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Background: The COVID-19 pandemic significantly disrupted the balance
between blood supply and demand; however, limited evidence reveals how this
imbalance emerged, particularly across specific blood types. Changes in dona-
tion patterns during the pandemic and their association with the local economy
also remain underexplored.

Methods: Using provincial-level data from 2014 to 2023, we used an interrupted
time series model to analyze the trends in blood supply, blood demand, and
group donations caused by the pandemic. Generalized least squares and dis-
tributed lag models were applied to examine the relationship between group
donations and local economic performance.

Results: The pandemic led to an immediate decline in the supply-to-demand
ratio for blood, with types A and O most severely affected. Group donations
were positively associated with local economic performance, although COVID-
19 attenuated this relationship.

Conclusion: Tailored strategies are needed for blood types in high demand.
Supporting group donations may help promote economic resilience during
public health crises.

KEYWORDS
blood supply and demand, China, COVID-19, economic performance, group donations

Introduction

In 2020, COVID-19 spread rapidly across the globe, disrupting nearly every aspect of
public life, with the healthcare system bearing the greatest burden (1). Among the affected
sectors, blood donation and transfusion services were the most affected, as they are highly
sensitive to fluctuations in supply and demand. Zhejiang province, one of the most developed
regions in China, responded quickly by implementing effective strategies to minimize infection
rates and alleviate pressure on the local healthcare system (2). Working in partnership with
local businesses, the provincial government introduced innovative tools, such as the health
code system, to help with individual health management, including tracking epidemic history,
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and to prevent further outbreaks (2, 3). Although the pandemic was
eventually contained within a relatively short period in Zhejiang, it
inevitably changed individual behaviors—individuals initially delayed
seeking healthcare, leading to a subsequent surge in demand for medi-
cal needs as they attempted to address previously postponed needs (4).

Meanwhile, the pandemic also caused broad consequences beyond
its immediate health impacts (5). Movement restrictions and reduced
mobility disrupted individuals’ regular access to blood donation centers.
Blood centers also introduced additional donor screening and deferral
criteria to protect donors and safeguard the blood supply, which further
decreased the number of eligible donors (6). Together, these disruptions
may lead to short-term declines in blood collections and, in turn, increase
the risk of supply shortages and creating downstream challenges for hos-
pitals and patients reliant on transfusions. This public health crisis, there-
fore, exposed the inherent vulnerability of the blood supply chain,
revealing how quickly external shocks may destabilize a system that
depends on continuous donor participation. The severity of disruption
varied by blood type, with blood type O disproportionately affected the
most due to higher clinical demand (7). An adequate blood supply
ensures that patients receive timely transfusions, which helps prevent
treatment delays and reduces time away from work. Previous studies also
show that a well-functioning blood supply-demand system not only helps
prevent medical complications but also reduces long-term healthcare
costs, thereby supporting both individual well-being and the overall per-
formance of the healthcare system (8).

In China, the blood donation system primarily comes through
two channels: individual donations and group donations (9).
Individual donations typically involve people who spontaneously visit
blood donation sites, often motivated by personal initiative or public
appeals. By contrast, group donations are usually organized by com-
munity organizations, schools, or workplaces, with blood drives
scheduled at specific times (10). To facilitate group donations, blood
centers often provide on-site collection services, although this gener-
ally requires mobilizing a minimum number of donors to be cost-
effective (11). This approach is convenient and efficient for
maintaining a stable blood supply. As a complement to individual
donations, group donations embody collective action and social soli-
darity, particularly in the Chinese context, where community-oriented
initiatives have strong cultural and institutional support.

During the COVID-19 pandemic, the blood collection-to-supply
process could be disrupted through multiple channels. In general, lock-
downs and reduced mobility decreased donor attendance and disrupted
blood collection. In addition, blood centers implemented additional
donor screening and deferral criteria to protect donors and maintain the
safety of the blood supply, which could further reduce the number of
eligible donors. Together, these disruptions may lead to short-term
declines in collections and, in turn, reduce the stability of the blood
supply. In addition to affecting blood donations, COVID-19 also has
negative impacts on the economy (12). This disruption manifested in
severe shocks to the retail, service, and manufacturing industries caused
by lockdowns (13). These economic disturbances are intertwined with
challenges within the health system, as resource shortages—including
those in the blood supply chain—undermined labor productivity and
further exacerbated the economic recession. Given this dual burden on
both the economy and health system, understanding the correlations
between COVID-19, the blood system, and economic performance
becomes particularly important. Previous studies have explored the
impact of COVID-19 on either blood supply or demand (14, 15), but very
few have investigated both aspects simultaneously. Additionally, these
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studies have not considered its impact on group donations. At the same
time, although the correlation between economic development and
human health has been widely studied, little is known about the specific
role of group donations in supporting economic resilience—especially in
the context of COVID-19, when the individual donation channel was
severely disrupted. Addressing these gaps is important for both public
health and policy planning. From a healthcare perspective, understanding
variations in supply and demand by blood type can inform targeted strat-
egies to secure vulnerable blood groups. From an economic perspective,
clarifying how group donations contribute to economic performance
provides valuable evidence for mobilizing community-based initiatives in
future crises. Using provincial-level data from Zhejiang, this study pri-
marily aimed to answer two key questions:

1 How did COVID-19 affect the balance between blood supply
and demand in Zhejiang province, both overall and by
blood type?

2 To what extent did those changes in blood supply and demand
influence local economic performance in the COVID-19 con-
text, and what role did group donations play in supporting the
economy?

We also included interaction terms between the blood variables

and the COVID-19 indicator to quantify how COVID-19 modified
their associations with the outcome.

Methods
Dataset and variables

We obtained data from the provincial blood center, including weekly-
level total blood supply and demand, and their breakdowns by blood
types A, B, O, and AB. The dataset also details the group donations and
total collection volume between 1 January 2014 and 15 December 2023.
All blood collection volumes were expressed in units (U) (see
Supplementary material). To further assess the impact of blood supply,
demand, and group donations on the local economy, we linked our data
to the Provincial Bureau of Statistics from 2014 to 2023. We included
gross regional product (GRP) as a proxy for economic performance, as it
reflects local productivity, living standards, and income levels. Population
size and healthcare workers per 1,000 population were also included in
further analyses (see Supplementary material).

Statistical analysis

Descriptive statistics were first used to summarize blood supply,
blood demand, supply-to-demand ratios, group donations, and health
resource indicators before and after the onset of COVID-19. Means and
standard deviations (SD) were calculated for the pre- and post-pandemic
periods. Paired t-tests were performed to examine the differences in mean
values between the two periods, and corresponding p-values were
reported to assess whether the observed changes were statistically signifi-
cant, using a threshold of p < 0.05. These results are presented in Table 1.

COVID-19 and blood supply/demand, group
donation proportion

For this section, we applied the interrupted time series (ITS)
method. 21 January 2020 was taken as the onset of the COVID-19
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TABLE 1 Description analysis of the main variables.

10.3389/fpubh.2026.1739767

Main variables Before COVID After COVID Change in

(mean + SD) (mean + SD) percentage (%)
Blood supply 3,827.381 + 587.431 4,589.472 + 923.091 19.912 0.000*
Blood demand 3,910.330 + 558.579 4,910.791 + 663.156 25.585 0.000*
Supply-to-demand 0.981 +0.083 0.930 £ 0.102 —5.205 0.000*
Supply-to-demand blood 0.960 + 0.117 0.899 +0.132 —6.336 0.000*
type A
Supply-to-demand blood 1.031+0.229 0.976 +0.130 —5.279 0.001*
type B
Supply-to-demand blood 0.970 + 0.096 0.906 + 0.116 —6.567 0.000*
type O
Supply-to-demand blood 1.068 + 0.432 1.025 + 0.248 —4.033 0.151
type AB
Group donations 1,610.092 + 905.767 2,004.426 + 1,222.077 24.491 0.000*
Total collections 3,647.937 £ 969.584 4,350.965 * 1,322.556 19.272 0.000*
Group donations 0.415 £ 0.160 0.427 £0.163 2.921 0.408
proportion
Healthcare workers per 7.898 +0.7104 9.160 + 0.589 15.974 0.000*
1,000 population

*p <0.01.

outbreak in Zhejiang (16). ITS is a quasi-experimental approach
that allows us to assess the impact of an intervention or event
when randomization is not feasible (17, 18). By modeling the data
from the period before the event, we can extrapolate
what the trend would have been in the absence of the event,
yielding a counterfactual scenario. The difference between this
projected trend and the actual data observed after the event pro-
vides an estimate of immediate or long-term impacts (19). Our
outcomes of interest included the blood supply to demand ratio
and the proportion of group donations in total collection. We
also conducted analyses of blood supply and demand separately
as secondary outcomes to examine their independent trends
over time.

Y; = fo + BT} + foCOVID; + f3COVID, * Ty + €;

where Y; represents the outcome variable measured at each
time point t. T; captures the time since the study began, while
COVID; is a dummy variable denoting the occurrence of COVID-
19. The interaction term COVID; *T; enables us to assess changes
over time in response to the event. We grouped the weekly data
on a monthly level and accounted for seasonality by including
month-year fixed effects. In this model, ) represents the initial
level of the outcome variable at the start of the study, and £
denotes the slope of the outcome variables before the event hap-
pened. 3, denotes the immediate change in the level of outcome
due to the event (compared with the counterfactual). f3 quanti-
fies the difference between the pre- and post-event trends of the
outcome, offering insight into changes in the trajectory following
the event. Statistical inference focused on the estimated coeffi-
cients B, and f; corresponding p-values and 95% confidence
intervals (CI) were calculated using model standard errors and
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are reported in Figure 1. ITS estimates of blood supply and
demand by blood type are presented in Figure 2.

Given the context, we expected our £, to be negative, reflect-
ing the immediate adverse impact of COVID-19 on blood supply/
demand and group donation proportion. In contrast, 3 could be
either negative or positive relative to £ (the pre-COVID trend),
indicating a long-term downward trajectory due to persistent
negative effects of the pandemic, or an upward slope reflecting
recovery over time.

Blood supply, blood demand, group
donations, and economic performance

To explore the association between blood variables and local eco-
nomic performance, we used a generalized least square (GLS) model,
as this approach addresses the autocorrelation and heteroskedasticity
of time-series data. We first used the augmented Dickey-Fuller (ADF)
test to assess the stationarity of our variables. We then performed dif-
ferencing as needed to ensure the variables of interest were stationary.
The model specification was expressed as:

GRP per cupitaQ”“mr =L+ (Blood Supply)t
+5 (Group donations)t + [3X; + f4COVID; + &;

Here, GRP per capita represented the gross regional product
divided by population size, and deflated using the quarterly Consumer
Price Index, with 2014 specified as the base period to adjust for mone-
tary inflation. Independent variables included blood supply, group dona-
tions, blood demand, total blood collection, healthcare workers per
1,000 population, and the index of COVID occurrence. COVID; was a
binary variable (coded as 0 for pre-COVID periods and 1 otherwise).
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FIGURE 1
ITS estimates of COVID-19-associated changes in the blood supply to demand ratio and group donation proportion.

1 — B4 denoted regression coefficients representing the association
between each predictor and GRP per capita. All right-hand-side vari-
ables were grouped at the quarterly level to align with the granularity of
our outcome variables.

Since GLS only captured the association between blood-
related variables and economic performance, to further explore
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the potential causal effects, we included lagged variables and
examined their effects on the current time period outcome by
using a distributed lag model (DLM). DLM captures the delayed
effects of independent variables over multiple time periods,
enabling the investigation of whether these effects persist or dis-
sipate over time.
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FIGURE 2
ITS estimates of COVID-19-associated changes in blood supply and demand by blood type.

2 where fy;, 5, and [3; were coefficients for the current (i =0) and

GRP ita?“"e" = By + 5 By; (Blood suppl
per capita =/ho ZHh (Blood supply), , lagged (i = 1,2 ) effects of blood supply, group donations, and other pre-
5 =0 5 dictors, respectively. t —i was the value from previous quarters, where i
+Zﬂ2i (Group don utions)t + ZﬂSi X,_; + B,COVID, + denoted the lag length. Lagged terms for each variable allowed us to
20 I observe whether changes in previous quarters influenced the current
outcome. The model incorporated up to two lags (i =1,2) to identify the
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most relevant prior periods that could affect the current economic per-
formance. By including lagged terms, we were able to reveal whether
blood supply, demand, and group donations have a sustained or merely
temporary impact on the local economy. Statistical significance of GLS
and DLM regression coefficients was assessed using two-sided hypoth-
esis tests; all statistical analyses were conducted at the 5% significance
level. The results of the analyses are presented in Tables 2, 3.

TABLE 2 Impacts of blood supply, demand, and group donations on the economy.

10.3389/fpubh.2026.1739767

Results
Descriptive analysis
From Table 1, we observed significant changes in blood supply and

demand by blood type before and after COVID-19. The average increase
in blood demand exceeded the average change in blood supply, leading to

Predictors Model 1 Model 2 Model 3
Coefficients p-value Coefficients p-value Coefficients p-value
(SE) (SE) (SE)
Blood supply 0.132 (0.151) 0.386 0.096 (0.309) 0.759 0.277 (0.365) 0.456
Blood demand —0.403 (0.114) 0.0013* —0.470 (0.179) 0.0140* —0.555 (0.222) 0.0205*
Group donations 0.214 (0.064) 0.0020* 0.243 (0.108) 0.0326* 0.164 (0.134) 0.233
Total collected —0.023 (0.109) 0.834 0.090 (0.248) 0.720 0.023 (0.268) 0.933
Blood supply (lagl) 0.097 (0.266) 0.720 0.275 (0.474) 0.568
Blood demand (lagl) —0.088 (0.170) 0.608 —0.283 (0.245) 0.261
Group donations (lagl) 0.074 (0.239) 0.941 0.021 (0.175) 0.905
Total collected (lagl) 0.018 (0.239) 0.941 0.064 (0.351) 0.856
Blood supply (lag2) 0.160 (0.310) 0.611
Blood demand (lag2) —0.206 (0.187) 0.282
Group donations (lag2) 0.001 (0.129) 0.993
Total collected (lag2) 0.098 (0.258) 0.706
Healthcare workers per 1,000 641.990 (793.382) 0.424 926.492 (946.134) 0.336 757.333 (1,066.326) 0.485
population
COVID-19 —1,124.106 (1,396.632) 0.427 —1,385.212 0.378 —1,321.418 0.429
(1,546.678) (1,641.820)

Model 1 was the baseline model; Model 2 included one lag, and Model 3 included up to two lags. * p <0.01.

TABLE 3 Impacts of inducing interaction terms with COVID-19 on the economy.

Predictors

Model 1

Coefficients
(SE)

p_
value

Model 2

Coefficients
(SE)

Model 3

Coefficients
(SE)

p-value

Blood supply 0.022 (0.215) 0.919 0.399 (0.362) 0.284 —0.00233 (0.939) 0.998
Blood supply interacted with 0.018 (0.256) 0.943 —0.391 (0.475) 0.420 0.744 (0.948) 0.450
COVID-19

Blood demand —0.504 (0.166) 0.0050* —0.809 (0.279) 0.0092* —0.474 (0.419) 0.284
Blood demand interacted with 0.148 (0.193) 0.448 0.308 (0.337) 0.373 —0.490 (0.458) 0.310
COVID-19

Group donations 0.790 (0.136) 0.000* 0.892 (0.201) 0.0003* 0.944 (0.246) 0.0033*
Group donations interacted with —0.622 (0.146) 0.0002* —0.640 (0.207) 0.0060* —0.870 (0.279) 0.0109*
COVID-19

Total collection 0.124 (0.229) 0.594 0.078 (0.429) 0.858 0.134 (0.669) 0.845
Total collection interacted with COVID —0.150 (0.244) 0.543 0.103 (0.476) 0.831 0.741 (0.709) 0.320
Healthcare workers per 1,000 898.978 (593.276) 0.141 617.485 (706.891) 0.393 17.719 (712.087) 0.981
population

COVID-19 —1,155.694 (1,021.179) 0.267 —796.198 (1,106.485) 0.481 —206.464 (911.804) 0.825

Model 1 included the interaction term with COVID-19; Model 2 additionally controlled for one lag; Model 3 controlled for up to two lags. * p <0.01.
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a decline in the overall supply-to-demand ratio—a decrease of 5.2%
(p <0.01). This decline was consistent across the majority of blood types,
with blood type A experiencing the largest decrease, from 0.960 to 0.899
(p <0.01). Blood types O and B also showed notable declines in their
supply-to-demand ratios, decreasing by 6.57 and 5.28%, respectively. In
contrast, the supply-to-demand ratio for blood type AB exhibited a
smaller change, reducing by only 4.03% (p = 0.151). Meanwhile, both
group donations and total collections had a significant increase after the
pandemic, with increases of 24.5 and 19.3%, respectively.

Impact of COVID-19 on the blood supply/
demand ratio and group donation
proportion

Figure 1 presents the ITS analysis of supply-to-demand ratios by
blood type and group donation proportion. The vertical dashed line
marked the onset of COVID-19 in Zhejiang. In the upper panel, the
overall supply-to-demand ratio exhibited a noticeable downward shift
(p <0.001). Blood types A and O experienced a more significant
decline following the onset of the pandemic. The observed divergence
from predicted counterfactual trends indicated a strong immediate
impact. Unlike blood type O, which showed signs of recovery over
time, blood type A maintained a lower ratio throughout the period.
In contrast, trends for blood types B and AB suggested that the pan-
demic had less immediate and long-lasting effects on their supply-to-
demand ratios. The forest plot showed that although the ClIs for all
blood types did not include zero, their coefficients were only margin-
ally different from 0 and were accompanied by wide ClIs, indicating
that post-COVID-19 trends in the blood supply-to-demand remained
relatively stable over time.

Figure 2 shows that both blood supply and demand exhibited
upward trends across all blood types. The total blood supply had a
relatively steady and consistent increase over time, with less obvious
disruptive changes following the pandemic. Blood types A, B, O, and
AB all showed similar gradual growth patterns. Compared to blood
supply, blood demand displayed more distinct post-pandemic
changes. We observed a significant increase in blood demand for
blood types A and O. This sudden surge in demand caused a tempo-
rary imbalance in their supply-to-demand ratios. In contrast, demand
for type B remained relatively stable during COVID-19, while type AB
experienced a short-term decline. The overall upward trend in blood
demand was primarily driven by substantial increases in the demand
for blood types A and O.

Impact of blood supply, demand, and group
donations on local economic performance

To analyze the relationships between blood supply, demand, and
group donations on local economic performance, we used GLS and
DLM approaches. We performed first-order differencing of our vari-
ables of interest for stationarity and included both raw and lagged
variables in the models. We also included interaction terms between
COVID-19 and the variables to examine whether the pandemic mod-
erated their relationships with local economic performance. The
results are presented in Tables 2, 3.

Table 2 presents the impact of blood supply, demand, and group
donations on the local economy, as measured by GRP per capita. The
results indicated that a one-unit increase in group donations was asso-
ciated with a 0.214 Chinese currency increase in GRP per capita
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(p = 0.0020). In contrast, a one-unit increase in blood demand cor-
responded to a 0.403 Chinese currency decrease in GRP per capita
(p=0.0013). When accounting for a one-quarter lag in the blood-
related variables, the effects remained consistent but changed slightly
in magnitude. Specifically, the effect of group donations on GRP per
capita increased to 0.243 Chinese currency (p = 0.0326), while the
effect of blood demand became more pronounced, with GRP per
capita decreasing by 0.470 Chinese currency (p = 0.0140). These find-
ings underscore the dual importance of maintaining an adequate
blood supply to meet individual blood demand and of using group
donations as a potential channel to promote economic resilience,
especially during the pandemic.

Table 3 illustrates the moderating effects of COVID-19 on group
donations. After accounting for the interaction term, group donations
still showed a strong positive effect, increasing GRP per capita by 0.790
Chinese currency per unit increase (p < 0.01). This effect remained
strong and statistically significant even after accounting for one- and
two-quarter lags. However, the interaction terms indicated that the onset
of COVID-19 significantly attenuated this positive effect. Specifically, the
estimated impact of group donations declined by 0.622 Chinese currency
(p =0.0002). This moderating effect also persisted after incorporating
lagged variables, further reducing the impact by 0.640 with a one-quarter
lag (p = 0.0060) and by 0.869 with a two-quarter lag (p = 0.0109). These
findings implied that the pandemic significantly weakened the positive
impact of group donations on the local economic performance.

Discussion

The COVID-19 pandemic exposed significant vulnerabilities in
blood supply chains (20, 21). Our analysis also revealed a notable
decline in the overall supply-to-demand ratio during the pandemic,
with blood types A and O being particularly affected. While previous
studies attributed blood supply challenges during the pandemic to
lockdowns and movement restrictions (22), our study did not find a
significant decline in blood supply. Instead, the sharp increase in
demand for type A and type O indicated that targeted strategies
should be developed for specific blood types. The decline in blood
demand for type AB after the COVID-19 outbreak may reflect pan-
demic-related changes in healthcare utilization and hospital case mix,
particularly during the early outbreak period. One possible explana-
tion is that the type AB group had been disproportionately affected
during the onset of the pandemic. Some studies have reported that
group AB was positively associated with a higher mortality risk com-
pared to the other blood types (23, 24). In addition, hospitals imple-
mented patient blood management strategies during periods of
constrained supply, which reduced transfusion utilization (25). Since
AB recipients represent a relatively small share of the population, AB
demand is more sensitive to short-term fluctuations and may show
larger relative declines in aggregated time-series data. Blood type O
had high demand during the pandemic due to its unique universal
compatibility with transfusions. When supply fails to meet its ele-
vated demand, it can place additional strain on healthcare systems.
Blood type A was also heavily impacted. One possible reason is that,
although type A is relatively common, it is less prevalent than type O
in the local population (26), which might limit the available donor
pool compared with the most prevalent blood type. Additionally,
previous studies identified blood type A as a potential risk factor for
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COVID-19 infection (27, 28). Individuals with blood type A face a
higher risk of contracting COVID-19, which could indirectly affect
blood availability during outbreak periods. For example, illness or
quarantine could have reduced participation among type A donors.
This might further increase the clinical need for transfusions (27).
Given the relatively stable blood types B and AB, it is important to
implement tailored strategies to protect the supply of blood types that
are more vulnerable during public health crises.

We did not find a long-term negative impact on the blood supply-
to-demand ratio, which could be attributed to proactive measures
implemented by blood centers, including extending the operating
hours for donation sites and deploying mobile blood donation vehicles
to improve accessibility for donors (29). Meanwhile, local organiza-
tions and communities coordinated group donations to meet the high
demands for specific blood types (30). We found the pattern of blood
donations shifted under the pandemic, with group donations taking
up a greater proportion of the total blood collections, which serves as
an alternative to traditional individual voluntary donations (31).
Before the pandemic, individual donations made up a significant share
of total blood collections. The pandemic somehow accelerated the
transition to group donations. Local governments and private compa-
nies worked closely with blood centers to organize blood drives.
Group donation offers the advantage of allowing collections to be
scheduled in advance and enabling an efficient collection of larger
blood volumes within a limited period (9, 11). This collaborative effort
offsets the decline in individual voluntary donations, playing a crucial
role in sustaining healthcare resources during the crisis. Other than
that, the local government implemented demand-management mea-
sures, including promoting autologous transfusions, postponing elec-
tive surgeries, and adopting restrictive transfusion strategies with low
hemoglobin thresholds. Collectively, these measures reduced non-
essential blood use, helped preserve blood inventories, and main-
tained blood availability for emergency clinical needs (32).

Our analysis found that higher blood demand was negatively cor-
related with local economic performance. This is not surprising: even
when blood supply remains within a normal range, once demand
exceeds supply, the balance is broken, and shortages emerge, leading
to adverse downstream influences. These imbalances disrupt timely
medical care, prolong recovery times, and increase absenteeism, all of
which negatively impact economic output. In contrast, the results
revealed that an increase in group donations was positively associated
with improvements in GRP per capita. Adequate blood donations were
found to help reduce the number of individuals on sick leave (33).
While this association did not establish causality due to insignificant
lag variables, it nonetheless reflects the potential benefits of strengthen-
ing the healthcare system through timely blood transfusions. Since it
ensures patients receive appropriate clinical treatment, thereby aiding
their recovery and reducing workforce disruptions, this ultimately
improves individuals’ work productivity (33). Furthermore, group
donations facilitated the rapid collection of blood types in shortage,
enabling an effective response to clinical needs (34). Community
mobilization and collective efforts served as effective avenues for group
donations in crisis management, helping to reduce blood shortages and
ensure sufficient collection, further contributing to economic resilience
during a public crisis. Importantly, our results do not imply group
donation should replace individual donation in routine settings; rather,
it complements individual donation and may be particularly valuable
during emergency situations. Although the interaction term between
COVID-19 and group donations was significantly negative—likely due
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to travel restrictions and logistical challenges faced by blood centers
(35)—maintaining or expanding group donations can still be benefi-
cial, since it helps buffer external shocks to the blood supply chain.

Our study focuses on Zhejiang Province, and therefore, the esti-
mated results should be interpreted as province-specific. However, we
believe that the main mechanisms identified in our analysis are likely
relevant to broader policy planning. First, the ABO distribution in
Zhejiang is broadly comparable to the national level, with type O, type
A, and type B being the most prevalent blood types (26). This implies
that supply-demand imbalances for common blood types are policy rel-
evant beyond Zhejiang. Second, our findings highlight the role of group
donation as a complementary channel to individual donations, especially
during a public health crisis. We also notice existing regional heterogene-
ity referring to blood demand and supply in both ordinary and pandemic
periods. Before COVID-19, blood supply and demand differed across
regions due to variations in population structure, i.e., social and cultural
ideas affecting donation willingness, and differences in blood collection
infrastructure and management capacity (36, 37). Demand can also vary
because of differences in ABO distributions, local healthcare service
capacity, i.e., areas with more intensive hospital services may have higher
clinical needs, and broader socioeconomic conditions (38). During
COVID-19, heterogeneity likely increased further because lockdown
stringency and duration differed across regions, donation opportunities,
and logistics challenges (39, 40). While our results are context-specific,
they provide policy-relevant evidence that can serve as a useful reference
for other provinces and for settings with similar blood collection systems.

Our study is not without limitations. First, in our DLM model, it
is important to recognize the insignificance of lagged variables when
making causal inferences regarding the effect of group donations on
economic performance, where the positive coefficient for group dona-
tions only indicated a positive correlation between these two variables.
Second, our GRP per capita data were available only at a quarterly
level, which limited our ability to capture more granular fluctuations
that may occur at higher frequencies. This lower resolution may have
smoothed over important variations in economic performance that
could have been detected with more frequent data. Third, our out-
come of interest may be influenced by other variables correlated with
either blood supply, demand, or group donations, especially factors
such as socioeconomic status or other public health policies. Due to
data limitations, our results might either overestimate or underesti-
mate the true effects, thereby affecting the generalizability of our find-
ings. Fourth, we applied first-order differencing to our variables of
interest, and this restricted us to predict a long-term consequence as
it focuses on short-term changes after differencing.

Conclusion

COVID-19 significantly disrupted the balance between blood
supply and demand, particularly affecting blood types A and O the
most. However, these imbalances gradually recovered over time, dem-
onstrating the resilience of the blood supply chain through proactive
strategies. Furthermore, our study highlighted the positive effect of
group donations on the local economic performance. The findings
underscore the important role that group donations play in blood col-
lection and the effectiveness of proactive strategies—collective com-
munity initiatives and mobilization—in mitigating the adverse effects
of public health crises on the healthcare system and economy.
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