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Iron Status of the Adolescent Females before and after Menarche*

Lim, Hyeon-Sook® - Jeong, Eun-Sook
Department of Food and Nutrition, Chonnam National University, Gwangju 500-757, Korea

ABSTRACT

This study was performed to determine the iron status of the adolescent Korean girls before and after menarche. The
101 subjects aged 11 — 13 years who attending in an elementary school in Mokpo were recruited. They were divided
into pre-menarche (A) group or post-menarche (B) group based on their menstruation status. The latter subjects were
sub-divided into one of the four groups according to the times of their menstruation : B-I (=3 times), B-II (4—6
times) , B-III (7~ 9 times) or B-IV (= 10 times) . In the total subjects, dietary iron intake, 11.3 mg/day, was below the
Korean RDA for iron, the percentage of heme iron to total iron intake, 15%, and the bioavailability of dietary iron,
12.3%, seemed to be low. And their body iron storage, 140.8 mg, seemed to be insufficient. However, they tended to
meet body’s iron requirement in the cell level. Red blood cell number (RBC), hematocrit (Hct), and hemoglobin (Hb)
level in the total subjects were 4.5 1012/1, 39.3%, and 13.0 g/dL, respectively. The subjects in B group had lower
(p<0.05) RBC and Hct compared to those in A group and the prevalence of iron-deficiency anemia tended to be high.
Serum iron, ferritin, and soluble transferrin receptor (STfR) and sTfR:ferritin ratio were 86.7 ¢ g/d, 17.6 xg/l, 3.58
mg/l, and 230, respectively. Those four indices were not significantly different among the groups. The results of this
study imply that, although there a tendency to affect negatively iron status, menstrual blood loss in adolescent females
does not deteriorate obviously their iron status during the relatively short period up to 1 year. However, it should be
better to improve their iron status after starting menarche by increasing iron intake, especially heme-iron, and
enhancing factors for iron absorption. (Korean J Nutrition 36(6): 646 ~652, 2003)
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Fof| FolstAl Ba=UT A ferritin FEE 27 39
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w3 HEL A E5e0] 10% AER Hod 71 ol
&2 o] AFe] |, A HE A e L T Aol
QR o) JgS =tk ARKET] AUdellA, H AAHF
o] w2 AL (<9 mg/day), 27 o|F HEQF el F
AAQ o] ¥ A A ferritin T+ A AFH) F
B AR folsA Withs 23y 94 8 &4
o] B2 22 (> 80 ml/day) d AFA W8 49 F
2 gQlolgk= R 58 AUSo] B A ool FHef
sithe A st Fu. o=k B9 343719 A
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19412) 7 271230 0.23 meel Hlal 49 AE ¥ 5
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= A1 2 GopgHe 93 B R0l YzEn,
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el B A7} $AE v Uk ole] & AT
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2N TS jnE Aaslel Bt

A3, o159 ojuflel A3 ALHE Fa AAsIACE

AP olF ATHIAE 2ol met 27 WP

(AZ, n=25%) % 273 §¢ BT, n="76%) o= &3}

A3, 27 Fog ] 97335l e B- 13 (1~33),

n=26%), B—II7 (4~63), n=199%), B—IIT (7~93,
n=16%) 2 B-IV¥ (103] ©’}, n=15%) 22 }rich
2. NIl ¥ NI HE
AR A3 AFS SHUL, ol e EF
B #ARA8A % (body mass index: BMD & #3l3ick A=)
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3. ANAYE AN

sreEelel ANMIAAHE 2407 BPHOR ZAkS
Aok AR ATRAE] BF SuFaE 43
oug o)z} Avie] J1AE P HHFS A2 5
T, oFs AYARE B T ofuly B BAOE S

& o) gdo] I

o5 ARZHE ul 7Ys} HAHE &F, 2F L oF
{(meat, poultry, and fish: MPF) A33& Ay, 4
oFg7lx g 3 (CAN-PRO, =LY PBAE}L, AM2)E
ol g3 A} vjelyl C AFZFS T3kt

4, AN Ol BRIOI18E MNE

22 AH T Mo Ao §EL Monsen T2 MY
o7 ARSIl WA u 7|us} 7hER f- 9 vjgdd
o] AAFE Fai0c) o1F AW vjFA] FFEs ¢
S} ol ALt & FH FFE2 AW H AgF
upe} A FEOE Faste] ALsiied, d ARl A
9] 9l A9E 35%, 250 mgBEQ A= 28%, 181l
500 mgQl A= 23%% Hkth v@AES AU A A%
2y} ) AALe) A o]8A4 S 1od dA Al FEE A
313 AL A o] 44 Aite]] iR A FFIIRIA
91 MPF¢} viEl] C 58 183l AF, 55 2 18°¢
A FEog TR &, A A Al AY e
3¢ AAL A o] 8Ado] A, Fu B IFOIR 47 5%,
10% 2 20%%, A A Ag%o] 250 mgolHA] AL A
ol g/l AR, 5 L 1A T4 4%, 7% 2 12%E,
a8lm AW A Aol 500 mgAEEM AR, FF 9L
170 A ol AAE F A 47 2%, 3% B 4%E
A 4313et

of uf ¥ AHzFS MPFol &HH Hol 40%eh B
o3, BjslEE MPFel -8 YA H 60%9 37/ T
7, AaF AYF, 9F T Ve AEe 3 29 A
2 Bt AW H AR Walters 579 Biel uje}
A ferritin 1 g/l 3 8 mgolhal Ko} ARtslgick AAk
A olgAdx Bus 1, 5 2 APk W 7y
AR o5 Zo] TR

AFAA}L (Low availability meal) : MPF7} 30 g @@
o]AL} vlEk C7} 25 mg w9kl A4},

ZF2A} (Medium availability meal) : MPF7} 30~90 g
o|AY &= vleb C7} 25~75 mgQ! 2AL
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T34} (High availability meal) : MPF7} 90 g o)4o)
A, BlER C7F 75 mg oVdolAy == MPF7) 30~90 g
o3 ek C7} 25~75 mgQ) AAL

5. B AR A ¥ BY

12417 o TEAEHQ AFUIAIES HadHogy
B 10 mIAE A3k AEEA ¥ 92 CBC &
BE 871 EFsiin, vRlE §-E g4l Yo 4T
oM 3,000 rpmo= 15837 AREAA S Ao £
A A7HA] -20Cel B#sigith. AT 5 (RBC), Hb ¥
T 9 uEFYE (Het) & HAA2AG RFedTE
A7), Advia 120, Hlo]d Fe]o}, A&, 1999) ol 2]Fs}o]
Ak

83 3 %5 Nitroso—PSAP {2— (5—Nitro—2-Pyri-
dylzo) —5— (N—Propyl—N—Sulfopropylamino) —Phenol}
9] dalof o] Alxd A A AL kit Fe-750,
ofitA|el, BT & AMEte] A3t A ferritin ¥
%= Ferritin I coated tube immunoradiometric assay
kit (Diagnostic Products Corp., Los Angeles, U.S.A.)
£ AM2-3}3L gamma counter (Packard 1500. U.S.A.) ¢l
A 1R 50 A &S S5t AEshe xpAYE
Ay oz A3t 43 sTR 55 immunoenzy-
mometric assay kit (Orin Diagnostica, Finland) £ A}&
313 2% microplate reader (ELX 808, Bio—Tec. Ins-
truments Inc., US.A) & $FEE =33 B34}

6. WA

2E EAIA 8= SAS(statistic analysis system) Pro-
gram< ©]43to] AT AFHEE ZF X ¥
T8 EFHAE YERSoH, o AT 7 HA42 A
o]= Duncan’ s multiple range test® 233131, AT
B¥ Bd#9] 2ol Student’s t—testZ HE3HAT)

Table 1. Age and anthropometry of the subjects

£ A7) AR A9 APEE Table 13
2t A gRte] Yol= 11.7 + 0.6(11~13) Aol
o, A AYF BF olg} TARIILL AL BEEC] A
ol B8l Zlovt §olgt zlol= ohdeh 1y AF
dl B¥ 5 Az "l 28t (b < 0.001) &%,
BMIE 22 A% (p<0.001)Y F94 &= a0lE B3
o} AAYEL BT B57 AT AT (p < 0.001) 3
A5 eRSit

ol et AvR= 279 A3 AESHY A HT= AY
o 4 wor, MR FoME AFHG AFoLt
AA gl 2A FEHe A AAI

B A7 A 114 §=291 oo} ZFXP
144.2 cm$} 37.79 kgell vl&l) AL AFEH A% 25 @
< Ho|3A BEE BEF ¥ Hololth AT AFS F
EFX] 9] 504 vltolddd] vls B AF-& 75
RS ool

2. AN B MAI0|18E

B Ayopdate] A1 53 H AHE e 2 A
o] &£E-S Table 28} ASiT). o150] AAtz AT AL,
AA AR A9 11.3 + 3.5 mg/day o8 AR 9]
71%HEZ FZ53c). olF §Ho] 1.7 + 06 mg/day = 15%
olglw, v|AAL 96 + 3.4 mg/dayE 85%°1Igit} T
9 ok 1.6 £ 0.7 mg/dayo]slon, 3Ho) 0.6 mg/day
ol HAAL 0.9 mg/dayoith. 18 F482 F
Ao 29 13.8%°1%03, 8- v|RHL A7 37.1%%
9.7%°1%tk. 8L T A 4HFY 15%°10 o4 &
o] o} 48 A9 40.4%Z At §H A AFTE

A B Total
(n=25) I (n=26) Il (n=19) n=16) IV (n=15) B-average (n=76) (n=101)
Age (yn) 1.7 £ 06™ 117 +05° 11.7 £ 0.6° 11.7 £ 0.6° 11.9 £0.7° 11.7 £ 0.6" 11.7 £ 0.6
Height (cm) 143.7 £ 68> 1527 +3.9° 1513 £4.2° 1530+ 6.6° 1540+ 5.2° 152.9 + 4.9* 150.6 + 6.4
Weight (kg) 347 £52® 452 +75° 463 +5.7° 48.3 +8.3° 48.3 +9.8° 468 + 7.7 43.7 + 8.9
BMI (kg/m*) 166 £24" 194+ 27° 20.3 +2.7° 205 + 2.6° 20.1 + 3.5° 19.9 + 29* 19.2 + 3.1
Body fat (%) 163 £53® 214+ 47° 227 = 4.6° 245+ 5,1° 23.3 +£59° 228 50" 212+58

Values are means + standard deviations.

Values with diffrent small superscripts in a row are significantly different by duncan’s mulitiple range test at p <0.001.
Values with diffrent capital superscripts between A group and B-average group are significantly different by stueent’s test at

£ <0.001.
BMI: body mas index7

A: Pre-menarche group, B: Post-menarche groups: | (1 — 3 times), Il (4 — 6 times), Il (7 — 9 times), IV (210 times)
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(p <0.05) W3irh o] A Aol Hldl] B— [ ¥te] &2
3 (p<0.05) W31 B-1IF, B-MI7 ¥ B-IV&2 &
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Table 2. Dietary intake and available iron intake and iron bioavailability caculated by monsen’s method

A B Total
(n=25) { {(n=26) Hn=19) M{=16 N (h=15 B-average (n=76) (=101

Heme iron

Intake (mg) 17+ 06 19x 05 18%05 1.6+ 05 1.6t 07 17+ 06

Available (mg) 06+ 02 09* 02 06%03 06 03 07+ 04 06+ 03

Bioavailability (%) 369 137 324+ 11.3 368177 342%115 41,7 +17.5 35.7 + 14.6
Nonheme iron

Intake (mg) 89+ 23 B89% 19 103+17 97+ 30 N1+ 68 99+ 36

Available (mg) 09+ 08 09+ 04 11x05 09+ 03 10+ 45 09+ 04

Bioavailability (%) 106+ 57 97+ 41 103149 92+ 27 100+ 32 98 = 39
Total iron

Intake (mg) 105+ 26 108% 22 120+20 113+ 31 127+ 69 116+ 38

Available (mg) 16+ 09 15+ 05 16=06 1.5+ 05 17+ 06 15+ 06

Bioavaiability (%) 149+ 53 136 36 13.7+51 131+ 40 144+ 39 136 4.1

Values are means * standard deviations.

Ali values both in each row and between A-group and B-average group are not significantly different by duncan’s multiple

range tfest at p <0.05.
Bioavailablity = [Available amount of iron/Total iron intake] X 100
A: pre-menarche group, B: post-menarche groups: | (1~ 3 times), Il

Table 3. Hematological data of the subjects

(4—6times), lll (7 -9 times), IV(210 fimes)

_ B Total
A (n=25)
I(h=26) II(h=19 (=16 V(h=15 B-average (n=76) (n=10D
RBC (10%/1) 46 +03%  43+083° 45+ 03"  44+02® 45+02° 44 +03° 45-+03
Hematocrit (%) 405 £ 27" 380+£34° 398£31° 389+ 15 394x26 389 +29° 39.3+29
Hemoglobin (g/dh 132 £ 0.7°% 127 £09° 132=x06° 131x06° 129£10° 130 £ 09" 13.0 £ 0.8

Values are means = standard deviations.

Values with different superscripts in a row are significantly different by duncan’s mulfiple range test at p <0.06.
Values with diffrent capital superscripts between A group and B-average group are significantly different by stueent’s test at

p<0.05.
RBC: red blood cell number

A: Pre-menarche group, B: Post-menarche groups: | (1 —3 times), Il (4—6times). lll (7 - 9 times), IV (=10 fimes)
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FEEE, AT ¥E LA A3 Qe BEE He
9.2%°) WEES B3tk APTEEE B- 17| 15.4%
2 7P 41 B-1I#0) 5.3%°]91.2 B-MIe] 0.0%
2 WolxE AEgE B oy B-IVEelA 13.3%F thAl
FoHth Het2 B3RS W, AT 4.0%8 NEES

R, B BHL 7.9%°1ck 94l B—1T°] 15.4%
2 7P Eku B-TFo) 5.3%°131eH B-MFo) 0.0%
2 Yolxle A BIou} B-IVTdA 6.7%=2 Fo}
Rk

olefdt Axh=, 24 Fofl g Eo| A5 F vk &
1 AlA}o}ﬂl ol €7 ¥ &40 H Yol A
FEE 7|1x)7] wzelet o)t

g [e Yo} OEﬂ
£ d7gidare 3 gdeE Wl 7R ARE FE
AW E A= Table 59 2t 4 d %€ A o
A2 e A9 86.7 + 24.5 pg/dlLoltk. BE Hol AT
o vl8 ¥ Ago|gdon} Fo%t zlole o, A
AGF7 FelA e Aole Aotk AN 479
Azl ole] e f2et 2jolE HolA] g FA
A F5E 234U Fig. 13 Zo] AALE e #3E
y_&‘t} B AFYAE o5 ARAWECl vt 4/429
TEAS ) 3/4%A9} 4/4897e 4 H F=0t
/4“44;:} FoldtA (p < 0.05) Rk FEAYelA
H|E st e fFolAdo) gislont getadolx AFH

Table 4. Prevelance of anemia of the subjects

AAgo] €3 4 59 159 & 4ES Bl F
o) AFAIR= AKE71Y F 4%l A JRdH
AZthe FE gAdET $AM Aol n2d )
HEe] 2 AT A st Sloks e
2 o, RN e F 4 @ 43 €8 T H &
o] FAloll g3l & H HEE vekd Aoz e
€ AT 83 B a2 ATAY 25 AT Y
829 + 274 pg/dl & MEAY oz} TP 814 +
35.6 pg/dLBTH £3}k1, FHAY AL5F 28 o

RB A ZAME 99.7 +39.4 pg/dLBEUE )

mlm _1)1

Z—] o}-
A
47

A ferritin 5 AA) Rt 74 17.6 £ 5.3 pg/l
o|glon, ol AF FHA 2% AgP] 20.7 = 14.3
pgBo} ¥ Ago|gin), dA ferritin 57t < 20 pg/l

100
. 80t l i
E
S l l

el a ab b b

§ ot 929 87.1) 9. (79.3)

- 20

0
Tst 2nd 3rd 4th

Quartile of bady fat percentage

Fig. 1. Serum iron concentration by body fat percentage of
the subjects. Those with different superscript letters are signifi-
cantly different at p <0.05 by Duncan’s multiple range test.

A B Total

N=258 | (n=20) li(n=19 W{n=16 V(=15 B-average (n=76) (=101
Hemoglobin (< 12 g/dl) 0.0 15.4 5.3 0.0 13.3 9.2 6.9
Hematocrit (<36%) 40 15.4 5.3 0.0 6.7 7.9 69
Serum iron (<60 g g/dh 8.0 19.2 105 250 6.7 158 139
Serum feriitin (<12 zg/) 80 7.7 21.1 31.3 200 18.4 15.8
STR (> 8 mg/l) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Values are precentages.
The cut-off values of iron deficiency anemia are from WHO (1991)

A: Pre-menarche group, B: Post-menarche groups: | (1 — 3 times), Il (4— 6 times), lll (7 — 9 fimes), IV (=10 times)

Table 5. Indices of iron status of the subjects

A B Total

(n=25) | (n=26) hh=19  W{m=16 (=15 B-average (n=76 {N=10D
Serumiron (ug/dl) 943 +204 835 +266 864 +240 775 +232 885 240 839 +245 867 +245
Serum ferritin (zg/) 184 +51 184 + 47 172 + 65 165 + 63 165 + 5.1 174 + 53 176 + 53
sTIR (mg/h 371090 368+ 101 327+ 116 356+ 125 358+ 102 356+ 1.18 358+ 1.05
STIR: fenitin ratio 222499 216+ 9 225175 266 +180 240+ 103 233 + 131 230 + 123

Values are means + standard deviations

All values both in each row and between A-group and B-average group are not significantly different by Duncan’s multiple

range test at p<0.05.

sTfR: soluble transferrin receptor, sTiR: ferritin ratio: (sTfR/ferritin) X 1,000
A: Pre-menarche group, B: Post-menarche groups: | (1 =3 times). Il (4— 6 times), Ill (7 — 9 times), IV (210 times)



Q) A7} 69.3%0 Bl AAH R A A 7o) FHof
5 Jelith A ferritin 3=, 8% 2 59 0}
A Z, BE Fo]l Avel vls] @ HAgoldont &
9% xJol= ohiglty. B— 1S Ad B-1, B-II 2
B-IVi+ B5F ATHTH 3 AgS Bk A ALl
94 Q& Aozt usik olFE A=, A ferritin
o7t 27 3@ Fo 7P W 507 HojFrhs B
I7E AAE o), & AN 2ARE 10993 AR A
A= I At FEskA JepA s Zizioleta &)
Mgt 3 83 d Frds g, 8% ferritin ¥5E
A g e {23 2folE Bo|A] gtk olejgt A
Y=, A ferritin ¥57F AW d A3E v|wd 2 gk
e Adeke S ALY o, 27 olF 1d A= A
27t A&HE 717 Fell dojvks A% 4 Wishe Ak
stk A& AAKTh

8% sTR F5& A ddare] 29 3.58 + 1.05 mg/l
o7 A 2909}, o=, A ferritin ¥EZ B
< o A A AL 25T Ao, o AR
A a7l A FFo] #5333 Yepdch A sTIR
TEE AT 7l g Aolzt M ) AALE
off 2 {23t 2P| Bolx] gkrh dH sTR ¥&+
AEFTAA S A APs vehllE Xuoy, 84 A =
= 8A ferritin FE7F HashE A B ATtoA
= 84 HolY ferritin = #23 W37} A ul
o] AEE Alg] o @ 3o WE 20| & HolX| ke
Ao sdgc) 18P E 103 ALY Ay & 3
A &AL AZFE] H Tl A FES 7AA g
oz gt

Y3 sTIR: ferritin ¥-&& A =2l ¢ 230 +
12302 B4 #F70l5ler, ol A Ago| kA A
A 52 Yepdth AT Alolel A {23t ol
ALt o= ¥A STIR 59 A ferritin 5% BF
AR 7ol zlolE JeR A o9l wliZollrtar ofsid
o} webd 27 FT 10993 A% AEE sk Fe
AA oy o] d g7 H I3 Aleld] #¥o|
FAEE Ao adEn

B Aol A gz A A7 ferritin F
T WHO™Y W1g 7|59 <60 pg/dig} <12 pg/l °]
o)1, 3 sTR 5% 4% 71$U > 8 myg/l oJ3¢]
ojA BF AAF oIk 12U o] 5 J)Fo] niddk A
TR Hlg-2 Table 58 Ztth @3 A 5571 7]
F2) Rt e A &S ATS 8.0%°1%0%, BT 3
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A k1 B—- 1 #°] 19.2%°1%12 B-1¢} B-IV&2
7247t 10.5%9F 6.7%°10th. @3 ferritin ¥E7F A
ojgkel Al HIES AT 8.0%°1%Y, BFE Ho<
18.4%°)3ith. BTFFolxe B-IITo] 31.3%2 7V &
i B— 1+, B-I¢ @ B-IV&2 42 7.7%, 21.2%
s} 20.0%°10ck. @3 sTR 57 71FAEY £
A= BE Folla A3 itk

olg} Za ARgFIE A® F=, A3t 10
3 A% AL wrkx] FEFde el e Wt
ERpA] deths e BTk o] Kagamimori 5
o] w3l v} 27 2 o] Hb FE7t WolR I ferritin
FEE 39 Fo HA F£E& B FE AGE u),
B AoA ZARE 27 & 13 ALY 7|7k E €3
g &alof wpE FRGRde e Astado] FEEHA =e
UA] okt Azbdch

u]
oo 3 ¥E

B AT e 27 A5 FH dEE A €7
Y &) w2 AR 942 A el WEE
B3l By} silct A7 258t 4~68hde]
A FR1 11~134 &Ysolglon 24 ATo] 259o]
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