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ABSTRACT

The purpose of this research is to assess hematological and biochemical status and the prevalence of iron deficiency of pregnant
women by gestational age to provide the primary data abour iron nutritional status of pregnant women. Pregnant women visiting
public health centers in Ulsan participated in study and were divided into 3 trimester by last menstrual period(LMP). Hemoglobin
(Hgb), hematocrit(Het) and mean corpuscular volume(MCV) among iron status indices were not stadstically different from normal
distribution, however total iron binding capacity(TIBC) and serum ferritin were skewed to left and serum iron and transferrin
saturation(TS) were skewed to right. Hgb was positively correlated with Het( r= 0.93, p < 0.001) but TIBC was negatively
corrclated with all indices. Serum ferridn was also correlated with all indices, especially with TS(r = 0.54, p < 0.001). Red blood
cell(RBC), Hegh, Het and serum ferritin decreased in 2nd trimester significantly and increased in 3rd trimester but not reached to
Ist trimester level. Mean corpuscular hemoglobin(MCH), mean corpuscular hemoglobin concentration(MCHC), Red cell
distribution width(RDW), serum iron and TS were not significantly different by trimester, however when serum iron was adjusted
with hematocrit to correct the hemodilution, it significantly decreased in 2nd trimester. MCV increased in 2nd trimester and was
maintained until late pregnancy, TIBC continued 1o increase throughout the wimester. The prevalence of anemia by CDC(Centers
for Disease Control) Hgb criteria(Hgb < 11.0g/dl in 1st and 3rd trimester, Hgb < 10.5g/dl in 2nd trimester) was 2.8% in Lst
trimester, 22.5% in 2nd trimester, 27.1% in 3rd trimester and was similar with prevalence by CDC Het criteria(Hct < 33% in 1st
and 3rd, Het < 32% in 2nd). The prevalence of anemia of total subjects was 32.7% by WHO criteria(Hgb < 11.0g/dl). Although
almost iron status indices increased in 3rd trimester, the prevalence of anemia by different criteria of all indices increased throughout
the trimester, so iron nutritional status was considered as serious during lare pregnancy. However, since factors other than iron
deficiency, such as infection, inflammatdon, other nutrient deficiency may also play a significant role, to differentiate the anemia due
to mainly iron deficiency from the anemia due to other factors, serum ferritin is among the more useful indices in distinguishing the
two conditions because it is depressed only in iron deficiency. Hgb < 11.0g/dl and serum ferritin < 12.0j1g,/L as the criteria of
iron deficiency anemia was suggested by CDC, 17.8% of all subjects were classified as iron deficient anemia, 14.9% as anemia from
other reasons, 21.2% as iron deficiency and only 46.2% were in normal iron status. (Korean J Nutrition 32.(8) : 887~ 896, 1999)
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Table 2. Kolmogonov-Smirnov P-value for testing normal distribution

Variable P-value
3. NME M3 L 2A Heb 07934
Het 0.2532
BE Ao 24 A3z SAS(Statistical analysis sys- MCV 0.8735
tem) package= & Astct. Hrst @ BE A8E Serum Fe 0.0002
o M E Ual AEE Hagz ¥ Hz3E Fakn & TIBC 0.0001
9]d A4€ Duncan multiple range test2 o]-&stg . Serum ferritin 0.0001
AR A AZEDE 8L AHE7) N9 Pearson’s Logiferifin 0.1767
Table 1. Iron status indices by trimester during pregnancy
Trimester
Index Total P-value
1st 2nd 3rd
RBC(106/ i) 4.05 £ 0.35° 36T £ 0.29° 3.79 + 0.44° 3.75 £ 039 0.0000
Hgb(g/dl) 121 £ 1.0° 111 = 09° 1.7 £ 1.2° 115 £ 1. 0.0000
Hct{%) 361 £ 29° 331 + 2.6° 348 + 3.5° 342 £ 3.2 0.0000
MCV(iL) 895 =+ 40° 916 + 4.4° 919 =+ 5.3° 914 X 47 0.0329
MCH(pg) 301 £ 1.6 307 £ 19 309 = 2.2 307 £ 20 NS
MCHC(g/d!) 336 £ 1.0 335 £+ 1.3 336 £ 1.3 336 = 1.3 NS
RDW(%) 13.0 £ 11 136 £ 16 138 + 2.1 135 £ 20 NS
(range) (11.4-17.4) (11.1-22.7) {11.9-26.0
Serum Fe(pg/dl) 98.8 =+ 20.0 88.86 + 257 985 £ 375 93.8 =+ 29.7 NS
Adjusted Fe(ug/dl) 155.1 =+ 33.3° 1333 £ 39.5° 153.0 = 62.0° 1437 =+ 48.4 0.0088
TIBC(ug/dl) 3575 +51.7° 380.1 =+ 61.8° 4267 + 81.8° 39210 +£72.4 0.0000
T5(%) 287 £ 83 245 + 9.2 244 +£10.6 252 £ 96 NS
Serum ferritin(ug/L)* 28,5 22,00 18.1 =+ 14.9° 19.0 £ 12.9° 202 £ 16 0.0028
[21.8] [14.3] [15.2] [15.6)

Values are Mean + SD

SAS general linear models procedure with Duncan multiple range test Values in a row not sharing the same subscripts are significantly

different at p < 0.05.
*arithmetic mean = 5D, geometric mean in brackels
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Fig. 1. Distribution of subjects by different biochemical indices of
iron nutritional status.
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Fig. 2. Concentrations of iron status indices as means per discrete
week intervals through pregnancy.
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Table 3. Biochemical indices and prevalence of anemia by trimester during pregnancy

No. of subjects below criteria. (%)

Index Criteria for anemia Trimester
1st 2nd 3rd Total
1st, 3rd: < 11.0%
Heh(g/dl) 2nd: < 10.5* 1( 2.8) 23(22.5) 19(27.1) 68(32.7)
Total: < 11.0*
Tst, 3rd: < 33.0%
Het(%) 2nd: < 32.0* 1( 2.8) 29(28.4) 21(30.0) 67(32.2)
Total: < 33.0'
TIBC(pg/dl) > 400 5(13.9) 28(27.5) 45(63.4) 78(37.3)
< 40™ 0 5( 4.9) 5(7.0) 10( 4.8)
Serum Felpg/d < 60 1(2.8) 12(11.8) 9(12.7) 22(10.5)
T5(%) <1589 A(11.1) 17016.7) 15(21.1) 36(17.2)
» < 10% 6(16.7) 34(33.3) 22(31.0) 62(29.7)
Serum ferritin{yg/t) <12 7(19.4) 4847.1) 26(36.6) 81(38.8)

*Criteria of CDC(Centers for disease control) for anemia'
# Criteria of WHO for anemia®™

prevalence(%)

1st trimester
2nd trimester
3rd trimester
total

BR8B8

Serurn Ferritin

1st,3rd: Hgb < 110.g/dl, HCT < 33.0%, 2nd: Hgb < 10.5g/dl, HCT < 32.0%
TIBC > 400pg/dl, Serum Fe < 60pg/dl, Serum Ferritin < 12pg/L

Criteria for anemia

Fig. 3. Prevalence of anemia by trimester during pregnancy.
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Table 4. Prevalence of iron deficiency at several stages during pregnancy

Iron deficiency anemia

Anemia with other causes

Iron deficiency Normal

Criteria  Hgb<11.0 and Ferritin<(12.0 Hgb<(11.0 and Ferritin>12.0 Hgb>11.0 and Ferritin<12.0 Hgb=11.0 and Ferritin=12.0

N(%a) 37(17.8) 31(14.9)

44(21.2) 96(46.2)

Table 5. Comparisans of iron status indices among iron deficient anemia, anemia with other causes, iron deficiency and normal group

lron-deficient

Anemia with other

lron-deficiency

Index anemiain=237) causes(n=31) (n=44) Normalin=96) P-value
GE age(wk) 244 + 70 227 + 6.7 231 + 88 221 £105 NS
RBC(10%l) 348+ 027° 3.35& 0.26° 3.88+ 0.24° 392+ 0.36° 0.0001
Hgh(g/dl) 102 £ 0.8° 104 + 0.4 117 £ 06° 122 + 0.9 0.0001
Het(%) 310 + 2.1° 311+ 1.6 349 + 1.8 361 x 27° 0.0001
MCV(iL) 893 + 5.7° 931 + 43° 899 + 43° 922 + 4.2° 0.0002
MCH(pg) 294 + 2.3 312 = 20° 302 + 16 312 £ 17" 0.0001
MCHC(g/dl) 328 + 1.1° 335 + 1.4 336 + 13" 338 + 1.1° 0.0007
SFe(ug/dl) 75.7 * 29.6° 1025 + 24.2° 718 +23.3° 1080 =+ 24.2° 0.0001
TIBC (ug/dl) 4315 +66.5 3708 £51.0° 439.3 +80.1° 362.3 +58.0° 0.0001
T5(%) 183 + 8.2° 282 + 7.6° 173 + 7.4 305 + 7.4° 0.0001
Ferritin{ug/L) 83 = 2.1° 26.9 +19.3" 81 + 2.1° 281 +156° 0.0001
RDW(%) 143 £ 23 131 £ 1.5° 136 £ 1.1° 134 + 1.8° 0.0739

Values are Mean & SD.

SAS general linear models procedure with Duncan multiple range test

Values in a row not sharing the same subscripts are significantly different at p <{ 0.05. GE age: gestational age, SFe: serum iton, RDW: red

cell distrihution width
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Hgb Het MCV Serum Fe TIBC T5 Serum ferritin

Hct 0.93%** 1.00

MCV 0.08 0.08 1.00

Serum Fe 0.30%** 0.25%#* 0.12 1.00

TIBC —0.21* -0.16* - 0.29%* - 0.39%+ 1.00

5 0.33%+* 0.274+* 0.22* Q.90*** - Q713 1.00

Serum ferritin 0.24%** 0.18* 0.21* 0.45%%* —0.42%%% Q.54 1.00
*p<0.05 **p<0.01 00,001
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