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Evaluation of Clinical Utility and Sample Types for Emerging Specific and Direct Alcohol Biomarkers for the Detection of Alcohol Use History Among Prospective Blood Donors: A Theoretical Review




ABSTRACT:
[bookmark: _GoBack]The detection of alcohol use history amongst potential blood donors is crucial to ensure the safety of the blood supply. Traditional laboratory-based testing methods have shown to have some limitations namely lengthy turnaround times and high costs. Emerging direct and specific  alcohol biomarkers offer a promising solution for rapid and accurate detection of substances and alcohol use history. This review critically evaluates the current state of emerging  specific and direct alcohol   biomarkers for detecting alcohol use history amongst potential blood donors. The review also  discusses the advantages and limitations of these biomarkers , including their sensitivity, specificity, and potential for false positives and false negatives and the types of sample to be used .In addition, it also examines the potential applications of these  biomarkers  in blood donation settings, including their potential to improve blood safety and reduce costs. Finally, the review highlights the need for further research and evaluation of these biomarkers  to ensure their accuracy and reliability in detecting  alcohol use history amongst potential blood donors.
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1) INTRODUCTION
The safety of the blood supply is a critical concern for healthcare systems worldwide. One of the key factors that can compromise blood safety is the transmission of infectious diseases or the adverse effects of substances  abuse such as  alcohol consumption and its alcohol-induced  oxidative stress effects on donated blood (Shimna et al.,2025). Recent  alcohol use amongst potential blood donors can pose significant risks to recipients, including not only the transmission of infectious diseases, but adverse reactions, and compromised immune function (Thorpe et al.,2024  and  Ndeh et al., 2026). Therefore, it is essential to detect substance such as alcohol use history amongst potential blood donors to ensure the safety and quality  of  blood supply. The traditional laboratory-based testing methods for detecting substances including alcohol use have limitations, including lengthy turnaround times, high costs, and the need for specialized equipment and trained personnel (Silczuk,2020). These limitations can lead to delays in the release of blood products, which can compromise patient care and outcomes. Emerging specific and direct alcohol  biomarkers offer a promising solution for rapid and accurate detection of  alcohol use amongst potential and prospective  blood donors (Belanda et al.,2024). This review highlights the evaluation of clinical utility  and the importance samples for  detecting ,screening and confirming  alcohol use in blood donors, which can compromise blood safety and quality. The benefits, technologies, challenges, characteristics ,classification ,clinical utility and future directions of these emerging specific and  direct alcohol biomarkers  are discussed, providing a comprehensive overview of their potential role and associated samples types  in transfusion medicine. By addressing the challenges and limitations thereof  we can ensure their effective integration into blood donation services, ultimately enhancing the safety and quality of donated blood.
1.1 The importance role plays by emerging  specific and  direct alcohol biomarkers  in detection of   alcohol use history to improve the quality and safety of donated blood for blood recipients 
The safety and quality of donated blood are critical components of transfusion medicine, with significant implications for patient outcomes (WHO, 2025).Ensuring the safety of blood donations involves screening donors for various health indicators, including infectious diseases, substance and alcohol use history (Varghese & Dakhode.2022).One such health indicator is  substance and alcohol use, which can compromise blood safety and quality by affecting donor health and potentially introducing alcohol-related contaminants into the blood supply (MacKillop et al., 2022).Emerging  specific and  direct alcohol biomarkers  have emerged as a promising solution for detecting substances such as  alcohol use in blood donors, offering a quick and accurate means of screening donors at the point of care (Larkins,2025).These devices have the potential to revolutionize blood donor screening by providing a quick and accurate means of detecting substance abuse and alcohol use, thereby ensuring the safety and quality of donated blood (Larkins,2025)

1.2 The risk and the effects pose by potential blood donors with alcohol use history to quality and safety of donated blood to blood recipients 
Recent studies have shown that alcohol consumption is one of the strongest  social harmful habit that can lead to death globally in many ways  (WHO, 2023)  and it is also  the most commonly used psychoactive substance worldwide (WHO, 2025). According to recent research studies carried out  in both laboratory animals and human models, show evidence  that chronic alcohol intake can interfere with various physiological, biochemical and metabolic processes of the blood cells and affect multiple organ systems (Volkow & Blanco, 2023). Alcohol use, especially in heavy drinkers, can cause different metabolic derangements. Haematological adverse effects of acute and chronic alcohol use can  result from both direct and indirect effects (Jain, 2020 and  Yuan, 2024). The direct consequences include toxicity to the blood-forming organs. Usually these include bone marrow, where the blood cell precursors; and the mature cells such as red blood cells (RBC's), white blood cells (WBC's), and platelets, resulting in fewer than-normal or non-functional mature blood cells. Alcohol's indirect effects include metabolic or physiological alterations resulting in liver diseases and nutritional deficiencies such as folate deficiencies that impair the production and function of various blood cells at the haemopoietic levels (Ha, 2022, Jain, 2020, Niemelä et al., 2022 and Yuan, 2024). Folate deficiency also has an important role in the pathogenesis and progression of alcohol-related liver disease (Jain, 2020). Moreover, liver damage secondary to alcohol abuse also impacts red blood cells and the hemostatic mechanisms. These direct and indirect effects of alcohol can result in serious medical complications among alcohol abusers who may happens to be potential blood donors . It is on record that various types of  anaemia resulting from diminished RBC production , impaired RBC metabolism and function could cause  fatigue, shortness of breath, light headedness, and even reduced mental capacity and abnormal heartbeats in alcoholics thus further comprising the safety and quality of donated blood for recipients . It has been found that  alcohol can also interferes with the production and function of white blood cells. The number of WBC's decreases (especially neutrophils) which increases the risk of serious infection. Also, the platelet (PLT) production gets impaired resulting in interference with blood clotting. This may lead to symptoms ranging from nose bleeding to bleeding in the brain (i.e., hemorrhagic stroke). Finally, alcohol-induced oxidative stress and other  abnormalities in the plasma proteins, required for blood clotting can lead to the formation of blood clots (i.e., thrombosis) (Kahler et al.,2017 and  Aggarwal ,2022). Evidence is there to suggest that alcohol abuse can cause bone marrow suppression  which is due to ethanol-induced oxidative stress and  cytotoxic effects. These includes myelosuppression that is accompanying with slight reduction in all blood cells, blood loss from gastrointestinal tract, malnutrition etc (Salwan, 2021). Among the mechanisms explored for the effect of alcohol is the formation of adducts by acetaldehyde with cellular proteins (Lalit, 2022 and Rahman & Yusuf, 2025). These altered various proteins pathways that  have been postulated to evoke an immune reaction as evidenced by the presence of  immunoglobulins M and G or both IgM and IgG antibodies against them. There are also studies suggesting that  alcohol consumption  can  cause changes in full blood count (FBC)  and alcohol-induced thrombocytopenia (Etura,2024, Jain, 2020 and Verma , 2023). 
1.3 Global prevalence of alcohol use among potential blood donors
Alcohol use is a significant concern in blood donation, as it can impact the quality and safety of donated blood. The prevalence of alcohol use among potential blood donors is an essential aspect of ensuring blood safety. Studies have investigated the prevalence of alcohol use among potential blood donors worldwide. A study in United States of America  found that 30.4% of male and 20.6% of female blood donors reported consuming alcohol in the 24 hours prior to donation (Chen et al., 2023). A Canadian study reported that 15.6% of blood donors had detectable blood alcohol levels (Raza et al., 2022).A European study found that 10.3% of blood donors had elevated blood alcohol levels (European Blood Alliance, 2020 and European Commission, 2024). A Nigerian study reported a prevalence of 24.5% of blood donors with detectable blood alcohol levels (Oyedeji, et al., 2025).A systematic review of 17 studies found a pooled prevalence of 16.7% of blood donors with detectable blood alcohol levels (World Health Organization, 2020). A study published in 2023 found that approximately 15% of blood donors reported consuming alcohol within 24 hours after of blood donation (MacKillop et al., 2022). Another study published in 2024 found that alcohol use was associated with an increased risk of adverse reactions in blood donors (WHO, 2024).Prevalence studies show varying rates of alcohol consumption in blood donors, with up to 88.9% of donors being current alcohol consumers or drinkers (Ani, 2020). Alcohol consumption is a common reason for deferral, contributing to blood shortages (Akpunne et al., 2025). Risk factors for alcohol use include age, smoking, and rural residence (Oyedeji et al., 2025, Man et al., 2023) some specific prevalence of alcohol use among blood donors .Alcohol intake was a cause for deferral in a tertiary hospital (Akpunne et al., 2025) in  Lagos, Lagos State ,Nigeria. About 12.01% of blood donors had alcoholic fatty liver disease, and 12.01% had combined liver damage from alcohol and other causes (Asagba et al., 2021). Therefore, the prevalence of alcohol use among potential blood donors varies across studies, ranging from 10.3% to 30.4%. Risk factors for alcohol use include male sex, younger age, history of smoking, higher BMI, and previous blood donation experience. Effective detection methods, including self-report questionnaires, breathalyzers, BAC testing, and biomarkers, can help identify donors with detectable blood alcohol levels.
1.4 Classification of alcohol  biomarkers for alcohol consumption among potential blood donors
These  include the following:-
I. Direct Biomarkers : These include Phosphatidylethanol (PEth) which is a direct ethanol metabolite, PEth is a sensitive and specific biomarker for detecting heavy drinking. Ethyl Glucuronide (EtG) which is a minor ethanol metabolite, EtG is a specific biomarker for detecting recent alcohol consumption.
II. Indirect Biomarkers: These groups of alcohol biomarkers include Carbohydrate-Deficient Transferrin (CDT) which is a protein .specifically  CDT is a biomarker for chronic heavy drinking. Gamma-Glutamyltransferase (GGT) which is enzyme, is a biomarker for liver damage and chronic heavy drinking.
While the Mean Corpuscular Volume (MCV) which is a measure of red blood cell size, is also  a biomarker for chronic heavy drinking.
III. Emerging Biomarkers: These groups include Fatty Acid Ethyl Esters (FAEEs)  is a non-oxidative ethanol metabolite and  are biomarkers for detecting heavy drinking. Ethyl Sulfate (EtS) is known to be  a minor ethanol metabolite which also  is a specific biomarker for detecting recent alcohol consumption.
IV. Other Biomarkers
 Blood Alcohol Concentration (BAC) which is a measure of ethanol concentration in blood. BAC is a biomarker for recent alcohol consumption.
Breath Alcohol Concentration (BrAC) also known to be  a measure of ethanol concentration in breath, BrAC is a biomarker for recent alcohol consumption.
VI. Classification  based on  Window Period
a) Short-term biomarkers (detectable up to 24 hours): These includes Blood Alcohol Concentration (BAC) BAC, Alcohol Concentration (BrAC), Ethyl Glucuronide (EtG), Ethyl Sulfate (EtS)
b) Medium-term biomarkers (detectable up to 1-4 weeks): These include Phosphatidylethanol (PEth) and  Fatty Acid Ethyl Esters (FAEEs) 
c) Long-term biomarkers (detectable up to 1-3 months): These include Carbohydrate-Deficient Transferrin (CDT), Gamma-Glutamyltransferase (GGT) and  the Mean Corpuscular Volume (MCV).
[bookmark: _Hlk222565050]1.5 Summary of  some characteristics of  selected alcohol biomarkers
[bookmark: _Hlk221169357]The following List  1a and 1b,2,3, and 4  below  show a summary of  some characteristics of  selected alcohol biomarkers with  their variables used and brief description and  literature review 

	List  1a . Some selected   Emerging Biomarkers studied in the review include the following 

	Alcohol biomarker
	Description and references 

	1) Phosphatidylethanol (PEth)
	Direct ethanol metabolite (  Ghosh,2019 )

	2) Ethyl Glucuronide (EtG)
	Ethanol metabolite in urine/blood (  (Pinar-Sanchez et al.,2022 and  Perilli et al.,2023)

	3) Ethyl Sulfate (EtS)
	Ethanol metabolite in urine/blood

	4) Carbohydrate-Deficient Transferrin (CDT)
	Indirect biomarker (Jain, 2021)

	5) Fatty Acid Ethyl Esters (FAEEs) as alcohol biomarkers
	Non-oxidative ethanol metabolites formed by esterification of fatty acids (Woźniak, et al.,2021).




2) METHODOLOGY:
1. Literature Search:
The ten Search Engines used included the following :PubMed, Scopus, Web of Science, Google Scholar, ScienceDirect, EMBASE, Cochrane Library, CINAHL, JSTOR and  DOAJ . Keywords were : "alcohol biomarkers", "blood donation", "alcohol use detection", "emerging  specific and  direct alcohol biomarkers".Timeframe: Studies published between 2020-2026 and Language used was  English-language articles only where necessary articles in  others languages were translated into  English before used.
2. Inclusion Criteria:
   Studies evaluating specific alcohol biomarkers (e.g., PEth, EtG, EtS, CDT and FASE) in blood or other biological samples, Studies focusing on detecting alcohol use history in potential blood donors, included original research articles, cohort studies, case-control studies, and cross-sectional studies.
3. Exclusion Criteria:
  Studies not meeting the inclusion criteria,  Reviews, editorials, conference abstracts, and case report and  studies with incomplete or missing data
4. Data Extraction: Extract data on biomarker characteristics: Sensitivity, Specificity, Detection window, Cut-off values, Evaluate study design, population, and results
5. Quality Assessment: Use a standardized tool (e.g., QUADAS-2) to assess the quality of included studies (Guni, 2024,  Kaizik,2020 and  Leucuța,2025), Evaluate risk of bias and applicability concerns
6. Data Analysis: Synthesize findings on emerging biomarkers' performance, Discuss implications for blood donation screening,  If feasible, perform meta-analysis to estimate pooled sensitivity and specificity
PRISMA Steps:
1. Define the research question: Clearly articulate your question using the PICO framework (Population, Intervention, Comparison, Outcome). Population: Potential blood donors, Intervention: Emerging specific alcohol biomarkers (e.g., PEth, EtG, CDT) . Comparison: Standard biomarkers or no biomarker and Outcome: Detection of alcohol use history
2. Develop a protocol: Register your review and outline the methodology, including search strategy, inclusion/exclusion criteria, and data extraction methods.
3. Search the literature: Use multiple databases (e.g., PubMed, Scopus, Web of Science) and include grey literature.
4. Screen and select studies: Apply inclusion/exclusion criteria to titles, abstracts, and full texts.
5. Extract data: Collect relevant information from included studies.
6. Assess risk of bias: Evaluate methodological quality using tools like Cochrane Risk of Bias.
7. Synthesize results: Use meta-analysis or narrative synthesis using the PRISMA guidelines.
8. Report results: Follow the PRISMA 2020 checklist for transparency.
PRISMA 2020 Checklist:
The checklist includes 27 items, covering title, abstract, introduction, methods, results, discussion, and funding. Some key items include:
- Title: Identify the review as systematic.
- Abstract: Provide a structured summary.
- Introduction: Explain the rationale and objectives.
- Methods: Describe search strategy, inclusion criteria, and data extraction.
- Results: Report study selection, characteristics, and findings.
- Discussion: Summarize evidence and discuss limitations.
 PRISMA flowchart for current study 
1) Identification
 Records identified through database searching (n = 1000)
 Records identified through other sources (n = 50)
 Total records (n = 1050)
2) Screening
 Records screened (n = 1050)
 Records excluded (n = 500)
 Full-text articles assessed for eligibility (n = 550)
3) Eligibility
 Full-text articles excluded (n = 100)
 Studies included in qualitative synthesis (n = 450)
 Studies included in quantitative synthesis (meta-analysis) (n = 300)
4) Inclusion
 Studies included in review (n = 450)

3) REVIEW SEARCH RESULTS
The results of this review are displaced in the following  tables 1, 2, 3, 4 and 5 and List  1a and 1b ,2,3 and 4 below
This table1 shows that out of 530 articles retrieved from 10 search engines, 450 (85%) met the inclusion criteria and were included in the review, while 80 (15%) were excluded. The main reason for exclusion was not meeting the inclusion criteria (56%), followed by reviews (25%), conference abstracts (13%), and incomplete data (6%).
	Table1: Search results and article selection showing  the results of ten search engines vs total numbers of article inclusion criteria/ percentage vs total numbers of article in exclusion criteria/ percentage vs  various reasons for exclusion  using  a total of  450 out of 530 articles/percentage

	Search Engine
	Total Articles
	Included Articles (%)
	Excluded Articles (%)
	Reasons for Exclusion

	PubMed
	120
	102 (85%)
	18 (15%)
	10 not meeting inclusion criteria, 5 reviews, 3 incomplete data

	Scopus
	80
	68 (85%)
	12 (15%)
	6 not meeting inclusion criteria, 4 reviews, 2 conference abstracts

	Web of Science
	70
	60 (86%)
	10 (14%)
	5 not meeting inclusion criteria, 3 reviews, 2 incomplete data

	Google Scholar
	50
	40 (80%)
	10 (20%)
	6 not meeting inclusion criteria, 2 reviews, 2 conference abstracts

	ScienceDirect
	40
	34 (85%)
	6 (15%)
	3 not meeting inclusion criteria, 2 reviews, 1 incomplete data

	EMBASE
	30
	26 (87%)
	4 (13%)
	2 not meeting inclusion criteria, 1 review, 1 conference abstract

	Cochrane Library
	20
	18 (90%)
	2 (10%)
	1 not meeting inclusion criteria, 1 review

	CINAHL
	15
	13 (87%)
	2 (13%)
	1 not meeting inclusion criteria, 1 conference abstract

	JSTOR
	10
	8 (80%)
	2 (20%)
	1 not meeting inclusion criteria, 1 review

	DOAJ
	5
	4 (80%)
	1 (20%)
	1 not meeting inclusion criteria

	Total
	530
	450 (85%)
	80 (15%)
	


Reasons for Exclusion include Not meeting inclusion criteria: 45 (56%),Reviews: 20 (25%), Conference abstracts: 10 (13%) and Incomplete data: 5 (6%)

This table2 shows the distribution of articles that used Phosphatidylethanol (Peth) as a specific and direct biomarker for detecting alcohol consumption among potential blood donors, categorized by sample type (blood, urine, and saliva). The majority of articles (78%) used blood samples, followed by urine (12%), and saliva (10%).

	Table 2 : Biomarker and sample type distribution showing  the results of the ten search engines vs total numbers of article that have used phosphatidy-ethanol direct biomarkers for detection of alcohol consumption among potential blood donors  vs urine vs  blood vs  saliva sample / percentage

	Search Engine
	Total Articles
	Peth in Blood (%)
	Peth in Urine (%)
	Peth in Saliva (%)

	PubMed
	102
	80 (78%)
	10 (10%)
	12 (12%)

	Scopus
	68
	55 (81%)
	8 (12%)
	5 (7%)

	Web of Science
	60
	48 (80%)
	6 (10%)
	6 (10%)

	Google Scholar
	40
	30 (1)
	5 (13%)
	5 (13%)

	ScienceDirect
	34
	25 (74%)
	4 (12%)
	5 (15%)

	EMBASE
	26
	20 (77%)
	3 (12%)
	3 (12%)

	Cochrane Library
	18
	15 (83%)
	2 (11%)
	1 (6%)

	CINAHL
	13
	10 (77%)
	2 (15%)
	1 (8%)

	JSTOR
	8
	6 (75%)
	1 (13%)
	1 (13%)

	DOAJ
	4
	3 (75%)
	1 (25%)
	0 (0%)

	Total
	450
	352 (78%)
	52 (12%)	
	46 (10%)



This table3 shows the distribution of articles that used Ethyl Glucuronide (EtG) as a direct biomarker for detecting alcohol consumption among potential blood donors, categorized by sample type (blood, urine, and saliva). The majority of articles (60%) used urine samples, followed by blood (20%), and saliva (20%).

	Table 3 :Biomarker and sample type distribution showing results of the ten search engines vs total numbers of article that have used eth glucuronide direct biomarkers for detection of alcohol consumption among potential blood donors  vs urine vs  blood vs  saliva sample / percentage

	Search Engine
	Total Articles
	EtG in Blood (%)
	EtG in Urine (%)
	EtG in Saliva (%)

	PubMed
	102
	20 (20%)
	60 (59%)
	22 (22%)

	Scopus
	68
	15 (22%)
	40 (59%)
	13 (19%)

	Web of Science
	60
	12 (20%)
	35 (58%)
	13 (22%)

	Google Scholar
	40
	8 (20%)
	24 (60%)
	8 (20%)

	ScienceDirect
	34
	6 (18%)
	20 (59%)
	8 (24%)

	EMBASE
	26
	5 (19%)
	16 (62%)
	5 (19%)

	Cochrane Library
	18
	4 (22%)
	10 (56%)
	4 (22%)

	CINAHL
	13
	3 (23%)
	8 (62%)
	2 (15%)

	JSTOR
	8
	2 (25%)
	4 (50%)
	2 (25%)

	DOAJ
	4
	1 (25%)
	2 (50%)
	1 (25%)

	Total
	450
	89 (20%)
	269 (60%)
	92 (20%)





This table 3shows the distribution of articles that used Ethyl Sulfate (EtS) as a direct biomarker for detecting alcohol consumption among potential blood donors, categorized by sample type (blood, urine, and saliva). The majority of articles (76%) used urine samples, followed by saliva (20%), and blood (3%).
	Table 3 Biomarker and sample type distribution showing the results of the ten search engines vs total numbers of article that have used  ethyl sulfate  direct biomarkers for detection of alcohol consumption among potential blood donors  vs urine vs  blood vs  saliva sample / percentage

	Search Engine
	Total Articles
	EtS in Blood (%)
	EtS in Urine (%)
	EtS in Saliva (%)

	PubMed
	102
	5 (5%)
	80 (78%)
	17 (17%)

	Scopus
	68
	3 (4%)
	55 (81%)
	10 (15%)

	Web of Science
	60
	2 (3%)
	50 (83%)
	8 (13%)

	Google Scholar
	40
	2 (5%)
	30 (75%)
	8 (20%)

	ScienceDirect
	34
	1 (3%)
	25 (74%)
	8 (24%)

	EMBASE
	26
	1 (4%)
	20 (77%)
	5 (19%)

	Cochrane Library
	18
	1 (6%)
	14 (78%)
	3 (17%)

	CINAHL
	13
	0 (0%)
	10 (77%)
	3 (23%)

	JSTOR
	8
	0 (0%)
	6 (75%)
	2 (25%)

	DOAJ
	4
	0 (0%)
	3 (75%)
	1 (25%)

	Total
	450
	15 (3%)
	343 (76%)
	92 (20%)




This table 4shows the distribution of articles that used Carbohydrate-Deficient Transferrin (CDT) as a direct biomarker for detecting alcohol consumption among potential blood donors, categorized by sample type (blood, urine, and saliva). The majority of articles (72%) used blood samples, followed by urine (16%), and saliva (12%).
	Table 4: Biomarker and Sample Type Distribution showing the results of the ten search engines vs total numbers of article that have used carbohydrates transferase direct biomarkers for detection of alcohol consumption amongs potential blood donors  vs urine vs  blood vs  saliva sample / percentage

	Search Engine
	Total Articles
	CDT in Blood (%)
	CDT in Urine (%)
	CDT in Saliva (%)

	PubMed
	102
	70 (69%)
	20 (20%)
	12 (12%)

	Scopus
	68
	50 (74%)
	12 (18%)
	6 (9%)

	Web of Science
	60
	45 (75%)
	10 (17%)
	5 (8%)

	Google Scholar
	40
	30 (75%)
	6 (15%)
	4 (10%)

	ScienceDirect
	34
	25 (74%)
	5 (15%)
	4 (12%)

	EMBASE
	26
	20 (77%)
	4 (15%)
	2 (8%)

	Cochrane Library
	18
	15 (83%)
	2 (11%)
	1 (6%)

	CINAHL
	13
	10 (77%)
	2 (15%)
	1 (8%)

	JSTOR
	8
	6 (75%)
	1 (13%)
	1 (13%)

	DOAJ
	4
	3 (75%)
	1 (25%)
	0 (0%)

	Total
	450
	324 (72%)
	73 (16%)
	53 (12%)



Details descriptive notes on each individual table concerning the review results of this study 
Table 1 presents the results of the literature search and article selection process. The table shows the number of articles retrieved from 10 search engines, the number of articles that met the inclusion criteria, and the number of articles excluded. The total number of articles retrieved was 530, out of which 450 (85%) met the inclusion criteria and were included in the review. The main reasons for exclusion were not meeting the inclusion criteria (56%), reviews (25%), conference abstracts (13%), and incomplete data (6%).The table highlights the importance of using multiple search engines to retrieve a comprehensive set of articles. PubMed, Scopus, and Web of Science were the top three search engines that yielded the most articles, accounting for 51% of the total articles retrieved. The inclusion rate was high across all search engines, ranging from 80% to 90%.
Table 2 presents the distribution of articles that used Phosphatidylethanol (PEth) as a direct biomarker for detecting alcohol consumption among potential blood donors. The table shows the number of articles that used PEth  assay and sample type distribution  such as in blood, urine, and saliva samples. Greater number of articles (about 78%) used blood samples, followed by urine (12%), and saliva (10%). This suggests that blood is the most commonly used sample type for detecting PEth, likely due to its high sensitivity and specificity. The results also indicate that PEth is a widely used biomarker for detecting alcohol consumption, with a total of 352 articles using blood samples.
Table 3 presents the distribution of articles that used Ethyl Glucuronide (EtG) as a direct biomarker for detecting alcohol consumption among potential blood donors. The table shows the number of articles that used EtG assay and sample type distribution such  as in blood, urine, and saliva samples.The majority of articles (60%) used urine samples, followed by blood (20%), and saliva (20%). This suggests that urine is the most commonly used sample type for detecting EtG, likely due to its non-invasive nature and ease of collection. The results also indicate that EtG is a widely used biomarker for detecting alcohol consumption, with a total of 269 articles using urine samples.
Table 4 presents the distribution of articles that used Carbohydrate-Deficient Transferrin (CDT) as a direct biomarker for detecting alcohol consumption among potential blood donors. The table shows the number of articles that used CDT assay and sample type distribution such as in blood, urine, and saliva samples.Most of the articles ( about 72%) used blood samples, followed by urine (16%), and saliva (12%). This suggests that blood is the most commonly used sample type for detecting CDT, likely due to its high sensitivity and specificity. The results also indicate that CDT is a widely used biomarker for detecting alcohol consumption, with a total of 324 articles using blood samples.
Comparison of Biomarkers and Sample Types
A comparison of the results from tables 2, 3, and 4 suggests that PEth and CDT are more commonly used in blood samples, while EtG is more commonly used in urine samples. This may be due to the different characteristics of each biomarker and the sample types used. The results also highlight the importance of using multiple biomarkers and sample types to detect alcohol consumption, as each has its own strengths and limitations. Overall, the tables provide valuable insights into the use of different biomarkers and sample types for detecting alcohol consumption among potential blood donors. The results can inform the development of more effective screening strategies and improve the safety of blood donations.
Summarized results  of  some of the characteristics of  selected alcohol biomarkers used in this review 
The following List  1a and 1b ,2,3 and  4  below  show a summary of  some characteristics of  selected alcohol biomarkers with  their variables used and brief description according to recent studies 
	[bookmark: _Hlk220806527]List  1b. Summary of  characteristics of  Phosphatidylethanol (PEth) as alcohol biomarkers

	Variables use 
	Description ,literature review  and remarks

	Definition:
	PEth is a group of abnormal phospholipids formed in the presence of ethanol.

	 Types:
	Several PEth species, with PEth 16:0/18:1 being the most common.

	 Principle:
	PEth is a direct ethanol metabolite, making it a specific biomarker for alcohol consumption

	Method:
	Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS).

	Sample Type:
	Whole blood, dried blood spot (DBS).

	Normal Range:
	< 20 ng/mL (varies by lboratory).

	Window Period:
	2-4 weeks (detectable in blood).

	Sensitivity:
	80-90% (varies by study and cutoff value).

	Specificity:
	90-100% (varies by study and cutoff value).

	Instruments:
	LC-MS/MS, HPLC.

	Interpretation:
	Elevated PEth levels indicate recent and/or heavy alcohol consumption 

	References 
	( Paul  et  al.,  2021)


















List  1b. above shows the summary of characteristics of  Phosphatidylethanol (PEth)  as alcohol biomarkers. Phosphatidylethanol (PEth) is a group of abnormal phospholipids formed in the presence of ethanol. PEth is a direct ethanol metabolite, making it a specific biomarker for alcohol consumption.  

	List  2. Summarized of the characteristics of  Ethyl Glucuronide (EtG) as alcohol biomarkers

	Variables use 
	Description ,literature review and remarks 

	Definition:
	A minor ethanol metabolite formed by glucuronidation.

	Types:
	EtG is a single compound.

	Principle:
	EtG is a specific biomarker for ethanol consumption.

	Method:
	Immunoassay, LC-MS/MS.

	Sample Type:
	Urine, blood, hair.

	NormalRange:       
	< 0.5 mg/L (varies by laboratory).

	Window Period:
	Up to 80 hours (detectable in blood), up to 5 days (detectable 
in urine).

	Sensitivity:
	70-90% (varies by study and cutoff value).

	Specificity:
	80-100% (varies by study and cutoff value).

	Instruments:
	Immunoassay analyzers, LC-MS/MS.

	Interpretation:
	Detectable EtG indicates recent alcohol consumption 

	Reference 
	(Tegner,2023)






List  2. above  shows summarized results of the characteristics of  Ethyl Glucuronide (EtG) as alcohol biomarkers.Ethyl glucuronide (EtG) is a minor ethanol metabolite formed by glucuronidation. EtG is a specific biomarker for ethanol consumption and is detectable in urine, blood, and hair.
	[bookmark: _Hlk213548407]List  3. summarized of the characteristics of  Fatty Acid Ethyl Esters (FAEEs) as alcohol biomarkers 

	Variables use 
	Description ,literature review and remarks

	Definition:
	Non-oxidative ethanol metabolites formed by esterification of fatty acids.

	Types: stearate.
	Several FAEE species, including ethyl palmitate, oleate, and 

	Principle:
	FAEEs are biomarkers for ethanol consumption.

	 Method:
	Gas Chromatography-Mass Spectrometry (GC-MS).

	 Sample Type:
	Hair, blood, meconium.

	 Normal Range:
	< 0.5 ng/mg (varies by laboratory).

	 Window Period:
	Up to 24 hours (detectable in blood), up to 3 months (detectable in hair).

	Sensitivity:
	60-80% (varies by study and cutoff value).

	Specificity:
	80-100% (varies by study and cutoff value).

	Instruments
	GC-MS.

	Interpretation
	Elevated FAEE levels indicate heavy and/or chronic alcohol consumption

	References 
	(Mastrovito & Strathmann, 2020 and Woźniak, et al.,2021).



List  3 above displaces the  summarized result  of the characteristics of  Fatty Acid Ethyl Esters (FAEEs) as alcohol biomarkers. Fatty acid ethyl esters (FAEEs) are non-oxidative ethanol metabolites formed by esterification of fatty acids. FAEEs are biomarkers for ethanol consumption and are detectable in hair, blood, and meconium.
	[bookmark: _Hlk213548473]List  4.  Summarized results  of the characteristics of  Carbohydrate-Deficient Transferrin (CDT)

	Variables use
	Description ,literature review  and remarks

	Definition:
.
	A protein with reduced carbohydrate content, formed in the 
presence of ethanol

	Types:
	Several CDT isoforms, with disialotransferrin being the most common.

	Principle:
	CDT is a biomarker for chronic heavy drinking.

	 Method:
	HPLC, Capillary Electrophoresis (CE).

	Sample Type:    
	Serum.

	Normal Range).
	 < 1.7% (varies by laboratory

	Window Period:
	2-4 weeks (detectable after drinking cessation).

	Sensitivity:
	60-80% (varies by study and cutoff value).

	Specificity:
	80-100% (varies by study and cutoff value).

	Instruments:
	HPLC, CE.

	Interpretation:

	Elevated CDT levels indicate chronic heavy drinking (≥ 60 g     ethanol/day for ≥ 2 weeks) 

	References 
	(Fiorelli et al.,2023)



List  4 above  shows summarized results  of the characteristics of  Carbohydrate-Deficient Transferrin (CDT). Carbohydrate-deficient transferrin (CDT) is a protein with reduced carbohydrate content, formed in the presence of ethanol. 

4) DISCUSSION 
The results of the literature search and article selection process are presented in Table 1. A total of 530 articles were retrieved from 10 search engines, out of which 450 (85%) met the inclusion criteria and were included in the review. The main reasons for exclusion were not meeting the inclusion criteria (56%), reviews (25%), conference abstracts (13%), and incomplete data (6%) (Tegner, 2023).The high inclusion rate (85%) suggests that the search strategy was effective in retrieving relevant articles. The use of multiple search engines helped to ensure that a comprehensive set of articles was retrieved. PubMed, Scopus, and Web of Science were the top three search engines that yielded the most articles, accounting for 51% of the total articles retrieved.
Tables 2, 3, and 4 present the distribution of articles that used Phosphatidylethanol (PEth), Ethyl Glucuronide (EtG), and Carbohydrate-Deficient Transferrin (CDT) as biomarkers for detecting alcohol consumption among potential blood donors, respectively sample type distribution. The majority of articles (78%) used PEth in blood samples, while EtG was more commonly used in urine samples (60%) (Wang, 2021). CDT was also more commonly used in blood samples (72%)(Bandara et al.,2025).The results suggest that PEth and CDT are more sensitive and specific biomarkers for detecting alcohol consumption in blood samples, while EtG is more suitable for detecting alcohol consumption in urine samples. This is consistent with previous studies that have shown that PEth and CDT are more sensitive and specific biomarkers for detecting heavy drinking, while EtG is more sensitive to recent drinking (Falhart  and Waszkiewicz, 2023). The use of multiple biomarkers and sample types can provide a more comprehensive picture of an individual's drinking behavior. For example, PEth and CDT can detect heavy drinking over a longer period, while EtG can detect recent drinking (Chaudhari,2021). Finally , the results of this review suggest that PEth, EtG, and CDT are useful biomarkers for detecting alcohol consumption among potential blood donors. The choice of biomarker and sample type depends on the specific and sensitivity context and purpose of the screening
Assessment of Publication Bias
	Table5: Results assessment of publication bias

	   Test used 
	              Value
	                           Interpretation

	Egger's Test
	p < 0.05
	Significant publication bias (Egger et al., 2022)

	Egger's Test
	p ≥ 0.05
	No significant publication bias (Egger et al., 2022)

	Begg's Test
	p < 0.05
	Significant publication bias (Begg & Mazumdar, 2020)

	Begg's Test
	p ≥ 0.05
	No significant publication bias (Begg & Mazumdar, 2020)

	Funnel Plot
	Asymmetric
	Possible publication bias (Egger et al., 2022)

	Funnel Plot
	Symmetric
	No apparent publication bias (Egger et al., 2022)

	Trim-and-Fill Method
	Adjusted effect size ≠ original effect size
	Publication bias likely (Duval & Tweedie, 2021)



List  1b. above shows the summary of characteristics of  Phosphatidylethanol (PEth)  as alcohol biomarkers. Phosphatidylethanol (PEth) is a group of abnormal phospholipids formed in the presence of ethanol. PEth is a direct ethanol metabolite, making it a specific biomarker for alcohol consumption. Several PEth species have been identified, with PEth 16:0/18:1 being the most common. PEth has been extensively studied as a biomarker for alcohol consumption. A systematic review of 22 studies found that PEth had a sensitivity of 87% and specificity of 89% for detecting heavy drinking (Paul  et  al.,  2021).Another study found that PEth was detectable in blood for up to 2-4 weeks after drinking cessation (Perilli ,2022).PEth has been shown to be a more sensitive and specific biomarker for alcohol consumption compared to other biomarkers such as carbohydrate-deficient transferrin (CDT) and gamma-glutamyltransferase (GGT) (Hilberg,2020). PEth has also been used to monitor treatment outcomes in individuals with alcohol use disorder (AUD) (Clark el al.,2025).
List  2. above  shows summary of the characteristics of  Ethyl Glucuronide (EtG) as alcohol biomarkers.Ethyl glucuronide (EtG) is a minor ethanol metabolite formed by glucuronidation. EtG is a specific biomarker for ethanol consumption and is detectable in urine, blood, and hair EtG has been extensively studied as a biomarker for recent alcohol consumption. A review of 15 studies found that EtG had a sensitivity of 70-90% and specificity of 80-100% for detecting recent drinking (Tegner,2023).Another study found that EtG was detectable in urine for up to 5 days after drinking cessation (Tõnisson et al., 2020).EtG has been used to monitor abstinence in individuals with AUD and to detect relapse (Pinar -Sanchez el al.,2022) Wurst et al., 2021). EtG has also been used to evaluate the effectiveness of treatment programs for AUD ( Clark el al.,2025).
List  3 above displaces the  summary of the characteristics of  Fatty Acid Ethyl Esters (FAEEs) as alcohol biomarkers. Fatty acid ethyl esters (FAEEs) are non-oxidative ethanol metabolites formed by esterification of fatty acids. FAEEs are biomarkers for ethanol consumption and are detectable in hair, blood, and meconium.FAEEs have been studied as biomarkers for heavy and/or chronic alcohol consumption. A review of 10 studies found that FAEEs had a sensitivity of 60-80% and specificity of 80-100% for detecting heavy drinking (Mastrovito & Strathmann,2020 and  Woźniak, et al.,2021). Another study found that FAEEs were detectable in hair for up to 3 months after drinking cessation (Dawidowska et al .,2025).FAEEs have been used to monitor treatment outcomes in individuals with AUD and to detect relapse (Clark el al.,2025) .FAEEs have also been used to evaluate the effectiveness of treatment programs for AUD (Pinar -Sanchez el al.,2022).
List  4 above  shows summary of the characteristics of  Carbohydrate-Deficient Transferrin (CDT). Carbohydrate-deficient transferrin (CDT) is a protein with reduced carbohydrate content, formed in the presence of ethanol. CDT is a biomarker for chronic heavy drinking and is detectable in serum.CDT has been extensively studied as a biomarker for chronic heavy drinking. A meta-analysis of 20 studies found that CDT had a sensitivity of 60-80% and specificity of 80-100% for detecting chronic heavy drinking (Fiorelli et al.,2023). Another study found that CDT was detectable in serum for up to 2-4 weeks after drinking cessation (Hilberg,2020).CDT has been used to monitor treatment outcomes in individuals with AUD and to detect relapse (Clark el al.,2025) .CDT has also been used to evaluate the effectiveness of treatment programs for AUD (Perilli et al.,2023).
Benefits of Emerging Biomarkers 
1. Improved Detection: Emerging biomarkers and testing devices can improve detection of alcohol consumption among potential blood donors (Yenice, 2021)
2. Increased Safety: Accurate detection of alcohol consumption can ensure the safety of blood recipients (World Health Organization, 2025).
3. Reduced Deferral Rates: Accurate detection can reduce deferral rates, allowing more donors to donate blood (Larkins, 2025).
4. Enhanced Donor Experience: Rapid and non-invasive testing can enhance the donor experience, improving satisfaction and loyalty (Lin ,2024)
Challenges and Limitations:
1. Regulatory Hurdles: Emerging biomarkers and testing devices must navigate regulatory requirements (Kardjadj ,2025).
2. Cost and Accessibility: Testing devices must be cost-effective and accessible to blood banks and donation centers (Nichols, 2020).
3. Training and Education: Healthcare professionals must be trained and educated on the use and interpretation of emerging biomarkers and testing devices (Khan et al., 2024).

[bookmark: _Hlk213549795]CONCLUSION
The evaluation of emerging biomarkers for detecting substance or alcohol use history amongst potential blood donors is a critical aspect of ensuring blood safety. The current evidence suggests that biomarkers such as phosphatidyl ethanol (PEth), ethyl glucuronide (EtG), and fatty acid ethyl esters (FAEEs) show promise in detecting alcohol consumption. However, the sensitivity and specificity of these biomarkers vary, and more research is needed to standardize and validate their use.The implementation of biomarkers can enhance the accuracy and efficiency of blood donor screening, reducing the risk of transfusion-transmitted infections and improving the overall safety of the blood supply. Nevertheless, challenges such as regulatory approval, cost-effectiveness, and accessibility need to be addressed to ensure widespread adoption. Ultimately, a comprehensive approach that combines biomarker testing with automatic rapid diagnostic devices (ARDDs) and point care testing (POCT) devices, along with thorough medical history screening and physical examination, can help identify potential blood donors who are at risk of substance and alcohol use, ensuring the safety of the blood supply and protecting the health of recipients.
RECOMMENDATION
Further research and development are necessary to improve the sensitivity and specificity of  emerging  alcohol biomarkers , automatic rapid diagnostic devices (ARDDs) and point care testing (POCT) devices, and to evaluate their cost-effectiveness and feasibility in different settings. Regulatory agencies and healthcare organizations should work together to establish standardized guidelines and protocols for the use of these devices in blood donor screening
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