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Abstract
Background/Aims: Assessment of the levels of vital blood parameters in donors is essential 
to evaluate their health status, ensure their suitability for donation, preserve the integrity of 
the circulatory system, and facilitate comprehensive health monitoring. The aim of our study 
was to analyse the levels of haemoglobin, haematocrit, erythrocyte count, MCV, MCH, and 
MCHC in 12 groups of first-time donors and experienced donors of both sexes at the John 
Paul II Regional Blood Donation and Treatment Centre in Słupsk, northern Poland. The donors 
were divided into three age groups (18-30 years, 31-45 years, and 46-65 years). Methods: 
Using MANOVA multivariate significance tests, we examined the main effects of donor-related 
factors (age, sex, donor stage) on morphological blood parameters to evaluate different 
haematological parameters, such as Hb, Ht, RBC, MCV, MCH, and MCHC, and identified 
statistically significant relationships between all variables. Results: The multivariate analysis 
of these three main factors showed that the variation in haemoglobin (Hb) levels accounted 
for 46% of the explained dependence in this statistical model. In particular, approximately half 
of the variability in the multivariate statistical analysis was attributed to the role of Hb and 
haematocrit (Ht). In addition, the β-coefficient values for Hb and Ht were statistically higher in 
relation to donor sex and donor type (single versus repeat). These β-coefficient values from 
our data represent the strength and direction of the relationship between the haematological 
parameters (Hb and Ht) and the specific donor characteristics. A higher β-coefficient indicates 
a stronger influence of donor sex and donor type on these parameters, suggesting that these 
factors contribute significantly to the variation in the Hb and Ht levels. Based on our results, 
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the comprehensive analysis of the entire statistical model of metabolic biomarkers revealed 
the following hierarchy: Hb > Ht > MCHC > MCV > RBC > MCH. The results obtained showed 
strong statistical relationships, as indicated by the high values of the key statistical indicators 
in our analysis. The coefficient of determination (R²) showed that the model explained a 
significant proportion of the variance in the data, while the F-test statistic confirmed the 
significance of the predictors. Conclusions: These strong statistical dependencies provided 
a clear justification for selecting this model over others, as it effectively represented the 
underlying relationships within the data. These statistics help to assess how well the model 
matches the actual data, thereby helping to reduce the risks associated with blood donation, 
optimise donor safety, and maintain the quality and efficiency of blood transfusion services.

Introduction

Blood donation is a vital aspect of healthcare that relies on the generosity of donors 
to maintain an adequate blood supply for transfusion and medical treatment (1). Multiple 
and long-term blood donors play a crucial role in this process, often exhibiting unique 
characteristics in their red cell parameters due to their frequent donation practices (2). Our 
study is a first step in examining this issue on a large scale. By examining a large dataset, we 
aim to lay the baseline for further investigations into the unique characteristics observed in 
long-term blood donors. The unique characteristics observed in multiple and long-term blood 
donors - such as different erythrocyte parameters and variations in haemoglobin levels - are 
interesting but remain poorly understood from a genetic and immunological perspective as 
well as in relation to such factors as iron metabolism (3-8), diet (9, 10), lifestyle (11, 12) and 
psycho-emotional state (13). Although these characteristics are known, there is a notable gap 
in understanding the responses that contribute to long-term adaptation in blood donors and 
the impact of the interactions between haematological balances and metabolic processes on 
these parameters. Further research in these areas is needed to fully elucidate the underlying 
mechanisms and implications of these unique donor profiles.

Blood donation is a cornerstone of modern healthcare systems worldwide (14). It plays 
a pivotal role in ensuring the availability of vital blood components needed for various 
medical procedures, including surgery, treatment of chronic diseases, trauma care, and 
emergencies. Donated blood and its components, such as red cells, platelets, and plasma, are 
essential resources that save millions of lives every year. One of the main purposes of blood 
donation is to replenish blood supplies in blood banks and hospitals (15, 16). These supplies 
are in constant demand to meet the needs of patients suffering from such conditions as 
cancer, anaemia, bleeding disorders, and obstetric complications. Without an adequate and 
consistent supply of donated blood, healthcare providers would struggle to perform critical 
medical interventions and surgeries, putting patients’ lives at risk (17). Encouraging and 
facilitating blood donation is therefore essential to protect the health and well-being of 
individuals and communities worldwide (18-22).

Multiple and long-term donors are individuals who have made numerous donations over 
an extended period of time, demonstrating a strong commitment to blood donation (23-25). 
These donors play a critical role in maintaining the blood supply, often serving as a reliable 
source of blood products for hospitals and healthcare facilities (24). Multiple donors typically 
give blood regularly, sometimes exceeding the average frequency of donation recommended 
for the general population (14). Their consistent donations make a significant contribution 
to maintaining an adequate blood supply, particularly during periods of increased demand 
or shortage. Although the influence of individual and contextual factors on donor status 
and behaviour is well established, the underlying mechanisms remain poorly understood. 
Piersma et al. (26) highlighted the importance of longitudinal studies focusing on donor 
behaviour, in particular examining the impact of life events and network dynamics on blood 
donor careers. Therefore, a better understanding of donor behaviour will help policy makers 
in blood collection organisations to ensure a consistent and adequate blood supply, which is 
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paramount. This is because multiple and long-term donors may have unique characteristics 
in their donation profiles and physiological parameters compared to occasional or first-time 
donors. Studying these characteristics can provide insights into the impact of repeated blood 
donation on donor health and well-being and identify potential strategies to support the 
long-term health of these dedicated individuals (26).

Iron plays a crucial role in the health and well-being of blood donors, directly influencing 
the quality of donated blood (27). Therefore, the importance of iron levels in blood donors 
is a topic that is actively debated in the literature. Iron is indeed a critical factor for blood 
donors, as it is directly linked to haemoglobin levels, affecting the quality of donated blood 
and the donor’s overall health (28, 7). It is known that haemoglobin, i.e. the protein in red 
blood cells responsible for the transport of oxygen, is dependent on adequate iron levels to 
maintain its functionality (29). However, iron is only one of several key factors that influence 
blood donation. Other factors are also important: overall health and nutrition, including 
vitamins B12 and folate, are essential for red blood cell production (30, 31), hydration levels 
are important to maintain blood volume and prevent dehydration (32), and the frequency of 
donation affects the donor’s ability to replenish blood components and iron stores (33). In 
addition, psycho-emotional well-being and hormonal balance can affect both donor health 
and blood quality (9, 34). The importance of iron levels in blood donors is a topic that is 
actively debated in the literature (35-37). Adequate iron levels are essential to maintain 
haemoglobin levels, which are critical for oxygen transport in the body (29). However, 
repeated blood donations can lead to depletion of iron stores in donors, potentially resulting 
in iron deficiency and anaemia (35). Therefore, regular monitoring of iron levels in blood 
donors and appropriate interventions, such as iron supplementation or deferral of donation, 
are essential to prevent adverse health outcomes and ensure the safety of both donors and 
recipients. In addition, strategies to optimise iron repletion and minimise iron loss through 
dietary interventions and donation management are being actively explored to protect 
donor health and the sustainability of blood donation programmes (38-40).

The issue of fundamental differences between men and women in blood donation and the 
blood from one-time and repeat donors is poorly understood and requires further research. 
This is due to several factors, including the complexity of the biological processes involved 
in blood donation, potential differences in the response to donation stressors between men 
and women, and the need for comprehensive longitudinal studies to thoroughly understand 
the impact of repeated donations on blood parameters (41, 42). The influence of such factors 
as age (43), hormonal status (44), and lifestyle habits (13) on blood parameters highlights 
the need for further research in these areas. Furthermore, donor demographics, frequency 
of donation, and duration of donation history will be considered in the analysis to provide 
a comprehensive understanding of the relationship between blood donation frequency and 
red cell parameters (26). The results of a similar study will provide valuable insights for 
blood donation programmes, helping to develop tailored strategies to support the health 
and well-being of multiple and long-term blood donors, while ensuring the sustainability of 
blood donation services.

Our study, conducted at the John Paul II Regional Blood Donation and Treatment Centre 
in Słupsk (northern Poland), aimed to analyse: i) the erythrocyte parameters in individuals 
who had donated blood once and those who had been long-term blood donors in different 
age groups (18-30 years, 31-45 years, and 46-65 years), including both sexes. This analysis 
aimed to identify any significant trends or differences compared with occasional or first-
time donors. ii) By examining key parameters including haemoglobin levels, haematocrit, red 
blood cell (RBC) count, mean corpuscular volume (MCV), mean corpuscular haemoglobin 
(MCH), and mean corpuscular haemoglobin concentration (MCHC), our research aimed 
to elucidate the potential impact of repeated blood donation on the physiological status 
of donors; iii) In addition, our study used the multivariate analysis of variance (MANOVA) 
supported by the results of the sum-of-squares test (total SS model vs. residual SS), as well 
as multiple correlation analysis (R), coefficient of determination (R2), and its corrected form 
adjusted for random error (R2 adjusted). Through these analytical approaches, we aimed to 
gain a comprehensive understanding of the relationship between blood donation frequency 
and erythrocyte parameters.
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Materials and Methods

Ethical approval
The experiments were conducted by the Guidelines of the European Union Council and the current laws 

in Poland. The study was conducted with the statement on bioethical approval of the Bioethics Committee of 
Gdansk (KB 41/23). All studies involving human blood were approved by the institutional review board of 
the Bioethical Commission at Gdańsk Medical University (No KB-41/23, 9.10.2023).

Experimental design
The research was conducted at the John Paul II Regional Blood Donation and Treatment Centre in 

Słupsk (northern Poland), which operates as an independent unit in 3 field branches. We analysed results 
obtained from healthy voluntary donors aged 18-65 years. Blood was analysed after collection from donors 
of different age and sex divided according to the characteristics of blood donation frequency: 1) first-time 
donors - those who donate blood for 
the first time and 2) multiple donors 
- those who systematically donate 
blood at least twice within 24 months 
(according to the blood transfusion 
service in Poland), as shown in 
another study (45). Blood was 
collected both at the headquarters 
of the John Paul II Regional Blood 
Donation and Treatment Centre in 
Słupsk and at two field branches in 
Chojnice and Lębork (Pomeranian 
Voivodeship, Poland). The blood 
donation was carried out with the 
help of mobile blood collection teams 
in the whole area of operation of the 
Regional Blood Donation and Blood 
Treatment Centre, i.e. in the districts 
of Bytów, Chojnice, Człuchów, Lębork, 
Słupsk, and the city of Słupsk with the 
rights of a district, mainly through a 
mobile blood collection unit.

Characteristics of blood donors
 Blood samples were taken from 

healthy individuals aged between 
18 and 60 years (up to 65 years 
with medical consent). In Poland (as 
in many European countries), the 
permissible frequency of whole blood 
donations per year is 6 times for 
men and 4 times for women, with an 
interval of at least 8 weeks. In addition, 
a complete blood count is performed 
once a year for each donor. A first-
time donor is defined as a person 
who has not previously donated 
blood for therapeutic purposes and 
a repeat donor is defined as a donor 
who donates blood regularly (at least 
twice in the last 24 months).

Fig.1. Study design.
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Prior to each donation, the donor’s laboratory results are reviewed by a qualified physician, a donor 
questionnaire that includes detailed questions about the donor’s past and present health and possible 
risk behaviours is completed and a physical examination (abbreviated physical and subject examination) 
is performed. The test to qualify for blood donation is the haemoglobin (Hb) level, which is determined 
in blood taken from the finger. In Poland, the Hb level of ≥12.5 g/dl for women and ≥13.5 g/dl for men is 
required to qualify a donor to give blood (46); the same values are used in some European countries. In the 
USA and Canada, however, donors can give whole blood every 56 days if their Hb concentration is at least 13 
g/dl (men) and 12.5 g/dl (women), as shown in another study (47).

Typically, 450 ml of whole blood is collected from each donor. Blood is collected in sterile disposable 
aphaeresis container sets made of plastic materials, integrally connected and containing aphaeresis 
preservative fluid (Citrate–phosphate–dextrose (CPD) solution 63 ml, citric acid monohydrate 3, 27 g, 
sodium citrate dihydrate 26, 3 g, sodium dihydrogen phosphate monohydrate 2, 51 g, glucose monohydrate 
25, 5 g, aqua for injection, up to 1000 ml). One unit of whole blood collected is 450 ml ± 10% mixed with 
preservative fluid.

For each collected donation, blood samples are taken for a number of tests, including markers of 
infectious factors: syphilis test, HBs antigen, anti-HCV antibodies, and anti-HIV 1/2 antibodies as well 
as HCV RNA, HBV DNA, and HIV RNA. Blood grouping within the ABO, RhD, and K systems and antibody 
screening are performed for each collected donation (48, 49).

Blood donor groups analyse
All the blood donors were divided into 12 groups based on the frequency of donation (disposable, 

multiple), gender (female, male), and three age groups (18-30, 31-45, and 46-65 years), totalling 700 
individuals. The blood donors were divided into one-time donors, age group 18-30 years, 450 ml of blood 
(disposable, one-time or first blood donation, DBD, n = 50), one-time donors, age group 31-45 years, 450 ml 
of blood (DBD, n = 75), one-time donors, age group 46-65 years, 450 ml of blood (DBD, n = 50); long-term 
regular blood donors (LRBD, n = 50), long-term regular blood donors (LRBD, n = 75), 31-45 years, 1-15 
litres, and 46-65 years, 2-15 litres; in the case of men, the blood volume was 450 ml in the age group 18-30 
years (DBD, n = 50) and in the age groups 31-45 years (DBD, n = 75) and 46-65 years (DBD, n = 50); in the 
group of long-term regular blood donors, the blood volume was 2-12 litres at 18-30 years (LRBD, n = 50), 
2-20 litres at 31-45 years (LRBD, n = 75), and 1-55 litres at 46-65 years (LRBD, n = 50).

Sample collection for analysis
Disposable equipment was used to collect material for analyses. Blood samples were collected in tubes 

using a closed vacuum system. Specifically, venous blood samples were collected in 2-ml tubes containing 
K3-EDTA anticoagulant to maintain stability for 24 hours at temperatures in the range of 2-8°C. K3-EDTA 
maintains good sample stability and prevents clotting. It also helps to inhibit glycolysis, preserving the 
integrity of blood samples, and has no effect on the MCV of red blood cells at higher concentrations. Prior to 
the analysis, the samples were mixed on a haematological mixer (Universal Hematology Mixer, TYPE UMH-5, 
WIGO, Poland) for 5 minutes.

Determination of red blood cell morphology
Determination of erythrocyte morphology was performed using a SYSMEX XN-550 haematology 

analyser (SYSMEX, Poland), i.e. an automated 5-part differential analyser with a sample aspiration volume 
of 25µl. The SYSMEX XN-550 analyser includes fluorescence flow cytometry, hydrodynamic focusing, and 
the cyanide-free SLS method for haemoglobin determination.

Our analyses were performed using the SYSMEX XN-550 haematology analyser. This equipment uses 
fluorescence flow cytometry to measure erythrocyte morphology, providing data on cell volume, internal 
structures, and nucleic acid content. The presence of cells or particles in the path of the laser beam results 
in the generation of three distinct signals: forward scatter, side scatter, and side fluorescence light. The 
intensity of the forward scatter indicates the cell volume. The side scatter provides information about the 
interior of the cell, such as the nucleus and granules. The amount of DNA and RNA present in the cell is 
indicated by side fluorescence. The SYSMEX analyser uses a sheath liquid and a direct current detection 
method to count red blood cells (RBCs) in million blood cells/μl. We used this analyser to count red blood 
cells (RBCs) by impedance with hydrodynamic focusing and to measure the haemoglobin concentration 
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with a cyanide-free photometric method with sodium lauryl sulphate (SLS). The hydrophilic groups of SLS 
molecules bind to the haeme group, forming a stable-coloured complex (SLS-HGB), which is analysed using 
a photometric method. A LED diode emits monochromatic light, which passes through the mixture and is 
absorbed by SLS-HGB complexes. The absorbance, measured by a photoelectric sensor, is proportional to 
the concentration of haemoglobin in the sample.

In our study, we found no significant changes in Hb and Ht levels, and the blood donors did not report 
any discomfort during medical interviews. Therefore, additional analysis of iron levels was not considered 
necessary, as there was no evidence of iron deficiency or adverse effects associated with blood donation.

Statistical analysis
The statistical analysis was performed using the Statistica 13.3 package (TIBCO Software, Palo 

Alto, CA, USA). Analysis results were expressed as mean ± standard deviation. A multiple range test was 
used to determine significant differences between means, with P values < 0.05 considered statistically 
significant. Prior to the analysis, data were assessed for homogeneity of variance using Levene’s test and 
for normality using the Kolmogorov-Smirnov test. Three-way ANOVA and Tukey’s post-hoc test were 
used to analyse differences between values obtained for all donor groups based on the stage, age, and sex. 
The use of multivariate significance tests allowed us to examine the main effects (age, sex, donor stage) 
on morphological blood parameters commonly assessed in studies evaluating different haematological 
parameters, such as Hb, Ht, RBC, MCV, MCH, and MCHC, and to identify statistically significant relationships 
for all variables. The model included the main effect of their interaction as well as the experimental random 
error assessed by the F-test and its significance.

In addition, the multivariate analysis of variance (MANOVA) was supported by sum-of-squares test 
results (total SS model vs. residual SS) for multiple correlation analysis (R), coefficient of determination 
(R2), and its corrected form adjusted for random error in data analysis (R2 adjusted). The coefficient of 
determination serves as the primary indicator of the quality of the regression model and describes the 
relationship between dependent and independent variables in the statistical model.

Standardised β-coefficients of regression were used to assess multivariate dependencies and the 
influence of the analysed predictors in the model of blood donor age, sex, and frequency criteria. This made 
it possible to compare the overall effect of each predictor on the dependent variable with the effect of other 
predictors and to assess the combined effects of the main factors on each of the morphological parameters 
of the red blood cells studied in the blood of donors (50).

Results

Haemoglobin levels in one-time and long-term blood donors according to sex and age
We used the multivariate tests of significance with σ-restricted parameterization 

and effective hypothesis decomposition in the statistical analysis to analyse the role of 
the following main factors: sex of disposable (DBD) and long-term regular (LRBD) blood 
donors, multiplex, and age of blood donor groups (18-30 years, 31-45 years, and 46-65 
years). The regression analysis of the haemoglobin (Hb, g/dl) data in all the groups for the 
main effect of sex showed a statistically significant t-test value of 24.16 (p = 0.000). The 
result of the analysis of variance was F3.698 = 199.32 and was also statistically significant. The 
summary results of the regression analysis were as follows: R = 0.692 and the coefficient 
of determination for Hb the in these conditions was R2 = 0.461 and R2

adj = 0.459. Thus, the 
analysis of the multivariate variation for the Hb parameter corresponds to the value of 
46% of the dependence explanation in this statistical model, i.e. half of the variability in the 
multivariate statistical analysis was determined by the role of Hb.

The analysis of the value of the β-coefficient, which determines the unified role of the 
main factor in the variability of the Hb parameter in the statistical analysis, was β = 0.706 ± 
0.029 for the donor sex and β = -0.29 ± 0.29 for the multiple donor type, which indicates a 
higher dependence of the Hb level on the sex than on the multiple donor type. Both values 
were statistically significant. A detailed description of these data is shown in Table 1.

It should be noted that the values of all Hb levels for this data set were within the normal 
range for the age and sex of the patients according to the criteria for donation in Poland (45, 
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46, 51). It is important to note that the values of Hb in our studies showed the highest values 
in the group of women aged 31-45 years and the lowest in this group of multiple donors 
aged 18-30 years; in the group of men, the highest Hb values were in the group of younger 
men aged 18-30 years who were beginning their blood donation experience and the lowest 
in the older donors aged 46-65 years with a long history of donation. In our study of Hb 
levels, the mode value, which is characterised as one or more values in a set of observations 
that occur most frequently and show the typicality of the observation value, was 13.9 and 
was recorded in this population in five patients, with a median value of 14.3. These data 
are also presented in Table 1. In the case of the Hb data, the lower and upper quartiles of 
the experimental data sample, the median of the lower half of the sample, and the median 
of the upper half of the sample, respectively, are given, as well as variation values showing 
differences in haemoglobin level values in relation to age, type of the donation process (first-
time donors), and in blood donors of different ages.

This table also shows the values of the coefficient of variability, which indicates the 
degree of variability with respect to the sample mean and is expressed as a percentage. 
We obtained statistically significant differences between the groups by sex, i.e. male and 
female donors in their age groups, and by the type of the blood donation process (primary or 
regular multiple donation). It is important to note that the variability process specification 
showed the lowest values for the indicators for the female group (LRBD, age 18-30, n = 50) 
and the highest for this sample for the male group (LRBD, age 46-65, n = 50). Skewness 
characterises the degree of asymmetry of the data distribution around its mean, and the 
results of our observations show low values of this parameter, which may indicate a low 
degree of differences when comparing the distribution of the analysed Hb variable with a 
hypothetical normal distribution.

Table 1. Haemoglobin level (g/dl) in disposable blood donors (DBD) and long-term regular blood donors 
(LRBD) by sex and age. ANOVA post-hoc analysis with Tukey’s HSD test between the groups. * Significant 
changes between groups: female, DBD or LRBD, 18-30 years and male, DBD, 18-30 years at p < 0.05; ** 
Significant changes between groups: female, DBD or LRBD, 31-45 years and male, DBD, 31-45 years at p < 
0.05; # Significant changes between groups:  female, DBD or LRBD, age 46-65 and male, DBD, age 46-65 at 
p < 0.05; & Significant changes between groups: female, DBD or LRBD, 18-30 years and male, LRBD, 18-30 
years at p < 0.05; && Significant changes between groups: female, LRBD, age 31-45 and male, LRBD, age 31-
45 at p < 0.05; @ Significant changes between groups: female, LRBD, age 46-65 and male, LRBD, age 46-65 
at p < 0.05
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Haematocrit value
As haematocrit (Ht) is a key parameter in understanding the health and oxygen-carrying 

capacity of the blood, this was the next stage of our study. Ht indicates the proportion of red 
blood cells in blood, expressed as a percentage, and depends on the number and size of red 
blood cells. The normal Ht range is 40.7-50.3% for males and 36.1-44.3% for females. Our 
data confirm these levels of distribution of the parameters in the donor groups studied.

The regression analysis of the dependent variable according to the Ht parameter 
performed using MANOVA correlation coefficient analysis showed the value R = 0.639. For 
the coefficient of determination in the linear regression model analysed here, this coefficient 
indicates the proportion of variance in the dependent variable (Ht) associated with the 
predictor (independent) values, such as gender and multiple donations, at the level of R2 
= 0.409. The statistical analysis also shows the use of the corrected value of the coefficient, 
which is useful in the model selection process, as it helps to identify models that effectively 
explain the variance in the dependent variable without introducing unnecessary complexity 
and is used in the corrected form as R2

adj = 0.407.
The F coefficient showed a Ht value of F3.698 = 161.26, which was statistically significant. 

The standardised beta regression coefficient showed the following values for the Ht 
parameter: β = 0.670 ± 0.031 for the gender factor and slightly smaller for the multiple 
donation factor with β = -0.234 ± 0.030. These relationships were statistically significant for 
the above factors (predictors).

The data on Ht values for all the donors in the study group are presented in Table 2. 
As analysed previously, these changes were statistically significant for the donor groups of 
different sexes and similar to the statistically significant relationships presented previously 
for Hb, as these parameters are significantly correlated in the determination and analysis 
of blood. The highest Ht values were found in the group of the female donors LRBD (31-45 
years) and the lowest in the DBD group (18-30 years). In the male donor group, the highest 
Ht values were found in the DBD group (18-30 years) and the lowest in the LRBD group (18-
30 years).

Table 2. Haematocrit level (%) in disposable blood donors (DBD) and long-term regular blood donors 
(LRBD) by sex and age. ANOVA post-hoc analysis with Tukey’s HSD test between the groups. * Significant 
changes between groups: female, DBD or LRBD, 18-30 years and male, DBD, 18-30 years at p < 0.05; ** 
Significant changes between groups: female, DBD or LRBD, 31-45 years and male, DBD, 31-45 years at p < 
0.05; # Significant changes between groups:  female, DBD or LRBD, age 46-65 and male, DBD, age 46-65 at 
p < 0.05; & Significant changes between groups: female, DBD or LRBD, 18-30 years and male, LRBD, 18-30 
years at p < 0.05; && Significant changes between groups: female, LRBD, age 31-45 and male, LRBD, age 31-
45 at p < 0.05; @ Significant changes between groups: female, LRBD, age 46-65 and male, LRBD, age 46-65 
at p < 0.05
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RBC value
The results of the regression analysis of the dependent variables relative to the WBC 

parameter corresponded to the following values: R = 0.130, R2 = 0.017, and R2
adj = 0.013 

at F3.698 = 4.039 and was statistically significant. The standardised β regression coefficient 
was β = 0.133 ± 0.039 and was the lowest, as observed from the previous data analysis. The 
data on erythrocyte values for all donors in the study group are shown in Table 3. The use 
of MANOVA for this analysis, followed by Tukey’s post-hoc tests for uneven data, showed 
no differences between our study RBC counts in all the donor groups studied and showed 
no dependence on sex or multiple donation. In the group of female donors, the minimum 
RBC values were observed in the LRBD group (18-30 years) and the maximum in the LRBD 
group (46-65 years). It is important to note that, in this case, the maximum values of the 
RBC level in the female LRBD group were also associated with the highest value of variation 
and, accordingly, with the highest coefficient of variation among the data examined in the 
statistical analysis (Table 3).

MCH, MCHC, and MCV value
MCH, MCHC, and MCV are important parameters measured in a complete blood count 

that provide valuable information about the size and Hb content of red blood cells. MCH 
expressed in picograms (pg) per cell, MCHC in grams per decilitre (g/dL), and MCV in 
femtoliters (fL). In multiple donors, monitoring these values is critical for assessment of the 
overall health of their blood cells and to detect any potential abnormalities or deficiencies, 
as shown in Tables 4-6.

The maximum MCH value was recorded in the female DBD group aged 31-45 years, and in 

Table 3. RBC count (million blood cells/μl) in disposable blood donors (DBD) and long-term regular blood 
donors (LRBD) according to sex and age. ANOVA post-hoc analysis with Tukey’s HSD test between the 
groups. * Significant changes between groups: female, DBD or LRBD, 18-30 years and male, DBD, 18 -30 
years at p < 0.05; ** Significant changes between groups: female, DBD or LRBD, 31-45 years and male, DBD, 
31-45 years at p < 0.05; # Significant changes between groups:  female, DBD or LRBD, age 46-65 and male, 
DBD, age 46-65 at p < 0.05; & Significant changes between groups: female, DBD or LRBD, 18-30 years and 
male, LRBD, 18-30 years at p < 0.05; && Significant changes between groups: female, LRBD, age 31-45 and 
male, LRBD, age 31-45 at p < 0.05; @ Significant changes between groups: female, LRBD, age 46-65 and male, 
LRBD, age 46-65 at p < 0.05

μ
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the DBD group aged 46-65 
years, while the minimum 
value was determined in 
the DBD group aged 18-30 
years. In the male group, the 
maximum and minimum 
MCH values were found in 
DBD aged 31-45 years and 
LRBD aged 18-30 years, 
respectively. There were 
no statistically significant 
differences in these MCH 
values between the study 
groups (Tab. 4).

The MCHC (Tab. 5) data 
indicating the concentration 
of haemoglobin in a given 
volume of packed red blood 
cells showed statistical 
differences in the analysis 
of variance carried out 
with the F-test with F11.690 = 
5.742 (p = 0.000). Since the 
regression analysis of the 
dependent variable showed 
a statistically significant 
relationship with the 
predictor variables, and the 
key predictors had varying 
degrees of influence on the 
dependent variable and 
contributed to its overall 
prediction, our research 
revealed the following 
relationships for MCHC. 
We showed a value of β = 
0.227 ± 0.038 for donor 
gender and multiple donor 
participation, and the 
corresponding negative 
value was β = -0.226 ± 0.038. 
In conclusion, these results 
provide valuable insights 
into the factors influencing 
the dependent variable 
MCHC and may help in 
decision making. The data 
regarding the significance 
of the regression analysis 
of the dependent variable 
according to the MCHC 
parameter corresponded to 
R = 0.261, R2 = 0.068, and 
R2

adj = 0.064.

Table 4. MCH (pg) level in disposable blood donors (DBD) and long-
term regular blood donors (LRBD) according to sex and age. ANOVA 
post-hoc analysis with Tukey’s HSD test between the groups. * 
Significant changes between groups: female, DBD or LRBD, 18-30 years 
and male, DBD, 18 -30 years at p < 0.05; ** Significant changes between 
groups: female, DBD or LRBD, 31-45 years and male, DBD, 31-45 years 
at p < 0.05; # Significant changes between groups:  female, DBD or 
LRBD, age 46-65 and male, DBD, age 46-65 at p < 0.05; & Significant 
changes between groups: female, DBD or LRBD, 18-30 years and male, 
LRBD, 18-30 years at p < 0.05; && Significant changes between groups: 
female, LRBD, age 31-45 and male, LRBD, age 31-45 at p < 0.05; @ 
Significant changes between groups: female, LRBD, age 46-65 and 
male, LRBD, age 46-65 at p < 0.05

Table 5. MCHC (g/dL) level in disposable blood donors (DBD) and 
long-term regular blood donors (LRBD) according to sex and age. 
ANOVA post-hoc analysis with Tukey’s HSD test between the groups.* 
Significant changes between groups: female, DBD or LRBD, 18-30 years 
and male, DBD, 18 -30 years at p < 0.05; ** Significant changes between 
groups: female, DBD or LRBD, 31-45 years and male, DBD, 31-45 years 
at p < 0.05; # Significant changes between groups:  female, DBD or 
LRBD, age 46-65 and male, DBD, age 46-65 at p < 0.05; & Significant 
changes between groups: female, DBD or LRBD, 18-30 years and male, 
LRBD, 18-30 years at p < 0.05; && Significant changes between groups: 
female, LRBD, age 31-45 and male, LRBD, age 31-45 at p < 0.05; @ 
Significant changes between groups: female, LRBD, age 46-65 and 
male, LRBD, age 46-65 at p < 0.05
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MCV (Mean 
Corpuscular Volume) 
measures the average 
volume or size of red blood 
cells (Tab. 6). In our study, 
after the analysis of variance 
performed with the F-test, 
the value was F11.690 = 4.058 
(p = 0.000). There were 
statistically significant 
differences in the MCHC and 
MCV parameters between 
the groups of DBD men and 
women aged 31-45 years. 
The MANOVA analysis of 
the MCV data showed a 
predicted negative value of 
β = -0.105 ± 0.039 for donor 
sex, and the main factor 
analysis showed β = 0.163 
± 0.037 for multiple donor 
participation. The results 
of the regression analysis 
of the dependent variables 
relative to the MCHC 
parameter corresponded 
to the following values R = 
0.198, R2 = 0.039, and R2

adj = 0.035.
Thus, our regression analysis of the MCH, MCHC, and MCV parameters revealed 

significant findings in relation to the dependent variables. Importantly, this statistical model 
accounts for the significant variability in the three dependent variables analysed, with the 
relationships between predictor variables, such as gender, age, and frequency of donation, 
collectively contributing to their prediction. We have shown that, unlike the levels of Hb, 
RBC, and Ht, in this case each predictor variable has a different degree of influence on the 
dependent variables, some of which have consistent positive or negative associations. The 
complete analysis of the whole model of statistical dependencies in the biomarkers of 
metabolic processes showed the following results: Hb > Ht > MCHC > MCV > RBC > MCH. 
In summary, this statistical model fits well overall and its credibility is enhanced by the 
various statistics mentioned above. These statistics include various indicators, such as the 
coefficient of determination (R²), the F-test statistic, and other metrics that help to assess 
how well the model fits the actual data. The good result of these statistics suggests that the 
model is appropriate for the data, thereby increasing the credibility of the analysis.

Discussion

Our research represents a pioneering effort to explore the unique characteristics of 
multiple and long-term blood donors and their impact on donor health and well-being. By 
shedding light on these important issues, we aim to improve our understanding of blood 
donation practices and contribute to the development of effective strategies to support 
the long-term health of committed blood donors. Long-term donors are individuals who 
have donated blood for an extended period of time, often years or even decades. These 
dedicated donors have made blood donation a habitual part of their lives, driven by altruism, 
compassion, and a desire to make a positive impact on others. The contributions of multiple 

Table 6. MCV (fL)  level in disposable blood donors (DBD) and long-term 
regular blood donors (LRBD) according to sex and age. ANOVA post-
hoc analysis with Tukey’s HSD test between the groups. * Significant 
changes between groups: female, DBD or LRBD, 18-30 years and male, 
DBD, 18 -30 years at p < 0.05; ** Significant changes between groups: 
female, DBD or LRBD, 31-45 years and male, DBD, 31-45 years at p < 
0.05; # Significant changes between groups:  female, DBD or LRBD, 
age 46-65 and male, DBD, age 46-65 at p < 0.05; & Significant changes 
between groups: female, DBD or LRBD, 18-30 years and male, LRBD, 
18-30 years at p < 0.05; && Significant changes between groups: female, 
LRBD, age 31-45 and male, LRBD, age 31-45 at p < 0.05; @ Significant 
changes between groups: female, LRBD, age 46-65 and male, LRBD, age 
46-65 at p < 0.05

 



Cell Physiol Biochem 2024;58:491-509
DOI: 10.33594/000000727
Published online: 14 September 2024 502

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2024 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG

Kurhaluk et al.: Red Cell Parameters in Multiple and Long-Term Blood Donors

and long-term blood donors are invaluable to healthcare systems, providing a stable and 
reliable source of blood products. Their continued support ensures that patients who need 
transfusions or other blood-related treatments receive timely and appropriate care. Here are 
the key points in bullet form.

First, we conducted a comprehensive analysis of the unique characteristics exhibited by 
multiple and long-term blood donors. A comprehensive analysis of the unique characteristics 
of multiple and long-term blood donors includes several biological factors that contribute to 
their continued commitment and suitability for regular donation. Studies on this type of 
blood donors are poorly represented in the literature. They will serve as a basis for exploring 
other relationships in the fields of biochemistry, immunology, and ecophysiology. A large 
number of blood samples were analysed in this study and the selection of donors on the basis 
of gender, age, and frequency of donation will provide a basis for further more extensive 
research. These findings are only a preliminary part of this wider study. First, physiological 
adaptations occur in these donors over time, resulting in increased red blood cell production 
and improved iron metabolism to replace blood lost through donation. Studies have shown 
that frequent blood donation stimulates erythropoiesis, resulting in higher haemoglobin 
levels and improved oxygen-carrying capacity in long-term donors.

Our results from the correlative and regression analyses confirm that assessment of 
Hb levels is essential to evaluate the health status of blood donors, ensure donor eligibility, 
maintain the integrity of the blood supply, and promote overall health monitoring. By 
monitoring Hb levels, healthcare professionals can reduce the risks associated with blood 
donation, optimise donor safety, and maintain the quality and effectiveness of blood 
transfusion services (52). Our findings in the correlative analysis are confirmed by the 
summary correlations between Hb-Ht (r = 0.921, p = 0.000), Hb-RBC (r = 0.188, p = 0.000), 
and Hb-MCH (r = 0.382, p = 0.000).

Hb, a key component of red blood cells, plays a central role in oxygen transport 
throughout the body. Its primary function is to bind oxygen in the lungs and deliver it to 
tissues and organs to ensure adequate oxygenation of cells for physiological processes 
(53). Therefore, the assessment of Hb levels is critical for evaluating the health status of 
blood donors for several reasons, such as anaemia detection, donor eligibility, blood supply 
integrity, and health monitoring (54, 55).  Appropriate Hb levels are essential to ensure the 
safety and well-being of blood donors during the donation process. Donors with Hb levels 
below specified thresholds may experience symptoms of hypoxia, fatigue, or dizziness due 
to reduced oxygen-carrying capacity (56).

Assessing Hb levels helps to determine the eligibility of individuals to safely donate 
blood, minimise the risk of adverse reactions, and ensure the quality of donated blood 
products. Hb levels are a reliable indicator of anaemia, a condition characterised by a 
reduced number of red blood cells or insufficient Hb content. Low Hb levels can indicate 
different types of anaemia, such as iron deficiency anaemia, vitamin B12 deficiency anaemia 
or haemolytic anaemia (57). Identifying anaemia in potential blood donors is essential to 
prevent adverse effects associated with blood donation, such as worsening of symptoms or 
complications (58).

The integrity of the blood supply and health surveillance play an important role in 
blood donation, as shown in publications (59, 60). Maintaining optimal Hb levels in blood 
donors contributes to the integrity and effectiveness of the blood supply chain. Donated 
blood with adequate Hb is essential to meet the oxygenation needs of recipients, particularly 
in transfusions for patients with anaemia, bleeding, or other medical conditions requiring 
blood replacement therapy (61). In our study, no changes in the Hb and Ht levels were 
observed, and the blood donors did not report any discomfort during medical interviews. 
Therefore, further analysis of iron levels was not warranted, as there was no evidence of iron 
deficiency or adverse effects associated with blood donation.

Monitoring Hb levels in donors helps maintain an adequate and reliable blood supply, 
supporting medical treatments and emergency interventions (62). Regular assessment of Hb 
levels in blood donors facilitates ongoing health monitoring and promotes early detection of 
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underlying medical conditions or nutritional deficiencies. Changes in Hb levels over time may 
indicate changes in the donor’s health status, prompting further assessment, intervention, 
or referral for medical follow-up. By monitoring Hb levels, healthcare providers can identify 
potential health risks or abnormalities and take appropriate action to ensure the well-being 
of blood donors (63).

Secondly, our research investigated the effects of repeated blood donation on donor 
health and well-being, focusing on changes in red blood cell parameters. Furthermore, 
long-term blood donors exhibit a remarkable resilience of their hematopoietic system, 
characterized by robust stem cell activity and efficient erythropoietin production in response 
to blood loss. This adaptation ensures rapid recovery and minimal disruption to their overall 
health status following each donation. Moreover, multiple donors often display favourable 
lipid profiles and reduced risk factors for cardiovascular disease, attributed partially to the 
beneficial effects of blood donation on lipid metabolism and blood viscosity regulation (59, 
60).

In our study, the determination of Ht levels in blood donors was shown to be essential 
for blood volume assessment, anaemia detection, blood quality assessment, and donor 
health screening. By monitoring Ht levels, healthcare professionals can ensure the safety 
of the blood donation process and promote the health and well-being of both donors and 
recipients. Ht measurement helps to estimate the volume of red blood cells in circulation, 
which is essential for maintaining adequate oxygen-carrying capacity and tissue perfusion 
(64). Monitoring Ht levels ensures that blood donors have sufficient circulating red blood 
cells to support physiological functions and meet the requirements of blood donation without 
compromising their own health. Our findings in the correlative analysis are confirmed by the 
summary correlations between Hb-Ht, as shown above, and Hb-RBC (r = 0.196, p = 0.000).

Some studies report that abnormally low Ht levels may indicate the presence of anaemia, 
a condition characterised by a reduced red blood cell count or Hb concentration (65, 66). 
Anaemia can be caused by a number of factors, including nutritional deficiencies, chronic 
disease, or underlying medical conditions. Identifying anaemia in blood donors is essential 
to prevent potential adverse effects associated with blood donation, such as worsening of 
symptoms or complications. Ht levels affect the viscosity and flow properties of blood, which 
in turn affect the quality and efficacy of donated blood products. Donors with extremely high 
or low Ht levels may be at increased risk of adverse reactions during or after blood donation, 
such as coagulopathy or hypervolemia. Assessment of Ht levels helps to ensure the safety 
and integrity of donated blood for transfusion purposes (67). It is important that regular 
monitoring of Ht levels is part of the comprehensive health screening process for blood 
donors. Changes in Ht levels over time may indicate changes in the donor’s health status and 
may prompt further evaluation, intervention, or referral for medical follow-up. By assessing 
Ht levels, healthcare providers can identify potential health risks or abnormalities in blood 
donors and take appropriate measures to ensure their well-being  (66).

Thirdly, the analysis of data from multiple and long-term donors represents a unique 
subset within the donor population, characterised by their frequent and sustained 
commitment to blood donation over time. As such, they may have different characteristics 
in both their donation profiles and physiological parameters compared to occasional or 
first-time donors. Understanding these characteristics is critical for assessing the impact 
of repeated blood donation on donor health and well-being and for developing strategies 
to support the long-term health of these dedicated individuals (65). In the blood donation 
practice, the monitoring and interpretation of such blood parameters as MCHC, MCV, and 
MCH (Tab.4-6) are critical for assessing donor health and ensuring blood safety for patients 
(68). Gender differences may affect the reference values of these parameters (69). In a recent 
data analysis, the MCH value represents the average haemoglobin content per red blood cell 
and assists in the diagnosis of disease conditions, e.g. anaemia or haemoglobinopathies, 
through calculation based on total haemoglobin and red blood cell count (70).

MCHC (Mean Corpuscular Haemoglobin Concentration) reflects the concentration 
of Hb in red blood cells, with abnormal values potentially indicating such conditions as 
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haemolytic anaemia or hypochromic anaemia (69). Therefore, the study of this parameter 
in our research showed statistical correlations in the following relationships: MCHC-MCH 
(r = 0.382, p = 0.000) and MCHC-MCV (r = -0.017, p = 0.035). The MCV (Mean Corpuscular 
Volume) parameter is the average size of red blood cells, calculated by dividing the total 
packed red blood cell volume by the total number of red blood cells. Therefore, changes in 
MCV levels serve as indicators of different types of anaemia, including microcytic, normocytic, 
or macrocytic anaemia, which is particularly important for donors (71-74). These studies 
have been published in a number of papers on haematology, demonstrating the relevance 
of monitoring these parameters not only in highly specialised groups, such as donors of 
different ages and genders (68, 69), considering the multiplicity of the donation process, as 
shown in our studies. The results of these tests are also a generally accepted indicator for 
prevention and health monitoring (70-72).

Fourthly, the results of our study show that a notable aspect of multiple and long-term 
donors is the donation frequency. Unlike occasional or first-time donors, who may donate 
sporadically, these individuals tend to donate regularly and often more frequently. As a 
result, they may have higher cumulative donation volumes and shorter intervals between 
donations. This frequent exposure to the blood donation process may affect several 
physiological parameters, such as Hb levels, iron stores, and erythropoietin production (73, 
74).

Fifthly, based on our findings, we propose strategies to support the long-term health 
of multiple and long-term blood donors, including regular monitoring of their health, 
individualised advice on iron supplementation and dietary recommendations, and 
collaboration with healthcare providers to address specific health concerns. The multiple 
regression analysis performed on the dependent variables, such as Hb, Ht, RBC count, MCH, 
MCHC, and MCV, yielded significant results, as our chosen statistical model explained a 
substantial amount of the variance in the dependent variables. Importantly, the relationships 
between the predictor variables collectively contribute to their prediction. As shown in this 
study, individual predictors (age, donor gender, and frequency of donation) have varying 
degrees of influence on the dependent variables, with some showing strong positive or 
negative associations. We can claim that the overall fit of the statistical model presented 
in this study in relation to donors is satisfactory, as evidenced by the goodness of fit 
statistics. However, further analysis is recommended to explore potential multicollinearity 
and outliers that may affect the reliability of the regression results. Overall, the regression 
analysis performed in this study provides valuable information on the relationship between 
the dependent variables representing the morphological parameters of the red blood cells 
and the three predictors, providing a basis for further research and decision making in donor 
practice, which is a valuable material.

In addition, long-term blood donors may have unique immunological profiles 
characterised by increased immune responsiveness and antibody production. Regular 
exposure to foreign antigens present in donated blood stimulates the donor’s immune 
system, leading to the development of a diverse antibody repertoire and potentially 
conferring protective immunity against certain infections (75-78).

Important aspects of the influence of donor gender on disease occurrence have been 
addressed in a number of studies using the example of the majority of cases of transfusion-
related acute lung injury (TRALI) associated with female blood donors. In an international 
multicentre case study, the authors (56) investigated the relationship between female donors 
and the occurrence of TRALI by recruiting patients with a clinical diagnosis, irrespective 
of serology or donor sex, who received blood transfusions exclusively from male or female 
donors. These results suggest that plasma from female donors is associated with an increased 
risk of TRALI, in contrast to red cells from female donors. However, in a secondary analysis of 
two case-control studies (79), other authors concluded that donor age, donor sex, and donor 
blood group were not associated with TRALI in two cohorts of TRALI patients (80).

Our research investigates the effects of repeated blood donation on the health and 
well-being of donors, focusing on changes in red blood cell parameters, which will help 
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inform future analyses of iron metabolism markers and cardiovascular function. Overall, 
the comprehensive understanding of the biological adaptations and physiological responses 
observed in multiple and long-term blood donors sheds light on their remarkable capacity 
for sustained donation and underlines the importance of recognising their invaluable 
contribution to the blood supply.

Conclusion

In conclusion, multiple and long-term blood donors are essential pillars of the blood 
donation system and contribute significantly to the availability and sustainability of the 
blood supply. The aim of our study was to analyse the levels of haemoglobin, haematocrit, 
erythrocyte count, MCV, MCH, and MCHC in 12 groups of first-time donors and experienced 
donors of both sexes at the John Paul II Regional Blood Donation and Treatment Centre in 
Słupsk, northern Poland. The donors were divided into three age groups (18-30 years, 31-45 
years, and 46-65 years). The multivariate analysis of these three main factors showed that 
the variation in haemoglobin (Hb) levels accounted for 46% of the explained dependence in 
this statistical model. In particular, approximately half of the variability in the multivariate 
statistical analysis was attributed to the role of Hb and haematocrit (Ht), respectively. In 
addition, the β-coefficient values for Hb and Ht were statistically higher in relation to donor 
gender and donor type (one-time versus repeat). A comprehensive analysis of the whole 
statistical model of the biomarkers of metabolic processes revealed the following hierarchy: 
Hb > Ht > MCHC > MCV > RBC > MCH. Our statistical model showed a good overall fit, and 
its credibility was supported by various statistics, including the coefficient of determination 
(R²), the F-test statistic, and other metrics.

Recognising their contribution and understanding their unique characteristics is critical 
for ensuring the continued success of blood donation programmes and the well-being of both 
donors and recipients. Our research represents a pioneering effort to explore the unique 
characteristics of multiple and long-term donors and their impact on donor health and well-
being. By shedding light on these important issues, we aim to improve our understanding of 
blood donation practices and contribute to the development of effective strategies to support 
the long-term health of committed blood donors.
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