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Abstract

Aim: The aim was to evaluate the incidence of iron deficiency
anemia in pregnancy in the East Marmara region of Turkey in order
to determine its prevalence along with the effects and associations
of iron supplementation on maternal and neonatal outcomes.

Materials and Methods: This study was conducted in six
centers and included a total of 1102 pregnant women.
Blood samples were collected for hematological status and
serum ferritin levels during pregnancy, and the adverse
maternal and perinatal outcomes were determined. Iron
deficiency anemia was diagnosed according to the World
Health Organization criteria as hemoglobin level of < 11
g/dl and ferritin level of <15 pg/dL.

Results: The rate of anemia was 19.8%, with 44% of them
receiving iron supplementation. The maternal age was lower in the
anemic group (26.5 vs. 27.7, p = 0.01). Selective iron use was
more frequent in the anemic group, while routine iron use was
more frequent in the non-anemic group (47.1% vs. 29.3%; p =
0.01).

Conclusion: Iron deficiency anemia is a frequent problem in
pregnancy. However, many anemic pregnant women do not
receive iron therapy. Iron supplementation may have positive
effects on maternal and perinatal outcomes. In order to combat iron
deficiency anemia in pregnancy, wide spread use of iron
supplements should be established.

Keywords: Anemia, Ferritin, Iron deficiency, Iron
supplementation, Pregnancy.

Oz

Amagc: Bu galismanin amaci, demir takviyesi ve demir durumunun
maternal ve neonatal etkileri ile birlikte Turkiye'nin Dogu Marmara
bolgesinde gebelikte gorilen demir eksikligi anemisi insidansini
degerlendirmektir.

Materyal ve Metot: Bu galisma Dogu Marmara Bodlgesi'nin
(Turkiye) g ilinde alt merkezde gergeklestiriimis ve toplam 1102
gebeyi kapsamistir. Gebelik sirasinda hematolojik durum ve serum
ferritin dlizeyleri icin kan 6rnekleri toplandi ve olumsuz maternal ve
perinatal sonuglar belirlendi. Demir eksikligi anemisi, Dinya Saglk
Orgiitii kriterlerine gére hemoglobin<11g/dl ve ferritin< 15 ug/dL
olarak tanimlandi.

Bulgular: Calismaya dahil edilen kadinlarda anemi orani % 19.8
idi ve bunlarin % 44'G demir destegi aliyordu. Maternal yas anemik
grupta daha dusiktu (26.5'e kargi 27.7, p = 0.01). Anemik grupta
selektif demir kullanimi daha sik gérilirken, anemik olmayan
grupta rutin demir kullanimi daha sik gorildi (% 47.1'e karsilik%
29.3; p = 0.01).

Sonug: Demir eksikligi anemisi gebelikte sik gorilen bir
problemdir. Bununla birlikte, birgok anemik gebeye demir tedavisi
verilmez. Demir takviyesi, bazi maternal ve perinatal sonuglar
Uzerinde olumlu etkileri olabilir. Gebelikte demir eksikligi anemisiyle
micadele etmek icin demir takviyelerinin yaygin kullanimi
saglanmaldir.

Anahtar Kelimeler: Anemi, Ferritin, Demir eksikligi, Demir destegi,
Gebelik.

INTRODUCTION

Anemia is an important public health issue
worldwide that affects not only low-income

populations, but middle- and high-income

communities as welll. A number of factors can
Although

concentration is used to diagnose anemia, this

cause anemia. hemoglobin

measure alone is not sufficient to determine the

cause of the anemia?3. One of the leading
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causes of anemia is iron deficiency (ID), which
affects about 50% of patients®. Pregnant
women are among the specific populations
affected by anemia. Anemia during pregnancy
can be due to many factors. Iron deficiency is
also an important cause of anemia in
pregnancy 5. Anemia during pregnancy may
adversely affect not only the mother, but also
the fetus, especially in relation to low birth
weight, prematurity and intrauterine growth

restriction, as reported in a number of studies®’.

To identify iron deficiency anemia (IDA), it is
important to know the iron status, including
serum ferritin (SF), soluble transferrin receptor
(sTfR), zinc protoporphyrin, serum iron, and
total iron-binding capacity or transferrin
saturation 89, Although many indices are used
to diagnose IDA, the level of SF is one of the
most frequently encountered methods in both
clinical and public health settings 9. Although
several SF concentration cut-off values for IDA
in pregnant women have been determined, the
most commonly recommended value is
<15ug/dL™.

This study aimed to determine the prevalence
of IDA, diagnosed by low SF concentrations, in
the East Marmara region of Turkey and to
examine its associations with demographic and
socio-economic characteristics as well as its

effect on perinatal outcomes.
MATERIAL and METHODS

This study was conducted in six different
centers in Kocaeli, Sakarya, and Dizce
provinces in the East Marmara region of Turkey
between December 2017 to December 2018. A
total of 1102 pregnant women between the
ages of 18 and 40 were included in the
analysis. Written informed consent was

obtained from all the women who agreed to

participate in the study. All participants
completed a comprehensive micronutrient study
guestionnaire created by the Turkish Society of
Obstetrics and Gynecology (TSOG) which
consisted of 56 standard items. All the
procedures in the study were carried out in
accordance with the ethical standards of the
1964 Helsinki Declaration Institutional Research
Committee and subsequent amendments or
comparable ethical standards. The study was
approved by the Ethics Committee of Duzce
University with approval number of 2017/168.
Women who gave birth to single liveborn infants
were included in the study. Exclusion criteria
included multiple pregnancies, in utero fetal
demise miscarriages, women with active
infections detected during the study and those

receiving IV iron supplementation.

Study Population

Data were obtained from a total of 1102
pregnant women (219 anemic, and 883 non-
anemic) who were registered within the routine
screening program of the obstetrics outpatient
clinics of the study centers. Age, gravida, parity,
number of abortions, date of last menstrual
period, pregnancy weeks according to USG and
date of last menstrual period, height, weight
and body mass index (BMI) were recorded for
all patients. The BMI was calculated using the
following formula: weight (kg)/height> (m).
Education and income were the two primary
socioeconomic  status indicators for all
participants. According to per-capita monthly
household income, they were classified as low
(<1500 TL), medium (1500-3000TL), and high
(>3000TL) [1 USD = 3.90 Turkish Lira (TL) in
March 2018]. Patients were divided into two
groups according to dietary habits: vegetarians
and those who consumed iron-rich foods like

meat and legumes. Adequate physical activity
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was defined as exercise for more than 30

minutes over three days per week?2,

Hemoglobin was analyzed shortly after
collection from whole blood samples using an
automated hematology analyzer. Ferritin
concentration was determined by immuno-
assay via the automated chemiluminescence
technique. Serum iron and total iron-binding

capacity were measured by an auto-analyzer.

IDA was diagnosed according to the World
Health Organization criteria as a hemoglobin
level of < 11 g/dl and ferritin level of <15 ug/dL
11 During pregnancy, patients were checked
with complete blood count and hemoglobin
levels once in each trimester for iron deficiency
anemia. Our treatment strategy for IDA is that
patients who were diagnosed with IDA received
oral iron supplementation and those who could
not tolerate oral medication were given

intravenous iron supplementation.

Routine antenatal checks were made of all
prospective participating pregnant women. The
women were examined at least once each
trimester starting from their first trimester of

pregnancy.

The presence of pregnancy-related
complications such as gestational diabetes
mellitus (GDM) and pre-eclampsia was
evaluated. Screening for GDM was performed
according to World Health Organization
recommendations 3. Pre-eclampsia was
defined as having a systolic blood pressure
of>140 mmHg or a diastolic blood pressure
of>90 mmHg after 20 weeks of gestation in
previously normotensive  women, and
proteinuria (>100 mg/dL per urinalysis or 300
mg in a 24-h urine collection).The perinatal data
gathered included preterm birth, gestational age

at delivery, birth weight (g) and postpartum

hemorrhage. Preterm birth was defined as a
gestational age of<37 completed weeks of
gestation. Small for gestational age (SGA) was
defined as <the 10t percentile, and large for
gestational age (LGA) as >the 90" percentile,
using birth weight z-scores calculated based on

the formulae of Gardosi et al. 14,

Objectives

The primary objective was to determine the
incidence of IDA in pregnant women in the East
Marmara region of Turkey, where industries are
concentrated and the prevalence of medium-
and high-income level populations is higher
compared with other geographical regions. The
secondary objective was to assess the
association of anemia with demographic and
lifestyle factors along with its effect on perinatal

outcomes.

Statistical Analysis

Descriptive statistics for continuous variables
were expressed as mean + standard deviation
or median (minimum-maximum), and nominal
variables were expressed as the number and
percentage (%). Differences in mean values for
each group were evaluated using the Student's
t-test, and differences in median values were
evaluated using the Mann—-Whitney U-test.
Categorical data were compared using the Chi-
square distribution, with p-values of <0.05
considered as statistically significant. Statistical
analysis was performed using SPSS for
Windows version 22 software (SPSS, Inc.,
Chicago, IL, USA).

RESULTS

The study evaluated a total of 1102 pregnant
women, 219 of whom were IDA, with serum
hemoglobin concentrations < 11 g/dl and serum
ferritin levels lower than 15 p / dL and 883 of

whom were non-anemic. The rate of anemia
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among women included in the study was
19.8%. The mean age in the anemic group was
lower, and the difference between the groups
was statistically significant (26.5% vs. 27.7%, p
= 0.01). The BMI, gravity, parity and abortion
were not different between the groups. When
the groups were compared in terms of
education level, only illiterates were found to be
higher in the non-anemic group (5.3% vs.
12.3%,p = 0.001).There was no difference
between the groups in terms of dietary habits,
and the rates of those consuming a vegetarian
diet and those eating iron-rich foods were
similar. There was no difference between the
groups in terms of income levels. The weekly
rate of attaining adequate physical activity was
lower in the anemic group (85.9% vs. 79.7%, p
= 0.006). Both groups were found to have
similar chronic diseases (Table 1).

Table 1. Obstetric history, sociodemographic status and life
style according to the presence of iron deficiency anemia

IDA Group  Non-IDA Group  p-value
(n=219) (n=883)
Maternal Age 26.51+517 27.57+5.72 0.01*
(years)
BMI 27.31+4.55 26.90 +5.05 0.27
Gravity 2 (1-9) 2 (1-6) 0.06
Parity 1(0-5) 1(0-4) 0.09
Previous 0 (0-5) 0 (0-3) 0.79
abortion
Education level
llliterate 12 (5.3%) 109 (12.3%) 0.001*
Primary school 58 (26.3%) 211 (23.8%) 0.61
Middle school 78 (35.5%) 244 (27.6%) 0.25
High school 44 (20.6%) 206 (23.3%) 0.76
University 18 (8.2%) 84 (9.51%) 0.87
Post-graduate 9 (4.1%) 29 (3.2%) 0.13
Dietary habits
Vegetarian 17 (7.8%) 107 (12.1%) 0.06
Iron-rich foods 202 (92.2%) 776 (87.9%) 0.06
income
Low 72 (33.0%) 313 (35.5%) 0.49
Medium 110 (50.5%) 426 (48.2%) 0.51
High 37 (16.5%) 144 (16.3%) 0.97
Physical activity
(30 min most days
of the week)
Sufficient 31 (14.1%) 179 (20.3%) 0.27
Insufficient 188 (85.9%) 706 (79.7%) 0.006*
Chronic disease 26 (11.9%) 95 (10.8%) 0.10

Values are given as mean + standard deviation, median
(min-max) and %

* p <0.05 indicates statistical significance.

IDA: identify iron deficiency anemia

BMI: Body Mass Index

Serum ferritin, hemoglobin, serum iron
concentrations and total iron-binding capacity
were lower in the anemic group and the
difference between the groups was statistically
significant. Of the women included in the study,
477% (n = 526) were receiving iron
supplementation. The iron-use rate was 39.2%
in the anemic group and 49.9% in the non-
anemic group (p = 0.01). The selective use of
iron was higher in the anemic group, while the
routine use of iron was higher in the non-
anemic group (47.1% vs. 29.3%, p = 0.01;
52.9% vs. 70.7%, p = 0.01, respectively).The
mean duration of iron supplementation was 8.2
weeks in the anemic group and 8.5 weeks in
the non-anemic group, and the difference
between the groups was not statistically
significant. Evaluation of  micronutrient
supplementation other than iron revealed that
58.7% (n = 647) took folate, 56.6% (n = 624)
general multivitamins and 30% (n = 401)
vitamin D supplements. Only the vitamin D
supplementation was higher in the non-anemic
group (40.1% vs. 21.5%, p = 0.01).lron
supplementation was prescribed by a family
physician in 18% of the pregnant women and
by an obstetrician in 82%.The selective iron
supplementation rate was higher with family
physicians (64% vs. 36%, p = 0.007), whereas
with obstetricians, there was no difference
between selective and routine iron use(52.75%
vs. 47.25%, p = 0.27). Although in the non-
anemic group the iron supplementation
prescription rate by family physicians was
higher (22.6% vs 13.7%, p = 0.02), there was
no difference between the groups in terms of
iron supplementation initiation by obstetricians

(Table 2).

Weight gain during pregnancy was similar in
both groups.The interpregnancy interval was

longer in the anemic group, and the difference
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between the groups was statistically significant
(48 vs. 34 months, p = 0.01). There was no
difference between the groups in terms of birth
weight, term birth and preterm birth. The SGA

rate was similar between the groups, while the
LGA rate was higher in the non-anemic group
(6.8% vs. 6.2%, p = 0.81; 2.8% vs. 9.2%, p =
0.01, respectively).

Table 2. Status of serum hemoglobin and ferritin and supplementation with iron and other micronutrients.

iDAGroup Non-IDAGroup  p-value
(n=219) (n=883)
Serum ferritin (ug/dL) 8.94 + 3.26 31.41 £13.99 0.001*
Hemoglobin (g/dL) 10.98 + 1.28 12.21+£0.99 0.001*
Serum iron 52.69 + 35.62 77.96 + 39.09 0.001*
Total iron-binding capacity 408.50 + 113.94  308.34 + 105.81 0.001*
Iron supplementation 85 (39.2%) 441 (49.9%) 0.01*
Selective 40 (47.1%) 129 (29.3%) 0.01*
Routine 45 (52.9%) 312 (70.7%) 0.01*
Duration of supplementation(weeks)
8.20 +7.88 855+ 7.06 0.61
Other supplements
General multivitamin 122(55.8%) 502 (56.8%) 0.73
Folate 133 (60.6%) 514 (58.2%) 0.42
Vitamin D 47 (21.5%) 354 (40.1%) 0.001*
Iron prescribed by
Family physician 12 (13.7%) 97 (22.6%) 0.02*
Obstetrician 73 (86.3%) 344 (77.4%) 0.17

Values are given as mean + standard deviation and %.

* p<0.05 indicates statistical significance.
IDA: identify iron deficiency anemia

When the complications of pregnhancy were
compared, the incidence of pre-eclampsia was
higher in the anemic group than in the non-
anemic group (11.4% vs. 4.6%, p = 0.01). There
was no difference between the groups in terms
of GDM and postpartum hemorrhage (Table 3).

Table 3. Obstetrical outcomes according to the presence of
irondeficiencyanemia

IDA Group Non-IDA p-
(n=219) Group value
(n=883)

Weight gain during 7 (2-30) 8 (2-35) 0.53
pregnancy (kg)
Interpregnancy interval 48 (5-204) 34 (5-216) 0.01*
(months)
Gestational age at birth
<37 weeks 25(11.4%) 116 (13.1%) 0.37

237weeks 194(88.6%) 767(86.9%) 0.67
Newborn weight (g) 3159 + 736 3111 + 646 0.87
SGA 15(6.8%) 55 (6.2%) 0.81
GA 6 (2.8%) 81 (9.2%) 0.01*
Pregnancy
complications
Pre-eclampsia 25 (11.4%) 41 (4.6%) 0.01*
Gestational diabetes 24 (11.0%) 86 (9.7%) 0.64

Values are given as mean * standard deviation, median
(min-max) and %.

* p<0.05 indicates statistical significance.

IDA: identify iron deficiency anemia

SGA: Small for gestational age

LGA: Large for gestational age

DISCUSSION

Findings from the study showed that IDA was
found in 19.8% of the pregnant population

included in the study and the mean age of the
anemic group was lower. Routine iron use was
more effective in preventing IDA than selective
iron use. Longer interpregnancy intervals
increased the risk of IDA. In terms of adverse
perinatal events, IDA was associated only with

pre-eclampsia.

According to the Global Prevalence Of Anemia
report published by the World Health
Organization (WHO),in 2011 over 800 million
children and women were affected by anemia,
with half of them suffering from IDA 5. The IDA
seen in pregnancy is less than 20% in
developed countries such as the USA and
European nations, while it is over 60% in
developing countries where income levels are
low 6. In the present study, IDA in pregnancy
was observed 19.7% and this rate is similar to

rate of IDA in developed countries.

By way of achieving their goals for 2025, WHO
has made some recommendations for reducing
the incidence of anemia by 50%. One of these

is to integrate iron supplementation into other
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measures already being taken®. Oral iron
supplementation plays a critical role in the
prevention of IDA in pregnancy. Many studies
have suggested that oral iron supplementation
used to treat IDA is effective in protecting both
maternal and fetal health 7. The relationship
between maternal/fetal outcome and iron
deficiency is in fact dependent on the week of
gestation at which the anemia is detected and
the degree of the anemia. In their prospective
study, Bencaiova and Breymann 18 found no
relationship between mild anemia and adverse
pregnancy outcome, and even maintained that
mild anemia in pregnant womenmay result in
non-excessive placental hyperplasia leading to
fetal nutritional support and a higher incidence
of macrosomia. The present study also found
no difference between the anemic and non-
anemic groups in terms of GDM, preterm
delivery and SGA; however a higher rate of
LGA was seen in the nonanemic pregnancies.
The pre-eclampsia rate was higher in the
anemic group. The reason for this, as
suggested by Gambling et al.1% was thought to
be that ID induces maternal and fetal stress and
increases  corticotropin-releasing  hormone
(CRH), cortisol production and oxidative
damage, and that this process results in
endothelial damage. Kemper et al. reported that
diets low in iron-rich foods and a short
interpregnancy interval were associated with
IDA in pregnancy 2°. In the present study, no
difference was found in terms of IDA between
women with vegetarian dietary habits and
women who consumed iron-rich foods.
Furthermore, the IDA rate increased when the
interpregnancy interval was longer. The main
reason for this was considered to be that these
women had more menstrual blood loss and that
the IDA was the result of the increasing iron
requirement to compensate for chronic blood

loss.

Today, WHO recommends the routine daily use
of 30-60 mg elemental iron throughout
pregnancy for prevention of IDA. This
recommendationis based on the Cochrane
Review published in 2012, which shows that
daily iron supplementation has a positive effect
on adverse perinatal outcomes 2. According to
this report, women who routinely receive iron
supplementation throughout their pregnancies
have a reduced risk of giving birth to infants
with LBW, maternal anemia at term, and
maternal ID at term. However, some studies
have suggested that routine iron
supplementation may be associated with SGA
and hypertension disorder 2223, Therefore,
instead of routine iron supplementation, they
recommend selective supplementation. In this
study, routine iron supplementation was applied
more frequently in the non-anemic group. In the
anemic group, selective supplementation was
routine iron

preferred as opposed to

supplementation.

Folate deficiency was the second most
common cause of anemia during pregnancy,
especially in cases impaired by intestinal
malabsorption coexisting with ID 24, The desired
levels of hemoglobin and ferritin cannot be
reached in one third of pregnancies despite
adequate iron supplementation 25, Studies
conducted by WHO in western Pacific nations
found that folate supplementation together with
iron reduced IDA rates by 9% to 57% 2. In this
study, no difference in IDA was found between
the group using iron supplementation with folate
and the group using it without folate. Vitamin D
deficiency and ID have long been observed
together 2- 28 and the mechanisms responsible
for this are understood to be the decreased
levels of erythropoietin resulting from vitamin D
deficiency and the blocked iron absorption

resulting from the decreased circulating levels
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of hepcidin occurring with vitamin D
supplementation 2930, In addition to iron
supplementation, the use of vitamin D was

observed in the non-anemic group.

The present study had some limitations. Only
those patients using oral iron supplementation
were included in the study, while those using IV
iron were excluded. Diagnosis of IDA was
based on serum ferritin levels and the methods
or indices used for IDA diagnosis were not
applied. The strength of this work, conducted as
a prospective, multicenter study to determine
the frequency of IDA, was that it included a
large sample of participating patients and high

follow-up rates.
CONCLUSIONS

In the East Marmara region the rate of IDA in
pregnancy is close to developed countries and
was found 19.8%. However, both the duration
and quantity of iron supplementation in non-
anemic group was higher than anemic group,
which proves the need of iron supplementation
strategy in pregnancy. The fight against IDA in
pregnancy has become a public health issue
that cannot be solved by obstetricians alone. A
should be

developed in order to compile more accurate

national screening program
data. Subsequently, this data should be used in
determining the strategies to be applied to
combat IDA in pregnancy and gestation. This
should be considered a fundamental national
goal for ensuring healthy mothers and healthy

future generations.
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