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The relationship between the degree of maternal
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Abstract

Aim. Chronic maternal iron deficiency anemia has been found to be related with preterm delivery,
low birth weight and intrauterine growth retardation. The potential detrimental effects of maternal
anemia on the transplacental fetal oxygen extraction during labor have not been investigated yet.
Method. Upon the spontaneous initiation of delivery among 32 term pregnant women, half of
them with hemoglobin values lower than 9.5gr/dL as anemic group, have been included to the
study. Arterial cord blood samples have been collected immediately after delivery. Neonatal Apgar
scores, birth weight and cord blood analysis of pH, PaO,, PaCO,, O, saturation and HCO; have
been recorded. Results. The mean hemoglobin levels of the anemic and non-anemic patients were
7.69+1.14 gr/dL and 10.5 +£0.67gr/dL respectively. Neonatal cord blood PaO, and O, saturation of
the non-anemic patients were significantly higher than anemic patients (84.3 vs. 41.3 mmHg for
Pa0O, and 69.5% vs. 42.6% for O, saturation respectively). No significant difference in cord blood
PaCO,, pH and HCO; levels were found between anemic and non anemic ones. Conclusion.
Although third trimester maternal iron deficiency anemia decreases neonatal cord blood PaO, and
0O, saturation levels; apart from severe ones, it does not result in neonatal hypoxemia generally.
The possible effects of maternal iron deficiency anemia that can deteriorate transplacental oxygen
transport to the fetus and neonatal acid-base status of the newborn should be clarified by further
studies based on the short and long term clinical results of neonatal hypoxemia in the newborn’s
physiological state.
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Ozet

Amag. Maternal kronik demir eksikligi anemisinin preterm eylem, diisik dogum agirligi ve
intrauterin gelisme geriligi ile iliskili oldugu bulunmustur. Maternal aneminin dogum sirasinda
transplasental fetal oksijenizasyonu iizerine olumsuz etkileri heniiz ¢alisilmuig degildir. Yontem.
Spontan dogum eylemi baglayan, hemoglobin degeri 9,5gr/dL altinda olan 16’s1 anemik toplam 32
term gebe calismaya dahil edilmistir. Dogumdan hemen sonra arteriyel kord kani Ornekleri
toplanmustir. Neonatal Apgar skorlari, dogum agirliklart ve umbilikal kord pH, PaO,, PaCO,, O,
saturasyonu ve HCO; degerleri kaydedilmistir. Bulgular. Anemik ve anemik olmayan hastalarin
ortalama hemoglobin degerleri sirasiyla 7,69+1,14gr/dL ve 10,5+0,67gr/dL’dir. Anemik olmayan
hastalarin neonatal kord kani PaO, ve O, satiirasyonu degerleri anemik hastalardan anlaml
derecede daha yiiksek bulunmustur (PaO; i¢in 84,3 vs. 41,3mmHg ve O, satiirasyonu i¢in %69,5
vs. %42,6 , sirastyla). Anemik ve anemik olmayan hastalarin kord kani PaCO,, pH ve HCO;
degerleri arasinda fark bulunamamistir. Sonu¢. Her ne kadar, 9,5gr/dL’nin altindaki tgiincii
trimester maternal hemoglobin seviyesi neonatal kord kan1 PaO, ve O, satiirasyonunda azalmaya
sebep olsa da, ciddi anemi disinda genel olarak neonatal hipoksemiye yol agmaz. Maternal demir
eksikligi anemisinin fetiisiin transplasental oksijen transportu ve neonatal asit-baz dengesi lizerine
muhtemel etkileri, neonatal hipokseminin yenidoganin fizyolojik durumuna uzun ve kisa dénemli
klinik etkilerinin arastirildig1 ¢aligmalarla agikliga kavusturulmalidir.
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Introduction

An association between severe maternal anemia and adverse pregnancy outcome has been
previously described by several studies [1, 2]. Low birth weight, preterm labor, low
Apgar scores and perinatal death are possible perinatal complications of maternal anemia
[3-8]. Maternal third trimester anemia has not been thought to be in association with
adverse perinatal outcome [5]. It is already a question whether moderate anemia affects
the pregnancy outcome negatively. Both low and high hemoglobin (Hb) status have been
found important factors affecting perinatal outcome via diminished oxygen supply by low
erythrocyte count and low uterine perfusion respectively [7]. However the Hb levels
below 11gr/dL is assumed as anemia during pregnancy that includes the plasma volume
expansion exceeding erythrocyte expansion resultant with a physiological anemia in a
normal pregnancy, the mean corpuscular volume (MCV) of the erythrocytes does not
change substantially during pregnancy and a Hb concentration <9.5gr/dL concomitant
with a MCV of <84fL indicates iron deficiency anemia. Hb concentrations of 9.5-
11.5gr/dL with a normal range MCV value (84-99fL) is accepted as optimal Hb values
for fetal growth and well-being [4]. A significant fall in birthweight due to increase in
prematurity rate and intrauterine growth retardation are potential consequences of
maternal Hb levels below 8gr/dL during pregnancy [9].

During the pregnancy course of a woman, an average Hb value of 13.3gr/dL falls to an
average of 11gr/dL at 36 weeks of gestation. The lowest Hb value is detected at second
trimester around 20 weeks of gestation. Hb value is almost always constant up to 30
weeks of gestation and rises slightly thereafter in the third trimester. A physiological
anemia with a Hb value not lower than 9.5gr/dL occurs during pregnancy but mean
corpusculary volume (MCV) of erytrocytes does not change. A MCV value of <84fL
with low Hb values indicate iron deficiency anemia leading to low oxygen supply to the
fetus that increases the intrauterine growth restriction risk unlike physiological anemia of
pregnancy [4]. Normal fetuses can tolerate maternal anemia without perinatal
complications unless it reaches very low Hb values of <8gr/dL reflecting severe anemia.
Maternal cardiac decompensation usually occurs when Hb levels fall below 5gr/dL [9].

However, routine supplementation with iron or folic acid has not resulted with a
significant effect on perinatal outcome. The recently published randomised controlled
trials have not revealed a precise relationship between maternal anemia and adverse
perinatal outcome [10, 11]. Intrapartum consequences of maternal third trimester anemia
based on neonatal cord blood acid-base status analysis have not been exclusively
evaluated with previous studies. We investigated whether maternal third trimester anemia
detected with serum Hb levels of <9.5gr/dL as a cut-off level for iron deficiency anemia
in pregnancy results in diminished oxygen supply to fetus and also whether this fetus can
be exposed to low birth weight, growth restriction or intrapartum hypoxic complications
during active labor because of chronic fetal antepartum hypoxia or not [4].

Materials and methods

This prospective study was conducted on 16 anemic (Hb <9.5gr/dL) and 16 non-anemic
healthy pregnant women (Hb >9.5gr/dL) delivering term singleton livebirths at term
gestation (37-41 weeks) in an educational hospital. The study was approved by Ethics
Committee of the hospital and written informed consents were obtained from all
participants. Exclusion criteria were prolonged rupture of membranes (>24 hours), fever,
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foul-smelling liquor, antepartum hemorrhage, pregnancy-induced hypertension,
gestational diabetes mellitus, liver or kidney disorders, cigarette smoking and any other
systemic illness. Gestational age was calculated either from the first day of the last
menstrual period or from the first trimester ultrasonography examination for patients with
unknown last menstrual date. Apart from the non-anemic ones, patients with iron
deficiency anemia have not received regular iron supplementation during their current
pregnancy. Maternal blood samples were obtained by iron-free polyethylene tubes from
the mother’s antecubital vein during the first stage of labor when the patient was admitted
for labour. Neonatal cord blood samples were obtained immediately after the baby was
born and once a 10-20 cm segment of the cord was doubly clamped. Cord blood sample
was drawn into a 2mL syringe which is flushed with heparin. Fetal or newborn acidemia
has been defined as an umbilical artery blood pH of less than 7.2 [12]. All blood samples
were immediately transported to the laboratory after they were collected for the
measurement of maternal Hb, hematocrit, ferritin, MCV and neonatal cord blood pH,
pO,, pCO,, O, saturation. Among patients with and without iron deficiency anemia; we
compared maternal age (years), gestational age at delivery (weeks), birthweight (grams),
Hb level (gr/dL), MCV (fL), ferritin (ug/L) and neonatal cord blood PaO, (mmHg),
PaCO, (mmHg), O, saturation (%), HCOg3, pH levels and 5. minute Apgar scores of the
neonates. Patients’ previous Hb levels have also been reviewed from the hospital records
and patients with second trimester anemia have been excluded from the study. Statistical
power analysis of the study was made based on the previous study performed by
Stefanovi¢ et al. [13] on 2005 that was conducted among 32 patients with an ¢.:0.05 error
margin and minimum 80% power for statistical significance. Simple randomization
technique was used by including one of each two eligible patients who were accepted to
the delivery ward.

Statistical analysis

Collected data were analysed by means of the IBM SPSS Statistics Software (19.0, SPSS
Inc., Chicago, IL, USA). Whether the distributions of continous variables were normal or
not, was determined by the Shapiro Wilk test. Descriptive statistics for continous
variables were shown as mean + standart deviation or median (minimum-maximum). The
mean differences between groups were compared by Independent Samples T test.
Otherwise, Mann-Whitney U test was applied for the comparisons of the median values.
Nominal data were analyzed by Pearson’s Chi-square where appropriate. A p value less
than 0.05 was consideredas statistically significant.

Results

The majority of the participants were multipar (56.3%) and majority of the patients had
low socioeconomic status (65.6%). Twenty two (68.8%) pregnant women had body mass
index (BMI) values between 19-26 while only 2 (6.3%) had BMI values below 19 and 8
had above 26. Only 3 out of 32 had delivered by cesarean section while the remaining had
delivered vaginally. When the cases were categorized according to presence or absence of
anemia, no significant difference was found between the anemic and non-anemic patients
regarding the age, gestational age at delivery and the birth weight of the babies (p>0.05)
(Table 1). The mean Hb levels of the anemic and non-anemic patients were
7.69+1.14gr/dL and 10.5+0.67 respectively (p<0.05). The MCV and ferritin levels of the
anemic group were significantly lower when compared to non-anemic group (Table 1). In
addition, neonatal cord blood PaO, and O, saturation of the non-anemic patients were
significantly higher than anemic patients (84.3 vs. 41.3mmHg for PaO, and 69.5% vs
42.6% for O, saturation respectively). No significant difference in cord blood PaCO,, pH
and HCOs levels were found between anemic and non anemic ones (p>0.05). ROC curve
analysis revealed that the Hb cut off value that predicts neonatal cord blood low pH with
67% sensitivity and 78% specificity is 10.5gr/dL (AUC=0.66; p=0.16, 95% CI=0.36-
0.95) (Figure 1). The sensitivity for detection of low neonatal cord blood pH substantially
increased to 67% at maternal Hb level of 8gr/dL with low specificity levels.
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When the newborns were categorized according to birthweight at gestational age at birth,
3 out of 16 in anemic and 4 out of 16 in nonanemic group were found to be small for
gestational age, while the remaining in both groups were appropriate for the gestational
age (p>0,05). Two newborns in the study group whose mothers had severe anemia (6
gr/dL and 5.4gr/dL respectively) were found to have low neonatal cord blood pH levels
(<7.10) reflecting their hypoxemic state. Both of these two newborns had 1st minute
Apgar scores of 3rd and 5th minute Apgar scores of 7 following a short period of O,
therapy with oxygen mask utilization. In this study, none of the newborns were sent to the
neonatal intensive care unit.

Table 1. The characteristics and the laboratory values of anemic and non-anemic groups.

Anemic Non-anemic P

(Hb<9.5gr/dL) (Hb>9.5gr/dL) valuesq
Maternal age (years) 25.1+4.4 26.0+4.7 0.594*
Gestational age at delivery (weeks) 39.0+1.2 38.9+1.4 0.893*
Birth weight (gram) 3093+335 31354429 0.757*
Maternal hemoglobin (gr/dL) 7.6+1.1 10.5+0.6 0.001**
Maternal hematocrit (%) 22.4+42.6 32.6£1.3 0.001**
Maternal MCV (fL) 67.8+4.6 84.2+2.7 0.001**
Maternal Ferritin (ng/L) 5.3%£1.9 12.246.1 0.001**
Neonatal cord blood PaO, (mmHg) 41.3+40.4 84.3+£54.6 0.017**
Neonatal cord blood PaCO, (mmHg) 47.6+14.8 43.7£12.7 0.434*
Neonatal cord blood O, saturation(%) 42.6+28.9 69.6+32.7 0.019*
Neonatal cord blood HCO3; (meg/L) 20.0+4.4 20.0+£2.7 0.999**
Neonatal cord blood pH 7.2740.11 7.29+0.08 0.672**
5th minute Apgar score 7.40+2.20 7.60+2.20 0.564**

P values are calculated with and Independent Samples t* test and Mann-Whitney U** test
according to the normal distribution of the values determined with Shapiro Wilk test
MCV, mean corpuscular volume
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Figure 1. The ROC curve for demonstrating the direct proportional relationship between
maternal anemia and neonatal cord blood pH level (AUC=0.66; p=0.16, 95% CI= 0.36-0.95).

Discussion

The result of this study demonstrated that maternal Hb concentration affects the umbilical
cord PaO, and O, saturation but not the pH. Although the relationship between maternal
anemia before second trimester pregnancy and adverse perinatal outcomes was more
clear, the possible deleterious effect of third trimester iron deficiency anemia on fetal
oxygenation during labour has not been studied well before. Umbilical cord blood pH and
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acid- base analysis is especially useful for evaluation of the delivery of an infant with a
low Apgar score as well as for pregnancies complicated by meconium staining of the
amniotic fluid. During pregnancy due to the expansion of the maternal plasma volume, a
physiological anemia occurs which can cause a decrease of Hb from 13.3gr/dL to an
average of 11 gr/dL at 36th weeks of gestation. While Hb concentration decreases, MCV
does not change. A MCV value of <84fL with a Hb concentration <9.5gr/dL indicates
iron deficiency anemia [4]. Most of the studies suggest that a fall in maternal Hb below
11.0g/dL is associated with a significant rise in perinatal mortality rate. When the
maternal Hb levels fall below 8.0g/dL, there is usually a 2 to 3-fold increase in perinatal
mortality rate. This rate increases to 8-10 fold when the Hb levels fall below 5.0g/dL [9].
An association between severe maternal anemia before midpregnancy and adverse
pregnancy outcome has been previously described by several other studies [1, 2]. Duthie
et al. [14] found a significantly lower mean birthweight in infants delivered by severely
anemic mothers, while Klebanoff et al. [15] and Lieberman et al. [16] observed a
significant association between anemia and preterm delivery. Anemia and iron deficiency
by causing causing hypoxia and increased norepinephrine concentrations can induce
maternal and fetal stress which stimulate the synthesis of corticotrophin releasing
hormone (CRH) from fetal hypophysis gland leading to increased fetal adrenal gland
secretion of cortisol. Elevated fetal CRH is a major risk factor for preterm labor. In
adrenelectomised pregnant sheep fetuses the pregnancies have been prolonged and the
initiation of labor have been inhibited [17]. A significant fall in birth weight due to
increase in prematurity rate and intrauterine growth retardation has been reported by other
authors when maternal Hb levels were below 8.0g/dL [12]. We could not demonstrate any
significant difference in birthweight of newborns between anemic and non-anemic
groups. As the previous Hb values were not included in the study, we could not detect
how long the patients were anemic. Low Hb concentrations can cause a state of chronic
hypoxia. During the acute phase of reductions in fetal oxygen delivery, increase in
oxygen extraction could maintainan fetal oxygen consumption. With sustained hypoxia
over several days, the ovine fetuses responds to long term reductions in oxygenation with
the decrease of oxygen consuming processes like growth restriction or diminished fetal
activity [17]. Also recent studies with prolonged but gradual decreases of oxygen delivery
over the last 3 to 4 weeks of gestation induced by maternal anemia or restricting uterine
blood flow have resulted in growth restricted fetuses but without hypoxemia [18].
Karagahin et al. [10] and Sekhavat et al. [11] found that preterm birth, preeclampsia,
intrauterine growth restriction rates and neonatal low birthweight rates were higher in
severely anemic pregnant patients than non-anemic ones. Stefanovi¢ et al. [13] suggested
that Hb content of <6gr/dL is strongly associated with marked fetal hemodynamic
adaptation and must be treated with acute red cell transfusion whilst moderate anemia
(maternal Hb >6gr/dL) is not sufficient to trigger fetal blood flow redistribution and can
be treated with oral iron intake. Also in another study on pregnant ewes showed that
uterine blood flow failed to increase in anemic ewes, while steadily increasing in controls.
Arterial PO, and oxygen content in the fetuses of anemic ewes fell transiently below
controls but did not persist [19]. As far as we know this study was the first in the
literature that intends to evaluate maternal third trimester anemia on fetal neonatal
oxygenation. In our study, as most of the newborns of the anemic mothers are appropriate
for the gestational age, it can be hypothesized that the oxygen demand of the fetus is
balanced by increasing oxygen extraction and their growth is not restricted yet. But the
decrease in PaO, and O, saturation of the cord blood as the Hb level of the anemic
women fall, could be explained by the acute fetal stress and acute increase in oxygen
demand due to labour. As the contractions increase and labour progress, fetus demands
more oxygen than the erythrocytes could carry, so the PaO, decreases. This increased
demand can easily be balanced in non- anemic counterparts as it was demonstrated in our
study. The longterm clinical significance of low neonatal pH, PaO, and O, saturation
levels for the vigorous newborn has not been studied before.
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In conclusion, anemia is a preventable cause of many adverse pregnancy outcomes.
Detection and treatment of iron deficiency anemia could reduce the risks for both the
mother and the fetus when detected early in pregnancy. However, we could not detect an
increased neonatal hypoxemia risk for iron deficiency anemia patients with a third
trimester Hb levels <9.5gr/dL, based on the previous studies severe chronic maternal
anemia reflected as Hb levels <8gr/dL can impede transplacental oxygen transport to the
fetus as maternal and fetal oxygen demands substantially increase especially during active
labor [9]. Whether the third trimester chronic anemia correction by blood products
transfusion before and/ or during active labor facilitates the newborn’s acid- base status or
not remains to be proven. Besides, the possible effects of third trimester chronic maternal
anemia on neonatal acid-base status of the newborn according to the degree of maternal
anemia should be clarified by further studies based on the short and long term clinical
significance of neonatal hypoxemia on the newborn’s physiological state.
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