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ABSTRACT
Background  China’s plasmapheresis donation policy 
differs from that of Western countries. The association 
between regular plasmapheresis donation and donor 
health in China is still unknown.
Objectives  To investigate the association of regular 
plasmapheresis donation with serum protein and 
electrolyte levels and provide scientific evidence for policy 
improvement.
Design  Multicentre cross-sectional study.
Setting and participants  A total of 767 regular and 726 
new donors from the provinces of Sichuan, Hunan, Henan 
and Yunnan were recruited from September 2021 to 
October 2022.
Primary and secondary outcome measures  Our 
primary outcome focused on measuring the levels of 
serum protein and electrolyte levels, including total 
serum protein (TSP), IgG, albumin (Alb), haemoglobin 
(Hb), calcium, potassium (K+) and magnesium (Mg2+). The 
secondary outcome assessed their abnormal rates.
Results  Male and female donors in the high donation 
frequency group (>16 donations per year) exhibited lower 
IgG levels compared with new donors (p=0.008 for male 
donors and p=0.007 for female donors). Additionally, 
female donors with high donation frequency and a high 
total number of lifetime donations (>100 donations) 
had significantly lower Hb concentrations than new 
donors. However, no significant changes were observed 
in TSP, Alb, calcium, K+ and Mg2+ levels. There were 
also no statistically significant differences in the rates 
of abnormal protein and electrolyte values below the 
respective threshold levels between new and regular 
donors.
Conclusions  Plasmapheresis donation is not associated 
with an increased risk of abnormalities in the analysed 
parameters. However, the results provide preliminary 
evidence supporting the routine inclusion of IgG screening 
for donors, as plasmapheresis donation is associated with 
a decrease in IgG levels. Particular attention should be paid 
to the Hb levels of female donors, especially those who 
donate frequently. Testing of TSP at each donation may not 
be necessary.

INTRODUCTION
Blood and blood products are essential medi-
cines for clinical use, saving millions of lives 
annually and being included in the Model List 
of Essential Medicines of the WHO.1 Plasma-
derived medicinal products (PDMPs), such 
as albumin, coagulation factors and immuno-
globulins, are prepared from human plasma 
and are crucial in preventing and treating a 
variety of life-threatening diseases.2 Source 
plasma (SP) is a vital raw material for PDMP 
production and is exclusively used for further 
manufacturing into final therapies through 
fractionation. In China, all SP is obtained 
through apheresis plasma donation. Plasma 
donors are required to undergo a health 
assessment and blood tests, and only those 
who meet the criteria are eligible to donate 
(online supplemental table 1).3

During the process of plasmapheresis dona-
tion, plasma is separated and collected while 
the blood cells are returned to the donors. 
Citrate, which serves as an anticoagulant, can 
lead to a decrease in electrolyte levels in the 
blood, such as total calcium (CaT),4–6 Mg2+,7 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Enhances the understanding of real-world het-
erogeneity through a multicentre approach with 
a larger sample size, making the findings more 
generalisable.

	⇒ The cross-sectional design of our study limits our 
ability to establish causality between plasmapher-
esis donation and serum protein and electrolyte 
levels.

	⇒ In our study, we attempted to control for key con-
founding variables, but some residual confounding 
may still be present.

	⇒ Variability in assay conditions across laboratories 
could affect reliability, especially for haemoglobin 
measurements.
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K+.5 8 Continuous plasma loss and anticoagulant use may 
impact donor physiology and protein levels. Therefore, 
the health of regular plasmapheresis donors is closely 
monitored. Several trials conducted in the USA have 
indicated that the ability of donors to regenerate lost 
plasma proteins can be a limiting factor in plasmapher-
esis donation.9 10 A small-scale study observed that regular 
plasmapheresis donors had lower levels of IgG and total 
serum protein (TSP), but the levels remained within 
normal ranges.11 The public, including those in China, is 
concerned that plasmapheresis might lower haemoglobin 
(Hb) levels. This concern has led to the strict enforce-
ment of Hb testing. However, a study conducted in the 
USA found no difference in Hb levels between regular 
and new plasma donors.12

China has implemented different standards and 
guidelines for plasmapheresis donation compared with 
other countries. In China, the minimum time interval 
between plasmapheresis donations is set at 14 days, and 
the maximum number of donations allowed per year 
is limited to 24,3 while plasma donors in the USA may 
be eligible to donate twice a week.13 In Australia, plas-
mapheresis donors can contribute up to 26 times per 
year.14 Additionally, the volume of plasma that Chinese 
donors can provide per donation is limited to 600 mL, 
including the anticoagulant,3 whereas in the USA, donors 
can donate between 625 and 800 mL without anticoagu-
lant.13 It is important to recognise that previous studies 
conducted in foreign settings cannot be directly extrap-
olated to China due to differences in collection criteria, 
ethnicity and dietary habits. The health outcomes of the 
Chinese plasmapheresis population have not been well 
studied.

In recent years, there has been a growing demand for 
plasma-derived products and apheresis plasma. China 
had 3.667 million registered plasmapheresis donors and 
25.654 million donations in 2019.15 Donation serves the 
demand for plasma, but there are concerns among poten-
tial donors and the public about the impact of contin-
uous blood loss and anticoagulant exposure during 
plasmapheresis process on physical health. In order to 
further understand the potential impacts and risks associ-
ated with regular plasma donation, we launched a series 
of multicentre studies focusing on the health outcomes, 
donation behaviour and risk interventions of Chinese 
plasma donors. This subproject focused on the protein 
and electrolyte metabolism of regular plasma donors.

MATERIALS AND METHODS
Study design and population
We conducted a multicentre cross-sectional study from 
September 2021 to October 2022 to evaluate TSP, IgG, 
Alb, Hb, CaT, K+ and Mg2+ in plasmapheresis donors from 
Sichuan, Hunan, Henan and Yunnan provinces. The 
study included two groups: a control group consisting 
of new donors with no prior plasmapheresis history and 
an investigator group consisting of regular donors who 

had donated plasma in the past years. Due to the allow-
ance of up to 24 donations per year in China, we catego-
rised regular donors based on their donation frequency 
in the previous 12 months into three groups: low (1–8 
donations), medium (9–16 donations) and high (17–24 
donations). Additionally, divided regular donors into 
low (1–50 donations), medium (51–100 donations) and 
high (more than 100 donations) total number of lifetime 
donations groups based on a combination of the distri-
bution within our study cohort and expert consensus 
to ensure a balanced distribution of participants across 
categories. Our primary outcome focused on measuring 
the levels of serum protein and electrolytes, while the 
secondary outcome assessed their abnormal rates. Anal-
yses were stratified by gender. According to the National 
Guide to Clinical Laboratory Procedures, the low values 
of TSP, Alb, IgG, calcium, Mg2+ and K+ were assigned as 
less than 65 g/L, 40 g/L, 7.0 g/L, 2.11 mmol/L, 0.75 and 
3.5 mmol/L, respectively.16

Inclusion and exclusion criteria
All participants in this study were within the age range 
of 18–60 years, following the Chinese donor criteria.3 
Specifically, donors who had donated whole blood or 
platelets in the past 12 months were excluded. Partic-
ipants were asked whether they had taken protein 
and/or electrolyte supplements in the past year prior 
to enrolment. Those who had taken such supplements 
were excluded from the study. Since calcium status 
is influenced by vitamin D or parathyroid hormone, 
donors with vitamin D deficiency and hyperparathy-
roidism were excluded. Additionally, donors with a self-
reported chronic inflammatory syndrome or a history 
of metabolic diseases, including abnormal blood lipids, 
uric acid and cholesterol, were also excluded. These 
exclusions were implemented because these conditions 
have the potential to affect the target parameters and 
introduce confounding variables.

Samples and laboratory testing
Once a donor was found eligible for the study, a 1 mL 
sample of predonation blood was collected using sterile 
tubes for Hb detection (Automated haematology 
analyzer, Matenu, China) at local laboratories. An addi-
tional 2 mL of predonation blood was centrifuged at 
3000 r/min for 10 min. The separated serum samples 
were stored at −20°C until analysis. The same batch of 
serum samples was tested for TSP, Alb, IgG, CaT, Mg2+ 
and K+ (Beckman Coulter Chemistry Analyzer AU5800 
Serie, USA). It is worth noting that Alb affects CaT. There-
fore, the albumin-corrected calcium (ACCA) obtained by 
adjusting Alb can better reflect the true calcium level. 
ACCA (mg/dL)=CaT (mg/dL)+0.8 [4−Albumin (g/
dL)].17 Plasmapheresis donation was carried out using 
the Nigale Plasma Separator (NGL XJC 2000, Sichuan 
Nigale Biotechnology Co., China).
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Data collection
The number of donations in the prior 12 months and 
the total number of lifetime donations were retrieved 

from each plasmapheresis donation centre by the Donor 
Management System. Demographic information (living 
place, sex, age, female menstrual history), socioeconomic 

Table 1  Baseline data of repeat donors and new donors

Variables

Male Female

New donors Regular donor P value New donors Regular donor P value

Total number 384 390  �  342 377  �

Living place  �   �  0.601  �   �  0.991

 � Hunan 78 (20.3) 89 (22.8)  �  62 (18.1) 101 (26.8)  �

 � Yunnan 90 (23.4) 100 (25.6)  �  97 (28.4) 71 (18.8)  �

 � Henan 109 (28.4) 98 (25.1)  �  92 (26.9) 101 (26.8)  �

 � Sichuan 107 (27.9) 103 (26.4)  �  91 (26.6) 104 (27.6)  �

Age(year) 36 (25–46) 41 (31–50) <0.001 41 (32–49） 42 (32–50) 0.102

BMI (kg/m2) 24.48 (21.82–
27.10)

25.57 (22.65–
28.39)

0.002 23.76 (21.48–
26.59)

24.60 (22.06–
27.25)

0.018

Education  �   �  0.001  �   �  0.62

 � Elementary school 50 (13.0) 71 (18.2)  �  98 (28.7） 121 (32.1)  �

 � Junior high school 170 (44.3) 190 (48.7)  �  143 (41.8） 156 (41.4)  �

 � High school 147 (38.7) 100 (25.6)  �  90 (26.3） 92 (24.4)  �

 � Universities 17 (4.4) 29 (7.4)  �  11 (3.2) 8 (2.1)  �

Meat intake  �   �  0.302  �   �  0.019

 � None 3 (0.8) 4 (1)  �  7 (2) 5 (1.3)  �

 � Occasionally 161 (41.9) 184 (47.2)  �  192 (56.1) 250 (66.3)  �

 � Frequently 220 (57.3) 202 (51.8)  �  143 (41.8) 122 (32.4)  �

Smoking  �   �  0.012  �   �  0.304

 � None 112 (29.2) 126 (32.3)  �  328 (95.9) 369 (97.9)  �

 � Occasionally 136 (35.4) 100 (25.6)  �  11 (3.2) 6 (1.6)  �

 � Frequently 136 (35.4) 164 (42.1)  �  3 (0.9) 2 (0.5)  �

Drinking  �   �  0.129  �   �  0.058

 � None 126 (32.8) 147 (37.7)  �  330 (96.5) 352 (93.4)  �

 � Occasionally 245 (63.8) 223 (57.2)  �  12 (3.5) 25 (6.6)  �

 � Frequently 13 (3.4) 20 (5.1)  �  0 (0) 0 (0)  �

Annual household income  �   �  0.008  �   �  0.004

 � Low 99 (25.8) 73 (18.7)  �  137 (40.1) 125 (33.2)  �

 � Moderate 178 (46.4) 223 (57.2)  �  140 (40.9) 200 (53.1)  �

 � High 107 (27.9) 94 (24.1)  �  65 (19) 52 (13.8)  �

Physical activity  �   �  <0.001  �   �  0.005

 � Low 144 (37.5) 77 (19.7)  �  167 (48.8) 145 (38.5)  �

 � Moderate 171 (44.5) 233 (59.7)  �  140 (40.9) 200 (53.1)  �

 � High 69 (18.0) 80 (20.5)  �  35 (10.2) 32 (8.5)  �

Menstrual history  �   �  –  �   �  0.612

 � Premenopausal – –  �  272 (79.5) 294 (78)  �

 � Postmenopausal – –  �  70 (20.5) 83 (22)  �

 � Total number of lifetime donations – 32 (14–73)  �  – 34 (12–75)  �

Continuous measurements are expressed as mean±SD if normally distributed; otherwise, as IQR. Categorical observations are expressed as 
n (%).
BMI (calculated as weight in kilograms divided by height in metres squared).
BMI, body mass index.
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information (education, annual household income), and 
lifestyle variables (smoking, drinking, meat intake, phys-
ical activity) were collected through face-to-face inter-
views conducted by staff at each plasma donation centre 
using paper questionnaires. Annual household income, 
initially recorded in Chinese yuan (CNY), was uniformly 
converted to US dollars (USD) using the exchange rates 
from September 2021 (US$1=CNY6.4599). Subsequently, 
the annual household income was categorised into three 
intervals: low (<US$4644), moderate (US$4644–US$12 
384) and high (>US$12 384). Physical activity was assessed 
using the International Physical Activity Questionnaire 
(IPAQ)18 and categorised as low (<600 MET-minutes per 
week), moderate (600–3000 MET-minutes per week) and 
high (>3000 MET-minutes per week). Body mass index 
(BMI)=weight (kg)/height (m) squared.

Quality control
Preparatory measures were taken prior to informa-
tion and sample collection involving uniform and stan-
dardised training materials. These materials were then 
used to train the staff in the technical requirements, tech-
nical operations and other pertinent aspects of the study. 
Additionally, surveys, barcodes and questionnaires were 
dispatched to each collection centre. On completion 
of the collection process, serum samples were promptly 
chilled and repeated freeze-thaw cycles were avoided. 
During sample testing, real-time monitoring strategies 
were employed to meticulously assess the accuracy of the 
standard curve and maintain strict adherence to rigorous 
quality control measures.

Statistical analysis
We summarised continuous measurements using the 
mean and SD if they were normally distributed. For 
intergroup comparisons, we conducted independent-
sample t-test; otherwise, the continuous variables were 
represented as IQR and used the Wilcoxon rank-sum 
test for group comparisons. Categorical observations 
were presented as frequencies and percentages. The 
donation categories were classified and ordered. Text 
and figure legends indicated whether p values retained 
statistical significance at the p=0.0167 (p=0.05/3) level 
after Bonferroni adjustment. Additionally, we employed 
univariate logistic regression to compare the rates of low 
protein and electrolyte between the regular donor groups 
and the new donors.

We considered confounding factors that could affect 
the serum protein and electrolyte levels for more accu-
rate results. Covariates were selected based on factors 
reported in previous literature as potentially related to 
protein and electrolyte metabolism.19–21 Multiple linear 
regression was used to compare protein and electrolyte 
levels between regular and new donors. In the adjusted 
model, confounding factors, including age, BMI, living 
place, meat intake, education, smoking, drinking, house-
hold income and physical activity (female donors addi-
tionally had menstrual history adjusted), were adjusted. 

540 male donors have 90% power to detect an effect size 
(f2) of 0.02 attributable to 1 independent variable using 
an F-test with an alpha of 0.05. The adjusted variables 
include nine independent variables. 542 female donors 
have 90% power to detect an effect size (f2) of 0.02 attrib-
utable to 1 independent variable using an F-test with 
alpha=0.05. The adjusted variables include 10 indepen-
dent variables. Different rates of low protein and elec-
trolytes between each of the regular donor group and 
the new donor group were compared using multivariate 
logistic regression with adjusted models for confounding 
factors. Multiple comparisons were also corrected using 
the Bonferroni (p<0.05/3=0.0167). A p value of 5% is 
considered significant unless otherwise indicated.

Patient and public involvement
It was not possible to involve patients or the public in the 
design, conduct, reporting or dissemination plans of our 
research.

RESULTS
Demographics of study donors
The study included a total of 1493 donors. Among them, 
774 were male donors and 719 were female donors. 
Among the male donors, 384 were new donors and 390 
were regular donors. Among the female donors, 342 were 
new donors and 377 were regular donors. The regular 
donors were older than new donors among males, with 
the median age of male new donors being 36 years (IQR 
25–46) and that of regular donors being 41 years (IQR 
31–50) (p<0.001). However, there was no significant 
difference in age between the two groups among females, 
with the median age of female new donors being 41 years 
(IQR 32–49) and that of regular donors being 42 years 
(IQR 32–50) (p=0.102). The BMI of regular donors was 
higher than that of new donors in both males and females 
(male: p=0.002; female: p=0.018), with the median BMI 
of male new donors being 24.48 (IQR 21.82–27.10) 
compared with 25.57 (IQR 22.65–28.39) for regular 
donors, and the median BMI of female new donors being 
23.76 (IQR 21.48–26.59) compared with 24.60 (IQR 
22.06–27.25) for regular donors. Significant differences 
were observed in annual household income and physical 
activity between new donors and regular donors (p<0.05) 
(table 1).

Association of recent donation frequency and protein and 
electrolyte values
Among male donors, the mean IgG concentration of 
new donors was 10.31 g/L (IQR: 8.91–11.78 g/L). The 
mean IgG concentration of the high-frequency group 
was 9.79 g/L (IQR: 8.57–11.23 g/L). Compared with the 
new donors, the difference between the two groups was 
statistically significant after adjusting for confounding 
factors (p=0.008). The mean concentration of Alb in 
the new donors was 43.5 g/L (IQR: 40.95–45.4 g/L), and 
that in the high-frequency group was 42.3 g/L (IQR: 
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39.62–44.3 g/L). Before adjusting for confounding 
factors, the difference in mean Alb between the two 
groups was statistically significant (p=0.005); however, 
after adjusting for confounding factors, the difference 
was not significant (p=0.246). The concentrations of 
mean Hb, TSP, ACCA, K+ and Mg2+ in different dona-
tion frequency groups showed no statistical differences 
compared with the new donors (table 2).

Among the female donors, the mean Hb concentration 
of the new donors was 137 g/L (IQR: 127–146 g/L). The 
mean Hb concentration of the high donation frequency 
group was 132 g/L (IQR: 125–140 g/L). Compared 
with the new donors, before adjusting for confounding 
factors, the difference in mean Hb between the two 
groups was statistically significant (p<0.001). Results 
were unchanged after adjusting for confounding factors 
(p=0.002). The mean IgG concentration of new donors 
was 11.90 g/L (IQR: 11.63–12.17 g/L), and that of high 
donation frequency donors was 11.00 g/L (IQR: 9.24–
11.92 g/L). After adjusting for confounding factors, 
the difference between the two groups was statistically 
significant (p=0.007). The mean concentration of Alb 
in the new donors was 41.8 g/L (IQR: 39.3–43.4 g/L), 
and that in the high-frequency group was 40.7 g/L 
(IQR: 38.2–42.7 g/L). Before adjusting for confounding 
factors, the difference between the two groups was 
statistically significant (p=0.011), but after adjusting for 
confounding factors, the difference was not statistically 
significant (p=0.495). The mean ACCA concentration of 
new donors was 2.29 mmol/L (IQR: 2.23–2.34 mmol/L), 
and that of the low donation frequency group was 
2.32 mmol/L (IQR: 2.25–2.38 mmol/L). After adjusting 
for confounding factors, the difference was statistically 
significant (p=0.015). However, there was no statistical 
difference between the mean ACCA concentrations of 
the medium and high donation frequency groups and 
those of the new donors. The mean concentrations of 
TSP, K+ and Mg2+ in different donation frequency groups 
showed no statistical difference compared with those of 
new donors (table 2, figure 1).

Association of the total number of lifetime donation and 
protein and electrolyte values
Among male donors, the mean concentrations of Hb, 
IgG, Alb, TSP, ACCA, K+ and Mg2+ showed no statistical 
difference between groups with different total numbers 
of donations and new donors. For the female donors, 
mean Hb concentration in the medium and high total 
number of lifetime donations group was significantly 
lower than that in the new group before adjusting for 
confounding factors, and mean Hb concentration in 
the high total number of lifetime donation group was 
still significantly lower than that in the new group after 
adjusting for confounding factors (p=0.001). The mean 
ACCA in the group of low total number of lifetime dona-
tion groups was significantly higher than that in the 
group of new donors (p<0.001), and the difference was 
still significant after adjusting for confounding factors M
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(p<0.001). However, the mean ACCA in the group of 
medium and high total number of lifetime donations 
showed no statistical difference compared with that of 
new donors (table 3, figure 2).

Association of plasmapheresis donation and the incidence of 
protein and electrolyte levels below cut-off values
The incidence of protein and electrolyte levels below 
cut-off values showed no statistically significant differ-
ences between the new donors and regular donors after 
adjusting for confounding factors (p>0.0167) (online 
supplemental tables 2 and 3).

DISCUSSION
This study found that mean TSP levels were not signifi-
cantly associated with either the frequency of plasma-
pheresis donations or the total number of lifetime 
donations. Before each donation, the donor’s TSP must 
be 60 g/L or higher in the US and Europe.22 In China, 
serum TSP must be 65 g/L or higher.3 Donors with low 

TSP were not allowed to donate plasma. Previous studies 
have shown results similar to ours. A study of 2467 regular 
plasma donors in Sichuan, China, found no difference 
in plasma protein concentration compared with new 
donors (p>0.05).23 A retrospective study found no 
significant differences in TSP mean values by donation 
frequency.24 In a large prospective study, 923 donors who 
switched from a moderate to an intensive plasmapheresis 
programme showed no significant difference between 
their initial and final TSP.23 Therefore, TSP detection is 
not necessary at each plasma donation since there was 
no significant reduction even at high-frequency and high 
total lifetime donations.

One US study found that plasma donation reduced 
Alb level.25 In another study, intensive donors had lower 
Alb levels than moderate donors. Notably, the study did 
not adjust for age as a confounding factor.26 In our study, 
before adjusting for confounding factors, regular male 
and female donors had lower Alb levels than new donors. 
However, after adjusting for confounding factors, the 

Figure 1  The impact of donation frequency on serum protein and electrolyte level. Mean (IQR) of serum protein and electrolyte 
level. The horizontal dotted line indicates the lower limit of normal; new donors served as the control group. *Significant 
after adjusting for age, BMI, living place, meat intake, education, smoking and drinking, annual household income, physical 
activity (female donors additionally adjusted menstrual history). ACCA, albumin-corrected calcium; BMI, body mass index; Hb, 
haemoglobin; TSP, total serum protein.

https://dx.doi.org/10.1136/bmjopen-2024-085786
https://dx.doi.org/10.1136/bmjopen-2024-085786
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difference was not significant. Using logistic and linear 
regression analysis, we found a negative correlation 
between Alb level and age (online supplemental table 
4). Previous studies found the same results.27 According 
to the age distribution in our survey, age is positively 
correlated with the total number of lifetime donations 
and the frequency of donations. According to Chinese 
guidelines,3 Alb should be measured every 12 months, 
and serum/plasma electrophoresis should be ≥50%, 
with no significant change from the previous time. Given 
the negative correlation between Alb levels and age, Alb 
monitoring before plasma donation should be adjusted 
based on the donor’s age. For older donors, it is recom-
mended to increase the frequency of Alb testing.

According to the study, IgG levels decreased as dona-
tion frequency and the total number of lifetime donations 
increased for female donors. Previous studies showed that 
removing 750–1600 mL of plasma per week reduced IgG 
to the lower normal range.9 A German study found that 
plasmapheresis reduced donors’ IgG levels. The drop was 
13% from the IgG baseline value when 800 mL of plasma 
was collected. Intensive plasmapheresis donors have lower 
IgG levels than moderate donors.26 A 5-month Australian 
study monitored the impact of monthly plasmapheresis 
on donor serum IgG levels in 127 new and 124 regular 
plasma donors. IgG levels in regular and new donors fell 
longitudinally, though they fluctuated.28 In Germany, IgG 
is determined at every 15th donation and may not be 
less than 5.8 g/L, while Chinese donors were not tested 
for IgG.3 Although this study found no significant asso-
ciation between plasmapheresis donation and the risk of 
IgG abnormality, it did find that IgG levels significantly 
decreased with increased donation frequency and the 
total number of donations. Therefore, regular moni-
toring of IgG levels in donors is still necessary.

As previous studies showed, apheresis devices led to 
significant loss of red blood cells during the procedure. 
30 mL of blood was lost in the harness and during plas-
mapheresis.12 This study found that plasma donation 
affected Hb differently by sex. Male donor Hb level was 
not affected by donation frequency or total number 
of lifetime donations. For female donors, Hb levels 
decreased with donation frequency and the total number 
of lifetime donations. We surmise that this may be due 
to the additive effect of the higher iron stores in men 
and menstruation in women. Ferritin was significantly 
associated with Hb concentration.29 Mean serum ferritin 
levels were significantly lower in women than men, and 
lower levels of ferritin in women resulted in slower Hb 
recovery.30 One Japanese study31 found that serum ferritin 
levels in the male group remained almost constant with 
increasing frequency of apheresis donation. According to 
our previous study on iron deficiency, a higher donation 
frequency has been associated with reduced ferritin levels 
and an increased risk of iron deficiency in women.32 Even 
though an Hb threshold (male donors need 120 g/L and 
female donors 115 g/L) was set to ensure the donor’s Hb 
level,3 plasmapheresis donation caused women’s Hb level M
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to drop close to threshold value with no effect on men, 
according to the results. High-frequency female donors 
are advised to regularly take iron supplements to prevent 
and treat iron deficiency anaemia. A diet rich in iron and 
vitamin C, including red meat, leafy green vegetables and 
citrus fruits, is also encouraged to enhance iron absorp-
tion. Extending the interval between donations in female 
plasma donors with low Hb values is recommended. Addi-
tionally, regular monitoring of Hb levels is essential for 
timely interventions.

According to our findings, plasma donation did not 
seem to affect mineral metabolism. Short-term calcium 
homoeostasis imbalances did not appear to cause long-
term calcium deficiency. Leukapheresis and platelet-
pheresis consume more anticoagulants, according to 
most studies.33–35 Conversely, the whole blood/antico-
agulant ratio was low in plasmapheresis, resulting in 
low citrate consumption. Although the effect of citrate 
on minerals has been confirmed,7 lower plasmapher-
esis citrate levels did not affect electrolyte levels. Evers 
and Taborski reported 130±12 mL citrate consumption 

in plasmapheresis corresponding to 3341 mg citrate 
on average. As 84.6% of the anticoagulant load was in 
collected plasma, only a very low concentration of 514 mg 
citrate ion reached donors’ blood circulation.36 The mean 
citrate infusion rate in our donors was 0.49±0.08 mg/
kg/min, which was less than half of the citrate infusion 
rate in plateletpheresis.37 In spite of the low anticoagu-
lant consumption, citrate-associated side effects were still 
observed in our donors and needed to be concerned.

Multicentre studies with larger sample sizes may better 
represent real-world heterogeneity and produce more 
generalisable findings than single-centre studies. This 
is the first study to investigate changes in the serum 
protein and electrolyte metabolism of regular donors in 
China, providing a scientific basis for protecting donor 
health and improving plasmapheresis donation policies. 
There are some limitations to this study. First, the cross-
sectional design of our study limits our ability to establish 
causality between plasmapheresis donation and serum 
protein and electrolyte levels. Second, the varying assay 
conditions between participating laboratories could be 

Figure 2  The impact of lifetime donation on serum protein and electrolyte level. Mean (IQR) of serum protein and electrolyte 
level. The horizontal dotted line indicates the lower limit of normal; new donors served as the control group. *Significant 
after adjusting for age, BMI, living place, meat intake, education, smoking and drinking, annual household income, physical 
activity (female donors additionally adjusted menstrual history). ACCA, albumin-corrected calcium; BMI, body mass index; Hb, 
haemoglobin; TSP, total serum protein.
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a confounding factor for Hb. However, we believe that 
the inclusion of living locations representing collection 
and testing locations as covariates in the analysis could 
further reduce the heterogeneity in different laboratories 
to some extent. Third, the data from this study provided 
suggestions for current donor screening strategy, but 
further scientific evidence is still needed for the improve-
ment of policy and guideline.

In conclusion, plasmapheresis donation was negatively 
correlated with IgG concentration in both male and 
female donors. It provides preliminary evidence for the 
inclusion of IgG in routine screening and decision-making 
for interventions such as short donation delays. TSP levels 
are quickly restored, so testing at each donation may not 
be necessary. The Hb of female donors decreased with 
donation frequency and lifetime total number of dona-
tions, while male donors were unaffected. Anticoagu-
lants did not cause long-term calcium deficiency from 
short-term calcium imbalances. The screening strategy 
for plasma donors in China has not changed for many 
years. With the technological innovation of the apheresis 
process and the improvement of donors’ physical fitness, 
the strategy may need to be adjusted.
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