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Iron Deficiency and Early, Low-dose Iron Supplementation
in Breast-fed Infants

So-Jung Noh, M.D., Bomi Na, M.D. and Mi-Jung Kim, M.D.

Department of Pediatrics, College of Medicine, Chungbuk National University, Cheongju, Korea

Purpose: The purpose of this study was to determine the efficacy of early low-dose iron supplementation
in term breast-fed infants.

Methods: Eighty-seven healthy term infants were divided into 3 groups: A, formula-fed; B, breast-fed
only; S, breast-fed with iron supplementation (5 mg/day from 2 months of age). We measured ferritin,
iron, total iron binding capacity (TIBC), transferrin saturation rate (TFSAT), hemoglobin (Hb), hematocrit
(Hct), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and red cell distribution
width (RDW) at birth, 6 months of age, and 12 months of age.

Results: 1) At 6 months of age, ferritin, iron, TFSAT, and Hb in Group B were the lowest among the
3 groups, whereas TIBC and RDW were the highest. The incidences of iron deficiency (ID) and iron
deficiency anemia (IDA) in Group B were 33% and 30%, respectively, significantly higher than those
seen in Groups A (5% and 8%, respectively) and S (7% and 5%, respectively). 2) At 12 months of age,
ferritin, TFSAT, Hb, MCV, and MCH in Group B were the lowest among the 3 groups, whereas TIBC
and RDW were the highest. Iron and Hct did not differ among the 3 groups. The incidences of ID and
IDA in Group B were 64% and 50%, respectively, again significantly higher than those seen in Groups
A (4% and 3%, respectively) and S (9% and 7%, respectively).

Conclusion: The prevalences of ID and IDA were higher in breast-fed infants than in formula-fed infants,
even at 6 months of age. Early and low-dose iron supplementation in breast-fed infants improved iron
status and lowered the incidence of iron deficiency anemia in early infancy. (Korean J Pediatr
Gastroenterol Nutr 2008; 11: 169~ 178)

Key Words: Iron deficiency, Iron deficiency anemia, Breast-feeding, Iron, Ferritin, Hemoglobin, Early
low-dose iron supplementation
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57} ZH43keh @3 o] 30 ng/dL o] s}
43hal $% 735 (total iron binding capacity, TIBC)
2 350~400 1g/dL 0|42 Zrlsly Es A E
S} 5 (transferrin saturation rate, TFSAT)E 10~16%
olst&2 Ftastch 3uhAlE A ZFA nldoe] wAshe
R P I =] ) B ot = o i R = R !
(mean corpuscular volume, MCV), 3437+ A4
#F(mean corpuscular hemoglobin, MCH)©| 743},
A FEEZ(red cell distribution width, RDW)°]
15% ooz ZrtstAl Hep' ™,

Al AJol= Hlol drlol BA| 2R AT wrol A%
atar ejolutm 2 773k wkatole] 7% A
A ARBARE A FFo] glo] A <+ 9lr}. UrtH
o7 HE BRo AR o] H7)E sht gl
ol wlsl =71 wigell 7743k B Rotd] ¢
AT eME7HA = AR ZHo] doluhA] gtom 67HE
o[ Holle AE-& B33 H vt glrkar deiA Yoo,
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P AF 67HE o] e cdotellM = Aol wel g
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8 7] 5 ol e AR A R8st 3 B
TE AESE 7 4 A 4 AR g
A 27 £7] wigel o] Al71e] A ZAPA W] o
g A ol A gk,

ahd, FToll= A7 B grotelld A 67id
ol Aol d A3t W] WAz 757k Ylrke Har
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Aestehs Qg oz dei Ak gel B ol
FEAE AT 1Y oldREle 27 ARRFaw

A9 gl Aol
uthA] B odtoll A= 717k ukt B ok o
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Poly-Vitamin Drops " (Hi-Tech pharmacal Co., Inc.,
Amityville, NY, US.A)E 3HF 0.5 mLA A% 12714
742 Folt e E sgich F9 HIEMIA 0.5 mLoll=
A 5 mg¥} BIEM C 17.5 mgo] E3Eo] Qo

A2 e7hd 3} 1270ell ﬂV} o}71¢] AlF, AA, 7
e AAAS AANAAE 5493, AHAZE A
A (ferritin), B4 ?fé(lron), ZH 7% 5 (total iron
binding capacity, TIBC), EﬂL‘Jﬂ% E3}E( trans-
ferrin saturation rate, TESAT)®} AL AAZ &
4] (hemoglobin, Hb), OﬂTJ}EEif’jl(hematocrlt, Hct), -“é‘
T8 84 ( mean corpuscular volume, MCV), 3 1
A& 8 A 42 (mean corpuscular hemoglobin, MCH),
A FEE Z(red cell distribution width, RDW)S =
g3kt

A AR A B VISR 1A A
317k (depletion of iron storage)< A% A FE7} 12
ng/mL vlwto 2 2thAIQl d ZH(iron deficiency)<
354 A 30 g/dL 1| Uk, TIBC 400 1g/dL ©]4, TESAT
16% °ol3t Z 271 o] Zoll sF=+ = stlom,
A APA MFEIDA)E IEZF 24 11 g/dL v]vte]™
2] MCV 75 fL u]qto] AL} RDW 15% X3l 7$-2
shstel ™.

e

SH &M
7ol B4 FEUgta AU okl

of =lsto] AYstirt. A FHF+ETHAE
Alstglom, W 2t 257 vas HEy

ol tfall4]= Chi-square test, < H ol tls]A &

t-test?} ANOVA, post-hoc test=F Duncan procedure
S Agstgieh p<0.05¢ A5 SASH R §9
g AoR st

4 t
1. 24 Al 2 SYYH
e

% 874 AAoprt EA Al Aol Frejsielon, o
T HEE B ThTAD)o] 351, B 2TB
i) 3374, B E%‘%(S?L) 199 o] et 4 AlAJo}
5o & H A 717H 3971 PF, AF 3.28+
0.37 kg, A1 49.8+2.01 cm, 791+ 34.0+1.36 cm©]
Rnom, o] o AW, FAF Wb, AR A", Ae] 717,
SAAE, A, FHE Al Tl Aozt gigich Al
8 & H A FEF 2034107 ng/mL, 4 5%
£ 169430 g/dL, TIBCE 226+70 1g/dL, TESAT+
77.9+16.8% %] 2, o] TZF Al T Trol| zto]7k A%tk
(Table 1).

Table 1, Comparison of Baseline Demographic Data and Iron Status among 3 Study Group Infants at Birth

Group A Group B Group S By

n=35 n=33 n=19 prvalue

Sex (male) 1 (60.0%) 0 (60.6%) 2 (63.2%) 0,685
Vaginal delivery 1 (60.0%) 1 (63.6%) 4 (73.7%) 0413
Maternal age (years) 322+35 300+56 321+43 0217
Gestational period (days) 274+9.0 278+8.6 278+89 0133
Body weight (kg) 321+037 3.35+0.40 327+028 0.566
Height (cm) 495+18 501+22 495+2 1 0,648
Head circumference (cm) 339+13 340+£16 344+11 0.509
Ferritin (ng/mL) 189+101 225+131 195+550 0473
Iron (g/dL) 165+30.1 171+295 178+266 0.304
TIBC ( g/dL) 215+33 1 236+107 234+34 1 0514
TFSAT (%) 783+178 776+166 775+157 0.994

Values are presented as mean=standard deviation or number and percentile, Group A: formula-fed, Group B: breast-fed without
iron supplementation, Group S: breast-fed infants with iron supplementation, TIBC: total iron binding capacity, TFSAT: transferrin
saturation rate (=iron/TIBC x 100). *p-values by chi-square test or ANOVA,
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ol gt 01 59 & A AAAH L 179124, AlF
< 8.49+1.00 kgo| L, 7 2] AAAH, XA AS
AAZ, A%, FhHe Al Tl Aozt gt
(Table 2).

AT oY ol ARH sEe & T
f Uz, B BEFolA 77 35.6+17.
10.5, 44.5+23.3 ng/mLZ 2§ tlZ7o] EF T
I B Bl vlsl FofshAl Y ARE Hitkp
<0.001, S=A>B). € A 55 5§ T4, Ef

(e} - AL
&L, Bf BEollA 47 56.4+18.5, 46.9+14.6,

63.8+25.8 g/dLE E-§ HETo] BG thzTo vl
A = e BYon 574] d0 2 o3 Aol ¢l
Ath(p=0.057). TIBCE 7+ TollA 311+34, 36664,
320446 pg/dLE B4 = ] B FoT 2e 1

ol mlsl f-2sHAl %L
B>S=A), TESATE 18.0£5.2, 13.5+4.9, 20.3£8.1% %
 thETo] #%?Lﬂr fr BTl vlal] 2
o}ﬂl & A3S 19 rh(p=0.007, S=A >B)(Table 2).
I HRIFENE T TR, B R, B
BEFollA 22 11.7£1.2, 11.0£1.0, 12.0£0.8 g/dLZ
Bf tizto] Bf R B BETtell vlsl -9
A g AIE B o} (p=0.007, A=S>B), dvlE
Az Al 7l o3 zolztk §ldch(p=0.08).
MCVE 78.0+4.5, 74.8+4.4, 74927 fL, MCH:
26.4%1.5, 24.51.9, 25.1+1.2 pgl &2 H¥§ o] 7}

A5 Hom (p=0.003,

Table 2, Comparison of Demographic Data, Iron Status, and Hematologic Values among 3 Study Group Infants at 6 Months

of Age
Group A Group B Group S .
n:2p4 n:§9 n:1p9 prvalue
Age (day) 181+ 11 180+ 11 174+15 0.195
Body weight (kg) 8.63+1.03 853£0097 8.23+1.00 0.403
Height (cm) 692+22 68.1+3.1 68.0+2.1 0.246
HC (cm) 434+14 433+12 433+11 0.856
Ferritin (ng/mL) 356+17.0 175+105 445+233 <0,001 (S=A>B)
<12 0% 6/18 (33.3%) 0%
Iron (g/dL) 56.4+185 469+146 63.8+258 0.057 (S>B)
<30 5% 17% 0%
TIBC ( «g/dL) 311+34 366+64 320+46 0.003 (A=S<B)
>400 0% 28% 7%
TFSAT (%) 18.0+52 135+49 20.3+8.1 0.007 (S=A>B)
<16 25% 67% 27%
Hemoglobin (g/dL) 11712 110£10 120+08 0.007 (A=S>B)
<1 21% 37% 5.3%
Hematocrit (%) 346+33 336+29 356+23 0.080
MCV (fL) 780+45 748+44 749+27 0.010 (A>S=B)
MCH (pg) 26415 245+19 251+12 <0.,001 (A>S=B)
RDW (%) 133%0.7 138+1.2 133£06 0.047 (A=S<B)
>15 0% 7% 0%
Iron deficiency 1/19 (5.3%) 6/18 (33.3%) 1/15 (6.7%)
IDA 2/24 (8.3%) 8/27 (29.6%) 1/19 (5.3%)

Values are presented as mean=+standard deviation or number and percentile, Group A: formula-fed, Group B: breast-fed without
iron supplementation, Group S: breast-fed infants with iron supplementation, HC: head circumference, TIBC: total iron binding

capacity, TFSAT: transferrin saturation rate (=iron/TIBCx 100),

MCV: mean corpuscular volume, MCH: mean corpuscular

hemoglobin, MCHC: mean corpuscular hemoglobin concentration, RDW: red cell distribution width, IDA: iron deficiency anemia,

*p-value by ANOVA: posthoc test with Duncan procedure,
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F E=%e T iz BG B Aolrt ¢l
Arhp 0.0104 <0.001, A>S=B). RDWE 13.3+0.7,
13.8+1.2, 13.340.6% 2 24 hzTo| &4 F473
B BTl vlsl 28 =%th(p=0.047, B>S=
A)(Table 2).

AT 67l e B dlZ&7 181 F 6(33.3%)°lA
b Ao 17 A A <12 ng/mL)E Hle
o, B T B BSTlA AR ads
Hel oJob= g W= §igich @4 Hol 30 g/dL vwkel
AT B tETo] 17%%2 7H Bk % i

B BESoAE 3 HE igleon, 93 A
<30 g/dL, TIBC>400 1g/dL, TFSAT<16% % 271
o] doll lesl= A A9 ulEs T T, i
Nz, B B5TolA 2 53%, 33.3%, 6.7%%
2 tzTollA WA 7 LRk =9kt slRgEHl

11 g/dL v]uke] =
z2F, B8 Bl 247 21%, 37%,
o] & MCVU RDW 7]l 2 A ZAgA] wide] ul
EE A A NES} npIA R BS dizellA
29.6% % B 4T 83% L B HETY 53% K
o} =4t Table 2).

o oL H O A0 o
= B At £ T A
53

.M 12718 27 #7010 H HUME ¥ X
Il MY % —EE%REBI 21

Table 3, Comparison of Demographic Data, Iron Status, and Hematologic Values among 3 Study Group Infants at 12 Months

of Age
Group A Group B Group S .
n=30 n=14 n=15 prvalue
Age (day) 371+11 366+ 17 371+12 0.395
Body weight (kg) 102+1,02 9.90+1.60 957+087 0.194
Height (cm) 775116 751+27 765+26 0.005 (A>B)
HC (cm) 465+1 1 459+17 46,0+09 0273
Ferritin (ng/mL) 369+199 93£55 365+159 <0,001 (A=S>B)
<12 1/26 (3.8%) 8/11 (73%) 1/11 (9.1%)
Iron (g/dL) 737+254 519+311 679+448 0176
<30 4% 18% 9%
TIBC ( «g/dL) 332+295 431+475 317+257 <0.,001 (S=A<B)
>400 4% 73% 0%
TFSAT (%) 223481 127+89 212+138 0.030 (A=S>B)
<16 23% 73% 46%
Hemoglobin (g/dL) 121410 111+1.0 121+09 0.004 (A=S>B)
<1 17% 43% 9%
Hematocrit (%) 36.1+2 67 345+25 36.3+3.0 0.120
MCV (fL) 787+29 734+66 773x27 <0,001 (A=S>B)
MCH (pg) 264411 235+27 258411 <0,001 (A=S>B)
RDW (%) 134+10 151£19 137+£10 <0.001 (A=S<B)
>15 7% 50% 14%
Iron deficiency 1/26 (3.8%) 7/11 (63.6%) 1/11 (9.1%)
IDA 1/29 (3.5%) 6/14 (43%) 1/14 (7 1%)

Values are presented as mean=+standard deviation or number and percentile, Group A: formula-fed, Group B: breast-fed without
iron supplementation, Group S: breast-fed infants with iron supplementation, HC: head circumference, TIBC: total iron binding

capacity, TFSAT: transferrin saturation rate (=iron/TIBCx 100),

MCV: mean corpuscular volume, MCH: mean corpuscular

hemoglobin, MCHC: mean corpuscular hemoglobin concentration, RDW: red cell distribution width, IDA: iron deficiency anemia,

*p-value by ANOVA: posthoc test with Duncan procedure,



174 « tjat2opasty|iobsts|x| - & 113 M 235 2008

2B TRl B vzl vlsl] =2 AgE B
2 tH(p=0.005)(Table 3).

AT 1204 Fotg] ARAH sEv T T,
B4 Uz2E, BH BEFA 27 36.9+19.9, 9.3+
5.5, 36.5+15.9 ng/mLZ A% 67/NL3} vz 2 &2

ﬂim'LOl R TR B B3l vis) -8k
A $e ARE HYrh(p<0.001, A=S>B). 84 A
SEE 2 TR, B &, B Ev%ﬂﬂ kdy

+25.4, 51.9431.1, 67.9£44.8 ng/dLE A T

ol g2lgt xpo]& Ho|x] &3O 1}(p=0.176), TIBCE
332429.5, 431+47.5, 317+25.7 ng/dLE 2 2T
o] Bf v i BETol vlsl =2 AE B
9Jom((p<0.001, B>A=S), TFSATE 22.3+8.1,
12.7+8.9, 21.2+13.8% & R+ tZFo| ¥ TR

fr 25Tl vldl] ¥ A3E B oh(p=0.030, A=
S>B)(Table 3).

RN Al Tl 247 12.1+1.0, 11.11.0,
121409 g/dLZ BG4 t2fo] B8 F477 Ry 1
3ol vlsl] fFolshAl Uk ok (p=0.004, A=S>B), 3l
upE A8l 36.142.6, 34.52.5, 36.3+3.0%% Al i 7t
of] 93t 2to]7} G Th(p=0.120). MCVE 78.7+2.9,
73.4%6.6, 77.3+2.7 fL, MCHE 26.4+1.1, 23.5+2.7,
25.8+1.1 pgl & B &2Fo| B T Bf 2
F7ol vl&l FetA $Ya(p<0.001, A=S>B),
RDWE 13.4+1.0, 15.1+1.9, 13.7+1.0% & 25 Z2F
o] B-f LI Bf Bl nlsl f2sAl =9k
(p<0.001, B>S=A)(Table 3).

xﬂ‘d 127]]-910]] ;e]zl—;‘do] 12 ng/mL o]-g]_o] ;qx]-‘EJ
o] 7L v R 11 = 8‘]:‘(73%)01]/!1, zre &
5 r ol Al 24 134 (3.8%%F 9.1%)°l1A4
FAE ek D4 Ho| 30 g/dL mIRkel H$E= Bf F
2GS dz2E, B4 BEFA 247 4%, 18%,
9%Rom, A A HEE Al FollA 747 3.8%,
63.6%, 9.1% % EAr tZ2FolA WA 7 FHr}l =
ek sl2aEnl 11 g/dL wwke] RId 3 Kol 9+
B e, B R, RS Bl 24 17%,
43%, 9%pow, d A4 Hde s A A
B9} npA7IA 2 BG 2 Foll A 43%E B4 T4
19 34% Bt S| 7.1% K ek % ch(Table 3).
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