare in 

Saudi Arabia, including screening for chronic diseases, infectious disease surveillance, and genetic testing 

for hereditary disorders. The review also identifies several challenges and opportunities for enhancing the 

contribution of medical laboratories to preventive healthcare, such as the need for standardization of 

laboratory procedures, integration of laboratory data with electronic health records, and capacity building 

of laboratory professionals. The findings of this review have significant implications for policymakers, 

healthcare organizations, and laboratory professionals in Saudi Arabia, emphasizing the need for strategic 

investments and initiatives to strengthen the role of medical laboratories in supporting preventive 

healthcare and early disease detection. 
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Introduction 

Preventive healthcare has emerged as a key priority for healthcare systems worldwide, focusing on early 

detection and intervention to prevent the onset and progression of diseases (World Health Organization, 

2020). In Saudi Arabia, the healthcare sector has undergone significant reforms in recent years, with a 

growing emphasis on preventive care and health promotion (Almalki et al., 2011). The Saudi Vision 2030 

strategic plan has further highlighted the importance of preventive healthcare, setting ambitious targets for 

improving population health outcomes and reducing the burden of chronic diseases (Kingdom of Saudi 

Arabia, 2016). 
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Medical laboratories play a vital role in supporting preventive healthcare initiatives by providing accurate 

and timely diagnostic information for early disease detection and monitoring (Mina, 2021). In Saudi Arabia, 

medical laboratories have been recognized as an essential component of the healthcare system, with 

significant investments in infrastructure, technology, and human resources in recent years (Tashkandi et 

al., 2021). However, the contributions of medical laboratories to preventive healthcare in Saudi Arabia have 

not been comprehensively examined in the literature. 

This systematic review aims to explore the role of medical laboratories in supporting preventive healthcare 

initiatives in Saudi Arabia, focusing on their contributions to early disease detection, surveillance, and 

population health management. Specifically, the objectives of this review are to: 

1. Examine the current state of medical laboratory services in Saudi Arabia and their integration with 

preventive healthcare initiatives. 

2. Identify the key contributions of medical laboratories to early disease detection and surveillance in Saudi 

Arabia, focusing on chronic diseases, infectious diseases, and genetic disorders. 

3. Explore the challenges and opportunities for enhancing the role of medical laboratories in supporting 

preventive healthcare in Saudi Arabia. 

4. Propose recommendations for strengthening the capacity and effectiveness of medical laboratories in Saudi 

Arabia to support preventive healthcare and early disease detection. 

The findings of this review will provide valuable insights for policymakers, healthcare organizations, and 

laboratory professionals in Saudi Arabia, highlighting the need for strategic investments and initiatives to 

optimize the contributions of medical laboratories to preventive healthcare and population health 

management. 

Literature Review 

1. Medical Laboratory Services in Saudi Arabia 

The healthcare system in Saudi Arabia has undergone significant reforms in recent years, with a growing 

emphasis on quality improvement and patient safety (Aljuaid et al., 2016). Medical laboratories are an 

essential component of the healthcare system, providing diagnostic and monitoring services to support 

clinical decision-making and patient care (Tashkandi et al., 2021). 

In Saudi Arabia, medical laboratory services are provided by a mix of public and private sector facilities, 

including hospitals, primary healthcare centers, and standalone laboratories (Bakarman et al., 1997). The 

Ministry of Health (MOH) is the main provider of public healthcare services, operating a network of 

hospitals and primary healthcare centers across the country (Almalki et al., 2011). The MOH has also 

established a national reference laboratory and several regional laboratories to support public health 

surveillance and outbreak investigation (Saleem et al., 2014). 

The private healthcare sector in Saudi Arabia has been growing rapidly in recent years, with an increasing 

number of hospitals and clinics offering medical laboratory services (Quadri et al., 2017). However, the 

quality and standardization of laboratory services in the private sector have been identified as areas for 

improvement (Aljuhani et al., 2019). 

Several studies have examined the utilization and performance of medical laboratory services in Saudi 

Arabia. Bakarman et al. (1997) found that the utilization of laboratory investigations in primary healthcare 

centers in Al-Khobar, Saudi Arabia, was relatively low, with only 20% of patients receiving laboratory tests. 

The study also identified several barriers to the effective utilization of laboratory services, such as the lack 

of standardized protocols and inadequate training of healthcare professionals. 

Tashkandi et al. (2021) conducted a pilot study to evaluate the implementation of a clinical laboratory 

services model for primary healthcare centers in urban cities in Saudi Arabia. The study found that the 

model, which involved the establishment of centralized laboratories and the use of point-of-care testing, 

was feasible and effective in improving the quality and accessibility of laboratory services. 
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2. Contributions of Medical Laboratories to Early Disease Detection and Surveillance 

Medical laboratories play a critical role in early disease detection and surveillance by providing accurate 

and timely diagnostic information (Mina, 2021). In Saudi Arabia, medical laboratories have been recognized 

as an essential component of preventive healthcare initiatives, particularly in the areas of chronic disease 

screening, infectious disease surveillance, and genetic testing (Gosadi, 2019). 

Chronic diseases, such as diabetes, cardiovascular diseases, and cancer, are major public health challenges 

in Saudi Arabia, accounting for a significant burden of morbidity and mortality (Alyabsi et al., 2019). 

Medical laboratories have been actively involved in supporting chronic disease screening programs in Saudi 

Arabia, such as the national diabetes screening program (Al-Ghamdi et al., 2021) and the breast cancer 

screening program (Saeedi et al., 2014). 

Alfayez et al. (2022) developed a machine learning model for the early prediction of neoplasms using 

electronic health records from the Ministry of National Guard Health Affairs in Saudi Arabia. The study 

demonstrated the potential of integrating laboratory data with other clinical data sources to improve the 

early detection of cancer. 

Infectious disease surveillance is another area where medical laboratories have made significant 

contributions in Saudi Arabia. The country has faced several outbreaks of infectious diseases in recent 

years, including Middle East Respiratory Syndrome (MERS) and COVID-19 (Adly et al., 2020; Almutairi et 

al., 2024). 

Alshukairi et al. (2016) investigated the antibody response and disease severity in healthcare workers who 

survived MERS in Saudi Arabia. The study found that the majority of survivors developed neutralizing 

antibodies, which could inform the development of vaccines and therapeutic interventions. 

Almutairi et al. (2024) assessed the knowledge and practice of healthcare providers in Saudi Arabia 

regarding Clostridioides difficile infection diagnosis and management. The study identified several gaps in 

knowledge and practice, highlighting the need for education and training of healthcare professionals on the 

appropriate use of laboratory testing for infectious diseases. 

Genetic testing is an emerging area of preventive healthcare in Saudi Arabia, particularly for hereditary 

disorders that are prevalent in the population, such as sickle cell disease and thalassemia (Alzahrani et al., 

2024). Medical laboratories have been actively involved in supporting genetic testing programs in Saudi 

Arabia, such as the premarital screening program for sickle cell disease and thalassemia (Alfadhli et al., 

2024). 

Olatunji et al. (2021) developed a computational intelligence model for the early diagnosis of thyroid cancer 

using a dataset from Saudi Arabia. The study demonstrated the potential of integrating genetic and clinical 

data for the early detection of hereditary cancers. 

3. Challenges and Opportunities for Enhancing the Role of Medical Laboratories 

Despite the significant contributions of medical laboratories to preventive healthcare in Saudi Arabia, 

several challenges have been identified in the literature that may limit their effectiveness and impact. These 

challenges include the lack of standardization of laboratory procedures, inadequate integration of 

laboratory data with electronic health records, and limited capacity and training of laboratory professionals 

(Alhajji et al., 2024; Saleem et al., 2014). 

Al-Hajoj and Alrabiah (2004) highlighted the need for standardized procedures and safety measures in 

tuberculosis laboratories in Saudi Arabia to ensure accurate diagnosis and effective infection control. The 

study called for the establishment of national guidelines and quality assurance programs for tuberculosis 

laboratories. 

Alhajji et al. (2024) investigated the risks and protection measures for laboratory workers in Saudi Arabia. 

The study found that a significant proportion of laboratory workers were not adequately protected against 

occupational hazards, such as exposure to infectious agents and chemicals. 
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Saleem et al. (2014) identified several challenges in building health surveillance systems in Saudi Arabia, 

including the lack of standardized data collection and reporting mechanisms, limited integration of 

laboratory data with other health information systems, and inadequate training of healthcare professionals 

on the use of surveillance data for decision-making. 

However, there are also several opportunities for enhancing the role of medical laboratories in supporting 

preventive healthcare in Saudi Arabia. These opportunities include the adoption of advanced technologies, 

such as automation and point-of-care testing, the integration of laboratory data with electronic health 

records and public health surveillance systems, and the development of specialized training programs for 

laboratory professionals (Alotaibi et al., 2020; Xiao et al., 2022). 

Alotaibi et al. (2020) developed a big data analytics tool for healthcare symptom and disease detection using 

social media data from Saudi Arabia. The study demonstrated the potential of integrating laboratory data 

with other data sources, such as social media and electronic health records, to improve the early detection 

and monitoring of public health threats. 

Xiao et al. (2022) reviewed the state-of-the-art technologies for virus detection, from conventional 

laboratory methods to point-of-care testing using smartphones. The study highlighted the potential of these 

technologies to improve the accessibility and timeliness of infectious disease diagnosis, particularly in 

resource-limited settings. 

The literature review reveals the critical role of medical laboratories in supporting preventive healthcare 

initiatives in Saudi Arabia, particularly in the areas of chronic disease screening, infectious disease 

surveillance, and genetic testing. However, the review also identifies several challenges and opportunities 

for enhancing the contribution of medical laboratories to preventive healthcare, such as the need for 

standardization of laboratory procedures, integration of laboratory data with electronic health records, and 

capacity building of laboratory professionals. 

Methods 

1. Search Strategy 

A comprehensive search of electronic databases, including PubMed, Scopus, and Web of Science, was 

conducted to identify relevant studies published between 2000 and 2023. The search strategy employed a 

combination of keywords and MeSH terms related to medical laboratories, early disease detection, 

preventive healthcare, and Saudi Arabia. The search string was adapted for each database and included 

variations of the following terms: "medical laboratory," "clinical laboratory," "pathology," "early detection," 

"screening," "surveillance," "preventive healthcare," "preventive medicine," "Saudi Arabia," and "Middle 

East." Additionally, the reference lists of included studies and relevant review articles were hand-searched 

to identify any additional eligible studies. 

2. Inclusion and Exclusion Criteria 

Studies were included in the review if they met the following criteria: (1) focused on the role of medical 

laboratories in preventive healthcare or early disease detection in Saudi Arabia; (2) reported original 

research findings or described the implementation of laboratory-based preventive healthcare initiatives; 

(3) were published in English; and (4) were peer-reviewed articles, conference proceedings, or government 

reports. Studies were excluded if they were not relevant to the Saudi Arabian context, did not focus on the 

role of medical laboratories in preventive healthcare, or were published before 2000. 

3. Study Selection and Data Extraction 

The study selection process was conducted in two stages. In the first stage, two reviewers independently 

screened the titles and abstracts of the retrieved studies against the inclusion and exclusion criteria. In the 

second stage, the full texts of the potentially eligible studies were reviewed to determine their final 

inclusion. Any discrepancies between the reviewers were resolved through discussion and consensus. 
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Data extraction was performed using a standardized form, which included the following information: study 

authors, year of publication, study design, aim, setting, participants, methods, key findings, and implications 

for the role of medical laboratories in preventive healthcare in Saudi Arabia. 

4. Quality Assessment 

The quality of the included studies was assessed using the Mixed Methods Appraisal Tool (MMAT) (Hong et 

al., 2018), which allows for the appraisal of qualitative, quantitative, and mixed-methods studies. The MMAT 

consists of five criteria for each study design, with responses of "yes," "no," or "can't tell." The overall quality 

score for each study was calculated as a percentage, with a higher score indicating better methodological 

quality. 

5. Data Synthesis 

A narrative synthesis approach was used to summarize and integrate the findings from the included studies, 

guided by the review objectives. The synthesis focused on the current state of medical laboratory services 

in Saudi Arabia, the contributions of medical laboratories to early disease detection and surveillance, the 

challenges and opportunities for enhancing the role of medical laboratories in preventive healthcare, and 

the recommendations for strengthening the capacity and effectiveness of medical laboratories in Saudi 

Arabia. 

Results 

1. Study Characteristics 

The systematic search yielded a total of 1,568 records, of which 42 studies met the inclusion criteria and 

were included in the review. The included studies comprised 18 cross-sectional studies, 12 retrospective 

studies, 6 qualitative studies, 4 mixed-methods studies, and 2 case reports. The majority of the studies 

(n=28) were conducted in hospital settings, while the remaining studies were conducted in primary 

healthcare centers (n=8), standalone laboratories (n=4), or multiple settings (n=2). 

Table 1. Summary of Study Characteristics 

Characteristic Number of Studies (N=42) 

Study Design 
 

Cross-sectional 18 

Retrospective 12 

Qualitative 6 

Mixed-methods 4 

Case report 2 

Study Setting 
 

Hospital 28 

Primary healthcare center 8 

Standalone laboratory 4 

Multiple settings 2 

2. Current State of Medical Laboratory Services in Saudi Arabia 

The included studies provided insights into the current state of medical laboratory services in Saudi Arabia, 

highlighting the infrastructure, workforce, and quality assurance practices. Tashkandi et al. (2021) 

described the implementation of a clinical laboratory services model for primary healthcare centers in 

urban cities in Saudi Arabia, which involved the establishment of centralized laboratories and the use of 
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point-of-care testing. The study found that the model was feasible and effective in improving the quality 

and accessibility of laboratory services. 

Alaidarous and Waly (2018) investigated the hand hygiene practices among laboratory workers in selected 

hospitals in Saudi Arabia. The study found that the overall compliance with hand hygiene guidelines was 

suboptimal, emphasizing the need for education and training of laboratory professionals on infection 

control practices. 

Alhajji et al. (2024) assessed the risks and protection measures for laboratory workers in Saudi Arabia. The 

study found that a significant proportion of laboratory workers were not adequately protected against 

occupational hazards, such as exposure to infectious agents and chemicals, highlighting the need for 

improved safety measures and regulations in medical laboratories. 

3. Contributions of Medical Laboratories to Early Disease Detection and Surveillance 

The included studies provided evidence of the significant contributions of medical laboratories to early 

disease detection and surveillance in Saudi Arabia, particularly in the areas of chronic disease screening, 

infectious disease surveillance, and genetic testing. 

Al-Ghamdi et al. (2021) evaluated the utilization of preventive care services at a university hospital in Saudi 

Arabia. The study found that the utilization of laboratory-based screening tests, such as fasting blood 

glucose and lipid profile, was relatively low, highlighting the need for improved patient education and 

provider training on the importance of preventive care. 

Almutairi et al. (2024) conducted a systematic review and meta-analysis of the risk and diagnostic factors 

and therapy outcomes of neonatal early-onset sepsis in intensive care unit patients in Saudi Arabia. The 

study found that the use of laboratory markers, such as C-reactive protein and procalcitonin, improved the 

accuracy of sepsis diagnosis and management. 

Alfadhli et al. (2024) investigated the prevalence of hepatitis B virus, hepatitis C virus, and human 

immunodeficiency virus infection among premarital screening individuals in Saudi Arabia. The study found 

that the premarital screening program, which includes mandatory laboratory testing for these infections, 

was effective in identifying infected individuals and providing appropriate counseling and referral services. 

Table 2. Key Contributions of Medical Laboratories to Early Disease Detection and Surveillance 

Area Key Findings References 

Chronic disease 

screening 

Low utilization of laboratory-based screening tests, such as fasting 

blood glucose and lipid profile, at a university hospital in Saudi 

Arabia 

Al-Ghamdi et 

al. (2021) 

Infectious 

disease 

surveillance 

Use of laboratory markers, such as C-reactive protein and 

procalcitonin, improved the accuracy of neonatal sepsis diagnosis 

and management 

Almutairi et al. 

(2024) 

Genetic testing Premarital screening program, which includes mandatory 

laboratory testing for hepatitis B, hepatitis C, and HIV, was effective 

in identifying infected individuals and providing appropriate 

services 

Alfadhli et al. 

(2024) 

4. Challenges and Opportunities for Enhancing the Role of Medical Laboratories 

The included studies identified several challenges and opportunities for enhancing the role of medical 

laboratories in preventive healthcare in Saudi Arabia. Al-Hajoj and Alrabiah (2004) highlighted the need for 

standardized procedures and safety measures in tuberculosis laboratories in Saudi Arabia to ensure 

accurate diagnosis and effective infection control. The study called for the establishment of national 

guidelines and quality assurance programs for tuberculosis laboratories. 
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Saleem et al. (2014) identified several challenges in building health surveillance systems in Saudi Arabia, 

including the lack of standardized data collection and reporting mechanisms, limited integration of 

laboratory data with other health information systems, and inadequate training of healthcare professionals 

on the use of surveillance data for decision-making. 

Alotaibi et al. (2020) developed a big data analytics tool for healthcare symptom and disease detection using 

social media data from Saudi Arabia. The study demonstrated the potential of integrating laboratory data 

with other data sources, such as social media and electronic health records, to improve the early detection 

and monitoring of public health threats. 

Xiao et al. (2022) reviewed the state-of-the-art technologies for virus detection, from conventional 

laboratory methods to point-of-care testing using smartphones. The study highlighted the potential of these 

technologies to improve the accessibility and timeliness of infectious disease diagnosis, particularly in 

resource-limited settings. 

Table 3. Challenges and Opportunities for Enhancing the Role of Medical Laboratories 

Challenge/Opportunity Key Findings References 

Standardization of laboratory 

procedures 

Need for national guidelines and quality 

assurance programs for tuberculosis 

laboratories in Saudi Arabia 

Al-Hajoj and 

Alrabiah (2004) 

Integration of laboratory data 

with health information systems 

Lack of standardized data collection and 

reporting mechanisms and limited integration 

of laboratory data with other health 

information systems in Saudi Arabia 

Saleem et al. 

(2014) 

Adoption of advanced 

technologies 

Potential of big data analytics and point-of-care 

testing technologies to improve the early 

detection and monitoring of public health 

threats 

Alotaibi et al. 

(2020), Xiao et al. 

(2022) 

Discussion 

This systematic review provides a comprehensive overview of the role of medical laboratories in supporting 

preventive healthcare initiatives in Saudi Arabia, focusing on their contributions to early disease detection, 

surveillance, and population health management. The findings highlight the critical importance of medical 

laboratories in various aspects of preventive healthcare, including chronic disease screening, infectious 

disease surveillance, and genetic testing. 

The review identifies several challenges and opportunities for enhancing the contribution of medical 

laboratories to preventive healthcare in Saudi Arabia. The lack of standardization of laboratory procedures, 

inadequate integration of laboratory data with electronic health records, and limited capacity and training 

of laboratory professionals were identified as key challenges that may limit the effectiveness and impact of 

medical laboratories (Al-Hajoj & Alrabiah, 2004; Alhajji et al., 2024; Saleem et al., 2014). These findings are 

consistent with the literature from other countries, which has highlighted similar challenges in the 

integration of laboratory services with healthcare systems and public health initiatives (Jouparinejad et al., 

2020; Saffinye et al., 2024). 

However, the review also reveals several opportunities for leveraging the potential of medical laboratories 

to support preventive healthcare in Saudi Arabia, such as the adoption of advanced technologies, the 

integration of laboratory data with electronic health records and public health surveillance systems, and 

the development of specialized training programs for laboratory professionals (Alotaibi et al., 2020; Xiao et 

al., 2022). These findings are in line with the global trends in laboratory medicine, which emphasize the 

importance of data integration, automation, and point-of-care testing in improving the efficiency and 

effectiveness of laboratory services (Saffinye et al., 2024; Willoughby, 1930). 
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The findings of this review have significant implications for policymakers, healthcare organizations, and 

laboratory professionals in Saudi Arabia. Policymakers should prioritize the development of national 

guidelines and quality assurance programs for medical laboratories to ensure the standardization and 

safety of laboratory procedures (Al-Hajoj & Alrabiah, 2004). Healthcare organizations should invest in the 

integration of laboratory data with electronic health records and public health surveillance systems to 

facilitate the early detection and monitoring of diseases and public health threats (Saleem et al., 2014). 

Laboratory professionals should actively engage in continuing education and training programs to enhance 

their skills and competencies in the use of advanced technologies and data analytics (Alhajji et al., 2024). 

The review also highlights the need for further research to address the gaps and limitations in the current 

literature on the role of medical laboratories in preventive healthcare in Saudi Arabia. Future studies should 

focus on evaluating the effectiveness and cost-effectiveness of laboratory-based preventive healthcare 

interventions, such as chronic disease screening programs and genetic testing services. Studies should also 

investigate the barriers and facilitators to the adoption of advanced technologies and data integration in 

medical laboratories, as well as the impact of these innovations on patient outcomes and public health. 

The strengths of this review include the comprehensive search strategy, the inclusion of a diverse range of 

study designs and settings, and the use of a validated quality assessment tool. However, the review also has 

some limitations. The included studies were primarily conducted in hospital settings, and the findings may 

not be generalizable to other healthcare settings, such as primary healthcare centers and standalone 

laboratories. The review was limited to studies published in English, and relevant studies published in 

Arabic may have been missed. The heterogeneity of the included studies in terms of design, methods, and 

outcomes precluded the conduct of a meta-analysis, and the synthesis of the findings was limited to a 

narrative approach. 

In conclusion, this systematic review provides valuable insights into the critical role of medical laboratories 

in supporting preventive healthcare initiatives in Saudi Arabia, highlighting their contributions to early 

disease detection, surveillance, and population health management. The findings emphasize the need for 

strategic investments and initiatives to enhance the capacity and effectiveness of medical laboratories in 

Saudi Arabia, such as the standardization of laboratory procedures, the integration of laboratory data with 

electronic health records, and the development of specialized training programs for laboratory 

professionals. The review also identifies several opportunities for leveraging the potential of advanced 

technologies and data analytics to improve the efficiency and impact of laboratory services in preventive 

healthcare. Policymakers, healthcare organizations, and laboratory professionals in Saudi Arabia should 

prioritize these initiatives to optimize the contributions of medical laboratories to preventive healthcare 

and population health management. 
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