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Introduction: Voluntary blood donor retention is still challenging in blood stock issue, 

specifically in decentralization system like in Indonesia. Most of previous research has 

focused on logistic or survey-based study, hence it cannot explain the dynamics of actual 

donor behavior from time to time. Further, there is a lack of understanding of donor 

retention as a behavioral process that develops longitudinally. This research aims to 

identify the first-time donor retention pattern and also demographic characteristics and 

relevant service context as basis for developing more effective health promotion 

strategies.  

Methods: This research implemented a retrospective longitudinal cohort design based on 

routine blood donor registration data of 26,170 first-time donors from five Blood 

Transfusion Units in the Province of Special Region of Yogyakarta during the period 

2021–2024. Donor visit trajectories were analyzed using a sequence analysis approach 

with the optimal matching method and then grouped using the Partition Around Medoids 

algorithm. Cluster validity was determined using the silhouette and Dunn indeces and 

further analyzed descriptively and statistically to examine differences in characteristics 

among groups. 

Results: The study found three main donor patterns, i.e. one-time donors, regular donors, 

and donors who have temporarily stopped donating. City of Yogyakarta has highest 

retention rate, while Gunung Kidul is dominated by donors-once. Male donors tend to 

dominant among regular donors, on the contrary female donors are more represented in 

temporarily stopped donating. The vital finding points out the first 6–12 months 

engagement after initial donation is strongly associated with donor behavioral intentions.  

Conclusion: Blood donor retention is dynamic process that is influenced by demographic 

characteristics and service context. A limitation of this study is the lack of consideration 

of psychosocial as a variable. However, the use of actual longitudinal data is a major 

strength of this study. The managerial implication of this study is that segmentation-based 

strategies, strengthening interventions in the early phase, and gender-sensitive and 

community-based approaches are needed to increase donor retention in a sustainable 

manner. 
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INTRODUCTION  
As a prosocial behavior in the health sector, blood donation plays a vital role in health service system. It has 

direct contribution in saving lives and improving the quality of life of patients both acute and chronic conditions (1). 

At variance from other medical resources, blood cannot be synthetically produced and is entirely dependent on 

voluntary public participation. Consequently, blood stock sustainability is absolutely influenced by donors’ behavior. 

Hence, the capacity of the health system to retain regular donors has become crucial.   

Some countries, particularly middle-low-income countries, face significant challenges related to the gap 

between demand and availability of blood, where the need often exceeds the stockpile (2). Its challenge is further 

exacerbated because of the perishable nature of blood and the complete dependence on voluntary donations as the 

sole source of supply (3,4). The situation worsened during the COVID-19 pandemic, which caused significant 

severance on blood donors rate in various countries include Saudi Arabia, Canada, and Malaysia (5). This condition 

shows that blood supply system is still vulnerable to crisis. remains highly vulnerable to crises. Therefore, ongoing 

system strengthening efforts are needed both in emergency and normal conditions (6,7). In this context, there are two 

important factors in ensuring stable and reliable blood availability i.e. the effectiveness of blood supply chain 

management and the existence of a donor base that can be maintained sustainably (8,9).   

In Indonesia, blood donor management is decentralized and handled by Indonesia Red Cross (IRC), involving 

three main stakeholders, namely donors, Blood Transfusion Units (BTUs), and hospitals (4,10). BTUs are responsible 

for collecting, processing, and distributing blood to hospitals. Two top collecting mechanisms are services at BTU’s 

building and mobile blood donation units. The main problems are the uncertainty of blood availability due to the low 

frequency of repeat donations and inconsistent of donor pattern (11). Therefore, donor retention strategies are needed 

to develop a more stable and sustainable blood donation system, specifically in Province of Special Region of 

Yogyakarta.   

The Blood Supply Chain (BSC) operates through four echelons: collection, production, inventory, and 

distribution (11).  Research has extensively explored supply chain network design and inventory policies to address 

cost optimization, service levels, and sustainability (12). Jabbarzadeh et al (13) and Haghjoo et al (14) developed 

models for minimizing total costs and optimizing blood center locations under various disruption scenarios, while 

Altunoglu & Batur Sir (15) focused on integrating fixed and mobile blood centers for timely delivery. Inventory 

studies by Gunpinar & Centeno (16), Dillon et al (17), and Shokouhifar et al (18) examined cost reduction, service 

levels, and balancing shortages with wastage. However, these efforts heavily rely on the stability of the collection 

process, which underpins the entire BSC.   

Donor retention, a crucial component of the collection echelon, directly influences donor arrival policies and 

collection strategies (11). Most studies on donor retention rely on survey-based methods. For example, Romero-

Domínguez et al (19) segmented Spanish donors into clusters based on donation barriers, while Germain et al (20) 

examined sociodemographic and motivational differences between current, lapsed, first-time, and repeat donors. 

Godin et al (21) explored factors affecting return intentions, and studies by Mauka et al (22) and Schlumpf et al (23) 

used regression analyses to identify predictors of repeat donations. Nguyen et al. (24) highlighted the link between 

donor satisfaction and future intent, and Ling et al (25) examined sociodemographic influences on donation behavior 

in Malaysia.   

An advanced analytical approach complements survey-based study in which focus on donors profile 

modelling and predictive analysis. In Indonesia, Soedarmono (26) identified donor characteristic. he did not 

investigate blood donation patterns or the dynamics of retention behavior. Therefore, gaps remain in the formulation 

of context-specific strategies. Several studies have employed statistics and machine learning methods for predict 

donor retention. Alkahtani & Jilani (27) modeled the likelihood of repeat donations, focusing on aggregate population 

data, while individual consideration was not considered. This approach was further developed by Kauten et al. (28), 

who predicted the probability of a donor returning within a certain time frame. Meanwhile, Chan et al. (29) classified 

donors in Hong Kong using the Poisson-Geometric Process model, and Jagirdar et al. (30) analyzed donor return 

times using Kaplan–Meier curves and the Cox proportional hazards model.  

Fundamentally, blood donation can be positioned as a form of prosocial health behavior that develop from 

the adoption to the maintenance step. Conceptually, health behavior explains that the transformation from initial to 

repetitive action is highly determined by habit forming process, reinforcement mechanism, as well as social 
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environment support. In the blood donation context, initial experience, perception on social value, and interaction 

quality with institution act as reinforcers that influence sustainability of donor participation. Therefore, donor 

retention is more accurately understood as behavior process that is dynamic and sustained, not just a momentary 

decision.    

Donors’ retention, especially for first time donors, is a crucial issue in public health promotion. This group 

is in the initial phase of habit formation in which the decision of repeat donation reflects success of health behavior 

adoption process. Several research show initial experience, perceived benefits, satisfaction level, and social support 

are vital determinant factors in differentiating between first time donors that convert to routine donors and donate 

only once. Hence, factors identification that encourage and barriers its transition are significant foundation in 

designing health promotion intervention that is more effective. However, most studies are still focused on logistics, 

system management, or survey approach in identifying donor motivation and barriers. Even if it gives significant 

contribution, these approaches are not yet fully capable of capturing the dynamics of donor behavior over time, 

especially on first time donors in decentralization and community-based system. Therefore, comprehension on donor 

behavior patterns that are based on longitudinal data becomes significant need for creating health promotion strategies 

that are more focused and sustainable.   

The Province of Special Region of Yogyakarta has heterogeneity in demography and vary in local context, 

so that it potential to develop a distinct of donor behavior pattern. Its condition relates to the gaps in this research. 

Analysis of donor visit patterns, and demographic characteristics can provide important insights into the behavioral 

drivers underlying blood donor retention, as well as identify groups requiring more intensive health promotion and 

community empowerment approaches. Despite previous efforts, a gap remains in analyzing donor visitation patterns 

and return behaviors using real-world data. In the Province of Special Region of Yogyakarta, research on first time 

blood donor behaviors across BTUs is limited. This study uses IRC data via the SIMDONDAR system (9) to segment 

donors based on visitation trajectories. The findings of this study are expected to provide an empirical basis for the 

development of health promotion strategies, behavior change interventions, and community empowerment 

approaches that are more effective in encouraging voluntary blood donor participation on a sustainable basis as part 

of efforts to improve public health. 

 

METHOD  
Study Design 

This study is a retrospective longitudinal cohort study on the blood donation data.  The study tracks first-time 

blood donors from their initial donation (as the baseline) throughout their consecutive visit over a 3.5-year period 

(from January 2021 to June 2024), to identify patterns of donation continuity or discontinuity. 

 

Study population and data collection   

Data utilized in this study is a trajectory data from 26,170 first-time blood donors collected from five Blood 

Transfusion Units (BTUs) across Yogyakarta Province: they are Bantul, Gunung Kidul, City of Yogyakarta, and 

Sleman.  First-time donors were defined as individuals who made their first donation without prior donation history 

in the respective BTUs database.  Donors were distinctly identified to avoid duplicate records using a combination 

of donor ID, name, and date of donation.  Any records with missing or inconsistent identifiers were marked out and 

manually verified. 

The data observation period range over 3,5 years from January, 1 2021 to June, 30 2024, then is divided into 

seven consecutive half-year periods (T1: Jan-Jun 2021; T2: Jul-Dec 2021; T3: Jan-Jun 2022; T4: Jul-Dec 2022; T5: 

Jan-Jun 2023; T6: Jul-Dec 2023; T7: Jan-Jun 2024).    The first half-year period is defined as the baseline (T1: 

January-June 2021).  

Donors who made multiple donations within the baseline (T1), only the first donation was recorded as the 

baseline, the subsequent donations within T1 were not counted in the analysis.  The behavioral tracking commenced 

from T2 onwards, to ensure that donation patterns analyzed reflect post-initial donation behavior across comparable 

time windows. 

Donation patterns were categorized by visitation frequency within each half-year period: “none” (no visits), 

“once (single visit), or “multiple” (two or more visits) as shown in Table 1.  Clustering method for trajectory donation 
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data is utilized to analyze the demographic factors including age, gender, and donation location to identify key 

influences on return behavior. 

 
Table 1.  State encoding of number of visitation number  

State Donation frequency Code Behavioral interpretation 

None 0 N No donation within the period 

One-time 1 O Single visitation (minimum commitment) 

Multiple time > 2 M Repeats visitation within the period (continuous 

commitment) 

The state encoding (None, Once, Multiple) depicts the distinct donation behaviors suitable for trajectory 

clustering.  The threshold of ≥2 is used because the Indonesian blood donation guidelines only permits whole blood 

donation every 2 to 3 months, hence it allows maximum 2-3 donations per half-year period.  The categorical state 

encode emphasizing on the behavioral state transition instead of the exact counts of visitation aligns with health 

behavior stage that envision change as qualitative state transition. 

Inclusion and Exclusion Criteria 

The inclusion criteria for the data are individuals whose their first blood donation was made at any of the five 

BTUs in Yogyakarta between January to June 2021, with complete demographic data (age, gender, recruitment 

location) and identification records (donor ID, name, and date of donation).    

Meanwhile, donors record were excluded if they have made donation previously prior to the January 2021, 

donation record have incomplete or missing demographic information, and duplicate records that could not be 

adjusted through manual verification.  The inclusion and exclusion criteria were applied to ensure that the data 

analyzed only consist of first-time donors with complete trajectory and demographic data necessary.  

Data pre-processing and Quality Control 

The raw donation records (n = 26,170) underwent systematic cleaning procedures to ensure data quality and 

analytical reliability. First, records were screened for duplicates using donor ID, name, and date of donation; 

identified duplicate entries were merged to maintain unique donor identifiers. Second, records with missing 

demographic variables were examined and excluded from the analysis. 

First, donation records were filtered for duplicates based on the donor ID, name, and date of donation; the 

duplicate entries were then merged.  Second, the incomplete donation records with missing demographic variable 

were screened and excluded from the analysis. 

Study Limitations 

This study has several methodological limitations that should be noted.  First, the trajectory was restrained 

by the baseline period structure.  There were 415 individuals (1.6%) out of 26,170 donations who made multiple 

donations within the baseline period (T1).  For their donors, only their first donation was recorded, their consecutive 

donation within T1 were eliminated to ensure the standardized measurement of post-initial donation behavior (the 

analysis commenced from T2) across comparable time windows but it may diminish early repeat donation intensity.  

Second, the cut-off period for the donation record before 2021 prevent complete verification of first-time 

donor status.  While donors were examined against the BTU historical records, individuals with donation history at 

other BTUs outside Yogyakarta or before the digitization of donation records could not be identified, hence there are 

potential of including some repeat donors in the cohort.   

Third, the cut-off period at T7 (after June 2024) might represent behavioral patterns during the observation 

window rather than lifetime donation behavior.  “Lapsed” donors may resume their donation beyond the study period.   

Fourth, the heterogeneity exists as the five BTUs serve populations with varying demographic and 

socioeconomic characteristics across Yogyakarta province.  The heterogeneity was examined in the demographic 

analysis (Table 5).   
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Last, the baseline cohort was formed during COVID-19 pandemic, which may have influenced both who 

become first-time donors and subsequent donation patterns in 2021-2022.  Pandemic effects were recognized in 

interpreting the result but were not modeled as separate variables. 

 

Ethical Considerations 

This study used anonymized administrative donor registry data and did not involve any direct contact or 

intervention with human subjects. The study protocol was reviewed and approved by the Indonesian Red Cross as 

the data custodial authority. Given that the data were fully de-identified and analyzed retrospectively, a formal ethics 

review and individual informed consent were waived in accordance with applicable institutional guidelines. All data 

were handled in compliance with data protection and confidentiality standards. The study complied with relevant 

ethical standards for research using secondary administrative data. 

 

Forming the visitation data into trajectory data 

Donation trajectories were developed to represent sequences of donor participation over time.  The 

trajectories capture whether individuals maintain, discontinue, or temporarily engage in blood donation.  Sequential 

data in donation trajectories represents unit with dynamic behaviors and time constraint (29,30).  It is often used to 

analyze movement or behavior, enabling cluster analysis based on similarities in path, properties, or movement (31).  

Within the context of social science, sequence data allows the meaningful interpretations of the complex trajectories 

(32).  This research used N trajectories T, where N represent individual donors. 

 

Statistical Analysis  

Distance Calculation and Cost Structure 

The dissimilarities between donor trajectories were calculated using Optimal Matching (OM), an algorithm 

to analyze the sequence data implemented through the TraMineR package in R (33).  Since all the donor trajectories 

spanned across T1 to T7 with complete data, hence the length adjustment were not required, which ensure the direct 

comparability across all donor.   

The Optimal Matching algorithm requires the parameter values of substitution cost that quantify the 

dissimilarity between behavioral states.  The cost matrix reflecting the theoretically-grounded assumption about 

behavioral transition is shown in Table 2. 

 
Table 2. Cost matrix of the Optimal Matching used in this research 

 N O M 

N 0 1 4 

O 1 0 1 

M 4 1 0 

Note: N represents no donation, O indicates a single donation, and M denotes multiple donations within a period. 

 

The cost structure conceptualizes health behavior theory by giving lower cost (cost=1) of a transition from 

non-participation to minimal engagement (N↔O) and from minimal to repeat engagement (O↔M).  Furthermore, 

direct transition between non-participation to repeat engagement cost higher cost (cost=4), depicting the theoretical 

implausibility of sudden behavioral shifts without intermediate stages.  This specification counts for the identification 

of gradual behavioral changes over the sudden or discontinuous changes.   

The insertion-deletion cost was set to 20, this value ensure that the algorithm rely on state-to-state substitution 

rather than sequence length manipulations.  

 

Conducting the clustering using Partition around Medoid   

Trajectory clustering was used to identify behaviorally distinct donor profiles, which enables the 

interpretation of retention pattern.  These trajectories capture whether individuals maintain, discontinue, and 

occasionally engage in blood donation, which can be interpreted as different patterns of health behavior dropout.   
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After the dissimilarity measure had been calculated, Partition Around Medoids (PAM) clustering algorithm 

are used to analyze the trajectory data.  Similar to K-means, PAM uses medoinds instead of means to represent the 

center of each group.  The algorithm iteratively selects initial medoids, assigns data point to the closes medoid, and 

stops when optimal condition is met (32). 

The final decision of k cluster number was based on the multiple validity criteria.  Number from k=2 to k=5 

was examined separately for each of BTU using the average silhouette width, which quantifies within cluster 

homogeneity relative to between-cluster separation, and the Dunn index, which assesses the ration of minimum inter-

cluster distance to maximum intra-cluster distance.  After the comparison, the k=3 solution shown to be optimal 

number of clusters across all five BTUs, consistently resulted in the superior or near-superior performance on the 

metrics (Table 3).  Following cluster identification, the validation of the cost structure was assessed through 

sensitivity analysis  

 

Conceptual Framework: Donor Retention and Behavioral Trajectories 

Donor retention is visualized in this study as the continuation of donation following initial participation.  This 

viewpoint acknowledges that retention manifest through varying behavioral donation pattern over time, ranging from 

sustained engagement to occasional participation.  Rather than put a prior group of donation, we employ an 

exploratory clustering approach that allows distinct trajectory patterns to emerge empirically from observed donor.   

The clustering algorithm identifies group with similar pattern across the T1 to T7.  The empirically-derived 

clusters are characterized through the temporal patterns of engagement and interpreted different donor retention 

profiles.  The profiles may include, for example, donors who immediately shows up after their first donation, one-

time participants who do not return following their initial donation, or early-lapsing donors who exhibit initial re-

engagement followed by discontinuation.   

To validate the identified cluster, represent behaviorally meaningful distinction rather that only statistically 

good, we utilized two complementary approaches.  First, we examine demographic profiles to asses whether the 

trajectory data differ systematically in their composition.  Second, we compare objectively the retention group, for 

example the proportion of donors returning within defined time windows, to confirm that different clusters shows 

distinct retention. 

 

RESULTS  
BTUs in Yogyakarta province comprises of Yogyakarta City, Bantul, Kulon Progo, Gunung Kidul, and 

Sleman.  Table 3 shows the sociodemographic profile of first-time donors from each BTUs.  As it is shown, most 

first-time donors across all BTUs are within the active working age group (20 to 44 years old), with this age group 

constituting 73% in Bantul, 74% in Gunung Kidul (GK), 69% in Yogyakarta City, 66% in Kulon Progo, and 68% in 

Sleman.  This reflects a consistence pattern across regions, even though the highest percentage is observed in GK and 

the lowest in KP.  Gender proportion also consistent, with male donors represents the majority in all BTUs.  This 

finding mirrors findings in other studies such as conducted by (34).  Contrarily, recruitment places show significant 

variations between BTUs.  Mobile units (MU) dominate in Bantul (54%), while IB (inside building) is recorded more.  

The significant differences underscore the tailored approached employed by each BTU, reflecting the regional 

priorities and constraint.  
 

Table 3. Sociodemographic profile of first-time donors 
Criteria           Bantul Gunung Kidul City of Yogyakarta Kulon Progo Sleman 

Age: %  n % n % n % n % n 

20-44 73% 1,197 74% 1,545 69% 11,087 66% 1,647 68% 2,604 

45-59 18% 292 18% 376 24% 3,831 28% 689 25% 965 

15-19 8% 134 6% 129 5% 793 5% 119 6% 217 

>60 0% 8 0% 4 2% 399 1% 32 2% 59 

Under 15 0% 3 1% 23 0% 3 0% 3 0% 1 

Gender:      

Female 15% 243 22% 458 22% 3.475 18% 456 21% 815 

Male 85% 1,391 78% 1,619 78% 12.638 82% 2,034 79% 3,041 
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Criteria Bantul Gunung Kidul City of Yogyakarta Kulon Progo Sleman 

Age: % n % n % n % n % n 

Recruitment Place: 

IB 46% 746 100% 2,077 83% 13,299 82% 2.038 40% 1,543 

MU 54% 888 0 0 17% 2,814 18% 452 60% 2,313 

Notation: 

IB: Inside Building 

MU: Mobile Units 

 

 Figure 1 shows the gender-based donation pattern for each BTUs.  Donors categorized as “multiple 

donations” (blue colored) only if after an initial donation within the first six period, this indicate that repeat donor 

often requires at least one follow-up.  City of Yogyakarta’s BTU shows the highest retention, of which 100% of first-

time donors at least have made one donation in the subsequent window (green segment), and 60% have donated 

multiple times.  On contrary, Gunung Kidul has the highest dropout rate, whom most of the first-time donors drop-

out after the first donation (orange segment).  Male donors dominate the multiple donations across all BTUs, while 

Bantul shows slightly better retention rates for females as compared to Sleman.   
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e) Sleman  

Figure 1. Donation trajectory patterns of first-time blood donors by gender across Blood Transfusion Units (BTUs) in 

the Special Region of Yogyakarta 

 

 

Segmenting first-time donors 

For each 26,170 trajectories data, the dissimilarity is measured using optimal matching analysis as it is 

suitable for sequence data (35).  The clustering step using Partition Around Medoid is then conducted for each BTUs.  

Cluster validity index (Silhouette Index, Dunn Index) as explained by (36–38)  is used as the standard to choose 
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optimum k cluster.  It is apparent from cluster validity index show in Table 4, that cluster with k = 3 is the optimum 

segment group for all BTUs.    

 
Table 4. Cluster validity index  

Cluster Bantul Gunung Kidul City of Yogyakarta Kulon Progo Sleman 

k SI DI SI DI SI DI SI DI SI DI 

2 0.74 0.24 0.84 0.25 0.62 0.22 0.62 0.22 0.73 0.22 

3 0.70 0.24 0.82 0.25 0.56 0.22 0.56 0.22 0.70 0.24 

4 0.65 0.24 0.82 0.25 0.50 0.22 0.50 0.22 0.65 0.22 

5 0.65 0.24 0.82 0.27 0.50 0.22 0.50 0.22 0.65 0.22 

Notation: 

SI: Silhouette Index 

DI: The Dunn Index 

Sensitivity Analysis  

To evaluate the robustness of the three-cluster solution to the cost matrix, sensitivity analysis were conducted 

for each BTU separately.  There were two alternative of cost structure that were tested: (1) uniform cost with all state 

transition set to 2 and indel 1, representing neutral baseline, and (2) high asymmetry cost with none to one-time 

(N↔O)=2, one-time to multiple (O↔M)=2, and none to multiple (N↔M) =6, and indel=20, urging stronger 

penalization of sudden transition.   

For this evaluation using alternative cost structure, distance matrices were recalculated and PAM clustering 

was repeated using k=3.  The stability of cluster was then examined using the Adjusted Rand Index (ARI).  ARI 

quantifies agreement between clustering solutions (shown in Table 5) (39).  Value of ARI ranges between 0 (random 

agreement) to 1 (perfect agreement), values indicating >0.75 indicates substantial agreement (40). 

 
Table 5. Cluster Stability Across Cost Structures (Adjusted Rand Index) 

BTU n High Asymmetry 

Bantul 1,634 0.486 

Gunung Kidul 2,077 0.975 

City of Yogyakarta 16,113* 0.754 

Kulon Progo 2,490 0.415 

Sleman 3,856 0.455 

Range  0.415 – 0.975 

Note: Due to computational constraint, City of Yogyakarta were analyzed based on random sample of 3.000 donors. 

Gunung Kidul demonstrated excellent stability with ARI equals to 0.975, indicating robust behavioral 

patterns that emerge regardless of the cost specification.  City of Yogyakarta shows substantial value of ARI with 

0.754, which still exceed the threshold for stability.  Bantul (ARI=0.486), Kulon Progo (ARI = 0.415), and Sleman 

(ARI = 0.455) exhibited moderate agreement.  This regional variation of ARI reflects differing degrees of behavioral 

pattern certainty across BTUs.  Region with lower ARI shows more nuanced trajectory patterns where the gradual 

progression (N→O→M) is distinct to the abrupt transition (N→M) and have meaningfull affects on the cluster 

composition.  On the other hand, regions with higher ARI values shows more noticeable behavioral difference where 

distinct patterns emerge even without theoretical weighting.  Crucially, three cluster group structure remained 

conceptually stable across all BTUs, with switch mainly occurs at cluster boundaries.  This can be defined that while 

theoretical costs refine cluster precision in some context.   
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Characteristics of the segment 

Cluster 1 ("one-time donors") are the majority from all BTUs, in which characterized by a single donation 

followed by no donation at all (orange). Cluster 2 ("regular donors") are donors who consistently visit donation 

centers.  BTUs in City of Yogyakarta are mainly consist of this cluster. Cluster 3 ("lapsed donors") shows more varied 

but less consistent behavior, defined by a lapse of two or more years since the last donation (41) . These findings 

align with prior studies, highlighting regional variations, such as multi-time donations in City of Yogyakarta, which 

offer insights for tailored donor engagement strategies.  

Table 6. Composition of blood donor segment from each BTUs  

Cluster Bantul Gunung Kidul City of Yogyakarta Kulon Progo Sleman 

 % n % n % n % n % n 

RD 84%  1,372  10%  217  67%  10,853  14%  348  87%  3,349  

OTD 5%  87  82%  1,711  19%  3,088  56%  1,400  3%  132  

LD 11%  175  7%  149  13%  2,172  30%  742  10%  375  

Notation: 

RD: regular donor 

OTD: one-time donor 

LD: lapsed donor 

 

Developing tailored strategies requires understanding the profiles and donation behaviors of each cluster in 

the BTUs.  

 
Table 7. Sociodemographic profile based on segment donation from each BTUs  

Region Variable Category One-time Regular Lapsed Chi-Square p-value 

Gunung Kidul Age 20-44 75% 70% 76% 34.04 0.00039 

    45-59 19% 16% 17%     

City of Yogyakarta Age 20-44 67% 72% 56% 456.24 <0.0001 

    45-59 27% 20% 36%     

Kulon Progo Age 20-44 68% 68% 62% 19.38 0.01296 

    45-59 25% 28% 32%     

Sleman Age 20-44 57% 69% 61% 23.03 0.00333 

    45-59 36% 24% 32%     

Gunung Kidul Gender Female 13% 30% 27% 11.88 0.00262 

    Male 87% 70% 73%     

City of Yogyakarta Gender Female 23% 23% 10% 183.37 <0.0001 

    Male 77% 77% 90%     

Kulon Progo Gender Female 21% 9% 18% 28.33 0.0007 

    Male 79% 91% 82%     

Bantul  Recruitment 

Place 

IB  76% 42% 63% 18.14 0.00011  

 MU  24% 58% 37%     

Gunung Kidul 
Recruitment 

Place 
IB  100% 100% 100% 2251.06 < 2.2e-1  

City Of 

Yogyakarta  Recruitment 

Place 

IB  90% 77% 99% 743.96  < 2.2e-1  

  MU  10% 23% 1%     

Kulon Progo  IB  75% 97% 89% 124.93  < 2.2e-1  
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Region Variable Category One-time Regular Lapsed Chi-Square p-value 

  
Recruitment 

Place 
MU  25% 3% 11% 

    

Sleman  Recruitment 

Place 

IB  52% 40% 33% 14.963 0.00056  

  MU  48% 60% 67%     

Note: Bantul showed no significant differences by age (χ² = 10,287, p = 0.245) or gender (χ² = 1,078, p = 0.58) and is excluded. 

Other age groups (15-19, >60, Under 15) comprised <10% across all segments. Complete data in Supplementary Table S1. 

 

Chi-Square test results highlight significant regional variations in donor distributions by age and gender. In 

terms of age, no significant differences were found in Bantul (𝜒2 = 10,287, 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0.245), while significant 

patterns emerged in other regions.  

In contrast, age-based patterns emerged clearly in other regions (all p < 0.05). Regular donors mainly consist 

of the 20–44 age group across BTU in Gunung Kidul (70%), City of Yogyakarta (72%), and Sleman (69%). 

Meanwhile, lapsed donors show a major shift toward 45-59 years old category, notably in City of Yogyakarta.  This 

finding suggest that age-related influence requires targeted retention strategies.   

Gender differences between cluster group are even more notable.  Male dominate regular donation across 

almost all BTUs: Gunung Kidul (70%), City of Yogyakarta (77%), Kulon Progo (91%), and Sleman (79%).  

Meanwhile, female donors increases in lapsed categories, particularly in Kulon Progo (18%).  These finding highlight 

two strategic priorities: maintain engagement with younger cohort (20-44 years old) as they are more likely to become 

repeat donors, and design gender-specific retention programs to address disproportionate female attrition.    
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Figure 2 Visitation pattern for each segment in BTUs: a) Bantul, b) Gunung Kidul, c) City of Yogyakarta, d) Kulon Progo, e) 

Sleman. 

 

DISCUSSION 
This study helps us to understand how to profile and retain donors by examining real donation trends over 

time and using administrative data rather than just survey-based research. The results show that demographic and 

contextual factors have an impact on donor retention in the Special Region of Yogyakarta.  

The findings provide an empirical foundation for understanding how retention trajectories vary across 

demographic regions, which can help shape the design of focused engagement strategies. This approach provides a 

clearer behavior-oriented framework for comprehending how first-time donors become regular donors or stop 

donating. This research highlight donation patterns rather than direct causal linkages, it views donor retention as a 

dynamic process, evolving over time as giving trends shift.   

One of the key findings is that first-time donations are very important in shaping their blood donation 

behavior. As shown in Figure 1, people who donate again within the subsequent time (T2-T3) after their first donation 

are more likely to form a retention pattern. This pattern aligns with the idea that initial reinforcement and positive 

experiences are crucial in determining whether a behavior becomes a habit or stops. Therefore, the retention program 

focusing on post-donation is better developed to keep donors committed, such as BTUs can do follow-up with their 

first-time donors. 

From Table 7, the domination of people aged 20 to 44 years in the regular donors group, highlighting that 

they are more consistent in maintaining their blood donation behavior rather than other age groups. In line with the 

results, young adults generally have higher levels of social mobility, health literacy, and exposure to the health 

promotion messages, making them more responsive to the blood donation campaign.   Therefore, BTUs can give 

focused-health promotion strategies to this demographic by giving a tailored messages and tailored media campaign 

to recruit them more. 

Cluster 2 = 

Regular 

Cluster 3 = 

Lapsed 

Cluster 1 = 

One 

Cluster 2 = 

Regular 
Cluste

r 1 =  ne ime 

Cluster 3 = 

Lapsed 
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Gender also plays a significant role in blood donor retention. The predominance of male donors in the regular 

donors group, as well as the higher proportion of female donors in the group of donors who have ceased or 

experienced a prolonged hiatus, suggests gender-based barriers to maintaining donor behavior. The findings align 

with global research, emphasizing male donor dominance (42,43). Health concerns, social roles, and variations in 

health risk perceptions between man and woman influence the blood donation pattern as shown in Figure 1. Therefore, 

a gender-sensitive health promotion approach, including more targeted health education and greater convenience in 

accessing services, is crucial to increasing female donor participation and retention.  

Variations in retention rates across regions demonstrate the strong influence of community context on the 

blood donation behavior. The high retention rate in City of Yogyakarta compared to other regions suggests that the 

social environment and the easier access to services can reinforce positive social norms regarding blood donation. 

Conversely, the high proportion of one-time donors in areas like Gunung Kidul indicates the need for a more intensive 

and contextualized community empowerment approach, such as involving local leaders, strengthening social 

networks, and organizing community-based donor activities. 

From a health promotion perspective, the findings of this study emphasize the importance of shifting 

strategies from a general approach to more targeted and behavior-based interventions. Efforts to retain first-time 

blood donors should focus on strengthening the initial donor experience, consistent follow-up communication, and 

leveraging social and community support as behavioral reinforcers. This approach not only has the potential to 

increase the number of regular donors but also strengthens the community's sense of ownership and collective 

responsibility for blood availability. 

This study contributes to the health behavior literature by demonstrating that recorded blood donation data 

can be used to understand the dynamics of donor behavior in a realistic manner. This approach complements survey 

based studies by providing a snapshot of actual donor behavior within the context of public health services. The 

findings also broaden understanding of the importance of integrating behavior analysis and community-based health 

promotion strategies within a voluntary blood donation system. 

Future research is recommended to combine behavioral analysis based on service data with a qualitative 

approach to gain more thorough understanding of the factors influencing blood donor retention.  

 

CONCLUSION 

Through this research, donor retention patterns can be modeled using trajectory data. From trajectory data, it 

can be revealed that differences across the five BTUs in the Special Region of Yogyakarta in terms of gender, age, 

and recruitment methods. Routinely donors who return for frequent donations are predominantly male and young, 

aged within 20 to 44 years old. However, recruitment methods differ due to geographic influences. Based on these 

patterns, recommendations are provided for each PMI regarding strategies to increase the number of repeat donors 

who regularly donate blood. Strategies for maintaining donor retention differ due to demographic and geographic 

differences. Future research can improve these findings with more qualitative approaches to obtain better results and 

improve blood donation services.     
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