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Abstract. Blood donors not only save the lives of patients
but also play an important role in the development of medical
and health services. Therefore, it is particularly important
to pay attention to the blood health of blood donors who are
at a high risk of iron deficiency. Detection of serum ferritin
and transferrin is an important basis for the diagnosis of iron
deficiency anemia. However, to the best of our knowledge, the
levels of serum ferritin and transferrin, and the influencing
factors, such as age and type of donation, in blood donors have
not been clarified. In the present study, the serum ferritin and
transferrin levels of donors from two blood centers were inves-
tigated. Demographic data were collected from the donors,
and their serum ferritin and transferrin levels were tested. A
total of 1,817 donors were enrolled and were eligible for evalu-
ation. Reference intervals (RIs) for ferritin and transferrin
were obtained from blood donors, and it was revealed that the
ferritin and transferrin levels of blood donors were associated
with age. Furthermore, serum transferrin levels were associ-
ated with the type of donation; the serum transferrin RI level
was significantly higher in platelet-only donors compared with
in whole blood donors. It was also demonstrated that ferritin
levels were negatively associated with transferrin levels. The
present study identified RIs for ferritin and transferrin levels
in blood donors, and indicated that age and type of donation
were important factors affecting ferritin and transferrin levels
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in blood donors. These findings may prove useful for blood
donation recruitment and screening strategies in China, and
could promote the health of blood donors.

Introduction

Iron is an essential trace element for a variety of physi-
ological functions in the human body, including oxygen
transportation, metabolism, DNA synthesis and damage
repair, neurotransmitter production, and transcriptional
regulation (1,2). Iron deficiency is a widespread nutritional
deficiency worldwide (3,4). Severe iron deficiency can lead
to iron deficiency anemia, heart failure, and ischemic heart
disease (5-7). However, iron deficiency in blood donors
who are at high risk of iron deficiency will cause more
serious iron homeostasis disorder, lower hemoglobin level,
hypochromic anemia, and high delayed blood donation
rate than non-donors, and even threaten the health of blood
donors (8-10). Iron monitoring is therefore critical for human
health, especially blood donors. Appropriate monitoring of
ferritin and transferrin levels in blood donors has been shown
to be beneficial for the regulation of national blood donation
policies, measures to prevent iron deficiency and anemia in
donors, adjustment of donation intervals, donor health, and
blood supply (11).

Monitoring of iron in humans is usually reflected by
the level of serum ferritin (12). Transferrin, the circulating
iron-binding protein, is another key marker of iron status
because its levels increase with iron deficiency (13). Other
studies have shown that ferritin and transferrin levels may
have a significant impact on blood donation and donor
health (14). The current universally accepted cut-off value for
the diagnosis of iron insufficiency is serum ferritin <15 ng/ml
(excluding infection or inflammation) (15). However, the Rls
and influencing factors for the levels of ferritin and transferrin
in the diagnosis of iron deficiency in blood donors are not
well established in China yet, although an iron deficiency in
whole blood donors has been found to be much more common
than expected, and regular platelet donation can also reduce
ferritin levels and lead to iron deficiency in some developed
countries (16-20).
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There are only limited reports on the levels of ferritin
and transferrin and the factors affecting iron metabolism in
Chinese blood donors, and there is a lack of large sample
studies from mainland China. No study has established
ferritin and transferrin RIs following the protocols of
the Clinical and Laboratory Standards Institute (CLSI)
and International Federation of Clinical Chemistry and
Laboratory Medicine, Committee on RIs and Decision Limits
(IFCC/C-RIDL) (21-23).

Therefore, In the present study, the serum ferritin and
transferrin level of whole blood and platelet donors from
two blood centers was examined, and a 95% normal range
as established for ferritin and transferrin of Chinese blood
donors. The distribution pattern of ferritin and transferrin
levels in Chinese blood donors of different ages and genders
was explored. It was found that the ferritin and transferrin
RIs of blood donors were associated with age. In addition, the
type of donation influenced the level of transferrin, and the
ferritin level was negatively correlated with the transferrin
level. These findings can be used to establish more reasonable
blood donation recruitment and screening strategies in China
to protect the health of blood donors and promote voluntary
non-remunerated blood donation.

Materials and methods

Donor and consent. Volunteer blood donors from Xi'an
(North West China) and Guangzhou (South China) that
met the Blood Donation Law of the People's Republic of
China, were recruited in the present study. Requirements for
blood donors: 18-55 years old; The weight of male donors
should be at least 50 kg and that of female donors should
be at least 45 kg. Donors should be free of colds and acute
gastroenteritis for a week, without medication, and without
alcohol for 24 h; The interval between two blood donations
should be more than 6 months. Individuals who have a
minor surgery within half a month, a general surgery within
three months, and major surgery within six months, are not
allowed to donation. Women should not donate blood during
and 3 days before and after menstruation; Platelets should
not be donated again before three months of whole blood
donation; After 28 days of platelet donation, whole blood
can be donated again. Donors were categorized into several
groups according to age: the 18-22, 23-27, 28-32, 33-37,
38-42, 43-47, 48-52 and >52-year age groups. Donors who
donated 3 times at intervals of <12 months were considered
regular donors. According to the standards set by the World
Health Organization, smokers are defined as those who have
smoked continuously or cumulated for six months or more
during their lifetime, and drinkers are defined as those who
have used alcohol (beer, liquor, etc.) more than once in the
past year (24,25). The study protocol was approved by the
ethics committee of the Guangzhou Blood Center [approval
no. Guangzhou Blood Center Lun (2020) No. 1]. Written
informed consent was obtained from all recruited donors.

Inclusion and exclusion criteria. Donors who had lived in
Xi'an or Guangzhou for >2 years were included in the present
study. Donors who had been diagnosed with hemopathy or a
metabolic disease were excluded.

Demographic information of recruited donors. In the present
study, a total of 1,817 blood donor samples were used (Table I;
Fig. 1), including 977 from Xi'an and 840 from Guangzhou.
The study population comprised 1,410 males and 407 females,
with a male-to-female ratio of 3.46:1. A total of 997 individuals
donated whole blood and 820 donated apheresis platelets. Of
those, 827 were first-time donors and 548 were regular blood
donors who donated more than three times in <12-month
intervals. The donation times increased with age. There was
no significant difference in the average BMI among the age
groups (P=0.248).

Blood sample preparation. All peripheral blood samples were
obtained following the donation. Samples were collected in the
dry tubes without anti-coagulant. The serum was then prepared
by centrifugation. Serum was stored at -20°C prior to testing.

Ferritin and transferrin test. According to current recommen-
dations, the level of ferritin in the prepared serum was measured
with a chemiluminescent microparticle immunoassay (Abbott
12000, Abbott Laboratories, USA). The transferrin concentra-
tion was determined by a turbidimetric inhibition immunoassay
(ROCHE €701; Roche Diagnostics GmbH).

Statistical analysis. According to the data distribution,
abnormal values were excluded by the Dixon method or
Tukey's fence, as appropriate. An improved Box-Cox formula
was utilized to convert the non-normally distributed data into
normally distributed data. Multiple-regression analysis (MRA)
and two-way nested ANOVA, based on Ichihara's method,
was used to analyze age, gender and region difference (26).
Two-way nested ANOVA was used to determine the necessity
of partitioning reference values based on age, gender or region.
Briefly, the standard deviation ratio (SDR) which represents the
ratio of between-subgroup SD to between-individual SD was
computed by two-way nested ANOVA. Based on the IFCC/
C-RIDL protocol for establishing a RI, an SDR of >0.3 was
viewed as a guide to consider stratifying reference by gender,
age or region. Furthermore, a secondary exclusion procedure,
latent abnormal values exclusion (LAVE), was used to eliminate
potential iron metabolism abnormality (27). Briefly, the donors
with levels of ferritin and transferrin simultaneously exceeding
the established RIs were excluded from the calculation of the
new reference ranges. A secondary round of exclusion was
performed by excluding the enrolled donors with potential
iron metabolism abnormalities to establish the new RIs based
on data from the remaining participants. After six rounds of
exclusion, the reference values were nearly stable. Blood type,
body mass index (BMI), donation interval, donation times,
drinking and smoking were also considered in the RI analysis.
SPSS 19.0 (IBM Corp.) and GraphPad 8.0 (GraphPad Software
Inc.) were used in the present study. P<0.05 was considered to
indicate a statistically significant difference.

Results

Box-Cox transformation and SDR analysis. According to
the Kolmogorov-Smirnov normality test, the ferritin (ng/ml)
and transferrin (g/l) values were not normally distributed.
Following Box-Cox transformation, the data of transferrin
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18-22 years 23-27 years 28-32 years 33-37 years 38-42years 43-47 years 48-52 years >52 years
Variable (n=292) (n=383) (n=332) (n=318) (n=188) (n=140) (n=109) (n=55)
Male (%) 207 (70.9) 292(76.2) 267 (804) 263(82.7) 140(745) 113(80.7)  85(78.0) 43 (78.2)
Female (%) 85 (29.1) 91 (23.8) 65 (19.6) 55(17.3) 48 (25.5) 27(193) 24 (22.0) 12 (21.8)
North (%) 123 (42.1) 182(47.5) 195(58.7) 190 (59.7) 95 (50.5) 84 (60.0) 78 (71.6) 30 (54.5)
South (%) 169 (579) 201(52.5) 137(413) 128 (40.3) 93 (49.5) 56 (40.0) 31(284) 25 (45.5)
WB (%) 136 (46.6) 208 (54.3) 187 (56.3) 174(54.7) 118 (62.8) 88 (629) 52(47.7) 34 (61.8)
PA (%) 156 (53.4) 175(45.7) 145(43.77) 144 (45.3) 70 (37.2) 52(37.1) 57(52.3) 21(38.2)
FTD (%) 143 (49.0) 172(449) 152(458) 144 (45.3) 92 (48.9) 72 (514) 40 (36.7) 12 (21.8)
RD (%) 89 (30.5) 113 (29.5) 82 (24.7) 100 (31.4) 58 (30.9) 30 (214) 46 (422) 30 (54.5)
BMI (kg/m??* 2236+4.13 2330+£3.45 2425+3.68 25.132420 24.85+324 2541+4.16 2543+3.12 24.98+4.06
Number of 2 (2-5) 2 (2-5) 2 (2-5) 2 (2-7) 2 (2-6) 2 (2-4) 2 (2-9) 52-17)
donations®

"Mean + SD; "Median (IQR). WB, whole blood donors; PA, platelets apheresis donors; BMI, body mass index; FTD, first-time donors; RD,

regular donors.
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Figure 1. Demographic information stratified by age. (A) Percentage of male and female blood donors in different age groups. (B) Regional distribution of
blood donors by age group. (C) Percentage of blood donation types among donors of different age groups. (D) Percentage of FTDs and RDs in different age
groups. (E) Box chart of blood donation times of blood donors in different age groups. (F) BMI values of blood donors in different age groups. PA, platelets
apheresis donors; WB, whole blood donors; FTD, first-time donors; RD, regular donors; BMI, body mass index.

and ferritin were transformed to a Gaussian distribution. To
analyze variations according to age, gender and geography,
the SDR was calculated using two-way nested ANOVA. The
criterion for considering partitioning reference values was set
to an SDR of >0.3 following the IFCC/C-RIDL protocol. In
the present study, all SDRs were >0.3, which indicated that it
was essential to establish RIs based on different ages, genders
and regions (Table II).

RIs were determined by age, gender and region. Considering
the inconvenience and misjudgment resulting from the

excessive reference ranges for different age groups (8 groups in
the present study) based on the value of SDR, a Z-test was used
to confirm the necessity of stratifying the RIs and determine
the cut-off age for partitioning. The Z-test results showed that
there was no significant difference in the transferrin levels
between different age groups. Therefore, it was not essential to
establish 8 RIs based on age groups (as shown in Table I). As
for the ferritin value, there was a significant difference between
the older group (aged >52 years) and the younger groups (aged
<52 years), while there was no significant difference between
the older group (aged >52 years) and the 43-52 years old groups.
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Table II. Two-way nested ANOVA for comparison of the results stratified by age, gender and region.

Nested ANOVA
Variable Unit Box-Cox (A) SDR_ . SDR_g., SDR_ge,
TRF g/l Yes (-0.5) 0.60 1.35 1.21
Fer ng/ml Yes (0.0) 0.77 6.59 5.69

TREF, transferrin; Fer, ferritin; SDR, standard deviation ratio. The relative magnitude of each standard deviation was expressed as SDR over
SDR_ s> SDR_g,, and SDR_,, based on age, gender and region, respectively. For instance, SDR_,,. = SD_,,/SD_jygiviqua- AN SDR of >0.3

was used as a guide for stratifying reference values.

A
1.91-3.68
PA -
1.75-3.16
WB = ——————
1.88-3.71
RD
1.76-3.23
FTD
I I I 1
0 1 2 3 4

Rls of TRF (g/l)

B
4.28-267.66
PA
3.67-372.08
wB
3.17-272.21
RD
4.64-337.30
FTD
1 I I 1
0 100 200 300 400

Rls of Fer (ng/ml)

Figure 2. RIs determined by different donation frequency (FTD or RD) and donation components (PA or WB). (A) RIs of TRF determined by different dona-
tion frequency and donation components. (B) RIs of Fer determined by by different donation frequency and donation components. Rls, reference intervals;
TREF, transferrin; Fer, ferritin; PA, platelets apheresis donors; WB, whole blood donors; FTD, first-time donors; RD, regular donors.

Therefore,42 years of age was used as the cut-off age to calculate
the RIs of ferritin levels. Both parametric and nonparametric
methods were used to calculate RIs, and the results showed that
the RIs obtained using the parametric method were wider than
those obtained using the nonparametric method (Table III).
After performing LAVE for secondary exclusion, 12 partici-
pants with potential iron metabolism disorders were excluded.
Data from 1,805 individuals were used to establish the RIs
(Table IV). The LAVE procedures generated narrower RIs for
transferrin and ferritin level in the subgroups.

MRA. Blood type, BMI, whole blood or platelet apheresis dona-
tion, donation times, donation intervals, alcohol consumption
and smoking were used as dependent variables to calculate the
correlation coefficient using the MRA method. The ferritin
level was negatively correlated with the transferrin level. As
compared with whole blood donation, platelet apheresis dona-
tion was more positively correlated with transferrin, with a
positive effect on serum transferrin levels. Notable changes in
ferritin and transferrin levels were observed but not associated
with blood donor blood type, BMI, donation times, donation
interval, alcohol consumption and smoking (Table V).

RIs were determined by blood component donation and
blood donation frequency. Next, RIs were established

based on the donation frequency and components using the
nonparametric method. As shown in Table VI and Fig. 2,
regular donors had higher RlIs for transferrin than first-time
donors, but regular donors had a lower RI for ferritin than
first-time donors. With regards to component analysis, it was
observed that the transferrin RIs in whole blood donors was
1.75-3.16 g/1, while in platelet donors they were 1.91-3.68 g/I.
The ferritin RIs in whole blood donors were higher than those
in apheresis donors. In combination, these data suggested that
the ferritin and transferrin RIs differed between first-time
and regular donors, as were those between whole blood and
platelet donors.

Discussion

Iron level is a vital indicator for human health (1). However,
iron deficiency, a common nutritional deficiency worldwide,
is a serious issue for blood donors (3,15). Thus, blood
centers around the world investigated the transferrin and
ferritin levels in blood donors (16-20,28). Although a large
amount of data has been collected in different countries, the
transferrin and ferritin levels of donors in China has not yet
been fully examined. One important reason is that the RIs in
China remain to be determined. Therefore, an initial objec-
tive of the project was to determine the RlIs for ferritin and
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Table V. Standardized partial regression coefficient in MRA for blood type, job type, BMI, donation type, donation times, dona-
tion interval, alcohol consumption, smoking, drugs as explanatory variables.

Blood Donation Donation Donation Ethyl
Variable type BMI (WB or PA) times interval alcohol Smoking TRF Fer
TRF 0.024 0.067 0.241* 0.127 -0.089 0.049 0.032 \ -0.252¢
Fer -0.015 0.046 -0.007 0.052 0.128 0.036 0.079 -0.283¢ \

*P<0.001. BMI, body mass index; WB, whole blood donors; PA, platelets apheresis donors; TRF, transferrin; Fer, ferritin. A
given explanatory variable was considered of practical importance when the absolute value of standardized partial regression

coefficient was greater than 0.20.

Table VI. RIs determined by donation frequency and components donation.

Variable Unit Methods FTD (LL-UL) RD (LL-UL) WB (LL-UL) PA (LL-UL)
TRF g/l Nonpara 1.76-3.23 1.88-3.71 1.75-3.16 1.91-3.68
Fer ng/ml Nonpara 4.64-337.30 3.17-272.21 3.67-372.08 4.28-267.66

TREF, transferrin; Fer, ferritin; Para, parametric; Nonpara, non-transferrin level parametric. LL, lower limit; UL, upper limit; FTD, first-time
donors; RD, regular donors; WB, whole blood donors; PA, platelets apheresis donors.

transferrin of Chinese blood donors. In the present study,
both transferrin and ferritin level data were collected in two
blood centers in China, and an RI analysis was conducted. It
was also observed that apheresis platelet donation was posi-
tively correlated with serum transferrin level, as compared
with whole blood donation, and that the ferritin level was
negatively correlated with the transferrin level. We believe
these findings are significant for the following reasons.
First, the RIs of transferrin and ferritin were determined
by multiple factor analysis in Chinese donors. Secondly, the
collected data will help refine donor recruitment strategies
in China.

Without available RIs in China, references originate from
studies conducted in other countries or regions. However,
due to the differences among individuals from different
parts of the world, using the RIs from other countries or
regions in China may not be appropriate. In fact, it was
found that the RIs of transferrin and ferritin in the present
study differ from those from previous studies (14,20,29). In
addition, it was observed herein that iron deficiency in China
is not infrequent, according to the RIs established in the
present study. This study may be the most comprehensive
and systematic study with the largest sample size in China
that was based on the standard protocols of the CLSI and
IFCC/C-RIDL. Two-way nested ANOVA and MRA were
used to explore the sources of variation in the present study.
In addition to the inclusion and exclusion criteria used for
enrolment, the application of the LAVE method further
excludes individuals with latent diseases, which is consid-
ered the appropriate approach to eliminate the effect of
potential factors (26,30).

Compared with a report from Finland, the transferrin level
is 1.15-2.75 mg/l in healthy adults (31). This value is lower
compared with that in the present study. The reason may be

due to the use of different test methods. The previous study
used sandwich immunoenzymometric assay, while the present
study used the turbidimetric inhibition immunoassay. With
regards to the ferritin level, Chinese donors exhibited lower
values (14,20). We hypothesized that ethnic/racial groups,
eating habits, and/or the regional environment distinction
accounted for this difference.

Donation frequency and times were considered the main
factors influencing transferrin and ferritin levels (16,32).
However, in the present study, it was not confirmed more
frequent donations resulted in lower transferrin and ferritin
levels (9,16,32). This inconsistency may be due to the differ-
ence in sample size, sample populations and/or donation
policies. It should be pointed out that the minimum interval
for whole blood donation was 6 months in China. Such a long
interval might be a reason for the discrepancy in the results.
Previous studies from other countries have suggested that
prolonging the blood donation interval from 4 to 6 months
can alleviate iron deficiency (7,14,33). However, the whole
blood donation interval was already 180 days in China. If
further extended, the shortage in blood supplies will be
increased.

It was found that individuals aged >42 years exhibited
lower transferrin and ferritin levels than younger donors when
nonparametric methods were used. This finding was incon-
sistent with that of previous studies, which have suggested
that adolescent donors had lower transferrin and ferritin
levels (34,35). A possible reason for this is the use of different
analysis methods. In addition, the elderly donors were in a
lower metabolic state, with a reduced turnover of transferrin
and ferritin.

Of note, it was found that apheresis platelet donation was
positively correlated with serum transferrin levels compared
with whole blood donation. Previous reports have often focused
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on serum ferritin in both types of donations (8). It was also
confirmed that the ferritin level was negatively correlated with
the transferrin level in blood donors, since the latter is a vital
marker of iron status and its level rises with iron deficiency. It
therefore seems that donation type is a key factor influencing
transferrin levels.

This study had several limitations. First, it had a limited
sample size; a total of 1,817 blood donor samples were collected.
Secondly, the donors' transferrin and ferritin levels were not
followed up after initial testing, which may have affected the
adjustment of donation intervals and early detection of iron
deficiency. Therefore, further large-scale data collection and
longer follow-up are needed for a more comprehensive and
extensive study.

In conclusion, the present results will help establish the
RIs for ferritin and transferrin in Chinese blood donors. In
addition, factors that influence transferrin and ferritin levels in
Chinese donors were identified. Finally, these findings should
help formulate improved blood donation strategies in China,
protecting the health of blood donors, and contributing to the
development of blood donation.
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