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Abstract

Background: The World Health Organization emphasi zes the importance of completely voluntary blood donation to maintain
safe and sustainable blood supplies. However, the benefits of blood donation for donors, such as reducing the risk of disease,
remain atopic of debate due to the existence of the healthy donor effect (HDE). This effect arises because of inherent health
differences between blood donors and the general population, and it is also considered a methodological issue.

Objective: This study aims to generate a more detailed health profile of blood donors from a donor cohort study to mitigate
and quantify the HDE and properly interpret the association between blood donation and disease outcomes among blood donors.

Methods: A retrospective cohort study was conducted between January 2012 and December 2018 among donors before their
first donation. One-to-one propensity score matching was conducted through arandom selection of individualswithout any history
of blood donation, as reported from their electronic health records. We conducted a Poisson regression between blood donors
and non-blood donors before the first donation to estimate the adjusted incidence rate ratio (AIRR) of selected blood
donation—related diseases, asdefined by 13 categoriesof International Classification of Diseases, Tenth Revision (ICD-10) codes.

Results: Of the 0.6 million blood donors, 15,115 had an inpatient record before their first donation, whereas 17,356 non-blood
donors had an inpatient record. For the comparison between blood donors and the matched non-blood donors, the HDE (the
disease incidence rate ratio between non-blood donors and blood donors) was an AIRR of 1.152 (95% CI 1.127-1.178; P<.001).
Among disease categories not recommended for blood donation in China, the strongest HDE was observed in the ICD-10 D50-D89
codes, which pertain to diseases of the blood and blood-forming organs as well as certain disorders involving the immune
mechanism (AIRR 3.225, 95% Cl 2.402-4.330; P<.001). After age stratification, we found that people who had their first blood
donation between 46-55 years old had the strongest HDE (AIRR 1.816, 95% CI 1.707-1.932; P<.001). Both male and female
donors had significant HDE (AIRR 1.082, 95% Cl 1.05-1.116; P=.003; and AIRR 1.236, 95% Cl 1.196-1.277; P<.001, respectively)
compared with matched non—blood donors.
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Conclusions:
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. Our research findings suggest that the HDE is present among blood donors, particularly among female donors

and those who first donated blood between the ages of 46 and 55 years.
Trial Registration: ChineseClinical Trial Registry ChiCTR2200055983; https://www.chictr.org.cn/showproj.html 2proj=51760

(JMIR Public Health Surveill 2024;10:e48617) doi: 10.2196/48617
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Introduction

The World Health Organization (WHQO) promotes voluntary
blood donation as the safest and most effective means to
maintain an adequate supply of safe blood and blood products
for transfusion. To ensure the saf ety and sustainability of blood
supplies, the WHO advocates for completely voluntary blood
donation without compensation. Despite the collection of
approximately 118.54 million blood donations worldwide [1],
the benefits of blood donation for donors are till a matter of
debate, as some studies suggest the existence of the healthy
donor effect (HDE).

The HDE refers to the observation that blood donors exhibit
lower disease morbidity and mortality compared with the general
population. This phenomenon can be attributed to the fact that
blood donors are typically selected from a healthier subset of
the population, due to both donor selection procedures and
self-selection factors [2,3]. The HDE has been examined in
numerous past studies by comparing the health status of blood
donorsto that of non—blood donors[3-8]. Although some studies
have failed to revea any significant effects on health status
resulting from blood donation [4,6,7], others found substantial
differences such as decreased cancer incidence [5] and better
cardiovascular statusin blood donors compared with the general
population [9]. The findings regarding the HDE have been
largely inconclusive and sometimes contradictory, mainly
because researchers were not able to deal with inevitable
selection bias, that is, the fact that donors have better healthier
status due to the donation policy requirements. In practice, itis
nearly impossible to determine whether abeneficial health status
observed in blood donors reflects the inherent healthier status
of donors or the actual health gains due to blood donation [8].
Thus, it is important to mitigate and quantify the HDE to
properly interpret the association between blood donation and
disease outcomes.

Multiple methods have been used to addressthe HDE in various
studies. The main strategy is to apply an exposure window or
qualification period to potentially mitigate the HDE [10]. It
mainly involvesusing 1 qualification period (ie, al donors must
donate for at least 5 or 10 yearsto be eligible for the study) to
adjust for the HDE [11-13]. However, this effort to reduce the
HDE is conducted after blood donation. In addition, some
studies reduce selection bias by analyzing only healthier groups;
comparing differences within blood donors; and dealing with
mixed bias, including the HDE, through ANOVA or someform
of regression analysis [14-17]. However, adjusting age, sex,
and demographic factorsto reduce the HDE through someform
of statistical strategy will affect the probability of subsequent
exposure, and adjusting for confounding factorsis not enough
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to address the HDE sufficiently [15,16]. To avoid the possible
bias, another method isto compare or restrict the study within
the active donor population, which still cannot exclude the
existence of theresidual HDE from most observational studies
[14,17,18]. Currently, there is no evidence to certify the
existence of the HDE prior to donation. The major weaknessis
that the potential HDE isnot quantified and isusually estimated
by researchers[10].

The first step to reduce the HDE is to accurately estimate it.
The precise assessment of the HDE can be retrospectively
obtained during the predonation period. Leveraging our large
blood donor cohort, which is among the largest in the world,
we are able to match non-blood donors and thus overcome the
major limitations of previous studies on the HDE. This would
allow usto obtain unprecedented insights into the health status
of blood donorsand non—blood donors and to quantify the HDE
in a more accurate manner. Our study was conducted as a
retrospective cohort study, wherein the health status of blood
donors and non—blood donors were compared by one-to-one
propensity score matching (PSM). Our main objective is to
confirm the existence of the HDE in the population while also
assessing theimpacts of age and sex on the HDE. Through this
comprehensive analysis, we aim to generate a more detailed
health profile of blood donors to certify the HDE and better
understand the underlying factors that contribute to it.

Methods

Data Source

We extracted the disease information from blood donors in
Shaanxi Province, which is located in Northwest China. The
Shaanxi Blood Donation Database isacomputerized, combined
donation and transfusion register from 3.4 million individuals
who donated blood voluntarily between 1998-2018, and their
relevant blood information was collected in the Shaanxi Blood
Donor Database by linking with province-wide Shaanxi
electronic health records (EHRs) and centralized hospital
medical records. From thislinkage, all the inpatient records of
the donors can be searched. This database al so tracks the disease
information of participants without any history of blood
donation. We have provided detail information for this cohort
in our previous publication [19]. The disease burden of blood
donors and non-blood donors was demonstrated. This natural
and representative population cohort could be used to describe
the health profiles of blood donors and investigate the potential
HDE for selected clinically diagnosed diseases (aslisted below)
for donors, compared with non—blood donors, before the first
donation date.
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We initially included 3,389,981 donors in the cohort, and
1,907,146 had health recordsfrom January 1, 2012, to December
31, 2018. We excluded 1,063,418 participants with disease
records before 2012, resulting in 641,523 qualified EHR records
of eligible donors. Based on this information, we established a
control group with the same criteria by using one-to-one
matching to the donor group. Our study recognized the
substantial impact of factors such as population aging, sex
disparities, environmental issues, and rural-urban differences
on individua health [20-23]. Thus, to provide a more accurate
assessment of the HDE, we used aPSM analysis. Thisapproach
allowed us to match non-blood donors to blood donors with
identical demographic characteristics (sex, age, and residence)
from the EHRs and investigate the occurrence of awide range

Figure 1. Study flowchart of the longitudinal study.

6,787 344 donation records in Shaanxi Province,
From October 1998 to December 2018

l

3,389,981 donors with blood donation records

I
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of inpatient diseases defined by International Classification of
Diseases, Tenth Revision (ICD-10) codes prior to the first
donation date. The number of disease records was cal culated
during 2012-2018 and was extracted from the inpatient record,
which isautomatically uploaded from the hospital system. The
matching was conducted by random sampling without the
replacement of individualswithout any history of blood donation
from the EHR. We only extracted the disease information related
to the blood donation criteria, resulting in the blood donor data
set and non—blood donor data set having 58,235 and 57,002
inpatient records, respectively. Then, we further restricted the
disease recordsto before the donation period, resulting in 15,115
donor recordsand 17,356 nondonor records, respectively (Figure
1).

1,917,046 personal health records stored in local health centers were
included during the follow-up, from Jamuary 2012 to December 2018

Remove 212355 duplicate
records

k.
1,704,691 personal health records of
donors eligible for study

Remove 1,063,168 records
before 2012

k.

641,523 personal health files of

1:1 matched by

641,523 personal health files of

donors eligible for study

Preserve baseline records

A

58,235 donors had hospitalization
records

Remove 43,120 unrelated
hospitalization records

k.
15.115 blood donation—related
hospitalization records from donors
were collected

Selection of Diseases

According to the national guidelines for blood donation
requirements[24], only specific diseasesthat arerelated to blood
donation were selected for study. Thus, diseases corresponding
to injury, poisoning, pregnancy, childbirth and the puerperium,
and otherswere excluded. We only collected disease information
for 13 categories—certain infectious and parasitic diseases
(A00-B99); neoplasms (C00-D48); diseases of the blood and
blood-forming organs and certain disorders involving the
immune mechanism (D50-D89); endocrine, nutritional, and
metabolic diseases (E00-E90); mental and behavioral disorders
(FOO-F99); diseases of the nervous system (G00-G99); diseases
of the circulatory system (100-199); diseases of the respiratory
system (JO0-J99); diseases of the digestive system (K00-K93);
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age. sex and region

nondonors eligible for study

Preserve baseline records
k.

57.002 nondonors had hospitalization

records

Remove 39,646 unrelated
hospitalization records

k.
17.356 blood donation—related

hospitalization records from
nondonors were collected

diseases of the skin and subcutaneoustissue (L00-L99); diseases
of the genitourinary system (NOO-N99); externa causes of
morbidity and mortality (V01-Y98); and factors influencing
health status and contact with health services (Z00-Z99)—to
conduct the comparison between blood donors and non-blood
donors before donation.

Inclusion and Exclusion Criteria

In this cohort, we only included (1) blood donors who gave
their first donation between 2012 and 2018 and (2) blood donors
who have EHR records between 2012 and 2018 in Shaanxi
Province. We excluded (1) blood donors without a blood
donation date; (2) blood donors with a disease record before
2012 or who left Shaanxi Province; and (3) blood donors with
incomplete demographic information. For the control group of
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non-blood donors, identical inclusion and exclusion criteria
were implemented, with the exception of content specific to
blood donation. This standardized approach ensures
comparability between the blood donor and non-blood donor
cohorts, establishing arobust foundation for our comprehensive
investigation into the HDE.

Assessing the HDE

We then specifically collected the disease information of these
blood donors between baseline and the date of their first blood
donation. Similarly, we also extracted the disease information
of the matching non—blood donors during the same time and
compared the disease rates to quantify the HDE. For example,
we collected the number of certain infectious and parasitic
diseases (A00-B99) diagnosed among donors and nondonors
during the study period, which was used as the numerator,

Figure 2. Study schematic of the longitudina study.
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whereas the total observed number of donors and nondonors (it
is the same number in this study; n=641,523) was used as the
denominator (Figure 2). Then, we further estimated the
incidence rate ratio between these 2 groups.

According to the Chinese blood donation guidelines, we set the
age criteria for entering the cohort as 18-55 years, and we
stratified age into 4 groups (18-25, 26-35, 36-45, and 46-55
years). The age when the participants entered the cohort was
used. The model compared all the disease rates among male
and female donors and nondonors among the 4 age groups.
Poisson regression models were built to identify donors and
nondonors’ health status in the respective exposure windows.
The observed period was defined as from 2012 to the first
donation date, and the non—blood donors used the same cutoff
point accordingly (Figure 2).

Studv period

Donors

Index date:
Jan 1. 2012

__[First donation date
.

Dec 31,2018

Hospitalization date

Study period

Nondonors

Index date:
Jan 1, 2012

Statistical Analysis

Poisson regression is often used for count data where the
outcome variable represents the number of eventsthat occur in
afixed interval of time or space. It is also appropriate for rare
events [25]. This methodology has been widely used in HDE
studies [3,26]. We used Poisson regression to compare the
likelihood of becoming hospitalized between blood donors and
non-blood donors prior to thefirst blood donation. The adjusted
incidencerate ratio (AIRR) was used as an estimate of theratio
of the incident risks for an event for the non-blood donors to
the risks for the blood donors during the study period; that is,
the reference group is blood donors. The model was adjusted
by occupation, education, and marital status. Thewaiting period
between hospital discharge and first blood donation was
caculated for each age group in each disease category.
Descriptive and inferential statistical analyses were conducted
as part of our methodology. Mean and SD were used to
summarize age and donation counts, whereas median and IQR
were used to summarize the duration in days between discharge
and the first donation. For categorical variables, we described
them using frequencies and percentages. In the context of
inferential statistical tests, we used both multivariate regression
analyses and sensitive analysis to evaluate model assumptions
and validate the suitability of our chosen analytical techniques.
All statistical analyses and data handling were conducted with
computer software (SAS version 9.4; SAS Institute).

https://publichealth.jmir.org/2024/1/e48617
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Ethical Consider ations

Ethical approval for the study was obtained from theinstitutional
review board of the People’sHospital of Shaanxi Province (No:
2020-R002). The study was preregistered at China National
Medical Research Register (MR-61-21-011750) and Chinese
Clinical Trial Registry (ChiCTR2200055983). Since our study
isasecondary analysis using existing datawith primary consent,
wheretheoriginal consent or institutional review board approval
covers secondary analysis, no additional consent was needed
for this study. The data have been deidentified and can only be
accessed by the researcher group for this study.

Results

Baseline Characteristics

This study included 641,523 blood donors and 641,523
non-blood donors, which were matched by age, sex, and region.
There were 396,681 male donors and 244,842 female donors
in the study, and atotal of 3,396,992 person-years (PY's) were
observed. The mean age was 30.4 (SD 9.3) years, with most of
them (253,045/641,523, 39.4% for both groups) being aged
18-25 years. The majority (429,421/641,523, 66.9%) of the
blood donors came from Centra Shaanxi, 26.6%
(170,274/641,523) came from South Shaanxi, and 6.5%
(41,828/641,523) came from North Shaanxi. Age, sex, and
region distributions of the non-blood donors were the same as
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those of blood donors. Regarding education, 59.2%
(379,592/641,523) of the blood donors and 56.9%
(365,294/641,523) of non-blood donors had received an
education of junior high school or bel ow. Regarding occupation,
65.3% (418,757/641,523) of the blood donors and 61.2%

Suetd

(392,540/641,523) of the non-blood donors were farmers.
Regarding marriage status, 71.4% (458,070/641,523) of the
blood donors and 70.5% (452,156/641,523) of the non-blood
donorswere married. Baseline characteristics of the participants
aredisplayed in Table 1.

Table 1. Basic demographic characteristics of participants stratified by blood donors and non-blood donors.

Characteristics

Blood donors (n=641,523)

Non-blood donors (n=641,523) P value®

Sex, n (%) >.99
Male 396,681 (61.8) 396,681 (61.8)
Female 244,842 (38.2) 244,842 (38.2)

Age (years), mean (SD) 30.4(9.3) 30.4(9.3) >.99
18-25, n (%) 253,045 (39.4) 253,045 (39.4)
26-35, n (%) 180,185 (28.1) 180,185 (28.1)
36-45, n (%) 164,645 (25.7) 164,645 (25.7)
46-55, n (%) 43,648 (6.8) 43,648 (6.8)

Number of donation, mean (SD) 1.45(1.07) 0(0)

Education, n (%) <.001
Junior high and below 379,592 (59.2) 365,294 (56.9)
Senior high 119,669 (18.7) 114,611 (17.9)
University and above 64,081 (10) 81,930 (12.8)
Unknown 78,181 (12.2) 79,688 (12.4)

Marriage status, n (%) <.001
Single 132,613 (20.7) 139,177 (21.7)
Married 458,070 (71.4) 452,156 (70.5)
Divorced 8007 (1.2) 7729 (1.2)
Unknown 42,833 (6.7) 42,461 (6.6)

Occupation, n (%) <.001
Worker 74,266 (11.6) 73,061 (11.4)
Farmer 418,757 (65.3) 392,540 (61.2)
Sdlf-employed 121,609 (19) 140,808 (21.9)
Unknown 26,891 (4.2) 35,114 (5.5)

Region, n (%) >.99
North Shaanxi 41,828 (6.5) 41,828 (6.5)
Central Shaanxi 429,421 (66.9) 429,421 (66.9)
South Shaanxi 170,274 (26.5) 170,274 (26.5)

8Chi-square test.

Disease Burden Among Donors

Among the blood donors, 15,115 participants had inpatient
records during the observed period, with a median follow-up
duration of 1061 (IQR 510-1803) days. The disease incidence
consistently showed an upward trend with age: it increased from
26.69 per 10,000 PYs for the 18-25 years age group to 86.98
per 10,000 PY s for the 46-55 years age group. Diseases of the
digestive system (K 00-K 93) were most reported diseasesamong
blood donorswith 3240 records, which wasfollowed by diseases

https://publichealth.jmir.org/2024/1/e48617

of the circulatory system (100-199; n=2856) and diseases of the
genitourinary system (NOO-N99; n=2519). Diseases of the
circulatory system (100-199) were the most reported diseases
with an incidence rate of 30.30 per 10,000 PY's in the 46-55
years age group.

Disease Burden Among Non-Blood Donors

Among non-blood donors, 17,356 participants had inpatient
records during the observed period. The disease incidence
increased with age: it ranged from 34.63 per 10,000 PY's for
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the 18-25 years age group to 149.51 per 10,000 PY's for the
46-55 years age group. There were 3462 patients who had
diseases of the digestive system (K00-K 93), which was the most
reported disease, followed by diseases of the circulatory system
(100-199; n=3042) and diseases of the genitourinary system
(NOO-N99; n=2533). The highest incidence of 44.36 per 10,000
PYs was found among diseases of the circulatory system
(100-199) in the 46-55 years age group.

HDE on the Overall Population

Overall, therisk of reporting 1CD-10 diseasesin nondonorswas
generaly higher than that from donors before the first blood
donation (AIRR 1.152, 95% CI 1.127-1.178; P<.001), which
was defined as the existence of HDE. The top 3 diseases with
the strongest HDE were observed in diseases of the blood and

Suetd

blood-forming organs and certain disorders involving the
immune mechanism (D50-D89; AIRR 3.225, 95% ClI
2.402-4.330; P<.001); certain infectious and parasitic diseases
(A00-B99; AIRR 1.995, 95% CI 1.812-2.196; P<.001); and
factorsinfluencing health status and contact with health services
(Z00-Z99; AIRR 1.980, 95% CI 1.796-2.184; P<.001). When
considering the specific diseases, non-blood donors had alower
risk in relation to diseases of the nervous system (G00-G99;
AIRR 0.939, 95% Cl 0.841-1.049; P=.13); diseases of the
respiratory system (J00-J99; AIRR 0.933, 95% CI 0.882-1.135;
P=.29); diseases of the skin and subcutaneoustissue (L00-L99;
AIRR 1.101, 95% CI 0.946-1.281; P=.21); and diseases of the
genitourinary system (NOO-N99; AIRR 1.006, 95% CI
0.952-1.064; P=.32; Figure 3 and Table S1 in Multimedia
Appendix 1).

Figure 3. Adjusted incidencerateratio (AIRR) in comparing blood donation—rel ated diseases between donors and nondonors: the healthy donor effect.

ICD-10: International Classification of Diseases, Tenth Revision.
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HDE by Sex Differences

Our study found that male and female individuas both have
significant HDE, but it was stronger in femaeindividuas (AIRR
1.236, 95% CIl 1.196-1.277; P<.001) than male individuals
(AIRR 1.082, 95% CI 1.050-1.116; P=.003). The most
substantial difference was found in the risk of having factors
influencing health status and contact with health services
(Z200-299), as female non-blood donors in all age groups had
ahigher risk than blood donors, but only male norn—blood donors
aged 46-55 years had a higher risk (AIRR 2.273, 95% CI
1.205-4.289; P<.001). For diseases, the most significant
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ICD-10

difference was observed in therisk of diseases of the blood and
blood-forming organs and certain disorders involving the
immune mechanism (D50-D89): the HDE of female donorswas
stronger than that of male donors (female: AIRR 4.294, 95%
Cl 2.887-6.388; P<.001 vs mae: AIRR 2.042, 95% CI
1.299-3.210; P<.001). After age stratification, male donorswho
had their first donation between 46-55 years old had the
strongest HDE among all age groups (AIRR 2.193, 95% ClI
2.011-2.392; P<.001), whereasfemal e donorswho first donated
between 18-25 years old had the strongest HDE (AIRR 1.571,
95% Cl 1.465-1.685; P<.001; Figure 4 and Tables S2-3 in
Multimedia Appendix 1).
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Figure 4. Adjusted incidence rate ratio (AIRR) in comparing blood donation—related diseases between donors and nondonors by sex—(A) male and
(B) female: the healthy donor effect. ICD-10: International Classification of Diseases, Tenth Revision.
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In terms of age groups, among non-blood donors, the 46-55
years age group showed the highest risk (AIRR 1.816, 95% ClI
1.707-1.932; P<.001), followed by the 18-25 years age group
(AIRR 1.302, 95% CI 1.245-1.362; P<.001). Conversely, the
26-35 and 36-45 years age groups did not show significant
differences between donors and nondonors (AIRR 0.979, 95%
Cl 0.936-1.023; P=.21 and AIRR 0.988, 95% CI 0.951-1.025;
P=.32, respectively). Notably, donors who initiated donation
after the age of 46 years had a consistently better health status
compared with non-blood donors. It was shown that non—blood
donors had a 5-times higher risk than donors in diseases of the
blood and blood-forming organs and certain disordersinvolving
the immune mechanism (D50-D89; AIRR 5.181, 95% CI
1.968-13.636; P<.001) and a 3-times higher risk in endocrine,
nutritional, and metabolic diseases (E00-E90; AIRR 3.384, 95%
Cl 2.612-4.383; P<.001) and certain infectious and parasitic
diseases (A00-B99; AIRR 3.181, 95% Cl 2.183-4.635; P<.001).
Non-blood donorsin all age classeswere associated with higher
risks for certain infectious and parasitic diseases (A00-B99);
diseases of the blood and blood-forming organs and certain
disorders involving the immune mechanism (D50-D89);
endocrine, nutritional, and metabolic diseases (E00-E90); mental
and behavioral disorders (FOO-F99); and factors influencing
health status and contact with health services (Z00-Z99)
compared with donors (Figure 3 and Table S1 in Multimedia
Appendix 1).

In contrast, non—blood donors aged 26-35 years had a lower
risk of diseases of the nervous system (G00-G99; AIRR 0.728,
95% CI 0.576-0.919; P<.001); diseases of therespiratory system
(J00-J99; AIRR 0.781, 95% CI 0.699-0.87; P<.001); and
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Cl 0.827-0.995; P=.007). Non-blood donors aged 36-45 years
only had a lower risk for diseases of the circulatory system
(100-199; AIRR 0.866, 95% Cl 0.802-0.936; P<.001) and
diseases of the respiratory system (J00-J99; AIRR 0.805, 95%
Cl 0.738-0.901; P<.001; Figure 3 and Table S1 in Multimedia
Appendix 1).

Sensitive Analysis

Upon conducting a comparative analysis, we made necessary
adjustments to the overall findings by excluding the disease
categories of external causes of morbidity and mortality
(V01-Y98) and factors influencing health status and contact
with health services (Z00-Z99). Subsequently, our results
demonstrated a consistent increase in the risk of HDE among
both blood donors and non—blood donors, with an AIRR of
1.117 (95% CI 1.092-1.143).

Gaps Between Hospital Discharge and Fir st Blood
Donation

The overall median waiting period between inpatients being
discharged from the hospital and the first blood donation was
534 (IQR 241-960) days. This duration showed a declining
trend with respect to age groups. The longest waiting period
was found in the 18-25 years age group (median 592, IQR
267-1027 days). The shortest waiting period was found in the
46-55 years age group (median 439, IQR 204-813 days). Inthe
26-35 years age group, the gap was a median of 531 (IQR
240-970) days, wheresas in the 36-45 years age group, the gap
was amedian of 521 (IQR 239-942) days. The longest gap was
observed among those who had the disease category of
neoplasms (C00-D48; median 673, IQR 358-1137 days),
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followed by factors influencing health status and contact with
health services (Z00-299; median 660, IQR 373-1109 days),
and certain infectious and parasitic diseases (A00-B99; median
654, IQR 298-1154 days). The shortest gap was found in those
with the disease category of endocrine, nutritional, and
metabolic diseases (E00-E90; median 456, |QR 152-877 days).

Suetd

Regarding the overal trend, the waiting period showed a
descending trend, with the gap changing from a median of 592
(IQR 267-1027) daysin 18-25 years age group to a median of
439 (IQR 204-813) days in the 46-55 years age group (Table
2).

Table 2. Gaps between hospital discharge and the first blood donation among blood donors.

Disease categories

Days between discharge and the first donation, median (IQR)

18-25yearsage
group

26-35yearsage
group

36-45 yearsage
group

46-55yearsage All age groups

group

Certain infectious and parasitic diseases (A00-B99)
Neoplasms (C00-D48)

Diseases of the blood and blood-forming organsand certain
disorders involving the immune mechanism (D50-D89)

Endocrine, nutritional, and metabolic diseases (EO0-E9Q0)
Mental and behavioral disorders (FOO-F99)

Diseases of the nervous system (G00-G99)

Diseases of the circulatory system (100-199)

Diseases of the respiratory system (J00-J99)

Diseases of the digestive system (K00-K93)

Diseases of the skin and subcutaneous tissue (L00-L99)
Diseases of the genitourinary system (N0O-N99)

External causes of morbidity and mortality (V01-Y 98)

Factors influencing health status and contact with health
services (Z00-299)

Overal

770 (335-1192)
595 (286-978)
496 (262-916)

451 (216-829)
533 (301-940)
472 (164-953)
608 (256-1054)
649 (291-1124)
604 (263-1023)
432 (178-999)
611 (259-1052)

N/AZ
661 (378-1054)

592 (267-1027)

700 (347-1134)
583 (301-991)
592 (272-1292)

496 (142-926)
567 (267-1063)
544 (256-992)
477 (208-936)
571 (234-1002)
583 (267-1034)
573 (267-1052)
551 (241-1007)
N/A

730 (409-1216)

531 (240-970)

552 (278-1074)
726 (405-1173)
524 (277-1022)

493 (182-893)
598 (291-1140)
471 (220-888)
497 (204-921)
571 (273-979)
610 (310-1031)
545 (239-934)
605 (275-1070)
N/A

632 (313-1081)

521 (239-942)

415 (259-872)
698 (329-1103)
485 (272-988)

273 (75-653)
367 (87-1007)
406 (159-787)
413 (200-796)
429 (230-938)
537 (303-855)
638 (226-916)
581 (242-961)
N/A

580 (344-956)

439 (204-813)

654 (298-1154)
673 (358-1137)
510 (272-1069)

456 (152-877)
560 (276-998)
473 (205-896)
481 (206-910)
582 (260-1037)
593 (285-1011)
523 (232-969)
584 (260-1036)
N/A

660 (373-1109)

534 (241-960)

8N/A: not applicable.

Discussion

The findings of our study provide robust evidence of the
existence of the HDE among blood donors in China. In line
with the blood donation guidelines of the country, the overall
health status of blood donors was found to be superior to that
of non-blood donors, as evidenced by a reduced risk of
developing selected diseases. In particular, individual swho had
their first blood donation at or after the age of 46 years exhibited
a significantly lower risk of developing diseases across all
categories compared with non—blood donors. Theresults of our
study highlight a marked disparity in the HDE by sex, with
concerns that donating blood may negatively impact the health
of participantswith these conditions. Although previousresearch
has aimed to disprove the HDE, our study is the first to both
confirm its presence and quantify its magnitude.

Although blood donors generally exhibit a better health status
than non-blood donors during the predonation period, our
findings indicate that non—blood donors are superior in certain
disease age groups. Thedisparity in health status between blood
donors and non-blood donors could be attributed to severa
factors. First, our datarevealed that blood donors with a higher
disease rate than non—blood donors were all younger than the
age of 45 years. This observation suggests that older donors
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may be more conscientious of their health and well-being
[27,28]. Second, certain diseases, although they may require
hospitalization, do not necessarily prohibit patients from
donating blood. For instance, our datareveal ed that the majority
of blood donors with inpatient records for respiratory diseases
had contracted influenza or pneumonia (J09-J18). As the risk
of transmitting these diseases directly through blood or blood
productsisextremely low, individualswho have recovered from
these conditions and are free from clinical symptoms may till
be dligible to donate blood [29]. Third, previous studies have
shown that appropriate blood donation can help reduce the risk
of certain diseases. Blood donation has been found to increase
the concentrations of high-density lipoprotein and apolipoprotein
A while aso lowering the potential for oxidation of low-density
lipoprotein (LDL) particles. Lower levels of LDL peroxidation
result in higher oxidation potential and increased concentration
of nitric oxide in LDL particles, which may have a protective
effect against certain diseases[30]. Additionally, blood donation
has been associated with areduced risk of circulatory diseases
and tumors [31,32], possibly due to the reduction of iron
concentrationsin the body through blood |osstherapy. However,
some studi es suggest that iron loss through blood donation may
also be associated with certain diseases [6,33,34].
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This study demonstrated that female individuals exhibited a
stronger HDE than male individuals. This difference can be
attributed to social and physiological factors, as well as the
different incidence of common diseases in male and female
individuals[35]. Furthermore, femal e individual s demonstrated
a strong HDE in relation to oncology and digestive diseases,
which may be related to life circumstances, work stress, and
lifestyle factors such as smoking and alcohol consumption
[36,37]. Interestingly, the results of age stratification indicated
that the strength of the HDE differs between age categories.
Specifically, femaleindividual s between the ages of 18-45 years
exhibited astronger HDE than their mal e counterparts, whereas
male individuals aged 46-55 years exhibited a stronger HDE
compared to female individuals in the same age group. These
results may be explained by the overall physiological differences
that exist between male and female individuals in their
reproductive stages, such asthe menstrual cycle and pregnancy,
which could lead to female donors paying more attention to
their health and neonatal health and following the donation
guidelines more closely, resulting in an increased HDE
compared to male individuals [38]. Importantly, it is worth
noting that the strength of HDE was no longer accentuated in
femaleindividuals after the age of 46 years, asthey have entered
the nonreproductive phase and the af orementioned reproductive
factors have disappeared, resulting in a stronger HDE in male
individuals compared to female individuals. These results
highlight the importance of considering sex effects in the
expression of the HDE.

We aso found that the average time interval between
participants donating blood and being discharged from hospital
was almost 2 years. Given the shortage of blood storage, it is
recommended that restrictions on donation requirements be
discussed, similar to other countries [39], such as alowing
inpatients with cured diseases to donate blood after a certain
period. This is especially important during the COVID-19
outbreak, where blood supply shortages have been reported
[40], and China has updated guidelines stating that patientswith
COVID-19 can donate blood after 7 days of seroconversion
[41]. We are the first to demonstrate that older people have a
shorter interval between discharge and blood donation than
younger people, which may be due to 2 reasons. First, as the
age limit for blood donation is <55 years, donors must donate
blood before this age limit. Many countries have a higher age
limit than China, and considering that life expectancy has
increased in China, the age limit for blood donation may also
need to be increased. Furthermore, Chinaencourages donorsto
donate blood by allowing the donor or a family member to
receive an equa volume of the donated blood with priority.

Acknowledgments

Suetd

Older adults may have been more reluctant to donate blood
previously but have become more accepting after this promotion
policy was enacted. Consistent with this policy, donors aged
46-55 years have increased from 11.7% in 2012 to 19.6% in
2018 in Shaanxi Province, whereas donors aged 18-25 years
have decreased from 36.7% in 2012 to 30.3% in 2018 [42].
However, itiscrucia to ensurethe safety of blood transfusions,
particularly for donors with hospitalization records. To address
this, we recommend that blood centerslink donors’ identification
with their EHRs, alowing hedth care staff to access their
previous disease history and determinetheir eigibility for blood
donation. In China, the National Health Commission has been
promoting the establishment of EHRswith various policiesand
financial support since 2010 [43]. The health system can be
effectively used to inform donors about their medical history,
and only healthy individuals with eligible medical histories
could be qualified to donate blood or blood components.

Some limitations should be noted in this study. First, as a
retrospective study, the records were extracted from the EHR,
and the number of people who left the province was not
recorded, which may have influenced the hospitalization rate.
However, based on the current data, the proportion of
immigrants from Shaanxi Province is approximately 10%, and
this is unlikely to significantly affect the results. Second,
environmental factorsand family medical history, both of which
may have an impact on respiratory diseases and tumors, were
not taken into account in the study. Third, blood routine and
liver function data were not readily available for non-blood
donors, so we cannot include these factors in the PSM process
at baseline. Given that blood routine and liver function tests
involve multiple indicators, participants with abnormal datain
these tests may potentially have asymptomatic diseases that
have not yet been diagnosed. This limitation introduces a
potential source of confounding bias in our investigation of
related diseases. Finaly, the duration of hospitalization may
have been influenced by the economic and health care quality
factors of the admitting hospitals, which could not be considered
in the analysis. Despite these limitations, this study is the first
and largest population-based study to provide comprehensive
evidence of the existence of the HDE, especially for thefemale
donors and donors who donate over the age of 46 years. We
highlighted the substantial differencesin blood-related diseases
between blood donors and non-blood donors prior to donation.
Consequently, this has the potential to introduce bias in
comparing donor effects between the 2 groups. Future studies
should aim to devel op more accurate methodsto cal culate donor
effects and eliminate this bias.
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