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Abstract

Background: Iron supplementation is a chief component in prenatal care, with the aim of preventing anemia; however, extreme maternal 
iron status may adversely affect the birth outcome. Given the negative consequences of high maternal iron concentrations on pregnancy 
outcomes, it seems that iron supplementation in women with high hemoglobin (Hb) should be limited.
Objectives: The aim of this study was to examine the effect of iron supplementation on iron status markers in pregnant women with high 
Hb.
Patients and Methods: In a randomized, double-blind, placebo-controlled trial, 86 pregnant women with Hb > 13.2 g/dL and ferritin > 
15 μg/l in the 16th - 20th week of pregnancy were randomized into experimental and control groups. From the 20th week until the end of 
pregnancy, the experimental group received one ferrous sulfate tablet containing 50 mg of elemental iron daily, while the control group 
received a placebo. Hb and ferritin levels at 37 - 39 weeks of pregnancy were evaluated and compared. In addition, after delivery the birth 
weight was measured in two groups and compared.
Results: There were statistically significant differences between the two groups in Hb (p = 0/03) and ferritin (p = 0/04) levels at the end 
of pregnancy, but the incidence of anemia exhibited no difference in either group (p < 0/001). In addition, the mean of birth weight in 
experimental group and control group were 3391/56 ± 422, 3314/06 ± 341, respectively and it was not significant difference (p = 0.2).
Conclusions: Not using iron supplementation did not cause of anemia in women with Hb concentrations greater than 13.2 g/dL during 
pregnancy; thus, the systematic care and control of iron status markers without iron supplementation is recommended for these women.
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1. Background
During pregnancy, the increase in plasma volume ex-

ceeds the increase in red cell volume; this causes a physi-
ological hem dilution resulting in reduced hemoglobin 
(Hb) concentration (1). In a normal pregnancy without 
iron supplementation, maternal Hb has been found to 
fall from an average of between 12.5 - 13.0 g/dL to an av-
erage of 11.0 - 11.5 g/dL (2). Based on the world health or-
ganization (WHO) documents, it is estimated that more 
than 40% of pregnant women suffer from anemia, which 
is due to iron deficiency anemia about half of the time 
(3). Thus, in the recently published guidelines by the 
WHO, 30 - 60 mg of elemental iron supplementation 
is advised for all pregnant women (4). However, exces-
sive iron consumption might lead to an increase in Hb 
levels and blood viscosity (5-10). This condition results 
in poor placental blood transfusion and adversely af-
fects birth outcome such as preterm delivery, low birth 
weight (LBW), intra-uterine growth retardation (IUGR), 
postnatal growth retardation, low fetal head circumfer-

ence, preeclampsia, and maternal hypertension, as well 
as fetal and early neonatal death, neurological and skel-
etal abnormalities, abnormal lung development, and 
even prenatal mortality (5, 6, 9-12). Moreover, it is clear 
that oral iron consumption may be unpleasant due to in-
creasing gastrointestinal complications such as nausea, 
vomiting, abdominal pain. and constipation. In addition, 
some studies have confirmed that it can reduce intesti-
nal absorption of some trace elements such as zinc and 
copper (13, 14). Given these considerations, it has been 
suggested that iron supplementation should not be used 
for all pregnant women. Instead, it is better to prescribe 
iron supplementation only if the Hb concentration falls 
below 10.0 g/dL (14). At the same time, there is still a lot 
of conflicting information about iron supplementation 
during pregnancy (15). Considering the negative conse-
quences of extreme maternal iron status on pregnancy 
outcomes, it seems that iron supplementation in women 
with high Hb should be limited.
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2. Objectives
Due to complications resulting from iron consumption, 

we aimed to examine the effect of iron supplementation 
on maternal iron markers and birth weight in pregnant 
women with high Hb levels.

3. Patients and Methods
Our study was a randomized, double-blind, place-

bo-controlled clinical trial (RCT registration code: 
IRCT2013020612383N1) carried out from May 2012 to July 
2013 with 86 healthy pregnant women receiving prenatal 
care at two prenatal clinics in Ardabil, northwest of Iran. 
These clinics are the only major governmental prenatal 
clinics in Ardabil, such that most of the pregnant women 
from different areas of the city are referred to them. The 
samples were selected from these centers using the con-
venience sampling method based on ɑ = 0.05, S = 11.17, 
and d = 2.36 (Equation 1, sample size formula).

(1) n = z2.s2

d 2 =
(1.96)2×(11.17)2

(2.85)2
= 3.84×124.76

8.12 = 64

We used high Hb and serum ferritin in pregnancy as the 
chief criteria for sampling. Participants were all in the 
16th–20th week of pregnancy, and all had a Hb concen-
tration greater than 13.2 g/dL and serum ferritin levels 
above than 15 μg/L (according to the centers for disease 
control (CDC) and prevention recommendations) (16). 
Hb concentration and serum ferritin levels were evalu-
ated twice during the study, before the intervention and 
at end of pregnancy (37 - 39 weeks). To increase the reli-
ability of the laboratory results, all of the blood samples 
were evaluated in one specific laboratory by one trained 
person where the laboratory equipment was calibrated. 
The complete blood count was measured with an auto-
matic cell counter (Hycell, France) and serum ferritin 
was measured by enzyme-linked immunosorbent assay 
(ORG5Fe, Bngomtak, Germany). Inclusion criteria were a 
maternal age of 18 - 35 years, no medical disease, a body 
mass index (BMI) of 19.8 - 26 kg/m2, an Hb level more than 
13.2 g/dL and ferritin level more than 15 μg/L, and having 
a singleton pregnancy with 16 - 20 weeks gestational age 
(GA). BMI was calculated as weight in kilograms divided 
by the square of height in meters (17), while GA was based 
on a reliable, self-reported estimate of last menstrual pe-
riod (LMP) or an ultrasound done early in pregnancy if 
LMP was unknown. When both estimates were available 
and were within 14 days of one another, we used the LMP 
to estimate GA. When the difference in estimates exceed-
ed 14 days, we used the ultrasound (1). Exclusion criteria 
were smoking or having a disease related to polycythe-
mia, such as asthma or chronic hypertension, renal dis-
ease, malignancy, or a known blood disorder. To allow for 
follow-up loss, 86 women were enrolled and randomized. 
Simple randomization from a table of random numbers 

was used to assign the women to the iron supplemen-
tation group (experimental group) or placebo group 
(control). The experimental group received one ferrous 
sulfate tablet containing 50 mg of elemental iron daily, 
while the control group received a placebo. Because iron 
supplementation was expected to be necessary after de-
livery and during the breastfeeding period, and to con-
sider ethical concerns in this regard, all women received 
50 mg of elemental iron daily for 3 months after delivery 
as routine postnatal care. The project was approved by 
the institutional ethical committee. Informed consent 
was obtained from all women and the study protocol 
conformed to the ethical guidelines of the 1975 Declara-
tion of Helsinki. All mothers were followed up for the 
evaluation and comparison of changes in Hb and ferritin 
levels at the end of pregnancy (37 - 39 weeks of gestation). 
In the case of diagnosed anemia (≤ 11 g/dL) (16), iron sup-
plementation was initiated and continued until delivery. 
After delivery, infants' weight was measured using Sea 
scale (accuracy: 10g). During the study (after randomiza-
tion), 22 participants were excluded for different reasons, 
such as preterm delivery (n = 5), vaginal bleeding (n = 5), 
anemia (n = 2), preeclampsia (n = 3), and loss to follow-up 
(n = 7). Thus, data from 64 of pregnant women were ana-
lyzed and rechecked by two researchers. Finally, we used 
the confirmation of an associated specialist for assur-
ance.  In advance of the study, a computer randomization 
program was used to assign participants to either the 
intervention or control group. Due to carefully planned 
follow-up, there were no missing values. Normal distri-
bution was checked using the one-sample Kolmogorov-
Smirnov (KS) test. The independent t-test was used to 
compare variables between the two groups. P < 0.05 was 
considered significant.

4. Results
During the study of 86 pregnant women, 22 dropped 

out for different reasons, as mentioned above (Patients 
and Methods section). Thus, data from 64 pregnant wom-
en were used for statistical analysis (Figure 1).

The mean maternal age and BMI were 26.11 ± 5.13 and 
23.9 ± 2.32, respectively. In addition, 50% of women were 
nulliparous and 81.3% were housewives. There were no 
significant difference between the experimental and 
control groups in terms of maternal age, pre-pregnancy 
BMI, parity, or Hb and ferritin levels at the onset of the 
trial (Table 1). After the intervention, at the end of preg-
nancy, Hb and ferritin levels were determined and com-
pared; also the birth weight was measured and compared 
after delivery. The mean Hb concentration was 12.05 ± 0.9 
in the experimental and 11.94 ± 0.6 in the placebo group; 
this different was significant (P = 0.03) but there was not 
significant different between 2 groups in the mean of 
birth weight (P = 0.2) (; Table 2). Although four pregnant 
women in both groups were anemic (Hb < 11 g/dL) at the 
end of pregnancy, none of them had Hb less than 10 g/dL, 
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and this difference was not significant between the iron 
supplementation and placebo groups. Comparing these 
results with the CDC criteria to define anemia during the 
third trimesters of pregnancy, we concluded that anemia 
had not occurred even though the women had not con-

sumed iron supplementation during pregnancy. In addi-
tion, the Hb concentrations of one pregnant woman in 
the placebo and two pregnant women in the experimen-
tal group were greater than 13.2 g/dL; this difference was 
not significant (Table 3).

 

Healthy Pregnant Women
Receiving Prenatal Care

n= 86

Experimenting Group
n = 42

Control Group
n= 44

Excluded With Different Reasons
n = 10

Excluded With Different Reasons
n = 12

perimenting Group
n = 32

Control Group
n = 32

Figure 1. Sampling Diagram

Table 1. Demographic and Obstetric Characteristics of the Participants Before the Interventiona

Iron Supplementation Group Placebo Group P Value

Maternal age, y 26.59 ± 5.26 25.63 ± 5.04 0.7

BMI, kg/m2 24.12 ± 2.17 23.68 ± 2.47 0.1

Parity 1.68 ± 0.8 1.65 ± 0.7 0.2

Hb level, g/dL 13.69 ± 0.44 13.57 ± 0.4 0.2

Ferritin level, μg/L 33.93 ± 13.72 37.05 ± 16.86 0.1
Abbreviations: BMI, body mass building; Hb, hemoglobin.
aValues are expressed as mean ± SD.

Table 2. Levels of Hemoglobin and Ferritin in the Iron Supplementation and Placebo Groups at the End of Pregnancya

Iron Supplementation Group Placebo Group P Value

Hb level, g/dL 12.05 ± 0.9 11.94 ± 0.65 0.03

Ferritin level, μg/L 28.5 ± 9.3 27.22 ± 12.96 0.04

Birth weight 3391/56 ± 422 3314/06 ± 341 0.2
Abbreviations: Hb, hemoglobin.
aValues are expressed as mean ± SD.
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Table 3. Number of Pregnant Women with Different Levels of Hemoglobin in the Experimental and Control Groups at the End of 
Pregnancya

Hb Level, g/dL Iron Supplementation Group Placebo Group P Value

< 10 0 0 NA

10 - 13.2 31 (96.87) 30 (93.75) NA

> 13.2 1 (3.13) 2 (6.25) NA
Abbreviations: Hb, hemoglobin.
aValues are expressed as No. (%).

5. Discussion
The present study aimed to investigate the effect of 

iron supplementation on iron status markers and birth 
weight in pregnant women with high Hb levels. Accord-
ing to some studies, iron status can be predicted among 
women of childbearing age using the complete blood 
count test (18), but we also used ferritin level as the best 
iron status marker to increase the reliability of our study. 
We found a significant difference between both ferritin 
and Hb levels in the experimental and control groups at 
the end of pregnancy. This different was not significant 
before the intervention. No participants in either the ex-
perimental or control group had Hb < 10 g/dL. Previous 
studies confirmed that Hb greater than 13.2 g/dL increases 
adverse pregnancy outcomes; thus, we chose this cut-off 
level as a high level of Hb in pregnancy (2, 19-21). Our find-
ings are in accordance with a report by Steer from 2013 
(14). In our study, there were significant differences in 
Hb and ferritin levels at the end of pregnancy in the iron 
supplementation group and the placebo group, but the 
incidence of anemia was similar in both groups, wherein 
mild anemia was observed in a few women. These find-
ings of this research are in accordance with those of Ziaei 
et al. (7). Mei et al. revealed that iron supplementation of 
non-anemic women during pregnancy can affect the iron 
status later in pregnancy; however, they did not observe 
this effect during the perinatal period (22). However, 
Roberfroid et al. claimed that iron supplementation of 
non-anemic pregnant women might have some benefits. 
For instance, they stated that even a low dose of iron 
supplementation of non-anemic mothers during preg-
nancy can increase children’s birth weight. Moreover, 
they found that during pregnancy, Hb concentrations 
decreased even in pregnant women without anemia (23). 
Although in our study the birth weight in iron supple-
mentation group was more than placebo group, this dif-
ferent was not significant. Perhaps it is needed to study it 
in the large sample in future. Gonzales et al. conducted a 
large study in which changes of Hb concentration during 
pregnancy were measured in 379,816 non-anemic preg-
nant women. They found that Hb concentrations in most 
of the non-anemic pregnant women had not changed 
significant at the end of pregnancy, and moderate/severe 
anemia was observed only among 2.8% of those women. 

Furthermore, they revealed that the risk of anemia at the 
end of pregnancy in non-anemic women diagnosed early 
during the same pregnancy increased following higher 
gestational age at the second measurement of Hb, BMI < 
19.9 kg/m2, living without a partner, fewer than five ante-
natal care visits, first parity, multiparty, and preeclampsia 
(24). A meta-analysis by Haider et al. showed no signifi-
cant difference of maternal anemia at the time of deliv-
ery between mothers who were anemic and non-anemic 
women during the first trimester (25). In conclusion, our 
trial suggests that individual iron prophylaxis according 
to iron status is preferred to routine iron prophylaxis in 
pregnant women. Since we did not evaluate not using 
iron supplementation on pregnancy outcomes and the 
postpartum period, it is suggested that this effect should 
be investigated in the future studies. Our study had some 
strengths and limitations. Some studies investigated the 
correlation of high Hb concentration and pregnancy out-
comes; however, to our knowledge, none of these studies 
have investigated the effect of not using iron supplemen-
tation in non-anemic pregnant women on the incidence 
of anemia near delivery. In addition, none of these ar-
ticles measured ferritin level at the time of delivery in 
these women. However, due to the low sample size in 
this study, we cannot extend our results. Therefore, it is 
recommended that similar studies should be conducted 
with a larger sample size in relation to this issue.
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