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Purpose: The Shaanxi Blood Donor Cohort was set up to investigate the impact of blood donation on the health of donors compared with non-blood donors. The specific aims of the study include (1) identifying the geographical and temporal trends of incidence for diseases in both blood donors and non-blood donors; (2) assessing the impact of environmental exposures, lifestyle, body mass index (BMI) and blood type on disease burdens, stratified between blood donors and non-blood donors; and (3) among blood donors, investigating if regular blood donation has a positive impact on donors’ health profiles, based on a cohort with a mixed retrospective and prospective study design.

Participants: A total of 3.4 million adults, with an equal number and identical demographic characteristics (year of birth, sex and location of residence) of blood donors and non-blood donors, were enrolled on 2012. The one-to-one matching was conducted through a repeated random selection of individuals without any history of blood donation from the Shaanxi Electronic Health Records. The cohort has been so far followed up to the end of 2018, summing to nearly 24 million years of follow-up. The cohort will be followed up prospectively every 3 years until 2030.

Findings to Date: Of the 1.7 million blood donors, 418,312 (24.5%) and 332,569 (19.5%) individuals were outpatients and inpatients, accounting for 1,640,483(96.2%) outpatient and 496,061 (29.1%) inpatient visits. Of the same number of non-blood donors, 407,798 (23.9%) and 346,097 (20.3%) individuals were hospital outpatients and inpatients, accounting for 1,655,725 (97.1%) outpatient and 562,337 (33.0%) inpatient visits. The number of outpatient and inpatient visits by non-blood donors was 0.9 and 3.9% higher than those of the blood donors (p < 0.01). Blood donors demonstrate significantly fewer inpatients visits than non-blood donors for major chronic disease categories (p < 0.01).

Future Plans: We are currently exploring the long term benefits of blood donation on major chronic disease categories and multimorbidities in this large population cohort. The study results are adjusted by the “healthy donor effect.” This cohort study will continue until 2030.
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INTRODUCTION

Blood donation saves lives and is essential for clinical care (1). A “healthy donor effect” undoubtedly exists, in that donors are overall healthier, at the time of donation, than non-donors (2). This is likely, in part, due to pre-donation health screening requirements but may also reflect other factors, including socioeconomic status. However, whether blood donation also provides health benefits to donors as a consequence of donation is less clear. For example, reducing iron overload through regular blood donation may prevent cancer, hemochromatosis, and liver diseases (3, 4), but iron depletion and iron deficiency with anemia are common among frequent blood donors (5–7). To date, there is insufficient scientific evidence to identify the impacts of blood donation on donors’ health at a population level. We, therefore, established a large natural population cohort consisting of an equal number of both blood donors and non-blood donors of comparable demographics to assess the impacts of blood donation on donors’ subsequent disease burden following blood donation.

Previous investigations have not provided conclusive evidence on the health impact of donation on blood donors. While some studies have demonstrated that regular blood donation may reduce the occurrence of cardiovascular and cerebrovascular events (8–10), others reported that the cardiovascular benefits of blood donation (for example, by depleting lipid-oxidizing iron) are controversial (11, 12). Cohort studies among disqualified donors could not demonstrate any reduction in the incidence of coronary disease or myocardial infarction (13, 14). One observational study with 292 subjects found regular blood donation is associated with decreases in blood pressure in individuals with hypertension (10), but a separate study indicated no differences (15). Blood donation has not shown protective effects for cancer development, but findings were confounded by many factors such as smoking, alcohol consumption, body mass index, physical activity, and occupation exposures (4, 16, 17). Most of these studies were longitudinal studies or cohort studies with a relatively short follow-up period and small sample size, which is insufficient to distinguish the differences in disease burden between blood donors and non-blood donors. As most clinical symptoms after blood donation were self-reported, recall bias also undermined the results of these studies (18, 19).

To our best knowledge, only a few cohort studies investigate the association between blood donation and its subsequent impact on disease burden in a population (20–22). We address this knowledge gap by establishing a combined retrospective and prospective cohort in a large Chinese population. The cohort was recruited in the Chinese province of Shaanxi, with a permanent resident population of 39 million in 2019. We collected information on 3.4 million blood donors from the Shaanxi Blood Donor Database during 1998–2018. By linking it with the province-wide Shaanxi Electronic Health Records (EHR) and Centralized Hospital Medical Records (CHMRs), provides an unprecedented opportunity to investigate the potential benefits/adversities of blood donation for any clinically diagnosed diseases (defined by ICD-10) in donors (compared with non-donors) in a natural and representative population cohort.

The key objectives of this cohort study include (1) identifying the geographical and temporal trends of incidence for both communicable and non-communicable diseases in both blood donors and non-blood donors; (2) assessing the impact of environmental exposures, lifestyle, body mass index (BMI) and blood type on disease burdens, stratified between blood donors and non-blood donors; and (3) among blood donors, investigating if regular blood donation has a positive impact on donors’ health profiles.



METHODS AND ANALYSIS


Cohort Participants

We constructed this cohort through comprehensive data linkages of major population health databases in Shaanxi province. The Shaanxi Blood Donor’s Database was established in 1998 and recorded all voluntary blood donation events in the province. All blood stations on the prefecture-level adopted a standardized blood collection and information management system. During 1998–2018, a total of 67,367,713 donation event records from 3,389,981 blood donors were collected (Figure 1). The database covered all ten prefectures in Shaanxi (Figure 2). The key variables collected at the point of blood donation included information related to demographics, the process of blood donation, anthropometric measures, and medical indicators (Table 1). The Whole Blood and Component Donor Selection requirements by China’s Ministry of Health excluded individuals from blood donation if they have one of the following medical conditions: chronic respiratory diseases, circulatory system diseases, urinary system diseases, autoimmune diseases, blood system diseases, chronic skin disease, allergic diseases, neurological, and mental diseases, infectious diseases, parasite disease, cancers and certain occupational diseases (23). Individuals who previously received a transplant were not eligible for donation. The requirements classified 16 health conditions for temporary deferrals, including dental cleaning, tooth extraction, surgery, abortion, delivery, breastfeeding, upper respiratory infection, acute gastroenteritis, receipt of blood components or products, and recent vaccination (24). Donors are required to have a minimum weight of 50 kg for males and 45 kg for females and a normal systolic (90–140 mm Hg) and diastolic (60–90 mmHg) blood pressure. The donation interval requirement is at least 6 months apart between whole blood donations and 2 weeks apart for apheresis donation, and the legal age for donation was 18–55 years (23). Hemoglobin and blood counts were measured prior to the donation according to the Chinese guidelines for blood donation (25).
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FIGURE 1. Flowchart demonstrates the steps of cohort construction. The inclusion criteria of cohort participants, (1) blood donors are recorded in both Shaanxi Blood Donor’s Database and Shaanxi resident’s Electronic Health Records; (2) blood donors have a unique identification number to enable them to be linked across datasets; (3) each non-blood donor is matched to a blood donor with identical age, gender and location of residence.
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FIGURE 2. The geographical distribution of enrolled blood donors in the cohort in Shaanxi province, China. The enrolled non-blood donors share an identical distribution.



TABLE 1. Summary of data collected in the Shaanxi Blood Donor Cohort, based on the linkage of three major health datasets.
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The Shaanxi Blood Donor Database was subsequently integrated with Shaanxi residents’ Electronic Health Records (EHR), administered by Shaanxi Provincial Health Planning Policy Evaluation and Information Center. EHR was a key digital health initiative implemented nationwide by the Chinese government in 2009 and initiated in Shaanxi in 2012 (26). In 2012, approximately 50% of the 40 million Shaanxi’s residents were covered by EHR. Its objective was to maintain continuous and trackable medical records for its residents and provide health stakeholders with evidence for disease trends and distribution. EHR collected basic health information from locally registered residents and residents from other Chinese provinces who have lived in Shaanxi for more than 6 months. As of 2018, 70% of the Shaanxi residents have registered in EHR (27). The rollout of EHR was determined by the geographical differences in willingness and overall planning of implementation. The records included basic demographic information, past personal and family medical history, health examinations, and key population health management records (Table 1). EHR data was collected through household surveys, disease screening, health check-ups, and records from community health service centers. The EHR data was used as the baseline information for the cohort and subsequently linked to the hospital notification data. Our inclusion criteria are to recruit all the blood donors with an EHR record in the cohort. We, thus, matched the Shaanxi Blood Donor Database with the EHR based on unique resident identification numbers. The linkage resulted in 1,917,046 EHR records matched to the blood donor dataset (Figure 1), and have excluded 1,472,935 donors without EHR. Further, after excluding 210,434 duplications and 1,921 entries that miss essential information, 1,704,691 blood donors were found in files of EHRs and included in this study.

Of the available 31,130,122 records in EHR, we created a non-blood donor cohort with individuals of an identical year of birth, sex, and residency location as the blood donor cohort. The one-to-one matching was conducted through a repeated random selection of individuals without any history of blood donation from the EHR and comparing the three characteristics with those from the blood donor cohort. During the process, the same non-blood donor cannot be selected more than once. The selection process was repeated until all 1,704,691 non-blood donors were selected (Figure 1). The selection of identical years of birth and sex removed the potential confounding effects caused by these demographic characteristics on disease burden. In contrast, the identical residency location selection ensures that the geographical distributions of the diseases between the two cohorts are comparable (Table 1).

The combined cohort of blood donors and non-blood donors was further linked to the Centralized Hospital Medical Record (CHMR) of Shaanxi Province, also administered by Shaanxi Provincial Health Planning Policy Evaluation and Information Center. In China, hospital outpatient consultations and inpatient admission were compulsorily reportable for state-funded health insurance schemes (28). As of 2018, CHMR covered 473 public hospitals, 702 private hospitals and 625 community hospitals in Shaanxi. In CHMR, the outpatient records included the date of visit, primary diagnosis and associated complications, and consultation and examination expenses. For inpatients, medical records also include counts of hospital admissions, history of hospitalization, discharge status (discharged or death), department of discharge, and discharge dates or transfer information. All outpatients and inpatients records include patients’ residential identification numbers, which enabled a data linkage with the already integrated blood donor and non-blood donor datasets. As a result, of the 1,704,691 blood donors, a total of 496,061 inpatient records and 1,640,483 outpatient records were identified; of the same number of non-blood donors, 538,803 hospital records and 1,655,725 outpatient records were identified (Figure 1). All records’ identification numbers and identifiable information were removed after linkage by the data custodian and blinded from the researchers.

In summary, we established a retrospective cohort of 1.7 million blood donors and 1.7 million non-blood donors with identical demographic characteristics for the period 2012–2018. We anticipate following up and expanding this cohort prospectively every 3 years during 2019–2030.



Cohort Follow-Up

The cohort was initiated in 2012 at the same time when both standard EHR and CHMR databases were first established as required by the Chinese government. EHR and CHMR databases were updated yearly when new records were received. Although the first record of CHMR could be dated back to 2007, the information was only uploaded automatically by only very few hospitals and the uploaded data had no standardized format between hospitals. Since 2012, CHMR data has been standardized and initially covered 80% of specialized hospitals and 30% of primary hospitals. This coverage has increased to 100% for specialized hospitals and 80% for primary hospitals in 2018 (Supplementary Table 2). We excluded the CHMR before 2012 to avoid bias in data. The timing of the first record of EHR was regarded as the baseline for cohort participants. The cohort was retrospectively followed until the end of 2018, which accounted for a total of 23,780,396 person-years of follow-up accumulatively. During the follow-up, we regarded the first record of disease in the CHMR database as the onset of the disease unless the participant had self-reported the disease’s pre-existence at baseline. We estimated disease incidence as the ratio of the number of participants who developed the disease and the overall follow-up duration. Similarly, we calculated disease mortality as the ratio of the number of participants who died of the diseases and the overall follow-up duration.

Starting from 2019, the existing cohort of 3.4 million participants will continue to be followed up every 3 years until the end of 2030 (2021, 2024, 2027, and 2030). The cohort remains open in each follow-up, and new blood donors are allowed to enroll into the cohort in 2021, 2024, and 2027. When new blood donors are added to the cohort, an equal number of non-blood donors with identical years of birth, sex, and residence location will be randomly selected from EHR and enrolled in the cohort. The same EHR and CHMR indicators will be updated regularly in each follow-up. The design of the prospective cohort will add to the assessment of the temporal trend of the disease burden, particularly disease incidence, in the cohort.

Cohort participants were considered to reach their follow-up endpoints if they satisfied one of the following: (1) one of EHR and CHMR have indicated that the individual has died; (2) the participant’s EHR record has not been updated in three consecutive years; (3) participant’s current residential address on EHR is no longer within Shaanxi province.



Findings to Date

The equal number of blood donors and non-blood donors of identical age (in years), sex distribution and geographical distribution (Tables 2A,B) reflect their matching demographic characteristics. The overall cohort is relatively young, with a mean age of 36.4 (SD ± 10.6) years and predominantly male (59.0%), and resided in the Central Shaanxi region (71.5%). Both male and female blood donors and non-blood donors demonstrate similar marital status, with married individuals accounting for approximately 60% of the participants, followed by 25–30% who were never married. However, blood donors seem to be better educated (Senior high and above) and have a lower proportion of peasants as their occupations than non-blood donors (χ2-test, all p < 0.01).


TABLE 2. Basic demographic characteristics of blood donors and matched non-blood donors in the Shaanxi Blood Donor Cohort at the time of enrolment.
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We reported that blood donors generally have fewer inpatient and outpatients visits than non-blood donors, based on nearly 12 million person-years of follow-up in each of the subgroups (Supplementary Table 1). Of the 1.7 million blood donors, 418,312 (24.5%) and 332,569 (19.5%) individuals were outpatients and inpatients, accounting for 1,640,483 (96.2%) hospital outpatient visits and 496,061 (29.1%) inpatient visits, respectively. In contrast, of the same number of non-blood donors, a total of 407,798 (23.9%) individuals were hospital outpatients, and 346,097 (20.3%) individuals were inpatient, accounting for 1,655,725 (97.1%) hospital outpatient visits and 562,337 (33.0%) inpatient visits. The number of outpatient and inpatient visits by non-blood donors was 0.9 and 3.9% higher than those by blood donors.

The first inpatient and outpatient records are important indicators for the disease onset of the cohort participants. Overall, compared non-blood donors, blood donors consistently had an older age at the first inpatient visit (36.2 [28.2–45.6] vs. 35.3 [26.7–44.3], p < 0.001, Figure 3A and Supplementary Table 1) and at outpatient visit (32.6 [25.2–41.4] vs. 32.1 [24.4–40.7], p = 0.005) (Figure 3C and Supplementary Table 1), a shorter duration of the first inpatient hospitalization (8 days [5–11] vs. 9 [6–13], p < 0.001) (Figure 3B and Supplementary Table 1) and incurred lower costs during the first inpatient and outpatient visits (RMB ¥4684 [2,826–7,781] vs. ¥4906 [3,153–8,186], p < 0.001; and ¥111 [53–245] vs. ¥103 [54–237], p = 0.0016).


[image: image]

FIGURE 3. Age at first inpatient and outpatient visits and duration of the first hospitalization based on ICD-10 Chapters*, stratified by blood donors and non-blood donors. (A) Age at the first hospital admission. *ICD Chapters are explained in Supplementary Table 1. (B) Duration of the first hospitalization. (C) Age at the first outpatient visit.


Among the blood donors, the most common cause of their first inpatient hospital visit was pregnancy, childbirth and the puerperium (26.8% of all visits, 107,263 individuals with 131,934 visits, Supplementary Table 1 and Supplementary Figure 1A), followed by diseases of the circulatory system (11.2%, 40,021 individuals with 55,229 visits), injury, poisoning and other external causes (9.8%, 43,376 individuals with 48,147 visits), digestive system diseases (9.2%, 38,951 with 45,573 visits) and diseases of the respiratory system (6.3%, 26,909 individuals with 31,215 visits). For non-blood donors, the top five disease categories are identical with only slight variation in their proportions and ranking (24.9, 11.6, 9.7, 9.8, and 6.7% for the five disease categories, respectively). In this cohort, blood donors had consistently fewer visits for all five leading diseases than non-blood donors (all p < 0.05, Supplementary Table 1).

The records for the first outpatient visit among blood donors demonstrated a similar pattern of distribution (Supplementary Figure 1B). The top five causes for outpatient visits were diseases of the respiratory system (35.0%, 148,889 individuals with 573,904 visits), disease of the digestive system (8.6%, 37,530 individuals with 140,642 visits), disease of the circulatory system (6.7%, 25,355 individuals with 110,021 visits), diseases of the genitourinary system (4.6%, 20,579 individuals with 76,074 visits), and diseases of the musculoskeletal system and connective tissue (4.3%, 18,449 individuals with 71,260 visits). For non-blood donors, the top five disease categories are identical with only slight variation in their proportions and ranks (38.8, 9.6, 6.9, 4.9, and 5.6% for the five disease categories, respectively). Blood donors had consistently fewer visits for the disease of the respiratory system, digestive system and musculoskeletal system and connective tissues than non-blood donors (all p < 0.05, Supplementary Table 1), but not diseases of the genitourinary system and the circulatory system.

We plan to further evaluate the “healthy donor effects” in a subset of participants. We will first focus on the subset of blood donors who donated blood between the 2012 baseline and the end of 2018. We will then specifically extract the disease information of these blood donors between baseline and the date of their blood donation. Similarly, we will also extract the disease information of the matching non-blood donors during the same time period. We, hence, compare the disease rates between blood donors and non-blood donors to quantify the “healthy donor effects.”




DISCUSSION

There are several key unique strengths of the Shaanxi Blood Donor Cohort. First, it is the largest known population cohort study for blood donors worldwide. It includes extensive details on the natural disease burdens of a population cohort in a resource-limited country undergoing rapid economic and social changes. The cohort is representative of the general population in western China, and the disease burden resembles the natural disease burden in the Chinese population (29, 30). Second, as the blood donation history is dated back to as early as 1998, this enables us to define regular and non-regular blood donors among all blood donors based on the frequency and interval of donation. Together with data from non-blood donors, this cohort provides a detailed spectrum from no blood donation to various levels of blood donation, enabling us to link and investigate the disease burden in each of these subgroups. The extensive history of blood donation records also means a large subgroup of the early blood donors has already entered the post-donation age (age > 55) during 2012–2018, providing a unique opportunity to assess blood donation’s long-term impact on donors’ health as they age. Third, the disease diagnoses are well-defined in this cohort, based on ICD-10 standards rather than self-report. It consists of all 22 categories of ICD codes from both inpatient and outpatient hospital records. The availability of detailed information on the demographics, socioeconomic status, lifestyle and dietary, medical and family disease history, blood and blood donation information at baseline allows a comprehensive assessment of the risk factors and causes of diseases. Fourth, the cohort includes a comparable subgroup of non-blood donors with identical key demographic characteristics, allowing a direct comparison of disease burden and progression between blood donors and non-blood donors. Fifth, our cohort data will enable us to quantify “healthy donor effects.” Previous studies have reported that healthy donor effects cause significant biases when assessing the association between blood donation and disease risk, but the adjustment for the effects was mostly made only after the event of blood donation (8, 31). In this study, we have designed a sub-study to explore the “healthy donor effects” before blood donation. The causative association between blood donation and subsequent disease onset can be more appropriately addressed in future analysis.

The cohort study has several limitations. First, the EHR system was only established in 2012, and the relatively short duration may limit the investigation of the onset of some chronic diseases. However, the cohort’s large sample size may compensate for this limitation by increasing the available number of person-years of follow-up. Second, the pooled data does not consider the mobility of the population; individuals who seek healthcare outside of the Shaanxi province were not reflected in the database. In 2018, the proportion of Shaanxi residents who live or work in other Chinese provinces was approximately 15% (32); this population represents a younger population and is at a lower risk of diseases. Nevertheless, the hospital diagnosis may be an underestimate of the actual number of diagnoses. Third, our study did not include menstruation nor the menopausal status of female donors as the Chinese guideline does not allow women 3 days before or after menstruation, during pregnancy, up to 6 months after abortion or childbirth and up to 1 year after lactation to donate blood (25). However, we did include menopausal women in our study, and this may be a critical factor for iron levels and lead to potential overestimation of health status in blood donors. Fourth, the hospital diagnosis depends on the medical staff’s ability to diagnose and the willingness of the individuals to seek healthcare. Mental diseases and degenerative diseases are underrepresented in this database, which accounts for only 1.0 and 0.1% of all diagnoses. Previous studies have reported a low overall level of accurate diagnosis of mental illness in the Chinese population. The misunderstanding that mental diseases are a part of aging and untreatable and the concealment of symptoms to avoid stigma from the society are main reasons for underestimating the prevalence of mental disorders (33, 34). We anticipated the situation would improve over time, and our 3-yearly ongoing follow-up will provide an opportunity to investigate these diseases in the near future. Fifth, although we have matched key demographic characteristics of the blood donor group to create the non-blood donor group, there are variations in other potential confounding factors between the two population groups. These may include socioeconomic status, family history of diseases and dietary patterns, which may contribute to the potential differences between the diseases profiles of the two groups.
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