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Abstract
Background:  

Blood donation with large amount of blood loss within a short while,

although regarded as harmless by the medical profession and accepted by the 

society, still poses a challenge to the health of the donor. The blood donation 

researches at Taiwan lacked comprehensive probing into the physical health of 

individual blood donor.

Aim:   
   This article was aimed to compare several laboratory parameters between 

central Taiwan regular blood donors and controls to weigh the impact of regular 

blood donation upon physiological function and to study the iron status related 

pathological changes. 

Methods and Materials:

   This is a cross-sectional study which recruited 62 regular blood donors who 

donated blood more than twice within the recent year and 57 controls via two 

sampling points in Taichung City, Taiwan from Oct till Dec 2010. Questionnaire 

including various items were answered. The urine and blood were collected and 

analyzed for iron status, hepatic and renal function, thyroid function, electrolytes, 

nutritional status, metal ions and bone turnover markers.

Statistics:

Statistical analysis was performed using SPSS 12.0 software (SPSS Inc, 

Chicago, IL). Student’s t-test and multiple linear regression were used for

continuous variables.  Chi-square test and multiple logistic regression were 

used for categorical situations. Fisher’s exact test was applied when small 

numbers were encountered. A two-tailed test of P<0.05 was considered 

significant. 
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Results:

   More than 80% recruited donors donated more than two times within last 

year. The interval from sample collection to the most recent blood donation was

at least 2 weeks among 90% donors. 

    The most remarkable difference with the literatures reviewed abroad was 

that there were nearly no cases of anemia nor iron deficiency detected among our 

regular blood donors. On the contrary, there were statistically significant signs of 

excess iron evidenced by serum iron and several other iron status parameters. 

The level of cholesterol, potassium and zinc were also higher for regular blood 

donors than controls with p value less than 0.05. On the contrary, the bone 

formation marker(BAP) was lower among the regular donors.

    Moreover, there were marked differences between male and female controls 

in iron status values. This gender difference seemed blunted after regular blood 

donations.

Conclusion:

    Serum iron excess and elevated cholesterol were found among central 

Taiwan blood donors. The long term effects of this phenomenon urge tight 

follow-ups. The impact of increased bone formation markers presumably the 

results of blood loss-induced erythropoiesis needs to be explored further.
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A

.

a) (Dcytb; duodenal cytochrome b reductase; ferrireductase) –

DMT-1

         b) (DMT1; divalent metal transporter1; DCT1; 

Nramp2) –

c) (HCP1; heme carrier protein 1) –

(heme iron)

d) (HO; heme oxygenase) –

(biliverdin)

.

a) (FPN; ferroportin; IREG-1; iron-regulated transporter-1; MTP1

metal transport protein 1)–

b) (Heme exporters; LFLVCR, Bcrp/Abcg2, Abcb6) –

c) (Tf; transferrin)–

d) (TfR; trasferrin receptor) –
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(TfR1) (TfR2)

e) Hp; Hephaestin; Hephaestus ) –

f) Ceruloplasmin) – 95%

.

a) (Ft; ferritin) –

b) Hemosiderin) – 

.

a) (HEP; hepcidin; HAMP, LEAP1) –

b) (HFE; Hemochromatosis) –

c) (HJV; Hemojuvelin; HFE2) – (RGM; 

repulsive guidance molecules; antonym of attractive guidance 

molecules)
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d) (BMP; Bone morphogenetic proteins) –

e) EPO; Erythropoietin) –

f) (IRE; iron regulatory element) (IRP; iron 

regulatory protein) –

B

a) (Hb; hemoglobin) –

b) (RBC; red blood cells) –

c) (Ht; Hct; hematocrit) –

d) (MCV; mean corpuscular volume) –

B12( )

e) (Mean corpuscular hemoglobin; MCH) –
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f) (MCHC; mean corpuscular hemoglobin 

concentration) –

(hyperchromic) (hypochromic)

(normochromic)

g) (RDW-CV; red blood cell distribution width- 

coefficient of variation) – RDW

RDW>15

B12 RDW

RDW RDW

h) (reticulocyte) –

(%HYPO; % hypochromic reticulocyte)

(CHr; reticulocyte Hb content)

i) (Fe; serum iron) –
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(MCV < 75) (ferritin) 

(TIBC)

j) (TIBC; total iron binding capacity) –

( )

20 ~ 50%

(UIBC; unsaturated iron binding capacity) TIBC = serum 

iron + UIBC TIBC .

k) (Tf; transferrin) –

,

l) (TS; Transferrin saturation) –  

The percent transferrin saturation = serum iron/TIBC x 100 

30%( 20~45%)

( iron overloading)

m) (SF;serum ferritin) – ,

; 

, 1ng/ml , 8 10mg



x 

68%

50% ( )

n) (sTfR; soluble transferrin receptors) –

80%

o) sTfR-F (sTfR/log ferritin index)–

p) (bone marrow iron) –
1
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2,425 REDS-II Donor Iron 

Status Evaluation (RISE) study 7

<12ng/ml (AIS; absent iron store) log(

/ ) >= 2.07 (IDE; iron-deficient 

erythropoiesis) 15% AIS 41.7% IDE

16.4%AIS 48.7%IDE 27.1%AIS 66.1%IDE AIS /

IDE
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4, 5, 8-10  

11

12

C282Y
13, 14

2006

2008 Li, L., P. J. et al. 2010 Yang, M. H. et al. B

nucleic acid testing; NAT B

(occult HBV infection; OBI )



8 

C

2005 ISO 
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1.1                                           

DNA

(Fenton reaction) (H2O2)

(lipid peroxides) (OH•) (LO• & LOO•)

19

1.2

1.2.1 ( )20, 21

1.2.2   

1.2.3 22

  

0.08 0.6 0.2 - 0.3 1.0

/ (0.5–2.0 / ) 0.5 /

1.5 /
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1.2.4

    (iron status)

(iron panel) 23

1.2.5

( hepcidin)

( iron regulatory protein)

( iron regulatory element)
24

1.3

    

1.3.1

1.3.1.1

3

a)  – (iron replete) > 13. 5

g/dl( ) > 11.5 g/dl( ) > 20 g/L

b)  – (iron depletion)
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(lack of iron stores)  <20 g/L

(absent iron stores) <15 g/L

c)  – (iron deficiency)

<15

g/L (MCV) <80fL ( 15~20 g/L

�������	
� ��
�����	
� > 

3.5 g/L <15%)

d)  – (IDA; iron deficient anemia)

1.3.1.2 25

a)

    b)

    c)

    d)

e)

f) ( ) 

    g) (pica or geophagia) 

    h)

1.3.1.3

    26

1.3.1.4 23

A

    a)  – 
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    b)  – 

    c)  – 

    d)

    e)

B

    a)  – 

    b)  – 

    c)

    d)

    e)

1.3.1.5 23

a)

b)

c)

d)

e)

1.3.2

1.3.2.1 27

(iron excess) (iron overload) (iron 

poisoning)

(Hemosiderosis)
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(Hemochromatosis; iron overload)

1.3.2.2 22

(ferrous sulfate) 50 mg/d 50%

ferrous fumarate) 60 mg/d

25 %

14 %

1.3.2.3

12

1.3.2.4
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28

1.3.2.5

    
29

a) (serum ferritin) –

b) (LIC; Liver iron concentration ) –

Total body iron stores (mg/kg) = 10.6 LIC(mg/g dry weight)

i) ii) &iii)

i)  – 

ii) SQUID; superconducting quantum interference device –

  

iii) R2 MRI(the R2 or Ferriscan technique of MRI) –   

c) – (LVEF; left ventricular 

ejection fraction ) (deferoxamine)

(MRI; magnetic 

resonance imaging) MUGA( multiple gated acquisition scan)

echocardiography)

d) MRI T2*

e) (NTBI; Nontransferrin-Bound Iron) –

(LPI;  pathologically relevant one)

1.3.2.6 28
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a)

b)

c)

d)

e)

f)

g)

i)  – (Tf; transferrin) (Lf; 

lactoferrin)

ii)  – 

anthracyclines

iii)  – deferoxamine (DFO), deferiprone, (DP) and

deferasirox (DFRA)

h) (immunoprophylaxis) –  

1.3.3

    

30

1.3.3.1

(microenvironment; niche)
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( ) 21

(HSCs; pluripotent hematopoietic stem

cells)

(ProEB; proerythroblast)

(basophil 

erythroblast) DNA

(polychromatophil erythroblast)

(orthochromatic erythroblast)

(reticulocyte)

1

31  

7

120

32

1.3.3.2

    

A 33

1. (

)
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2. (

) 

3. ( ) 

4. ( )

B

    
33

��


��� /

(AID)�
 �

C

    
34

35

    

(secondary hemochromatosis)
35

�

i.

ii.

iii.
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�

i.

ii. (HIF; The hypoxia inducible factor)/von 

Hippel-Lindau (HIF/vHL) ����	�	�

hydroxylase ( ) ������+HIF1�

(heteroduplex) � �

iii. (HJV; Hemojuvelin) �� (sHJV)

, HJV( BMP ) � (BMP) 

� SMAD �

�

i. 15(GDF15) MIC-1, PLAB, PDF, PTGF-���

NRG-1, NAG-1 (TGF-�; transforming growth 

factor-�)

( ); ( );

ii. (TWSG1; Twisted Gastrulation):

(sHJV)

iii. (sTfR):

(sideroblastic anemia)

D 33

a)
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i.

ii.

iii. C

30%

iv. ( )

v.

(celiac disease) (PPIs; proton-pump 

inhibitors)

b) (ESAs)

i.

ii. �� ��   

iii.   

c)

i. ESAs

ii. (IBD; inflammatory bowel disease)

ESAs

iii.

iv. (RE; reticuloendothelial)

v. 50% 3-4
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vi. 17% 

100 ng/mL 59% (TSAT) < 20%

vii. ESA ( 1

g/dL Hgb )

viii. . 

d)

e)

2.1 36

    1948

IRC

1975 WHO

(non-remuneration or voluntary unpaid)

42 10 

7
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44 7 12 

58 10

63

63 4 19

37 63 1974 37

2.2

2.2.1

    (Taiwan Blood Services Foundation)

(stationary service point)

(circuit) (casual)

2.2.2

    

250 77.46%

500 31.54%
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7%

25.19% 25.48%

18.50%

28.92%

15~65

3,811 2009/10/29~ 2009/11/01 95%

1.59% 38
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1.1

1.2

1.3

1.4

1.4.1

1.4.2 DMR99-IRB-107-1 

1.4.3

a)  – 

(TAF; Taiwan Accreditation Foundation)

(Taiwan Society of Laboratory Medicine)

BIO-RAD Control :

b)  – 

1.4.4

a)

b) (

) 
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c)

1.4.5

a)  – 

b)  – 

c)  – 10

1.4.6

1.4.7 ( ) 

2.1   

2.2

2.3 ( ) (

) (

) (

) ( )

    SPSS(12.0 ) t

0.05

( ) 

� Estimated population variance: 36.8

� Estimated difference: 15.3
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� Under 0.05 level of significance: Z�
�= 1.96;                      

with power about 0.9: Z�= 1.28 

� Estimated the smallest number of sample size:

         n = [(Z�
� + Z�)�]2 = 50
                     ���1- �0]2
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demographic data

1.69 vs. 8.62%)

54.2%)

( 1.69%)

88.1%)

78% 30

BMI

BMI 25

P<0.025

Ts TIBC

P=0.05)

BAP) (DPD)

p=0.056
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    (A)

(B)

(C)

(D) BMI

(D)
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R

    

(forward)
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2000 420 2009 522

2001 207 2010 251

7~8% 250 500cc ( 1.66 )

25%
40  

20 40 30 50

BMI

    41

a) 1cc 1.2 250

b) 5 /

20 /

c) 30 50

150 220

320

2,425 REDS-II Donor Iron 

Status Evaluation (RISE) study 7

<12ng/ml (AIS; absent iron store) log(



30

/ ) >= 2.07 (IDE; iron-deficient 

erythropoiesis) AIS / IDE

35  

2010

15.53% 30%
36

C282Y 13, 14

42

43-45

46

47



31

(secondary hemochromatosis)

BMI

    

 – 48

( ) ( )

(TNF)-� (IFN)-�

(IL-1, 6, 8 and 10)

(functional iron 

deficiency) (iron sequestration anemia) 21

    

49

50

(UPR; unfolded protein response)
51, 52
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, 53-55  

    

( )
56

56, 57 (osteoblast)
58 (osteoclast)

59, 60

61, 62

(BAP)

(Al) (Cd) (Fe) (Mn)

(Pb) (Cu) (Ca) (Zn)

( ) (

)
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63

64 65

(DMT1; divalent metal transporter1)

(Ft; Ferritin) , (FPN; ferroportin) 64,

66-68

65

69

(

P=0.056 ) 

    

70

26

Fåhraeus 

effect
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70, 71  

72

70

    
73

74

10  



35

75  

.

.

.

.

.
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( Cell 142(1): 24-38.) 

     ( Clinica Chimica Acta 2003:329; 9-22)
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( Crit Rev Oncol Hematol. 2010; 73(1):1-9.)  

- ( Hemoglobin. 2008; 32(1-2): 117-22.)
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CBC(complete blood
count)/DC Sysmex XE-2100 Resistance law/Flows 

the type cell meter
Urine Analysis Roche URISYS 2400 Optics reflection method

Toshiba 200FR Wet Chemical Colorimetry

Toshiba 200FR Electrode law

Roche Cobas e601 Chemiluminescence Immunoassay
(CLIA)

Iron & TIBC Toshiba 200FR Wet Chemical Colorimetry

Ferritin Toshiba 200FR Immunity turbidimetric method

Transferrin Toshiba 200FR Immunity turbidimetric method
BAP(bone alkaline
phosphotase)

Beckman Coulter
AccessII

Chemiluminescence Immunoassay 
(CLIA)

DPD
(Deoxypyridinoline) DPC I2000 Chemiluminescence Immunoassay 

(CLIA)
Perkin Elmer
Elan DRCII

Inductively Coupled Plasma
Mass Spectrometer(ICP-MS)

99.10.13~99.12.14
121

:AC,TG,CHO,BUN,Crea,UA,GOT,GPT,TP,ALB,GLO.
:Na,K,Cl,Ca,P
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n % n % n % p
0.189  

47 40.2  27 57.4  20 42.6  
70 59.8  31 44.3  39 55.7  

0.149  
2 1.7  2 100.0  0 0.0  
8 6.8  5 62.5  3 37.5  
5 4.3  2 40.0  3 60.0  

. 22 18.8  9 40.9  13 59.1  
32 27.4  14 43.8  18 56.3  
41 35.0  25 61.0  16 39.0  
7 6.0  1 14.3  6 85.7  

0.019  
6 5.1  5 83.3  1 16.7  
50 42.7  18 36.0  32 64.0  
61 52.1  35 57.4  26 42.6  

0.108  
24 20.5  8 33.3  16 66.7  
93 79.5  50 53.8  43 46.2  

0.214  
16 13.7  10 62.5  6 37.5  
99 84.6  48 48.5  51 51.5  
2 1.7  0 0.0  2 100.0  

0.811  
47 40.2  25 53.2  22 46.8  
68 58.1  32 47.1  36 52.9  
2 1.7  1 50.0  1 50.0  

0.008  
. 107 91.5  49 45.8  58 54.2  

10 8.5  9 90.0  1 10.0  
0.036 

25 21.4  18 72.0  7 28.0  
63 53.8  29 46.0  34 54.0  
28 23.9  10 35.7  18 64.3  
1 0.9  1 100.0  0 0.0  

0.199  
88 75.2  47 53.4  41 46.6  
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29 24.8  11 37.9  18 62.1  
( ) 0.594  

2 1.7 1 50.0 1 50.0 
3 2.6  3 100.0  0 0.0  

<6 1 0.9  0 0.0  1 100.0  
>6 5 4.3  3 60.0  2 40.0  

6 5.1 3 50.0 3 50.0 
. 23 19.7  13 56.5  10 43.5  

5 4.3  3 60.0  2 40.0  
1 0.9  0 0.0  1 100.0  
71 60.7  32 45.1  39 54.9  

( ) 0.310  
4 3.4  1 25.0  3 75.0  
6 5.1  3 50.0  3 50.0  
1 0.9 0 0.0 1 100.0 
2 1.7  2 100.0  0 0.0  
1 0.9  1 100.0  0 0.0  
31 26.5  19 61.3  12 38.7  
1 0.9 0 0.0 1 100.0 
71 60.7  32 45.1  39 54.9  

( ) 0.414  
6 5.1  5 83.3  1 16.7  
8 6.8  4 50.0  4 50.0  
17 14.5  10 58.8  7 41.2  
15 12.8  7 46.7  8 53.3  
71 60.7  32 45.1  39 54.9  
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n % n % n % p

58 49.6  58 100.0  0 0.0  
<7 3 2.6  0 0.0  3 100.0  
<2 3 2.6  0 0.0  3 100.0  
<30 7 6.0  0 0.0  7 100.0  
>30 46 39.3  0 0.0  46 100.0  

58 49.6  
<30 13 11.1  
>30 46 39.3  

58 49.6  
1 11 9.4  
2 26 22.2  
3 14 12.0  
4 8 6.8  

3
58 49.6  

1 11 9.4  
2 26 22.2  
3 22 18.8  

  n mean ± std n mean ± std n mean ± std p
( ) 117 37.62 ± 12.78 58 38.22 ± 14.65 59 37.02 ± 10.73 0.612 
(kg) 117 67.65 ± 12.65 58 66.26 ± 12.54 59 69.03 ± 12.70 0.238 
(m) 117 1.66 ± 0.09  58 1.66 ± 0.09  59 1.66 ± 0.09  0.988 

BMI (kg/m2) 117 24.46 ± 3.54 58 23.94 ± 3.36 59 24.96 ± 3.68 0.121 
117 29.08 ± 8.24  58 28.16 ± 7.05  59 29.99 ± 9.22  0.230 
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n mean ± std n mean ± std n mean ± std p
Hemoglobin 117 14.72 ± 1.58  58 14.47 ± 1.72  59 14.97 ± 1.40  0.090 
Hematocrit 117 45.05 ± 4.34  58 44.55 ± 4.46  59 45.55 ± 4.20  0.215 
M.C.V. 117 89.40 ± 6.41  58 89.01 ± 7.99  59 89.78 ± 4.39  0.514 
Platelt 117 273.03 ± 61.61 58 280.28 ± 71.50 59 265.92 ± 49.63 0.209 
AC Sugar 115 95.83 ± 35.53 57 101.16 ± 48.54 58 90.60 ± 12.39 0.112 
Trigly ceride 115 145.36 ± 116.07 57 136.11 ± 93.81 58 154.45 ± 134.65 0.399 
Total Cholesterol 115 197.70 ± 36.70 57 189.81 ± 35.07 58 205.47 ± 36.90 0.021 
B.U.N. 115 14.14 ± 3.46  57 13.56 ± 2.83  58 14.71 ± 3.92  0.075 
Creatinine 115 1.04 ± 0.21  57 1.01 ± 0.20  58 1.07 ± 0.22  0.150 
Uric Acid 115 6.07 ± 1.74  57 5.79 ± 1.86  58 6.34 ± 1.59  0.090 
S.G.O.T(ALT) 115 29.49 ± 16.71 57 31.18 ± 21.16 58 27.83 ± 10.61 0.285 
S.G.P.T(ALT) 115 31.03 ± 26.89 57 32.09 ± 27.66 58 29.98 ± 26.30 0.677 
Total Protein 115 7.83 ± 0.45  57 7.84 ± 0.44  58 7.83 ± 0.47  0.929 
Albumin 115 4.56 ± 0.22  57 4.56 ± 0.21  58 4.57 ± 0.23  0.887 
Globulin 115 3.27 ± 0.38  57 3.28 ± 0.40  58 3.26 ± 0.37  0.837 
Potassium(K) 115 5.88 ± 2.41  57 5.25 ± 1.36  58 6.50 ± 3.01  0.005 
Chloride(Cl) 115 101.04 ± 2.79  57 100.77 ± 2.51  58 101.31 ± 3.03  0.303 
Calium(Ca) 115 9.67 ± 0.45  57 9.69 ± 0.50  58 9.64 ± 0.41  0.558 
Phosphours(P) 115 3.73 ± 0.70  57 3.84 ± 0.63  58 3.63 ± 0.76  0.114 
Sodium(Na) 115 140.54 ± 2.87  57 140.70 ± 2.81  58 140.38 ± 2.94  0.549 
T4 117 7.69 ± 1.43  58 7.80 ± 1.51  59 7.58 ± 1.34  0.419 
TSH 117 1.83 ± 1.00  58 1.80 ± 0.77  59 1.86 ± 1.19  0.747 
BAP 114 12.84 ± 5.14  56 13.88 ± 6.09  58 11.84 ± 3.81  0.033 
DPD 116 5.13 ± 1.54  58 5.21 ± 1.57  58 5.05 ± 1.52  0.572 
Ferritin 115 99.04 ± 93.77 57 113.37 ± 112.86 58 84.95 ± 68.29 0.104 
Serum Iron 115 96.16 ± 42.50 57 87.46 ± 37.01 58 104.72 ± 46.00 0.029 
T.I.B.C. 115 332.29 ± 60.54 57 321.16 ± 67.68 58 343.22 ± 50.84 0.050 
TS 115 29.42 ± 12.19 57 27.97 ± 11.00 58 30.85 ± 13.19 0.206 
Transferrin 115 271.81 ± 43.25 57 269.09 ± 41.79 58 274.48 ± 44.85 0.506 
Pb ug/dL 116 2.15 ± 1.03  57 1.96 ± 1.00  59 2.33 ± 1.05  0.056 
Cd ug/L 116 0.97 ± 0.61  57 1.02 ± 0.69  59 0.91 ± 0.53  0.333 
Zn ug/L 116 938.52 ± 152.20 57 906.21 ± 142.66 59 969.73 ± 155.77 0.024 
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44

A

B



45

C

D
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Linear regression
TotalCholesterol Potassium(K) BAP SerumIron T.I.B.C Zn ug/L

� SE p � SE p � SE p � SE p � SE p � SE p 

( ) -8.55 ## 0.902 19.52 ### 0.047 -35.22 ## 0.001 -136.72 ## <0.001 360.09 ## <0.001 -981.15 ## 0.095

(0: /1: ) 0.78 ### 0.012 -2.91 ## 0.001

0.05 ### <0.001 -3.62 ## 0.001

(0: /1: ) 
-30.84 ## 0.014 -22.72 ## 0.003 -135.29 ## 0.007

(0: /1: ) 19.84 ## 0.008

Hemoglobin 1.08 ## 0.003

Hematocrit 0.50 ## 0.001

M.C.V. 0.20 ## 0.050

M.C.H.C. 0.89 ## 0.010

Trigly ceride 0.07 ## 0.008

B.U.N. 0.04 ### 0.408

Uric Acid -0.58 ## 0.038

S.G.P.T(ALT) 0.04 ## 0.029

Total Protein 0.87 ### 0.013

Potassium(K) 2.73 ## 0.043

Chloride(Cl) 0.29 ### <0.001 -11.48 ## 0.006

Calium(Ca) 14.12 ## 0.044 1.00 ### 0.006

Phosphours(P) 1.06 ### <0.001 -36.78 ## 0.032

Sodium(Na) -0.48 ### <0.001 15.05 ## <0.001 

DPD 0.96 ## 0.002

Serum Iron 0.01 ### 0.001 2.53 ## <0.001

T.I.B.C. 0.12 ## 0.025 0.28 ## <0.001 

TS 3.41 ## <0.001 -8.75 ## <0.001

Transferrin 0.34 ## <0.001

Pb ug/dL 0.54 ### 0.001 1.06 ## 0.020 3.68 ## 0.060 42.51 ## 0.001

Adjusted R2 0.223 0.629 0.278 0.977 0.900 0.301
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