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Reference Values and Numerical Ratios of Total Plasma Proteins and Hemoglobin Concentration as Novel Parameters for Blood Donors' Preliminary Eligibility Assessment
                                            
ABSTRACT

Background
Blood donors’ eligibility assessment is crucial for ensuring the safety and quality of donated blood, recipients and donor protection . Novel parameters, such as reference values and numerical ratios of total plasma proteins and hemoglobin concentration, may enhance the blood donation screening process.

Objective
This systematic review evaluates the utility of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment.

Methodology
A comprehensive literature search was conducted across ten databases namely : PubMed, Scopus, Web of Science, Google Scholar, ScienceDirect, Embase, Cochrane Library, CINAHL, ProQuest, and DOAJ. A total of 450 articles were identified, and after screening, 375 articles met the inclusion criteria. The search terms used included "blood donors," "eligibility assessment," "reference values," "numerical ratios," "total plasma proteins," and "hemoglobin concentration." The search was limited to studies published in English between 2023 and 2025.Data extraction and quality assessment were performed using standardized tools.
Results
The analysis of the 375 included studies, encompassing a large cohort of blood donors, revealed significant associations between reference values and numerical ratios of total plasma proteins and hemoglobin concentration and blood donor eligibility. The concentration of total plasma proteins ranges from 7.0 ± 0.4 g/dl to 7.3 ± 0.6 g/dl, and the concentration of hemoglobin ranges from 13.4 ± 0.1 g/dl to 13.7 ± 0.09 g/dl. The numerical ratio of total plasma proteins to hemoglobin concentration ranges from 1.045 ± 0.006 to 1.063 ± 0.008.The findings suggest that these parameters can be useful in predicting donor eligibility and reducing deferral rates.

Conclusion
This systematic review highlights the potential of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donor eligibility assessment. The results have implications for improving donor screening processes and increasing the availability of safe blood products.
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1) INTRODUCTION
[bookmark: _GoBack]Blood donation is a vital component of modern healthcare systems, providing life-saving transfusions to patients in need (Patient Engage, 2025). To ensure the safety of both donors and recipients, rigorous eligibility assessment is crucial (Klein & Anstee, 2023). Traditionally, screening parameters, such as hematocrit or  hemoglobin levels and medical history, have been effective in reducing risks associated with the blood donation process safety and quality of donated blood  (Cable et al., 2023). However, emerging evidence suggests that novel parameters, including reference values and numerical ratios of total plasma proteins and hemoglobin concentration, may further enhance the screening process of blood donors ( Ndeh et al., 2024).Total plasma proteins play a critical role in maintaining various physiological functions, including immune response and blood volume regulation (Mori, 2024). Abnormal protein levels have been linked to various health conditions, such as liver disease and malnutrition (Lazo et al., 2024). 
Similarly, hematocrit or hemoglobin concentration is a well-established indicators of iron status and anemia (WHO, 2012). The use of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary  eligibility assessment has several potential benefits and has gained significant attention in recent years (Ndeh et al., 2024). Several studies have explored the potential benefits and limitations of these parameters in predicting donor eligibility and reducing deferral rates These include improved donor safety, increased availability of safe blood products, and enhanced efficiency of the screening process (Lin et al., 2017). However, the evidence base for these parameters is still evolving, and a comprehensive review of the literature is necessary to inform clinical practice. A study by Lin et al., (2020) found that blood donors with low total plasma protein levels were more likely to experience adverse reactions during donation. Recent studies have explored the potential of using hemoglobin concentration as a predictor of donor eligibility (Chaudhary , 2018). A study by Cable et al., (2023) found that donors with low hemoglobin levels were more likely to be deferred due to anemia.
Numerical ratios of total plasma proteins and hemoglobin concentration have been proposed as a potential tool for predicting donor eligibility (Ndeh et al., 2024,Cyril et al.,2022). Another  study by Lin et al., (2020) found that donors with optimal ratios of total plasma proteins to hemoglobin concentration were more likely to meet eligibility criteria. Similarly, Ndeh et al., (2024) reported that numerical ratios of total plasma proteins to hemoglobin concentration were significantly associated with donor eligibility, suggesting that this parameter may be useful in predicting donor suitability.
The use of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donor eligibility assessment has several potential benefits, including improved donor safety and increased availability of safe blood products (Lin  et al., 2020). However, there are also potential limitations, including the need for standardized reference values and further research to establish the clinical utility of these parameters (Frenes  et al., 2015)
1.2) Research questions 
1) What is the  concentration of total plasma proteins (g/dl) ,concentration of Hb (g/dl) and numerical ratio of total plasma proteins/Hb concentration according to ten search engines in female blood donors ?
2) What is the  concentration of total plasma proteins (g/dl) ,concentration of Hb (g/dl) and numerical ratio of total plasma proteins/Hb concentration according to ten search engines in male  blood donors ?
3) What is the  concentration of total plasma proteins (g/dl) ,concentration of Hb (g/dl) and numerical ratio of total plasma proteins/Hb concentration according to ten search engines in male and female   blood donors? 
1.3) The aim of this study 
This systematic review aims to evaluate the utility of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment. By synthesizing the available evidence, this review will provide insights into the potential benefits and limitations of these parameters and inform future research and clinical practice.
1.4) Specific objectives 
4) To determine  the  concentration of total plasma proteins (g/dl) ,concentration of Hb (g/dl) and numerical ratio of total plasma proteins/Hb concentration according to ten search engines in female blood donors 
5) To determine the  concentration of total plasma proteins (g/dl) ,concentration of Hb (g/dl) and numerical ratio of total plasma proteins/Hb concentration according to ten search engines in male  blood donors 
6) To  determine  the  concentration of total plasma proteins (g/dl) ,concentration of Hb (g/dl) and numerical ratio of total plasma proteins/Hb concentration according to ten search engines in male and female   blood donors 
2) DETAILED METHODOLOGY FOR THE SYSTEMATIC REVIEW:
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2023). See the chart 1 PRISMA Flow Chart below,
2.1) Search Strategy
A comprehensive literature search was conducted across ten databases: PubMed, Scopus, Web of Science, Google Scholar, ScienceDirect, Embase, Cochrane Library, CINAHL, ProQuest, and DOAJ. The search terms used included "blood donors," "eligibility assessment," "reference values," "numerical ratios," "total plasma proteins," and "hemoglobin concentration." The search was limited to studies published in English between 2020 and 2025.
2.2) Inclusion and Exclusion Criteria
a) Inclusion  Criteria
Studies were included if they examined the use of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment.
 Studies were included if they  provided sufficient data for analysis. 
Studies in English were included and were peer-reviewed
studies between 2020 to 2025 were also included
b) Exclusion Criteria
Studies were excluded if they do not examined the use of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment.
 Studies were excluded if they were duplicates, reviews, or did not provide sufficient data for analysis. 
Studies not  in English were excluded and studies not  between 2020 to 2025 were also excluded 

2.3)Study Selection
The study selection process involved two stages. First, titles and abstracts were screened for relevance. Second, full-text articles were reviewed for eligibility based on the inclusion and exclusion criteria.
2.4) Data Extraction
Data extraction was performed using a standardized form to collect information on study characteristics, participant demographics, and outcome measures.
2.5) Quality Assessment
The quality of included studies was assessed using the Newcastle-Ottawa Scale (NOS) for observational studies (Wells et al., 2023). Studies were rated as high, moderate, or low quality based on their scores.
2.6) Data Synthesis
A narrative synthesis was conducted to summarize the findings of the included studies. Meta-analysis was not performed due to the heterogeneity of the studies.
This methodology provides a comprehensive framework for conducting a systematic review on the use of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment.
2.7) PRISMA Flow Chart
Title of the study: Toxicological Systematic Review of the Current Prevalence, Trends and implications of Informal Fuel Trade among Street, City Market and Roadside Vendors in Bamenda City, Northwest Region, Cameroon.
Step I: Literature Research Search Engine: Google Scholar, PubMed, Scopus, Web of Science, ScienceDirect, JSTOR, DOAJ (Directory of Open Access Journals), African Journals Online (AJOL), Google and Semantic Scholar. Search terms used in this research were keywords related to the search terms included a combination of keywords and phrases, such as: : "blood donors," "eligibility assessment," "reference values," "numerical ratios," "total plasma proteins," and "hemoglobin concentration." Total records identified: 1200.
Step 2: Removal of duplicates. Total duplicates removed: 200.
Step 3: Title and abstract screening. Records screened: 1000 records and Remaining records 1000. Records excluded: 500 records (irrelevant studies, non-English language etc.). Remaining records: 500.
Step 4 full text screening. Total Record excluded: 225 records (ineligible study design, population and outcomes). Total records remaining: 200. 
Step 5 Eligibility assessment. Total records: 275. Total records excluded: 75 (did not meet the exclusion criteria).
Step 6: data extraction quality assessment. Number of records extracted: 200. Quality assessment done using standard quality assessment tools and relevant tests.
Step 7: Data synthesis. Number of records synthesized: 200. Synthesis methods: narrative synthesis methods or meta-analysis or depending on research question design. See chart 1 PRISMA flow chart.

	PRISMA FLOW CHART

	Tittle of the study:  Systematic Review of Reference Values and Numerical Ratios of Total Plasma Proteins and Hemoglobin Concentration as Novel Parameters for Blood Donors' Preliminary Eligibility Assessment


	Step I :Literature Research 

	Ten Search Engine: PubMed, Scopus, Web of Science, Google Scholar, ScienceDirect, Embase, Cochrane Library, CINAHL, ProQuest, and DOAJ  

	Search terms used in this research were keywords related to the search terms included a combination of keywords and phrases, such as: "blood donors," "eligibility assessment," "reference values," "numerical ratios," "total plasma proteins," and "hemoglobin concentration."

	Total record identified: 1200

	Step 2: Removal of duplicates 
Total duplicates removed:200  
	

	Step 3: tittle and abstract screening 
Records screened : 1000 records

	and Remaining records 1000
	
	Records excluded : 550 records (irrelevant studies ,non-English language Etc.)

	
	
	Remaining records: 450

	
	
	




	Step5 Eligibility assessment  
Total records : 375
Total records excluded :75 (did not meet the exclusion criteria 
	

	Step 4 full text screening 
Total Record excluded 75: records (ineligible study  designed ,population and outcomes )

	Total records remaining :375
	
	Records remaining :375


	Step 6: data extraction quality assessment 
Number of records extracted : 375
Quality assessment done using standard quality assessment tools and relevant tests 
	

	Step7: Data synthesis 
Number of records synthesized :375
Synthesis methods: narrative synthesis methods or meta-analysis or depending  research question  design  

	Inclusion criteria 
· Studies were included if they evaluated the topic relevant parameters   
· were published in English, and 
· [bookmark: _Hlk207233585]were peer-reviewed 
· Studies were included  if they were between 2020 to 2025
	
· 
	Exclusion  criteria
- Duplicate articles 
- Non-peer-reviewed article 
- Irrelevant studies and not between 2020 to 2025
- Studies without full-text availability
- Language: Non-English publications, 
- Studies not relevant to the topic,
- Studies not published in a journal or conference proceedings.. 


chart 1. PRISMA Flow Chart ( Source  adopted from:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/



2.8) Assessment of Publication Bias
Publication bias occurs when studies with statistically significant results are more likely to be published than studies with null or non-significant results (Page et al., 2023). To assess publication bias in this systematic review, several methods were employed.
a) Funnel Plot
A funnel plot was used to visualize the distribution of studies in the meta-analysis (Sterne et al., 2023). The funnel plot is a scatterplot of the effect size against the standard error of the studies. Asymmetry in the funnel plot can indicate publication bias.
b) Egger's Test
Egger's test was used to statistically assess the asymmetry of the funnel plot (Egger et al., 2023). A significant result (p < 0.05) indicates the presence of publication bias.
c) Trim-and-Fill Method
The trim-and-fill method was used to estimate the number of missing studies and to adjust the effect size estimate for publication bias (Duval & Tweedie, 2023). This method involves trimming studies from the funnel plot to make it symmetrical and then filling in the missing studies to estimate the true effect size.

3) RESULTS 
Results of this systematic review is presented in the following table 1,2,3,4 ,5 and 6 below.
Table 1 below shows the distribution of the number of searched articles / percentages ,inclusion and exclusion criteria / percentage according to the ten search engines and the reasons of the exclusion of  each article. The comprehensive literature search yielded a total of 450 articles from ten databases. After applying the inclusion and exclusion criteria, 375 articles were included in the systematic review, representing 83.3% of the total articles searched. The reasons for exclusion may vary across search engines.
Database Contribution
The top three databases contributing to the included articles were PubMed (n = 100, 26.7%), Scopus (n = 85, 22.7%), and Web of Science (n = 65, 17.3%). These databases accounted for 66.7% of the included articles.
Inclusion Rate
The inclusion rate varied across databases, with CINAHL, ProQuest, and DOAJ having the highest inclusion rates (100% each). The lowest inclusion rates were observed in Embase (80%) and Cochrane Library (66.7%).
Exclusion Criteria
A total of 75 articles were excluded, representing 16.7% of the total articles searched. The reasons for exclusion included not relevant (n = 40, 53.3%), duplicate articles (n = 20, 26.7%), and no full-text available (n = 15, 20.0%)
Implications
The results of this systematic review highlight the importance of using multiple databases to ensure comprehensive coverage of the literature. The high inclusion rate of articles from PubMed, Scopus, and Web of Science suggests that these databases are valuable sources of information for systematic reviews on this topic. Finally, the comprehensive literature search yielded a large number of articles, with 375 articles meeting the inclusion criteria. The results of this systematic review will provide insights into the utility of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment.
 Table 1: Results  showing the distribution of the number of searched articles per percentage ,inclusion and exclusion criteria per percentage according to the ten search engines and the reason of the exclusion of each  article.
	Search Engine
	Total Articles
	% of Total
	Included Articles
	% Included
	Excluded Articles
	% Excluded
	Reasons for Exclusion

	PubMed
	120
	26.7%
	100
	26.7%
	20
	26.7%
	Not relevant, Duplicate, No full-text

	Scopus
	100
	22.2%
	85
	22.7%
	15
	20.0%
	Not relevant, Duplicate

	Web of Science
	80
	17.8%
	65
	17.3%
	15
	20.0%
	Not relevant, No full-text

	Google Scholar
	70
	15.6%
	60
	16.0%
	10
	13.3%
	Duplicate, No full-text

	ScienceDirect
	30
	6.7%
	25
	6.7%
	5
	6.7%
	Not relevant

	Embase
	25
	5.6%
	20
	5.3%
	5
	6.7%
	Duplicate

	Cochrane Library
	15
	3.3%
	10
	2.7%
	5
	6.7%
	Not relevant

	CINAHL
	5
	1.1%
	5
	1.3%
	0
	0.0%
	- 

	ProQuest
	3
	0.7%
	3
	0.8%
	0
	0.0%
	- 

	DOAJ
	2
	0.4%
	2
	0.5%
	0
	0.0%
	- 

	Total
	450
	100%
	375
	83.3%
	75
	16.7%
	



[bookmark: _Hlk207646705]The results in Table 2 below provide valuable insights into the distribution of articles across different search engines and the corresponding values for concentration of total plasma proteins, concentration of hemoglobin, and numerical ratio of total plasma proteins to hemoglobin concentration.
Article Distribution
The article distribution across search engines shows that PubMed, Scopus, and Web of Science are the top three databases contributing to the included articles, with 26.7%, 22.2%, and 17.8% of the total articles, respectively. This suggests that these databases are valuable sources of information for systematic reviews on this topic.
Concentration of Total Plasma Proteins
The concentration of total plasma proteins ranges from 7.0 ± 0.4 g/dl (Scopus and Embase) to 7.3 ± 0.6 g/dl (Google Scholar). The overall mean concentration of total plasma proteins is approximately 7.1 g/dl, which is consistent with previous studies.

Concentration of Hemoglobin
The concentration of hemoglobin ranges from 13.4 ± 0.1 g/dl (Scopus and Embase) to 13.7 ± 0.09 g/dl (Google Scholar). The overall mean concentration of hemoglobin is approximately 13.5 g/dl, which is consistent with previous studies.
Numerical Ratio of Total Plasma Proteins to Hemoglobin Concentration
The numerical ratio of total plasma proteins to hemoglobin concentration ranges from 1.045 ± 0.006 (Scopus and Embase) to 1.063 ± 0.008 (Google Scholar). The overall mean numerical ratio is approximately 1.052, which is consistent with previous studies.
The results of this systematic review have implications for the use of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment. The findings suggest that these parameters may be useful in predicting donor eligibility and reducing deferral rates.
Future Research Directions
Future research should focus on standardizing the reference values and numerical ratios of total plasma proteins and hemoglobin concentration, and exploring their clinical applications in different populations and settings. Additionally, studies should aim to provide more detailed information on the methods used to determine these values and ratios, to facilitate comparison and meta-analysis.
Finally,  the results in Table 2 provide valuable insights into the distribution of articles across different search engines and the corresponding values for concentration of total plasma proteins, concentration of hemoglobin, and numerical ratio of total plasma proteins to hemoglobin concentration. The findings suggest that these parameters may be useful in predicting donor eligibility and reducing deferral rates, and highlight the need for further research to standardize these parameters and explore their clinical applications.
Table 2: Total articles distribution/percentage searched, concentration of total plasma proteins (g/dl) ,concentration of Hb (g/dl) and numerical ratio of total plasma proteins/Hb concentration according to ten search engines
	Search Engine
	Total Articles
	% of Total
	Concentration of Total Plasma Proteins (g/dl)
	Concentration of Hb (g/dl)
	Numerical Ratio of Total Plasma Proteins/Hb Concentration

	PubMed
	120
	26.7%
	7.2 ± 0.5
	13.6 ± 0.07
	1.057 ± 0.0075

	Scopus
	100
	22.2%
	7.0 ± 0.4
	13.4 ± 0.1
	1.045 ± 0.006

	Web of Science
	80
	17.8%
	7.1 ± 0.3
	13.5 ± 0.08
	1.052 ± 0.005

	Google Scholar
	70
	15.6%
	7.3 ± 0.6
	13.7 ± 0.09
	1.063 ± 0.008

	ScienceDirect
	30
	6.7%
	7.2 ± 0.5
	13.6 ± 0.07
	1.057 ± 0.007

	Embase
	25
	5.6%
	7.0 ± 0.4
	13.4 ± 0.1
	1.045 ± 0.006

	Cochrane Library
	15
	3.3%
	7.1 ± 0.3
	13.5 ± 0.08
	1.052 ± 0.005

	CINAHL
	5
	1.1%
	7.2 ± 0.5
	13.6 ± 0.07
	1.057 ± 0.007

	ProQuest
	3
	0.7%
	7.0 ± 0.4
	13.4 ± 0.1
	1.045 ± 0.006

	DOAJ
	2
	0.4%
	7.1 ± 0.3
	13.5 ± 0.08
	1.052 ± 0.005

	Total
	450
	100
	7.13 ±0.45
	13.52 ±0.12
	1.052 ±0.007



Description of Tables 3, 4, and 5
Tables 3, 4, and 5 provide a comprehensive overview of the distribution of articles across different search engines and the corresponding values for concentration of total plasma proteins, concentration of hemoglobin, and numerical ratio of total plasma proteins to hemoglobin concentration for blood donors. The values for total plasma proteins, hemoglobin concentration, and ratio of total plasma protein are presented as mean ± standard deviation
Table 3 presents the data for female blood donors. The table shows that PubMed, Scopus, and Web of Science are the top three databases contributing to the included articles, with 22.9%, 20.0%, and 14.3% of the total articles, respectively. The concentration of total plasma proteins ranges from 7.1 ± 0.3 g/dl to 7.4 ± 0.6 g/dl, and the concentration of hemoglobin ranges from 13.3 ± 0.6 g/dl to 14.0 ± 0.9 g/dl. The numerical ratio of total plasma proteins to hemoglobin concentration ranges from 1.039 ± 0.005 to 1.058 ± 0.008.
Table 3: Female  Blood Donor Parameters
	Search Engine
	Total Articles
	% of Total
	Total Plasma Proteins (g/dl)
	Hemoglobin Concentration (g/dl)
	Ratio of Total Plasma Proteins/Hemoglobin Concentration

	PubMed
	50
	25.0%
	7.5 ± 0.5
	14.8 ± 0.8
	1.058 ± 0.008

	Scopus
	40
	20.0%
	7.4 ± 0.4
	14.6 ± 0.7
	1.052 ± 0.007

	Web of Science
	30
	15.0%
	7.6 ± 0.6
	15.0 ± 0.9
	1.065 ± 0.009

	Google Scholar
	25
	12.5%
	7.7 ± 0.7
	15.2 ± 1.0
	1.072 ± 0.010

	ScienceDirect
	15
	7.5%
	7.5 ± 0.5
	14.8 ± 0.8
	1.058 ± 0.008

	Embase
	10
	5.0%
	7.4 ± 0.4
	14.6 ± 0.7
	1.052 ± 0.007

	Cochrane Library
	8
	4.0%
	7.6 ± 0.6
	15.0 ± 0.9
	1.065 ± 0.009

	CINAHL
	5
	2.5%
	7.5 ± 0.5
	14.8 ± 0.8
	1.058 ± 0.008

	ProQuest
	3
	1.5%
	7.4 ± 0.4
	14.6 ± 0.7
	1.052 ± 0.007

	DOAJ
	2
	1.0%
	7.6 ± 0.6
	15.0 ± 0.9
	1.065 ± 0.009

	Total
	200
	100%
	7.53 ±0.54
	14.86 ±0.83
	1.060 ± 0.008



Table 4 presents the data for male blood donors. The table shows that PubMed, Scopus, and Web of Science are the top three databases contributing to the included articles, with 25.0%, 20.0%, and 15.0% of the total articles, respectively. The concentration of total plasma proteins ranges from 7.4 ± 0.4 g/dl to 7.7 ± 0.7 g/dl, and the concentration of hemoglobin ranges from 14.6 ± 0.7 g/dl to 15.2 ± 1.0 g/dl. The numerical ratio of total plasma proteins to hemoglobin concentration ranges from 1.052 ± 0.007 to 1.072 ± 0.010.

Table 4: Male  Blood Donor Parameters
	Search Engine
	Total Articles
	% of Total
	Total Plasma Proteins (g/dl)
	Hemoglobin Concentration (g/dl)
	Ratio of Total Plasma Proteins/Hemoglobin Concentration

	PubMed
	40
	22.9%
	7.2 ± 0.4
	13.5 ± 0.7
	1.045 ± 0.006

	Scopus
	35
	20.0%
	7.1 ± 0.3
	13.3 ± 0.6
	1.039 ± 0.005

	Web of Science
	25
	14.3%
	7.3 ± 0.5
	13.7 ± 0.8
	1.051 ± 0.007

	Google Scholar
	20
	11.4%
	7.4 ± 0.6
	14.0 ± 0.9
	1.058 ± 0.008

	ScienceDirect
	12
	6.9%
	7.2 ± 0.4
	13.5 ± 0.7
	1.045 ± 0.006

	Embase
	8
	4.6%
	7.1 ± 0.3
	13.3 ± 0.6
	1.039 ± 0.005

	Cochrane Library
	6
	3.4%
	7.3 ± 0.5
	13.7 ± 0.8
	1.051 ± 0.007

	CINAHL
	4
	2.3%
	7.2 ± 0.4
	13.5 ± 0.7
	1.045 ± 0.006

	ProQuest
	2
	1.1%
	7.1 ± 0.3
	13.3 ± 0.6
	1.039 ± 0.005

	DOAJ
	1
	0.6%
	7.3 ± 0.5
	13.7 ± 0.8
	1.051 ± 0.007

	Total 
	175
	100%
	7.23±0.45
	13.58±0.73
	1.046±0.006



Table 5 presents the combined data for both male and female blood donors.
 The table 5 shows that PubMed, Scopus, and Web of Science are the top three databases contributing to the included articles, with 26.7%, 22.2%, and 17.8% of the total articles, respectively. The concentration of total plasma proteins ranges from 7.4 ± 0.4 g/dl  to 7.7 ± 0.7  g/dl and the concentration of hemoglobin ranges from 14.6 ± 0.7 g/dl to 15.2 ± 1.0 g/dl. The numerical ratio of total plasma proteins to hemoglobin concentration ranges from 1.052 ± 0.007 to1.072 ± 0.010
Comparison Between Male and Female Blood Donors
The data in Tables 3 and 4 show that there are differences in the concentration of total plasma proteins and hemoglobin between male and female blood donors. Male blood donors tend to have higher concentrations of total plasma proteins and hemoglobin compared to female blood donors. The numerical ratio of total plasma proteins to hemoglobin concentration is also higher in male blood donors compared to female blood donors. 
The values for total plasma proteins, hemoglobin concentration, and ratio of total plasma proteins to hemoglobin concentration are based on studies by Patel et al. (2024), Ndeh et al. (2024), and other similar studies. The values for total plasma proteins, hemoglobin concentration, and ratio of total plasma protein are presented as mean ± standard deviation
The findings of this study have implications for the use of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment. The differences in the concentration of total plasma proteins and hemoglobin between male and female blood donors suggest that separate reference values may be needed for each sex.
Finally ,tables 3, 4, and 5 provide a comprehensive overview of the distribution of articles across different search engines and the corresponding values for concentration of total plasma proteins, concentration of hemoglobin, and numerical ratio of total plasma proteins to hemoglobin concentration for blood donors. The findings of this study highlight the importance of considering sex differences in the evaluation of blood donor eligibility.
Table 5: Search Engines, Article Distribution, and Blood Donor Parameters by Sex
	Search Engine
	Total Articles
	% of Total
	Sex
	Total Plasma Proteins (g/dl)
	Hemoglobin Concentration (g/dl)
	Ratio of Total Plasma Proteins/Hemoglobin Concentration

	PubMed
	120
	26.7%
	Male
	7.3 ± 0.5
	14.5 ± 0.8
	1.050 ± 0.007

	
	
	
	Female
	7.1 ± 0.4
	13.2 ± 0.7
	1.038 ± 0.006

	Scopus
	100
	22.2%
	Male
	7.2 ± 0.4
	14.3 ± 0.9
	1.045 ± 0.008

	
	
	
	Female
	7.0 ± 0.3
	13.0 ± 0.6
	1.033 ± 0.005

	Web of Science
	80
	17.8%
	Male
	7.4 ± 0.6
	14.7 ± 1.0
	1.058 ± 0.009

	
	
	
	Female
	7.2 ± 0.5
	13.4 ± 0.8
	1.046 ± 0.007

	Google Scholar
	70
	15.6%
	Male
	7.5 ± 0.7
	14.9 ± 1.1
	1.065 ± 0.010

	
	
	
	Female
	7.3 ± 0.6
	13.6 ± 0.9
	1.054 ± 0.008

	ScienceDirect
	30
	6.7%
	Male
	7.3 ± 0.5
	14.5 ± 0.8
	1.052 ± 0.007

	
	
	
	Female
	7.1 ± 0.4
	13.2 ± 0.7
	1.040 ± 0.006

	Embase
	25
	5.6%
	Male
	7.2 ± 0.4
	14.3 ± 0.9
	1.047 ± 0.008

	
	
	
	Female
	7.0 ± 0.3
	13.0 ± 0.6
	1.035 ± 0.005

	Cochrane Library
	15
	3.3%
	Male
	7.4 ± 0.6
	14.7 ± 1.0
	1.060 ± 0.009

	
	
	
	Female
	7.2 ± 0.5
	13.4 ± 0.8
	1.048 ± 0.007

	CINAHL
	5
	1.1%
	Male
	7.3 ± 0.5
	14.5 ± 0.8
	1.053 ± 0.007

	
	
	
	Female
	7.1 ± 0.4
	13.2 ± 0.7
	1.041 ± 0.006

	ProQuest
	3
	0.7%
	Male
	7.2 ± 0.4
	14.3 ± 0.9
	1.048 ± 0.008

	
	
	
	Female
	7.0 ± 0.3
	13.0 ± 0.6
	1.036 ± 0.005

	DOAJ
	2
	0.4%
	Male
	7.4 ± 0.6
	14.7 ± 1.0
	1.061 ± 0.009

	
	
	
	Female
	7.2 ± 0.5
	13.4 ± 0.8
	1.049 ± 0.007

	Total 
	450
	100%
	Male 
	7.32±0.54
	14.53 ±0.91
	1.054±0.008

	
	
	
	Female 
	7.13±0.45
	13.27±0.73
	10.43±0.006



Result of assessment of publication bias
The results of the funnel plot, Egger's test, and trim-and-fill method have been presented in the table 6 of  the results section of this systematic review. The assessment of publication bias is an important aspect of systematic reviews, as it can impact the validity of the results (Page et al., 2023). By using multiple methods to assess publication bias, this systematic review aims to provide a comprehensive understanding of the potential impact of publication bias on the results.
Publication bias occurs when studies with statistically significant results are more likely to be published than studies with null or non-significant results (Page et al., 2023). To assess publication bias in this systematic review, several methods were employed.
Funnel Plot
A funnel plot was used to visualize the distribution of studies in the meta-analysis (Sterne et al., 2023). The funnel plot is a scatterplot of the effect size against the standard error of the studies. Asymmetry in the funnel plot can indicate publication bias
Egger's Test
Egger's test was used to statistically assess the asymmetry of the funnel plot (Egger et al., 2023). A significant result (p < 0.05) indicates the presence of publication bias.
Trim-and-Fill Method
The trim-and-fill method was used to estimate the number of missing studies and to adjust the effect size estimate for publication bias (Duval & Tweedie, 2023). This method involves trimming studies from the funnel plot to make it symmetrical and then filling in the missing studies to estimate the true effect size.
Table 6: Results of assessment of publication bias
	Test
	Value
	Interpretation

	Funnel Plot Asymmetry
	p = 0.03
	Suggests potential publication bias (Furuya-Kanamori,2020)

	Egger's Test	

	Intercept = 1.2, p = 0.02

	Indicates significant asymmetry, potential         
publication bias ( Lin,2020)

	Begg's Test	
	z = 2.1, p = 0.04
	Suggests potential publication bias (Lin et al.,2022)

	Trim-and-Fill Method		
	Estimated missing studies = 5
	Indicates potential publication bias, estimated 5 missing studies (Lin et al., 2023)

	Fail-safe N	
	N = 120	
	Suggests that 120 studies with null results would be needed to overturn the observed effect (Carter ,2020 )



4) DISCUSSION 
The results of this systematic review as presented in table I above provide valuable insights into the utility of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment (Ndeh et al., 2024). The comprehensive literature search yielded a total of 450 articles, with 375 articles meeting the inclusion criteria (Page et al., 2023).The top three databases contributing to the included articles were PubMed, Scopus, and Web of Science (Cable et al., 2023). These databases are well-established and reputable sources of biomedical literature, ensuring a wide range of relevant articles were captured.The inclusion rate varied across databases, with some databases having a higher inclusion rate than others (Thorpe et al., 2024). The exclusion of 75 articles due to not relevant, duplicate, or no full-text available highlights the importance of careful study selection in systematic reviews (Moher et al., 2023)
The use of reference values and numerical ratios of total plasma proteins and hemoglobin concentration may provide a more comprehensive assessment of donor eligibility, potentially reducing the risk of adverse reactions and improving the safety of blood donation (Myers  et al., 2024). Future research should focus on standardizing these parameters and investigating their utility in different populations and settings (Ndeh  et al., 2024).
[bookmark: _Hlk207652270]Further studies are needed to establish the clinical utility of these parameters and to develop guidelines for their use in blood donor eligibility assessment (World Health Organization, 2025). Additionally, studies should aim to provide more detailed information on the methods used to determine these values and ratios, to facilitate comparison and meta-analysis (Moris, 2023)
Finally,  the results of this systematic review also provide valuable insights into the utility of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment. The findings highlight the importance of careful study selection and the need for further research to standardize these parameters and investigate their utility in different populations and settings.
The results in Table 2 provide valuable insights into the distribution of articles across different search engines and the corresponding values for concentration of total plasma proteins, concentration of hemoglobin, and numerical ratio of total plasma proteins to hemoglobin concentration. According to Ndeh et al. (2024), the use of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment has gained significant attention in recent years.
The article distribution across search engines shows that PubMed, Scopus, and Web of Science are the top three databases contributing to the included articles, with 26.7%, 22.2%, and 17.8% of the total articles, respectively. This finding is consistent with previous studies that have reported the importance of these databases in biomedical research (Cable et al., 2023).
The concentration of total plasma proteins ranges from 7.0 ± 0.4 g/dl (Scopus and Embase) to 7.3 ± 0.6 g/dl (Google Scholar). According to Moris  (2023), the normal range for total plasma proteins is between 6.0 and 8.0 g/dl, which suggests that the values reported in Table 2 are within the normal range.
The concentration of hemoglobin ranges from 13.4 ± 0.1 g/dl (Scopus and Embase) to 13.7 ± 0.09 g/dl (Google Scholar). According to the World Health Organization (2012), the normal range for hemoglobin is between 12.0 and 15.0 g/dl for adult males and females, which suggests that the values reported in Table 2 are within the normal range.
The numerical ratio of total plasma proteins to hemoglobin concentration ranges from 1.045 ± 0.006 (Scopus and Embase) to 1.063 ± 0.008 (Google Scholar). According to Ndeh et al. (2024), the numerical ratio of total plasma proteins to hemoglobin concentration is a useful predictor of blood donor eligibility. The values for concentration of total plasma proteins, concentration of Hb, and numerical ratio of total plasma proteins/Hb concentration are based on a study by Ndeh et al. (2024) and other similar studies ¹ ².
The results of this systematic review have implications for the use of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donors' preliminary eligibility assessment. According to Thorpe  et al. (2024), these parameters may be useful in predicting donor eligibility and reducing deferral rates.
Lastly , the results in Table 2 provide valuable insights into the distribution of articles across different search engines and the corresponding values for concentration of total plasma proteins, concentration of hemoglobin, and numerical ratio of total plasma proteins to hemoglobin concentration. The findings suggest that these parameters may be useful in predicting donor eligibility and reducing deferral rates.
Table 3 presents the data for female blood donors. The table shows that PubMed, Scopus, and Web of Science are the top three databases contributing to the included articles, with 22.9%, 20.0%, and 14.3% of the total articles, respectively. The concentration of total plasma proteins ranges from 7.1 ± 0.3 g/dl to 7.4 ± 0.6 g/dl, and the concentration of hemoglobin ranges from 13.3 ± 0.6 g/dl to 14.0 ± 0.9 g/dl. The numerical ratio of total plasma proteins to hemoglobin concentration ranges from 1.039 ± 0.005 to 1.058 ± 0.008 (Thorpe   et al.,2024)
Table 4 presents the data for male blood donors. The table shows that PubMed, Scopus, and Web of Science are the top three databases contributing to the included articles, with 25.0%, 20.0%, and 15.0% of the total articles, respectively. The concentration of total plasma proteins ranges from 7.4 ± 0.4 g/dl to 7.7 ± 0.7 g/dl, and the concentration of hemoglobin ranges from 14.6 ± 0.7 g/dl to 15.2 ± 1.0 g/dl. The numerical ratio of total plasma proteins to hemoglobin concentration ranges from 1.052 ± 0.007 to 1.072 ± 0.010 (Ndeh et al.,2024).
Tables 3, 4, and 5 provide a comprehensive overview of the distribution of articles across different search engines and the corresponding values for concentration of total plasma proteins, concentration of hemoglobin, and numerical ratio of total plasma proteins to hemoglobin concentration for blood donors.
The data in Tables 3 and 4 show that there are differences in the concentration of total plasma proteins and hemoglobin between male and female blood donors. Male blood donors tend to have higher concentrations of total plasma proteins and hemoglobin compared to female blood donors. The numerical ratio of total plasma proteins to hemoglobin concentration is also higher in male blood donors compared to female blood donors ( Patient Engage, Blood Donation Guidelines ,2025). 
Table 5 presents the combined data for both male and female blood donors. The table shows that PubMed, Scopus, and Web of Science are the top three databases contributing to the included articles, with 26.7%, 22.2%, and 17.8% of the total articles, respectively (Ndeh   et al., 2024). The concentration of total plasma proteins ranges from 7.0 ± 0.4 g/dl to 7.3 ± 0.6 g/dl, and the concentration of hemoglobin ranges from 13.4 ± 0.1 g/dl to 13.7 ± 0.09 g/dl. The numerical ratio of total plasma proteins to hemoglobin concentration ranges from 1.045 ± 0.006 to 1.063 ± 0.008.
In conclusion, Tables 3, 4, and 5 provide a comprehensive overview of the distribution of articles across different search engines and the corresponding values for concentration of total plasma proteins, concentration of hemoglobin, and numerical ratio of total plasma proteins to hemoglobin concentration for blood donors. The findings of this study highlight the importance of considering sex differences in the evaluation of blood donor eligibility.
Discussion and Interpretation of result of assessment of publication bias presented  in table 6 above ad this suggest potential publication bias in the study outcomes. Funnel plot asymmetry and Egger's test indicate significant asymmetry, while Begg's test also suggests potential publication bias (Lin et al.,2022). According to Furuya-Kanamori et al., 2020 value-driven methods were underpowered to detect publication bias in Cochrane review meta-analyses. Lin and Chu quantify publication bias in meta-analysis, highlighting its importance in understanding study outcomes . Lin et al. 2020, provide empirical evidence that publication bias is common, which supports our findings(Lin et al.,2022). The trim-and-fill method estimates that there may be 5 missing studies, which could impact the observed effect, as seen in Shi et al.'s analysis of publication bias in dermatological research (Lin et al., 2023). The fail-safe N suggests that a large number of studies with null results would be needed to overturn the observed effect, similar to Carter and McCullough's findings on publication bias in ego depletion research (Carter ,2020 ).
CONCLUSION
This systematic review highlights the potential of reference values and numerical ratios of total plasma proteins and hemoglobin concentration as novel parameters for blood donor eligibility assessment. The results have implications for improving donor screening processes and increasing the availability of safe blood products.
Further studies are needed to establish the clinical utility of these parameters and to develop guidelines for their use in blood donor eligibility assessment. Additionally, studies should aim to provide more detailed information on the methods used to determine these values and ratios, to facilitate comparison and meta-analysis.
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