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Maternal hemoglobin concentration and birth weight:
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Abstract
Objective: To evaluate the prevalence of anemia in pregnancy and determine the relationship
between maternal anemia during pregnancy and low birth weight, babies.
Methods: This study was a cross-sectional design which was conducted at Siti Khadijah 1 Ter-
tiary Hospital from January 2017 to October 2018. The total sample of the study was 6876
samples.
Results: Anemia prevalence was 46.6%. Mothers with anemia were more likely to give birth
to babies with low birth weight compared to mothers who were not anemic, which is 373
respondents (11.7%) versus 265 respondents (7.2%). Respondents with severe anemia gave birth
to more babies with low birth weight than babies with normal birth weight, which is 49 people
(92.5%) versus 4 (7.5%) (p = 0.000, p < 0.05).
Conclusion: There was a significant association between maternal hemoglobin and birth weight.
© 2019 Published by Elsevier España, S.L.U.

Introduction

Approximately 7---15% of newborns worldwide are born with
a low birth weight per year. Poor pregnancy outcomes are
still a significant health problem and are more common
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in developing countries with low to middle socio-economic
conditions.1 World Health Organization (WHO) has defined
low birth weight as the birth weight of an infant less than
2500 g.2 Babies born with low birth weight are more likely to
experience morbidity and mortality. Nutritional elements,
as well as inadequate nutrition such as vitamin B and iron
deficiency and lack of weight gain during pregnancy, con-
tribute to the incidence of low birth weight babies.1

One of the primary goals of the United Nations resolution
in 2025 is to reduce the prevalence of low birth weight by
30%, from a baseline of 15%. This target has an important
contribution to the Sustainable Development Goals (SDG) in

https://doi.org/10.1016/j.enfcli.2019.07.042
1130-8621/© 2019 Published by Elsevier España, S.L.U.

https://doi.org/10.1016/j.enfcli.2019.07.042
http://www.elsevier.es/enfermeriaclinica
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enfcli.2019.07.042&domain=pdf
mailto:virayariu@unhbox voidb@x {special {ps:17 TD$DIFF}}gmail.unhbox voidb@x {special {ps:18 TD$DIFF}}com
https://doi.org/10.1016/j.enfcli.2019.07.042


Maternal hemoglobin concentration and birth weight 93

reducing child mortality to 12 deaths per 1000 live births
and under-five deaths to 25 deaths per 1000 live births.3

Iron is a mineral needed for the formation of new
hemoglobin and is the main source of energy and transporta-
tion of oxygen to the organs of the body. Maternal anemia
can occur because of the lack of iron reserves that interfere
with the erythropoiesis process and can also be caused by
an infection process, which can affect the new hemoglobin
metabolism.4

The prevalence of anemia all over the world is 51%.5,6

Rates of anemia are highest in low-income countries, espe-
cially in Africa (44.6%), Central and West Africa (48% of
reproductive-age women and 56% of pregnant women), Asia
(39.3%), South Asia (47% of reproductive-age women and
52% of pregnant women), Latin America and the Caribbean
(28.3%) and Oceania (29%).7,8

The relationship between hemoglobin levels in mothers
and the incidence of low birth weight is still controversial.
Some studies report anemia occurring in the early phase of
pregnancy-associated with poor pregnancy outcomes such as
low birth weight, although other studies report no significant
relationship.9,10 Therefore, considering the controversy in
maternal anemia in pregnancy and low birth weight, this
study aimed to find the prevalence anemia in pregnancy and
determine the relationship between maternal anemia during
pregnancy and low birth weight, babies.

Methods

Study design and sample population

This study used a cross-sectional design, which is secondary
research using records from a hospital health record system
of mothers who delivered at Siti Khadijah 1 Hospital, Makas-
sar, between January 2017 and October 2018, demographic
and obstetric information was collected. Data regarding age,
weight, parity, past medical history and complication (i.e.,
hypertension, autoimmune disease, Basedow’s disease (i.e.,

hyperthyroidism and hypothyroid disease), history of drug
consumption, smoking and drinking status were taken from
medical records and antenatal care books. The institutional
review board at the Siti Khadijah 1 approved this study.

Inclusion criteria were; singleton pregnancy, hemoglobin
was measured when first admitted to the hospital and parti-
cipants who delivered at Siti Khadijah 1 hospital between 37
and 42 weeks of gestation. The patient remembers her last
menstrual period correctly. Excluded criteria were preterm
births (i.e., <37 weeks of pregnancy), subjects with prepreg-
nancy diabetes mellitus (DM), gestational diabetes mellitus
(GDM), placenta previa, preeclampsia, thyroid disease and
fetal anomalies, incomplete medical record data (missing
data). A total of 7589 samples delivered at the Siti Khadijah
1 hospital during the study period. Of these, the following
were excluded: 42 twin births, 459 preeclampsia, 54 with
placenta previa, and 4 with fetal anomalies, 91 deliver-
ies before 37 weeks of gestation, six post-term deliveries,
34 with missing Hemoglobin values, 23 with missing data
of birth weight. Thus, a total of 6876 pregnancies were
included in the analysis (Fig. 1).

Hemoglobin and birth weight measurements

Hemoglobin measurements were performed once the
patient came to the hospital for delivery. Hemoglobin
levels were measured immediately after blood sample col-
lection with a Mindray BC-3000 plus hematology analyzer
that has been calibrated. Anemia is defined as hemoglobin
<11.0 g/dL, according to the World Health Organization def-
inition. Birth outcomes were measured with a calibrated
baby scale (Serenity). Low birth weight is defined as the
weight of less than 2500 g.

Statistical analysis

Association was examined with chi-square (X2) for statistical
significance.

N = 7589
All pre gnan t women d eli vered  between

January 2017 and October 2018

N = 6933
Eligible Sa mple 

N = 6876
Sample For Analysis

Excluded
N = 459 p reeclamps ia
N = 54 p lacenta previa
N = 42  twin b irths
N = 4 fetal ano malies
N = 91 p reterm de liveries 
N = 6 po sterm de liveries

Excluded
N = 34  with  missing he mog lob in
values
N = 23  with  missing  birth weight  

Figure 1 Participant flow chart.
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Table 1 Demographic characteristics of respondents.

Characteristics n %

Age
<20 180 2.6
20---35 5574 81.1
>35 1122 16.3

Education
Elementary school 952 13.8
Junior high school 1365 19.9
Senior high school 2992 43.5
Diploma 12 0.2
Bachelor degree 1555 22.6

Gravidity
Primigravidity 2485 36.1
Multigravidity 3954 57.5
Grande multigravidity 437 6.4

Anemia
Anemia 3200 46.6
Normal 3676 53.4

Anemia status
Normal 3676 53.4
Mild anemia 2701 39.3
Moderate anemia 446 6.5
Severe anemia 53 0.8

Birth weight
Low birth weight 638 9.3
Normal birth weight 6238 90.7

Results

Table 1 shows that 81.1% of respondents aged 20---35 years
(5574 respondents). The majority of respondents are high
school graduates (43.5%/2992 respondents), multigravidity
(57.5%/3954 respondents), 53.4% (3676 respondents) of par-
ticipants were found with normal hemoglobin levels and
46.6% were anemic. 39.3% of 46.6% of anemic participants
have mild anemia. 90.7% (6238 babies) were born with nor-
mal birth weight, and 9.3% (638 babies) were born with low
birth weight.

Table 2 shows that respondents with severe anemia gave
birth to more babies with low birth weight than babies

with normal birth weight, which is 49 people (92.5%) ver-
sus 4 (7.5%). Respondents with mild anemia gave birth to
more babies with normal birth weight than babies with low
birth weight, which is 2493 respondents (92.3%) versus 208
(7.7%). Based on the statistical test, the value of p = 0.000
(p < 0.05) was obtained which means there is a relationship
between anemia status and low birth weight incidence in
which severe anemia is a major risk factor.

Discussion

The current study results agree with the findings from var-
ious studies that found the general occurrence of anemia
among pregnant women was assessed to be 72.5%, 61.2%,
43%, 36%, and 13% in India, Nigeria, Turkey, Bangladesh,
and New Zealand, respectively.11---14 During pregnancy, the
plasma volume expansion and lowered hematological indices
could be observed as a physiologic response. In a healthy
pregnancy, maternal concentrations of hemoglobin decrease
in the first 20 weeks remain constant up to week 30 gesta-
tional age and then increase slightly.15 Therefore, the mild
anemia that is observed in pregnant women can be due to
significant plasma expansion or can be a result of iron defi-
ciency. It must be considered clearly to decide on iron or
other vitamin administration to prevent anemia in pregnant
women.6

This study revealed, most types of anemia found were
mild anemia, with a percentage of 39.2% (2701 respondent).
It is most likely due to the expansion of physiological vol-
ume that occurs during pregnancy, which causes mild anemia
plus another factor such as iron deficiency. Maternal anemia
was related to the incidence of low birth weight, especially
severe anemia.

Iron is a crucial component in the metabolic processes
involved in tissue oxygenation. Lowered iron stores in
their newborn baby will increase the risk of subsequent
iron deficiency anemia. Prematurity and early weaning off
breastfeeding increase the risk further, because of reduced
iron stores.16 Anemia effect gradually increases due to grow-
ing fetus needs iron compensation from the mother directly.
Baby birth weight is compensated because placental per-
fusion becomes more favorable for maternal---fetal gas and
nutrient exchange with reduced blood viscosity.17

The most common cause of iron deficiency anemia in
infancy and childhood is iron deficiency anemia in the
mother during pregnancy. Anemia affects cognitive function,

Table 2 Association between anemia and the incidence of low birth weight.

Birth weight Total

Low Normal n % P-value

n % n %

Normal 265 7.2 3411 92.8 3676 100.0
Mild anemia 208 7.7 2493 92.3 2701 100.0
Moderate anemia 116 26 330 74 446 100.0 0.000*

Severe anemia 49 92.5 4 7.5 53 100.0
Total 638 9.3 6238 90.7 6876 100.0

* Chi square.
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growth, and physical development of babies, preschoolers,
and school age.18

Conclusion

Our study concluded that there was a significant association
between maternal hemoglobin and birth weight.
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