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ABSTRACT

Background and Objectives

Exposure to Lead, Mercury, and Cadmium is a serious threat to individuals. Blood
Transfusion may serve as a hidden potential source of exposure to these toxic metals.
Therefore, this study was conducted to determine blood concentrations of Lead, Mercury
and cademium in blood donors.

Materials and Methods

A Systematic Review was conducted by searching, PubMed, Scopus, Web of Science,
and ProQuest databases until the end of July 2023, using the keywords Lead, Mercury,
Cadmium, Pb, Hg, Cd, and “blood donor.” After screening and selecting relevant articles
based on inclusion and exclusion criteria, data were extracted. To integrate the results of
the primary studies and calculate the final mean, a Random-Effects Model was used, with
the mean and standard deviation serving as the effect size. Q and I? statistics assessed the
heterogeneity among the results of primary studies and Meta-regression analysis
examined trend over time. The results were summarized in tables and funnel plots, and
statistical calculations were performed using R software and meta package.

Results

The global analysis revealed mean blood concentrations of Lead, Mercury, and Cadmium
in blood donors as 4.85 (ug/dL), 0.154 (ug/dL), and 0.0595 (ug/dL), respectively. Meta-
regression identified study time as an important and influential factor in explaining the
Lead level in blood donors worldwide (p=0.0018). In such a way that between 1985 and
2023, the mean blood concentration of Lead in blood donors decreased by an average of
2.27 (png/dL) annually. However, no significant trend was observed for Cadmium levels
in blood donors over time.

Conclusions

This systematic review revealed that the mean blood concentration of Lead in blood
donors exceeded than the WHO’s permissible limit set. However, deciding on the
necessity of screening blood donors for Lead still requires further primary studies,
particularly among donors from high-risk areas or specific occupations. In contrast, such
screening did not appear to be necessary for Cadmium and Mercury.

Key words: Lead, Mercury, Cadmium, Blood Donors

Copyright © 2025 Journal of Iranian Blood Transfusion, Published by Blood Transfusion Research Center.
BY NC This work is licensed under a Creative Common Attribution-Non Commercial 4.0 International license.

\t4



http://dx.doi.org/10.61186/bloodj.22.1.76
https://orcid.org/0000-0002-5539-1833
https://orcid.org/0000-0002-6986-1314
http://dx.doi.org/10.61186/bloodj.22.1.76
https://bloodjournal.ir/article-1-1566-en.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

[ DOI: 10.61186/bl00dj.22.1.76 ]

&>
(VE-AB) VE-F Jlas ) o,lasd YY 0,90 ¢ ,9&
H—:%’é“i'”’ =

sx“jw )9y° i

20997 QU WS 1A 30 poaodlS § 09a> (o gw (9P CAAE (gt

6Tl g wio UL 49 30 Sy

Yo S r ; ! les g
0lily alogus {1007 y00 s9005 ol ¢ (0 Jlizka 50 030

Ol = ol = 095 Jil b (2l 5 (Bjgal Jo dsie - 93 Jl Slisid 35 e st - o SSgelo o PhD -
Ol = Ol = 53 JUl b (g 5 (sBigel (o dumsho - 35 Cdls 5 Suslen (sl 00,518 Sl 35 5e Jhsbi] - g sl PAD -
Oyl = ol = Ol (S pale olKisls (Sig oaSiails - candign il Golis I8 -V

O duaiy

S g 4l

e w05 JBl (B,b 5l09d go Cgune S8 (sl (g9 (S90845 poeeslS 5 05ex o L agrlse
255n Sl8 iy CLE (pnass By asllie () 141030 0 I3 ol agrlse cshosill 5 ol
b pledl e BaSTanl 4o

bosig;s 99150

9 Lead, Mercury, Cadmium, Pb, Hg, Cd (sL—26}lg &S (59—t Ly coopllss 5950 o
okl L ProQuest 4 Web of Science « Scopus PubMed  ledbl 5ol 4o « “blood donor”
cTa> 99909 Sk (bl lasi o glaalie Sl 5 682 5l g 0B plomil Y+ VY ady
Sdae 5l ales 5eiles dlore g adgl (sladalllos gulis pleol jglaie 45 .aiod gl 5wl baosls
S0 Bleslal lgxe 4y Jlre Blyzil g 5uKile g 0 oolax .l (Random-Effects Model) Solas
&y 9Q s I slaasls jladgl gladslllas gl Kenl olime (ol Holaio ey abud ai8 F
4 @l @il 4o 5 (0155 0 ealitinl (ygen ) e Jelos jl e (ol 50 Sl Wiy oy
pll meta =Sy g R Hl58lp 5 lawgs (g Lol l—uloee g Funnel plot jlogei awsos 9 Jgoor & y9—0
RUA)

bt

(Me/dl) cos 5 4 Bl gl )9 (93 pEaSTanl 13 psredlS 5 0gez oy (S9> clile (Sl
plosl yloy coygm S 5kie gl ululy iz ed .aiagy +/-00 (ug/dL) 4 +/VOF (ug/dL) FIAD
Olez gy o> QB SIsal )3 oy (g3 CAlE (Siles S 50 SIS 3L g e (slole anlllas
Gy Go> clale Kile Yo YT Lo B YAAL Jlo 51 a5 (1o ay (p=+/+ + VA) 0l ools ausnis
Bls olas pals YIYY (ug/dL) olsee 4 4Vl Jawgie job 4 (o gl jo 055 (FaSlaal o
SBauSTanl 10 pgmedls 315 Sg3 cdale . SKile ;0 anlllae ploxl ylo; L3l Logas 0 &5 Jbb o
it onalie g lobias &g «oler gaw 58 95

77 R

Olwe 3 WL GBasSIaal jo g 58 o5 clald (Silie ainpllss 5550 () gl (ulul 4z 51
S5l e BasSlanl 6,8 sE 0o ogas ;S (6 S peaal g WHO lawgs ool pdlel jlre
Jelta U sy 3blin EwiSlanl 5 oi2g & it 4yl csloaallan ool winfls iz ooy
sy 0d S 42 (55905 0922 9 p9eadlS (sl 6 sE cnl O I 50 le o>

09 OB uSlaal ceseslS (0gaz oy sy olals

VESYN N0 sl s b
VEYNND 15 s g,

d . http://dx.doi.org/10.61186/blood].22.1.76

Pourmokhtar M,  Teimourpour A,
Banazadeh S. Determination of Blood
Concentrations of Lead, Mercury and
Cadmium in Blood Donors: A Systematic
Review and Meta-Analysis. J Iran Blood
Transfus. 2025: 22 (1) : 76-85.

gtume odiungd

Slighos 55 50 Hlholiwl lide gy (50 25
gk 5 Di9el o dusza - s Jli
Olrl= ol - o> Jlasl b
VEPEANNOY iy oo
m.pourmokhtar@tmi.ac.ir

Yy



http://dx.doi.org/10.61186/bloodj.22.1.76
https://orcid.org/0000-0002-5539-1833
https://orcid.org/0000-0002-6986-1314
http://dx.doi.org/10.61186/bloodj.22.1.76
https://bloodjournal.ir/article-1-1566-en.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

[ DOI: 10.61186/bl00dj.22.1.76 ]

OLen 5 bz, 5 085

O QB aSIual s rﬁ)\sjajﬁ;_-“_.)ﬂ EPERCAHE

O 3 1, s e A= (Safety Authority
G 3 Jas cbli= 5151 5 +/8V0 pgldL O aS |l
US Environmental  : EPA) I ol edsze VL)
O o Uﬂ.‘;S e Ol (Protection Agency
(YA) Liles S odel +/NA pg/dL Jsles | o aS sl

Sloadlas 5l ol AST 3325 L ol b s
S OB ASIaal 0t (6 S8 bl el & sl ol
Sl 2 S gl s (e DI s
—84) 55 8 o el ) 5 dseme D5 4 05 L]
Slaardlae duopllal 50 Sda L lass pl 1A L(E7
2S5 esr o G DBl eS
4SS (sl bl il 5l eslizal 5 05 DS ASlaal
05 LS ol S s st sr (5 S et
Sheslital (K el sy a5 O STl
0505 blas {‘JJ'J Coge 53 s ki slhaslin
b agrlse Sl dats maliz w Glaze QS|
Sl glaes sl b a plaws Gua L Jases laoaNT
il Glaes S @ G Gl o 4 SIS L
A el

Lopllas 5550 (baandllas & Cond Sl sy pl SLlse
03 e Ogmed S2l5e 4 Ol o e (pl 53 3
Web (PubMed Loli 5 axe 5 2t Sledbl slaoll
S by s« ProQuest s Scopus ¢ of Science
£ 53 Cussdoma pde 5 (VoYY 455 0L B) Laanlas

.J;e)u‘w)ﬁbjjﬂéuw&ﬁ

gy, § 3190
S Laplles 550 G5l Bl s plail sl 0
030038 5 g v (S 3 G c Bl e
ol s esla il Olgxr mhaw 55 0 OB ASTAAL s
s s Ol band 5 i b Sl sk
057 i 3l cm g 2 53505 Slaskae  Jetie
il 5 besls Lot 5w 5 2l ol (sl
oS STy dd sl aaalllee (6,8 5 5 kS
OBaSes s s S ki s L) POLIS Jue el
o b Gl daalllas ~1b 5 ot b fame culy
Jdl s glassain; 5 o m Loy (S—ude
Preferred Reporting Items for Systematic L PRISMA-P

(0+) 4d - s Reviews and Meta-analysis Protocols

YA

o dnbng

Shdg gr}:.a.hls 9 04 &N 6Lée.a\.«i‘w
Opren ol Sles S ens @ o3 gl s
L Lf)f J:Jl?; 9 )‘J‘)l{ dl{) 9 QLSJ}S ‘w)l} d\.}bjg
L;N_,.lo Lgud..g_z-\ja ‘ﬂ) ijl;;;a P C,.::\Jgg_g o) 4>
(e b Jid ol g a5 K Sl opl b e
(as gadnl s s Pl Dpx @)l Sp e
Lo el ol 02 el (Sl 5 L
Olasly egas5 w355 bt iz gl o o150
Slalral 5 sre pIbeiS y slacand (5353
Glaod VT ol b oagrlpe glasls Kos 51 (ool ke
sl o (So8 L5 o (0oL Olyss 5o s
CM‘)\))‘}}JJ LS‘°}'.’J C,.:o.hl)\ A.P‘j.ﬂ U'i‘ Q.); S gd>ee
(V=YY)

» c}W ol rbu\ d\.mu.n.ha )‘ LS‘A)L': u»l....:‘ »
5 o Jlmal (ol plie Slsle Gl Jelis
wlid b op Sage dhesr 31 oS a3 T bl s 5
clble ;ML)JA cﬁ.aﬂg 9 o5 o b oagloe ol
S osrs BB e oS ol il G
(YAY) Cdd 03 32 0 SO 5 VL 50 0 O S Tal
Jowe (S50 51 30) e Vb slaagrlse opl by
Sl 51 50) S ol S L (OB aS el edls o S
slaaxly O b 5 K Sl 65015 Joue
o8l 5 Olgy e Olgie @ o G glaesssl s s
Jhe Ol 4 i gome SI5E (pl L gl se )
d)ﬁ 0.3)}]‘}5).) ung;.lal&dy‘\SWlaqum
O35 53 (BLL) w555 7shw 5 (PRBCS) 303
CﬂLi_ g_BJAa.A Q‘J.:a 4.2_:‘) nm)jbé L}ﬁ);;ﬁl&?x "U"’)L;
L s pomms Sl o DM 45 L3515 5 4> 5 (Dose-Response)
b nlpbe (VY8 50 Byl OF oo o b o
O D3 L gl pe o sllasl C3lse 5 Dled 4 r 5
i Aoy g 5 pdicanl sles S 03 e
sosar 4 O oBaslual s ol S chle
agrlsn ome 53l s (Sl S bl S
ol oS sl sS4 (F0-£0) Wil Coenl Sl _asea
S ol J s ol il e VA pgldL o8 STl

European Food : EFSA) Ll olde sl Olesle


http://dx.doi.org/10.61186/bloodj.22.1.76
https://bloodjournal.ir/article-1-1566-en.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

[ DOI: 10.61186/bl00dj.22.1.76 ]

VErs e o) asled YT oy

<

Sl 2550 4 s oger Sl B 5,5 Dbl (gl 3 50
(O JK2) sy o 3038 Sl b o e Sledibl

NI @Lﬁ
OBUSTAsl O 3 s e LS

Slaskae b Gillas 5 odds plil dsplls 5550 ol
ad> e o)l andllae VE sl Colg 03z A s 200
Sy aisad VA0 il Leaiseld S slhes s S sl 3
aiis e 3y edas0l i3 1T = 744/4 Laxl i i
Random ) _sslas 1 Jdde 3l eslacal b s g aaslas Ol
5 oSole calg o caallas V8 = el gl (effect
OB STl 53 oy 5 S clale 740 Olabl alsls
CLEYNE &v/0N) L/A0 pgldL il Olgr = 3 05>
A5 S acal=s Q07

oSl el e 5 andllas a4 by e oD
o 13 s 5 ialas 1 e s 4 0dd plis]
Slases 53 0 OB ASIAl 5y e St Sale 540
O S 5l S bl () s gad) diledd 55158
e 03 IS U s e Jole S anllae ool 0L
o 53 055 OBSIAa 3 o g il SOl
G YaAL Jlo 3l 4S (glas S am (p= +/2 VA) 35 Ol
OB sl 5 v S hale Sls Yo VY JL
MG/L Ol 5 4 4Vl Lo g 5bas Oler s 5o 05
Gl sl i alS (07 Cl i /8¢ —+/\Y) Y/YV

.(p: '/' A \/\) (Y )\)}—Q..!)

OBUESTAS] O 5 3 0 g Cle

SLobae b Gillas 5 ol ool dspllss 5550l
35515 6l e ¥ sl oLy 53 s 5 200
A 2 LQM‘}QJJS:‘M S U ‘UJLhA JJ‘) 0_}:9.-;‘,.&.&«
g oo e Sl e 5 50l £YY ol anlllas
740 Olaabl dols 5 Olgzr mlawe 55 0> o asSlaal s
S 5 +/V08 pgldL Q67 Cli —§/\Y V/Y+) 4l
adlas a a4 bge Sledbl sy 74470 1T ax s
_;-.’.‘ Joe A.l.:_w} el d vl&)l J3'<JL~‘~" u..a}l_& )UJLA E)
BLEE J}}C«l&l&ﬁ)}]f M‘Jﬁ 6L:J‘5 L;ML_.GJ
Al sad) Wleds 5158 s ged 53 0 OB AS A

va

Web « Scopus « PubMed sledbl (slaoll o
a5 (G 5l Ll 5 ProQuest 5 of Science
P N T P N T B e Y R SRR
blood" , Lead . Mercury . Cadmium . Pb . Hg . Cd
Ok B 5 L5 Cussdoms 03 U & 50 4, "donor
i b oS SVlis den i g VoYY 4555
Olpe Coad 55 a5y 50 laells LS Lils 4yl
4 e L andllae 5515 (s g (SIS OIS 5w
Slasbme ol ool o o &b ¢S Jus
JolS el b s ods a5 53 25 2 55505
- P PO R W L I PRGN VA ¥ |
05003 5 o5 o e S DG G e lalE 1S
O O auslaal sl JolS O adsed 5o (Wly)
‘L;)lj.ii sladaallhas u_ejb Sl sy (QL?J\:SQSJ_.Z)
S slaaise 5 sy oS O Sl e alaaises
adox 5l O LS SIucal I e ool 4 Glaze
A b S kS s s 2 gl sl

Jits S 5m 4 5l 5 1) daosls ol CK*"‘
s sl 3 S Sbsls,se |y edd Ol (slaaallas
b Bt 68 ey s S ol sk
o oalo byl Colaa b s G35 Gk 510N sls
Lsosh s ol g ar g b e 3 S &85 Ji e
o e3Y DMl b 5 o lilnl o b S Sl eslind
Lloosls culg 53 d S 13 Gz 3550 leh_..q\ 3l
3 gl Al sl 5o 18 0550 ol e S s
homilos 3 ads) Slaaalllas gl plesl i 4y s
el 3 Jde 51780 Olaabl desls 5 Llg SSke
o3li_w| REML 3,51 » %3, L (Random effect model)
ot 03 A e Ol g an Jlme Sl 5 Sle i
Ol oliol ok an b5 a8 S k5 55 aallas
5Q 5P bl s sl glaanllas ol SNaals
dd=s 5oy by Sl s, s sl
L b leasdr 5 18 s eslinad 05 S ke
Slewl=a g Funnel plot yls ses ov 5 5 Sl &y 50
A il meta =S 5 R I3l 5 Jaw 5 (55l
Lol
.-,L;afaéb)}ja C;LJ

-)jJ_AL.)_i‘)JJN-)J_fJ)FL,JLb \VCJM)‘


http://dx.doi.org/10.61186/bloodj.22.1.76
https://bloodjournal.ir/article-1-1566-en.html

OLen 5 bz, 5 085 055 OBASIaal 53 p50eslS 50 gr o S ke

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

[ DOI: 10.61186/bl00dj.22.1.76 ]

| Identification of via datab and registers
Ty )
[ Records identified from®*:
Scopus (n = 523) > Records removed befors
1 Web of Science (n = 387) screening: (n= 9291
g PubMed (n= 136)
B2
)
— l
Records screenad ) Records excluded®™
(n=117) (n=43)
Reports sought for retrieval | Reports not retrieved
E n=74 | in=10)
Repors excludad:
Reports assessed for eligibility P
n=64 _— . L
inclusion criteria failura (Samplal... n=11)
inclusion eriteria failors (popmlatianh... m=1)
inclusion critena failure (heavy metal grpceREABRT {n=26)
L
v other reazons in=19)
] o o
= Studias included in review
% n=17)
-]

555 g0 Sl 5 S S 5 plulid 45T 51 (PRISMA flow diagram) Loy » 0L o la i 1) K&

Mean Mean
Study Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alessio et al, 1988 13.60 89000 449 71% 13.60[12.78; 14.42] L 3
Micciolo R et al, 1985 16.20 6.9000 385 7.1% 16.20[15.51;16.89] =
Cerna M et al, 1998 410 46000 1215 72% 4.10[3.84; 4.36] -
Prodanchuk Metal, 2013 196 02100 61 72% 1.96[1.91; 2.01]
Freire C etal, 2011 3.70 0.1800 1183 7.2% 3.70[3.69; 3.71]
Akinci et al, 2016 251 12400 211 72% 2.51[2.34; 2.68]

Nascimento H etal, 2023 126 0.7700 51 72% 1.26[1.05; 1.47]
France Stigic Aetal, 2023 157 0.7300 192 7.2% 157[1.47; 167]
AgyemangVetal, 2017 500 1.8000 40 7.4% 5.00[4.44; 556]

Braga M, 1992 161 06800 402 72% 161[155 168]
Janicka M etal, 2013 15328600 60 7.1% 153[0.81; 2.25]
Freire C et al, 2011 370 01760 1183  7.2% 3.70[3.69; 3.71]
Qi B etal, 2021 260 15390 2142  72% 260[254; 2.67] 3
Khassouani CE 1997 869 42100 385 7.1% 8.69[8.27; 9.1] =
Total (95% Cl) 7959 100.0% 4.85[2.14; 7.56]  -—essiiiome—
Heterogeneity: Tau® = 21.9293; Chi’ = 13340.33, df = 13 (P = 0); > = 100%
5 10 15

aLg.?ck.w,a O OB asSIAal s o @,&;Jélbajﬂﬁforestplot Nl ged

A


http://dx.doi.org/10.61186/bloodj.22.1.76
https://bloodjournal.ir/article-1-1566-en.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

[ DOI: 10.61186/bl00dj.22.1.76 ]

\f.'f.)l.@a. Al e)Lwi Y 092

15

10

Mean

pssio, 1 QBO

Braga 19@

Agyemang,zmo
01
Prodanchuk 201
Janicka, 20

T
1990

2000

T T
2010

Covariate year

DB S Taal 55 o G5l ke andllas plowil 0L G o Bubble plot Y ,Is g3

Mean Mean
Study Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Madsen et al, 1986 418 26500 170 332% 418[378;458] |
France StiglicAetal 2023 015 01100 192 334% 0.15[0.13;0.17] [
Janicka M et al, 2013 031 02000 60 334% 031[0.26;0.36]
Total (95% CI) 422 100.0% 1.54[-4.12;7.20] ———-*————
Heterogeneity: Tau® = 5.1635: Chi® = 425,86, df = 2 (P < 0.01): ¥ = 100% o o
2 0 4 6
O OB usSTaal jo g g il a,ﬂx forest plot :¥ s gl
Mean Mean

Study Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI

Alessio et al, 1988 0.05 00390 449 112%  0.05[0.05;0.06] =

Micciolo R et al, 1985 0.06 00510 385 112% 0.06[0.06;0.07] =

del'Omo M et al, 1993 0.07 00800 434 111% 0.07[0.06;0.08] -

Prodanchuk Metal, 2013 006 00200 61 112% 0.06[0.05;0.07] =

Akinci et al, 2016 0.13 00900 211 108% 0.13[0.12;0.14] —s—

NascimentoHetal, 2023 003 00080 51 112%  0.03[0.02;0.03]

France Stiglic Aetal, 2023 004 0.0360 192 112%  0.04[0.03;0.04] i

Faro AR et al, 2010 0.04 00670 922 112%  0.04[0.03;0.04]

Janicka M et al, 2013 0.06 00380 60 11.0%  0.06[0.05;0.07] -

Total (95% ClI)

2765 100.0% _ 0.06 [0.04; 0.08]

Heterogeneity: Tau® = 0.0009; Chi® = 605.67, df = 8 (P < 0.01); I = 99%

0.04 0.06 0.08 0.1 0.12 0.14

SEasSlaal o g s N._a;Lf ks .suiﬁ forest plot :£ ,Is el

Ol axiis 2 35y o lasOlis 5 1T = 1AMV Laxls
Random ) sslas 1 Jae 5l eslatal b sy Waaallbs
5 oSle ol os wadlas & ol plesl gl (effect
2> eSS chle T80 Ollbl sl

A

Slole b Gl 5 0dd plowil tspllss 55,0 ulsl
\J.é 4\.17-;&1 3)‘) s 4 sluss Cﬁk@.s BE C)J>- EIEEBE)

Dl e 3 0 @505 YVAO ol ladd gas IS slias Ui s


http://dx.doi.org/10.61186/bloodj.22.1.76
https://bloodjournal.ir/article-1-1566-en.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

[ DOI: 10.61186/bl00dj.22.1.76 ]

Qb&o.h})tiu)}; QK}A

O OEASIAl 53 2 5aslS 56 g oo S5 S

Sl ol s Sle ol S Gl S 4 (p= 2/ A)
YAV pgldl ¥l Lusie jsb 4 (g3 Y2 YT-14A0
s glohle g LB s -l sl LS jals
4&)[5 V':?J <g<.'s) R 00 S )\ oslaul gf?ki)’u
STV 0A) cdls Las o Sler o 53 5 AS4)
e e S cBle 51 VL Ol es o SSle ol ax
G Sy LW 5 ol O OB asIaal s
Sl a5 01 LSl 5 g Sl eslizal el
Ol 4 Al o3Y OT L il 5 Jasee glaagrlse
04)9- cble cQ\)&M E) j‘y} B Q\)&QA B Q)}T Js
TN0IO 5 (g5 QB STl 3ITA 3 5wl o
038 3500 slee a3l SYL LU o STaal
(Y/\ g“')
9 +/+090 pg/dL o8 acslaal s U,:Asls e okl
ug/dl  oxs EPA Loy ol el Slms i Sl kS
asdllas oot Ol 3B s 2 53 0 5Dle 4 (YA) 350 +/VA
25 o epr oo bl (ke i sdalie (g lslas
A3 3,505 e EFSA Liw g el Pdlel Slme i oS
(YA)

e b Aeella g0 opl ml bl Sl
V.A)cuﬁ)—,a).- kﬁ‘J; 4:.5)‘ LSLA«&S[LA sl g:,.ibj.)\mkf
Joe i (e Oz il bl S0 o
535 ool Jelie L OB aSToal Jldl o 5 o580
e SN s S S e S 250 0
@ mio 5 Ll sl gbeadlas (O OEUSTAAl s
ol ol Jolia b o s bl OBASIAS] s o5
ogr 5 p5eo3lS (1 b (6 S8 ) o O os i g
.J)‘.z\..a Q)j}ﬁ

S32 5 33> (3515 4 Ol 5 g andllan ol (L5 5
) 65 g Jas 45 3 S o L2l PROSPERO s 01 IG5,
SOTW A .ijfe Gl Blis 4 o 5 eals JalS
G w03 fe GSeedl 5 Sl

AY

/4080 pgldL ol Oler mhw 53 05 OB LS|
SLeMbl s § 4 ulses (407 CL +/0 YV er /0 AYY)
d ol plesl (pSla astli de 5 aallae 8 4 by e
e sl bl mls 5 slar 3 e akes
03 (8 Jlasad) Wledds 5518 lssel s 5038 S
A Ll Sl sl ool 0L b e
Solslas g5 Ol o 55 05 OB ASIAAL 55 p peslS

LS edaline

)

el 0 JUl S1e Lol Gas &l a5 L
P e PSP P INIC R P JUp
5l 0beebl s 4 OEASIaal ag Ol AL
Gkt oGP S LOT sl glaasls cotl
Soeal 5l g el el et 5 088
(0Y 0Y) sl Sl 95 5 SNL

o g 503 5 g e 5 U L g5
Lapll 55 sdaze slacawl bl 5 St Coram
G s 5l cBli= IS odle @ (0F) 545 e
Ml 3T 5 (USEPA) 1K el sdouze YU
Sse Olse a1y 5sSdke Sl (JARC) Ol o Slidiss
Gl ghdg 15 T 50 S suaid o5l S50
055 35de |3 .(6e-07) ’UJ;J“ J.b 05 ol el
5 O35S (sl Oslis 53 esis 4 Sl ol b agrlse
A3l o 55,5 il Glaes S Olse 4 5ls5L 0L

Jl o pize glaandllas 51 o bl 5 (30 S
agrye sl n o8l 5 Olgy e 5 sbaens sl 35 055
(YA£8) L2l o p5alS 5 0 e o s 35
Ll oS (5,8 el slaanllas diapllss 55 ol b
gl 5 0 OB STaal 53 olal 5y 40 I3l g
GPaE >SS el 4 g e by glaesls
el a5l O OBSlaal o L s s e
ol g gyl bl gl (K Sl
5l 5l S ke 5 plicanl slaes S 4 G F L
S K8 Ol b agarlse o sllasl U3l se

St Dbl Sl el 5y cnl S bl
ug/dL 51 YL 5 £/A0 pg/dL 8 aSiaal 53 e
L (YA 35 (WHO Lauv s ol pdlel jlows Ol350) V/AS
ST 5 e hale addllas plonil Ol S sy


http://dx.doi.org/10.61186/bloodj.22.1.76
https://bloodjournal.ir/article-1-1566-en.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

[ DOI: 10.61186/bl00dj.22.1.76 ]

\f.'f.)L@.i Al a)Lo.:« AR 0,92

<

35 ok &5 PROSPERO 2023 CRD42023352397
54 pbnil (Sonda 45l b Gilles 5 PROSPERO il
s Culey OBl 5 Lo g5 SIS 5l e aS

&b @ ki oaes

O e 9 i
sl 5,0 b 5 slgdn Dl s 085 S5
33 g « PROSPERO wlalus 43 S5 5 & 5 sl
SV bl 5 mbe 6L S glal

e 3, desls ol s Lo e
oo 5 50Tl aesls Lo 5 4 3 ) 55 50 sl S

AL e Sl slaell 5 gt toslly 4l g
aeals C\J}d.w‘ cja.ﬁja Y ubw\ 9 CLA

) cild yid § slend
b 5 sl e ante Sl e pl OB L 5
Gl bl 5l b olem 5 cu sl ) 0 Jlal b

S o S agn b SO LB s el

References:

Odland Jg, Donaldson S, Dudarev A, Carlsen A. AMAP
assessment 2015: human health in the Arctic. Int J
Circumpolar Health 2016; 75: 33949.
[DOI:10.3402/ijch.v75.33949] [PMID]

EPA US. Persistent organic pollutants: a global issue. A
global response; 2014. Available from:
https://www.epa.gov/international-
cooperation/persistent-organic-pollutants-global-issue-
global-response.

WHO. Air pollution. 2019;
ttps://www.who.int/airpollution/en/.
EEA. Consumption of hazardous chemicals; 2018,
Auvailable from: https://www.eea.europa.eu /airs/ 2018 /
environment-and-health/production-ofhazardous-
chemicals.

Grandjean P, Landrigan PJ. Neurobehavioural effects of
developmental toxicity. Lancet Neurol 2014; 13(3):
330-8. [DOI:10.1016/51474-4422(13)70278-3] [PMID]
Hassan L, Moser A, Rorman E, Groisman L, Naor Y,
Shinar E, et al. Human biologic monitoring based on
blood donations to the National Blood Services. BMC
Public Health 2020; 20(1): 469. [DOI:10.1186/s12889-
020-08588-7] [PMID]

Available from:

AY

3 osm e i D3k 0 e O SIasl
4 plies OBLSIIAl wog Ol ke 4 1) pseeslS
e s Sl 3 Sule 5 Soel slaessl
g boadl bl el 0 Jlnl o slael
el Oles o Sls e 4y andllas ol (VL axsf s 2
Slr okl 53 25de slgdy (s p 250 Sbaaalllas
Sl bl 5o & plaaddlas 5l el 50
@L".S dwlis g (Llols rL?u.‘ R Sy alise

2 sl eslaal

we

& ok i
S S ol el g0 il i a4z L
5o Bwslual o S je s o sty
o & i ad sl Slaaslllas plosil wald Oloren (o s
53 il e ol Jelie bl bl plSassTaal s
Sl Al gl Gkl s w e B e s

.MQM\J\JC)J}JJeKJCﬂJS

rlbo G e
o5l Qo amie Jbo olem b depllas 5550 o]

itk aiblaa Mo
o)l_wiM‘)ﬁ: u»:l_w\J_!J_.ArLb)}J_Au_;‘

7- Aliomrani M, Sahraian MA, Shirkhanloo H,
Sharifzadeh M, Khoshayand MR, Ghahremani MH.
Blood concentrations of Cadmium and Lead in multiple
sclerosis patients from Iran. IJPR 2016; 15(4): 825-33.

8- larc Monographs On The Identification Of Carcinogenic
Hazards To Humans. [Online] International Agency for
Reserach on Cancer, September 23, 2019. [Cited:
October 2, 2019.] Available from: https:// monographs.
iarc. fr/ agentsclassified-by-the-iarc/.

9- Nemsadze K, Sanikidze T, Ratiani L, Gabunia L,
Sharashenidze T. Mechanisms of Lead-induced
poisoning. Georgian Med News 2009; (172-173): 92-6.

10- National Toxicology Program. NTP monograph on
health effects of low-level Lead. NTP Monogr 2012;
(2):xiii, xv-148.

11- Bellinger DC. Prenatal exposures to environmental
chemicals and children's neurodevelopment: an update.
Saf Health Work 2013; 4: 1-11.
[DOI:10.5491/SHAW.2013.4.1.1] [PMID]

12- Hong YS, Kim YM, Lee KE. MethylMercury exposure
and health effects. J Prev Med Public Health 2012; 45:
353. [DOI:10.3961/jpmph.2012.45.6.353] [PMID]

13- Nigg JT, Knottnerus GM, Martel MM, Nikolas M,



https://doi.org/10.3402/ijch.v75.33949
https://www.ncbi.nlm.nih.gov/pubmed/27974142
https://doi.org/10.1016/S1474-4422\(13\)70278-3
https://www.ncbi.nlm.nih.gov/pubmed/24556010
https://doi.org/10.1186/s12889-020-08588-7
https://doi.org/10.1186/s12889-020-08588-7
https://www.ncbi.nlm.nih.gov/pubmed/32268895
https://doi.org/10.5491/SHAW.2013.4.1.1
https://www.ncbi.nlm.nih.gov/pubmed/23515885
https://doi.org/10.3961/jpmph.2012.45.6.353
https://www.ncbi.nlm.nih.gov/pubmed/23230465
http://dx.doi.org/10.61186/bloodj.22.1.76
https://bloodjournal.ir/article-1-1566-en.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

[ DOI: 10.61186/bl00dj.22.1.76 ]

O‘)L{mﬁ})t»)}; QK}A

O OEASIAl 53 2 5aslS 56 g oo S5 S

14-

16-

17-

18-

19-

20-

22-

24-

25-

26-

27-

28-

29-

Cavanagh K, Karmaus W, et al. Low blood Lead levels
associated with clinically diagnosed attention-
deficit/hyperactivity disorder and mediated by weak
cognitive control. Biol Psychiatry 2008; 63(3): 325-31.
[DOI:10.1016/j.biopsych.2007.07.013] [PMID]
Banerjee TD, Middleton F, Faraone SV. Environmental
risk factors for attention-deficit hyperactivity disorder.
Acta Paediatr 2007; 96(6): 69-74. [DOI:10.1111/j.1651-
2227.2007.00430.x] [PMID]

Frye RE, Casanova MF, Fatemi SH, Folsom TD,
Reutiman TJ, Brown GL, et al. Neuropathological
mechanisms of seizures in autism spectrum disorder.
Front Neurosci 2016; 10: 192.
[DOI:10.3389/fnins.2016.00192]

Sanders T, Liu Y, Buchner V, Tchounwou PB.
Neurotoxic effects and biomarkers of Lead exposure: a
review. Rev Environ Health 2009; 24: 15-45.
[DOI:10.1515/REVEH.2009.24.1.15] [PMID]

Khanna MM. Boys, not girls, are negatively affected on
cognitive tasks by Lead exposure: a pilot study. J
Environ Health 2015; 77: 72-7.

Patrick L. Lead toxicity, a review of the literature. Part
I:exposure, evaluation, and treatment. Altern Med Rev
2006; 11(1): 2-23.

Rempel D. The Lead-exposed worker. JAMA 1989;
262(4): 532-4.
[DOI:10.1001/jama.1989.03430040104034]

Bellinger D, Leviton A, Waternaux C, Needleman H,
Rabinowitz M. Longitudinal analyses of prenatal and
postnatal Lead exposure and early cognitive
development. N Engl J Med 1987; 316: 1037-43.
[DOI:10.1056/NEJM198704233161701] [PMID]

Hu H, Téllez-Rojo MM, Bellinger D, Smith D, Ettinger
AS, Lamadrid-Figueroa H, et al. Fetal Lead exposure at
each stage of pregnancy as a predictor of infant mental
development. Environ Health Perspect 2006; 114(11):
1730-5. [DOI:10.1289/ehp.9067] [PMID]

Schnur J, John RM. Childhood Lead poisoning and the
new Centers for Disease Control and Prevention
guidelines for Lead exposure. J Am Assoc Nurse 2014;
26(5):  238-47.  [DOI:10.1002/2327-6924.12112]
[PMID]

Sowers M, Jannausch M, Scholl T, Li W, Kemp FW,
Bogden JD. Blood Lead concentrations and pregnancy
outcomes. Arch Environ Health 2002; 57(5): 489-95.
[DOI1:10.1080/00039890209601442] [PMID]
Borja-Aburto VH, Hertz-Picciotto |, Lopez MR, Farias
P, Rios C, Blanco J. Blood Lead levels measured
prospectively and risk of spontaneous abortion. Am J
Epidemiol 1999; 150(6): 590-7.
[DOI:10.1093/oxfordjournals.aje.a010057] [PMID]
Cheng L, Zhang B, Huo W, Cao Z, Liu W, Liao J, et al.
Fetal exposure to Lead during pregnancy and the risk of
preterm and early-term deliveries. Int J Hyg Environ
Health 2017, 220(6): 984-9.
[DOI:10.1016/j.ijheh.2017.05.006] [PMID]

Bellinger DC. Teratogen update: Lead and pregnancy.
Birth Defects Res A Clin Mol Teratol 2005; 73(6): 409-
20. [DOI:10.1002/bdra.20127] [PMID]

Zhu M, Fitzgerald EF, Gelberg KH, Lin S, Druschel
CM. Maternal low-level Lead exposure and fetal
growth. Environ Health Perspect 2010; 118(10): 12-9.
[DOI:10.1289/ehp.0901561] [PMID]

Averina M. Environmental pollutants in blood donors:
The multicentre Norwegian donor study. Transfus Med
2020; 30: 201-9. [DOI:10.1111/tme.12662] [PMID]
Agyemang V, Acquaye JK, Harrison SBE, Oppong FB,
Gyaase S, Asante KP, et al. Blood Lead Levels among

AY

30-

31-

32-

34-

35-

36-

37-

38-

41-

43-

Blood Donors and High-Risk Occupational Groups in a
Mining Area in Ghana: Implications for Blood
Transfusion among Vulnerable Populations. J Trop Med
2020; 2020: 6718985. [DOI:10.1155/2020/6718985]
[PMID]

Delage G, Gingras S, Rhainds M. A population-based
study on blood Lead levels in blood donors. Transfusion
2015; 55: 2633-40. [DOI:10.1111/trf.13199] [PMID]
Zubairi H, Visintainer P, Fleming J, Richardson M,
Singh R. Lead exposure in preterm infants receiving red
blood cell transfusions. Pediatr Res 2015; 77(6): 814-8.
[DOI:10.1038/pr.2015.53] [PMID]

Elabiad MT, Christensen M. Changes in premature
infant Mercury and Lead blood levels after blood
transfusions. Am J Perinatol 2014; 31(10): 863-8.
[DOI:10.1055/5-0033-1361936] [PMID]

Bearer CF, O'Riordan MA, Powers R. Lead exposure
from blood transfusion to premature infants. J Pediatr
2000; 137(4): 549-54.
[DOI:10.1067/mpd.2000.108273] [PMID]

Bearer CF, Linsalata N, Yomtovian R, Walsh M, Singer
L. Blood transfusions: a hidden source of Lead
exposure. Lancet 2003; 362: 332. [DOI:10.1016/S0140-
6736(03)13989-X] [PMID]

Dignam T, Kaufmann RB, LeStourgeon L, Brown MJ.
Control of Lead sources in the United States, 1970-
2017: public health progress and current challenges to
eliminating Lead exposure. JPHMP 2019; 25(Suppl):
13-22. [DOI:10.1097/PHH.0000000000000889]
[PMID]

Ghorani-Azam A, Riahi-Zanjani B, Balali-Mood M.
Effects of air pollution on human health and practical
measures for prevention in Iran. J Res Med Sci 2016;
21(5): 1-12. [DOI:10.4103/1735-1995.189646] [PMID]
Han Z, Guo X, Zhang B, Liao J, Nie L. Blood Lead
levels of children in urban and suburban areas in China
(1997-2015): Temporal and spatial variations and
influencing factors. Sci Total Environ 2018; 625(12):
1659-66. [DOI:10.1016/j.scitotenv.2017.12.315]
[PMID]

Oulhote Y, Le Bot B, Poupon J, Lucas J-P, Mandin C,
Etchevers A, et al. Identification of sources of Lead
exposure in French children by Lead isotope analysis: a
cross-sectional study. J Environ Health 2011; 10(1): 1-
12. [DOI:10.1186/1476-069X-10-75] [PMID]
Obeng-Gyasi E. Sources of Lead exposure in various
countries. Rev Environ Health 2019; 34(1): 25-34.
[DOI:10.1515/reveh-2018-0037] [PMID]

Pelc W, Pawlas N, Dobrakowski M, Kasperczyk S.
Environmental and socioeconomic factors contributing
to elevated blood Lead levels in children from an
industrial area of Upper Silesia. Environ Toxicol Chem
2016; 35(10): 2597-603. [DOI:10.1002/etc.3429]
[PMID]

Azami M, Tardeh Z, Mansouri A, Soleymani A,
Sayehmiri K. Mean blood Lead level in Iranian workers:
A systematic and meta-analysis. Iran Red Crescent Med
J 2018; 20(1): 1-8. [DOI:10.5812/ircmj.64172]

Rashid A, Bhat RA, Qadri H, Mehmood MA.
Environmental and socioeconomic factors induced
blood Lead in children: an investigation from Kashmir,
India. Environ Monit Assess 2019; 191(2): 76.
[DOI:10.1007/510661-019-7220-y] [PMID]

Ericson B, Hu H, Nash E, Ferraro G, Sinitsky J, Taylor
MP. Blood Lead levels in low-income and middle-
income countries: a systematic review. Lancet Planet
Health 2021; 5(3): el45-e53. [DOI:10.1016/S2542-
5196(20)30278-3] [PMID]



https://doi.org/10.1016/j.biopsych.2007.07.013
https://www.ncbi.nlm.nih.gov/pubmed/17868654
https://doi.org/10.1111/j.1651-2227.2007.00430.x
https://doi.org/10.1111/j.1651-2227.2007.00430.x
https://www.ncbi.nlm.nih.gov/pubmed/17718779
https://doi.org/10.3389/fnins.2016.00192
https://doi.org/10.1515/REVEH.2009.24.1.15
https://www.ncbi.nlm.nih.gov/pubmed/19476290
https://doi.org/10.1001/jama.1989.03430040104034
https://doi.org/10.1056/NEJM198704233161701
https://www.ncbi.nlm.nih.gov/pubmed/3561456
https://doi.org/10.1289/ehp.9067
https://www.ncbi.nlm.nih.gov/pubmed/17107860
https://doi.org/10.1002/2327-6924.12112
https://www.ncbi.nlm.nih.gov/pubmed/24616453
https://doi.org/10.1080/00039890209601442
https://www.ncbi.nlm.nih.gov/pubmed/12641194
https://doi.org/10.1093/oxfordjournals.aje.a010057
https://www.ncbi.nlm.nih.gov/pubmed/10489998
https://doi.org/10.1016/j.ijheh.2017.05.006
https://www.ncbi.nlm.nih.gov/pubmed/28619549
https://doi.org/10.1002/bdra.20127
https://www.ncbi.nlm.nih.gov/pubmed/15880700
https://doi.org/10.1289/ehp.0901561
https://www.ncbi.nlm.nih.gov/pubmed/20562053
https://doi.org/10.1111/tme.12662
https://www.ncbi.nlm.nih.gov/pubmed/31926037
https://doi.org/10.1155/2020/6718985
https://www.ncbi.nlm.nih.gov/pubmed/32695185
https://doi.org/10.1111/trf.13199
https://www.ncbi.nlm.nih.gov/pubmed/26172273
https://doi.org/10.1038/pr.2015.53
https://www.ncbi.nlm.nih.gov/pubmed/25760547
https://doi.org/10.1055/s-0033-1361936
https://www.ncbi.nlm.nih.gov/pubmed/24347256
https://doi.org/10.1067/mpd.2000.108273
https://www.ncbi.nlm.nih.gov/pubmed/11035837
https://doi.org/10.1016/S0140-6736\(03\)13989-X
https://doi.org/10.1016/S0140-6736\(03\)13989-X
https://www.ncbi.nlm.nih.gov/pubmed/12892977
https://doi.org/10.1097/PHH.0000000000000889
https://www.ncbi.nlm.nih.gov/pubmed/30507765
https://doi.org/10.4103/1735-1995.189646
https://www.ncbi.nlm.nih.gov/pubmed/27904610
https://doi.org/10.1016/j.scitotenv.2017.12.315
https://www.ncbi.nlm.nih.gov/pubmed/29996461
https://doi.org/10.1186/1476-069X-10-75
https://www.ncbi.nlm.nih.gov/pubmed/21871122
https://doi.org/10.1515/reveh-2018-0037
https://www.ncbi.nlm.nih.gov/pubmed/30854835
https://doi.org/10.1002/etc.3429
https://www.ncbi.nlm.nih.gov/pubmed/26990966
https://doi.org/10.5812/ircmj.64172
https://doi.org/10.1007/s10661-019-7220-y
https://www.ncbi.nlm.nih.gov/pubmed/30648205
https://doi.org/10.1016/S2542-5196\(20\)30278-3
https://doi.org/10.1016/S2542-5196\(20\)30278-3
https://www.ncbi.nlm.nih.gov/pubmed/33713615
http://dx.doi.org/10.61186/bloodj.22.1.76
https://bloodjournal.ir/article-1-1566-en.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

[ DOI: 10.61186/bl00dj.22.1.76 ]

\f.'f.)L@.i Al a)Lowir AR 0,92

<

44-

45-

46-

47-

48-

49-

50-

51-

Andrews J. The time has come to mitigate the risk of
Lead exposure from blood transfusions. Pediatr Res
2019; 85(1): 7-8. [DOI:10.1038/s41390-018-0218-2]
[PMID]

World Health Organization, Childhood Lead Poisoning:
World Health Organization, 2010; Awvailable from:
http:// www. who. int/ceh/ publications/
Leadguidance.pdf.

Falck AJ, Sundararajan S, Al-Mudares F, Contag SA,
Bearer CF. Fetal exposure to Mercury and Lead from
intrauterine blood transfusions. Pediatr Res 2019; 86(4):
510-4. [DOI:10.1038/s41390-019-0463-z] [PMID]
Gehrie E, Keiser A, Dawling S, Travis J, Strathmann
FG, Booth GS. Primary prevention of pediatric Lead
exposure requires new approaches to transfusion
screening. J  Pediatr  2013; 163(3):  855-9.
[DOI:10.1016/].jpeds.2013.03.003] [PMID]

Janicka M, Binkowski LJ, Blaszczyk M, Paluch J,
Wojta§ W, Massanyi P, et al. Cadmium, Lead and
Mercury concentrations and their influence on
morphological parameters in blood donors from
different age groups from southern Poland. J Trace Elem
Med Biol 2015; 29: 342-6.
[DOI:10.1016/j.jtemb.2014.10.002] [PMID]

Elabiad MT, Hook RE. Lead content of blood
transfusions for extremely low-birth-weight infants. Am
J Perinatol 2013; 30(9): 765-9. [DOI:10.1055/s-0032-
1332803] [PMID]

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A,
Petticrew M, et al. Preferred reporting items for
systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ
2015; 4(1): 1-9. [DOI:10.1136/bmj.q7647] [PMID]
WHO, World Health Organization. Blood donor
selection: guidelines on assessing donor suitability for
blood donation. Available from:

AD

52-

53-

54-

55-

57-

58-

http://www.who.int/bloodsafety/publications/bts_guide
linel/en/index.html; 2012. [accessed 01 June 2020].
Chassé M, Mclintyre L, English SW, Tinmouth A, Knoll
G, Wolfe D, et al. Effect of Blood Donor Characteristics
on Transfusion Outcomes: A Systematic Review and
Meta-Analysis. Transfus Med Rev 2016; 30(2): 69-80.
[DOI:10.1016/j.tmrv.2016.01.002] [PMID]

Maximova N, Zanon D, Pascolo L, Zennaro F, Gregori
M, Grosso D, et al. Metal accumulation in the renal
cortex of a pediatric patient with sickle cell disease: A
case report and review of the literature. J Pediatr
Hematol Oncol 2015; 37: 311-4.
[DOI:10.1097/MPH.0000000000000322] [PMID]
Agency for Toxic Substances and Disease Registry.
Toxicological Profile for Nickel (Update). Atlanta, GA:
US Department of Public Health and Human Services,
Public Health Service. Available from:
http:/www.atsdr.cdc.gov; 2005.

Chervona Y, Arita A, Costa M. Carcinogenic metals and
the epigenome: understanding the effect of nickel,
arsenic, and chromium. Metallomics 2012; 4: 619-27.
[DOI:10.1039/c2mt20033c] [PMID]

WHO (2020). Global elimination of Lead paint: why
and how countries should take action: technical brief.

Auvailable from:
https://apps.who.int/iris/handle/10665/333840.
Public health impact of chemicals: knowns and

unknowns-2021 data addendum Available from:
https://www.who.int/publications/i/item/WHO-HEP-
ECH-EHD-21.01.

UN Environment Program. Final review of scientific
information on Lead [Internet]. 2010. Available from:
http://iwww.cms.int/sites/default/files/document/UNEP
GC26 INF_11 Add 1 Final UNEP_Lead review_an
d_apppendix_Dec_2010.pdf [Accessed 2017 May 23].


https://doi.org/10.1038/s41390-018-0218-2
https://www.ncbi.nlm.nih.gov/pubmed/30397277
https://doi.org/10.1038/s41390-019-0463-z
https://www.ncbi.nlm.nih.gov/pubmed/31216568
https://doi.org/10.1016/j.jpeds.2013.03.003
https://www.ncbi.nlm.nih.gov/pubmed/23582137
https://doi.org/10.1016/j.jtemb.2014.10.002
https://www.ncbi.nlm.nih.gov/pubmed/25457282
https://doi.org/10.1055/s-0032-1332803
https://doi.org/10.1055/s-0032-1332803
https://www.ncbi.nlm.nih.gov/pubmed/23322387
https://doi.org/10.1136/bmj.g7647
https://www.ncbi.nlm.nih.gov/pubmed/25555855
https://doi.org/10.1016/j.tmrv.2016.01.002
https://www.ncbi.nlm.nih.gov/pubmed/26920039
https://doi.org/10.1097/MPH.0000000000000322
https://www.ncbi.nlm.nih.gov/pubmed/25811747
https://doi.org/10.1039/c2mt20033c
https://www.ncbi.nlm.nih.gov/pubmed/22473328
http://dx.doi.org/10.61186/bloodj.22.1.76
https://bloodjournal.ir/article-1-1566-en.html
http://www.tcpdf.org

