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A B S T R A C T

Background and objectives: Haemoglobin content is the well accepted indicator for anaemia assessment. The high
prevalence of anaemia, maternal health care issues and adverse delivery outcome in Jharkhand, we investigated
whether delivering women with anaemia would present a modifiable risk of preterm (PTB) and low birth weight
(LBW).
Methods: A facility-based cross-sectional study involving pregnant women, with screening for pregnancy end-
points and haemoglobin assay, were conducted. Anaemia was classified according to World Health
Organization's definition of anaemia in pregnancy. Confounding variables were adjusted in a logistic model. The
adjusted odds ratios (AORs) with 95% confidence intervals (CIs) were used for analyzing the association among
maternal anaemia, PTB and LBW.
Results: We observed a high prevalence of anaemia (78.45%) in delivering women, whereas high prevalence of
preterm birth (34.75%) and LBW (32.81%) in delivering women overall. In the adjusted analysis, overall
anaemia in pregnancy was strongly associated with preterm birth (OR, 3.42; 95% CI, 1.98–5.88; P≤ .0001) as
compared to LBW (OR, 1.12; 95% CI, 0.65–1.61; P= .0003). The risk of PTB and LBW were dependent on the
stratification of the anaemia group, as the strongest association was observed in severe (OR, 4.86) followed by
mild (OR, 3.66) and moderate (OR, 3.18) anaemia in PTB; whereas risk of LBW was found in severe (OR, 2.5)
followed by moderate (OR, 1.11) and mild (OR, 0.57) anaemia. The risk of PTB and LBW across six pregnancy
haemoglobin groups were compared, haemoglobin of 10–10.9 g/dl (OR, 1.25) and≤ 8 g/dl (OR, 1.03) have
shown association with PTB and LBW, respectively. However, high haemoglobin concentration was not asso-
ciated with either PTB or LBW.
Conclusions: Anaemia in delivering women was associated with an elevated risk of PTB and LBW and the risk
increased with the severity of anaemia in pregnant women.

1. Introduction

Anaemia is the most prominent hematological manifestation during
gestation and is a global health problem affecting nearly half of all
pregnant women, primarily with a low socioeconomic status

worldwide, including the state of Jharkhand, India [1,2]. Burden of
anaemia in pregnant women in developed countries like Australia,
United States, United Kingdom and Germany ranges from 9% to 51%
[3–5],. These measures contrast with those of developing countries like
Ghana, Sudan Nepal, Bangladesh, Pakistan and India, where the burden
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of anaemia ranges from 44% to 81% [2,6–10]. In India the burden
among states ranges from 40% to 72% [2,11]. The prevalence of
anaemia during pregnancy in Jharkhand is just over 71% [12]; which is
among the highest reported for Indian states. Our previously published
data indicates much higher prevalence i.e. 86% and 72%, respectively
in pregnant and delivering women [2,12] in the state. Anaemia during
gestation and in delivering women is a global problem for mothers and
babies resulting in deaths of approximately 115,000 mothers and
590,000 perinatal babies annually [13,14]. Anaemia in gestation and
delivery influence the risk of hemorrhage, labor complications, aber-
rant delivery [15] and also escalate the risk of infection to both mother
and developing embryo as result of perturbed immunity and disparity
in hormonal orchestration [16–19]. The gestational complications,
maternal mortality, low birth weight and adverse birth outcome are
among the prominent consequences of anaemia in pregnancy in most
developing countries, particularly in south-east Asia [20,21]. Despite
the advancing knowledge in obstetric technology, achievements in
maternal and child health (MCH) related issues, MCH and nutritional
awareness programs over the past decade [22–24]; anaemia remains
enigmatic for pregnancy and delivering women in low- and middle-
income countries including India [3,25]. An estimated 15 million ba-
bies are born preterm and 20 million LBW infants born every year and
its prevalence is global public health problem, particularly in devel-
oping countries, this number is still rising despite of extensive in-
tegrated efforts and improved maternal and child health care inter-
ventions across the globe [26,27]. Anaemia is long being considered as
an indicator of both poor nutrition and impaired health for women in
general and particularly more adversely affecting the reproducing
women and increases the risk of maternal and neonatal adverse out-
comes. The adversity and impact of maternal anaemia is vulnerability
to preterm birth and low birth weight babies in addition to various
other gestational complications, such as the risk of miscarriages, still-
births, intra-uterine growth retardation and risk of postpartum he-
morrhage [28]. These adversities are the consequences of altered
physiological equilibrium and accumulative gynaecological and ob-
stetric factors.

Maternal anaemia during pregnancy and delivery has been pre-
viously linked with risk of poor birth outcomes, such as preterm births,
low birth weight, lower haemoglobin concentration and maternal
mortality [29,30]. Conflicting observations were reported in regard to
cause of poor birth outcome and low birth weight due to maternal
anaemia. Some authors have found that anaemia in pregnancy and in
delivering women is associated with preterm birth [31], low birth
weight [32] and maternal mortality [33]; whereas others have docu-
mented increased risk of preterm and low birth weight [30]. Un-
fortunately, India is major contributor of maternal health issues and
neonatal complications despite the advancing knowledge in obstetric
technology, various existing public health and medical interventions
and decades of research into prematurity. In this country, the incidence
of preterm deliveries/birth (PTB) and low birth weight continues to
contribute significantly to the burden on maternal and child health
(MCH) care [30,34–36]. In view of magnitude, allied morbidity and
mortality, the problem of adverse birth outcomes including PTB needs
both attention and intervention if India is to improve its maternal and
child health record.

Maternal early and culminating pregnancy haemoglobin con-
centration has rarely been explored as a risk of poor birth outcomes.
This study examined whether delivering women with anaemia and/or
without anaemia would be at higher risk of preterm birth and low birth
weight (LBW), in view of startling status of anaemia 69% and 71% in
males and females respectively, higher than in almost all other states in
India [12,37]. The identification of risk factors is advantageous for
predicting preterm birth because it allows for the initiation of risk-
specific treatment for women at-risk. Identifying these risk factors may
provide insights into a better understanding of the mechanisms leading
to preterm birth.

The prevalence of maternal health-associated factors, such as sus-
ceptibility to infectious diseases, poor nutritional status, and hemato-
logical perturbation in women's reproductive age, magnitude of adverse
delivery, including preterm birth and lacking intent for both prior-
itization for pre-natal investigations and its incorporation in routine
data collection on maternal health status at regional level, prompted us
to investigate the actual prevalence of preterm delivery and low birth
weight babies vis-à-vis impact of maternal haemoglobin concentration
in resources poor settings in tertiary health care facility from endemic
population of semi-urban Hazaribag, district of Jharkhand.
Additionally, to the best of our information this acquisition of data on
preterm, low birth weight and investigation on maternal health care
will be the first systematic report of its kind from the region of high
priority and risk i.e. Jharkhand, a region not only relatively neglected
and under investigated but comprehensively overlooked. The very in-
itiative and investigative work, itself points the significance of this work
in view of supporting the concept of healthy mothers give births to
healthy babies, is an outmost aspect of reproductive and family health
care programme. Further, this work aims to address and provide an
evidence-based platform for decision and policy maker to conceptualize
and re-orient a much needed region specific strategies for assessment,
diagnosis, intervention, prevention and treatment. The present out-
comes promises to provide broad spectrum and multi-disciplinary in-
sights to address woman-centred public health issues at the community
level in developing and low-income countries; where poverty, resources
poor emergency obstetrical care, illiteracy and multiple pregnancies
take their toll on mother's health.

2. Methods

2.1. Ethics statement and subject consent

The Institutional Ethics Committee (IEC) of the Vinoba Bhave
University, Hazaribag, Jharkhand approved the project and consent
proposal (memo no. VBU/R/2481′A'/2015 dated 08-07-2015). The
project followed human ethical guidelines of the Medical Ethics
Committee, Ministry of Health, Government of India; for all aspects of
the project, including collection of human blood samples after ob-
taining written consent from the study participants under proposed
protocols activities. This study did not involve any minors. Thus, signed
and written approval was given by an adult subject herself. All study
participants were included only after informed consent.

2.2. Study population

A cross-sectional investigation was conducted in the antenatal care
units (ANC) and delivery units (DU), of Sadar hospital in the Hazaribag
district of Jharkhand, India. Pregnant women aged ≥18 years pre-
senting themselves at the ANC for routine care and at DU were screened
and enrolled. Recruitment and enrolment took place from September
2016 to December 2017.

2.3. Study enrolments

In DU, 870 pregnant/delivering women were referred and screened.
Of these 539 were willing to understand our study protocol, out of
which 515 consented and agreed to peripheral sampling, while 24 re-
fused to participate in the study. The 515 enrolled subjects were in-
terviewed by trained technical staff with data collection focused on
socio-demographic and anthropometric characteristics, upon pregnancy
screening report and obstetric complications during pregnancy, birth
outcome i.e. pre-term, post-term and term delivery and mode of de-
livery i.e. normal, caesarean delivery and still birth.
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2.4. Determination of gestation

To assess the gestational age, we adopted the simplest method i.e.
symphysis-pubis fundal height (SFH) measurement (also known as
palpation of uterine height measurement), the most widely used
method globally, especially in resource poor settings [38]. Assessments
were performed by nurses followed by a gynaecologist. However, ul-
trasounds were used for confirmation of age, in case of any ambiguity
or doubt in positioning of foetus and estimation of gestational ages.

2.5. Study definitions for birth outcomes and maternal variables

Birth at< 37weeks of gestation was defined as preterm birth and
prevalence of preterm across the cohort further subcategorized into
preterm (24–36weeks), early preterm (24–33weeks) and late preterm
(34–36weeks). Low birth weight (LBW) infants were those that
weighed<2500 g at birth. Maternal height and weight were taken at
the first visit to ANC and DU. Based on this information the body mass
index (BMI) were calculated as weight (kg) divided by the squared
height (meters); a low BMI was defined as a BMI < 22.0 kg/m2. We
classified women into 2 groups (anaemia (Hb < 12 g/dl) and no
anaemia (Hb≥ 12 g/dl)), 4 groups (mild-moderate-to-severe, mild
anaemia (Hb10–11.8 g/dl), moderate anaemia (Hb of 8–9.9 g/l), severe
anaemia (Hb of< 8 g/dl) and normal haemoglobin i.e. no anaemia
(Hb≥ 12 g/dl)) and 6 groups by intervals of 8 g/dl from severe
anaemia (Hb < 8 g/dl) to the highest Hb group (≥12 g/dl) by preg-
nancy Hb concentration. Hb categorization, particularly the stratifica-
tion of anaemia, was based on the WHO guidelines [39].

2.6. Haemoglobin concentration

Haemoglobin (Hb) levels were recorded at the first ANC and DU
visit. The concentration of haemoglobin was determined in peripheral

blood samples using a portable HemoCue haemoglobinometer
(HemoCue AB, Ängelholm, Sweden) following manufacturer's instruc-
tions. The concentration of Hb was recorded on the study questionnaire.
The concentration of Hb was also estimated following acid haematin
method [40] in laboratory, double-checked by the laboratory techni-
cian.

2.7. Data management and statistical analysis

All clinical, demographic and anthropometric information were
carefully checked for correctness and data with missing information/
parameters were removed before analysis. Data were entered in MS-
Excel and analyses were performed using SPSS v.16 (SPSS Inc., Chicago,
IL, USA) and GraphPad Prism version 5.0 (GraphPad Software, Inc., CA,
USA). Maternal age, body mass index and Hb concentration were ex-
pressed as mean ± SD. The number and rate (%), and the rate's exact
binomial 95% confidence interval (CI) were calculated for preterm
birth and LBW across the Hb groups. An independent samples t-test was
applied to compare the differences in means, and the χ2 test was per-
formed to examine differences in proportions. An unconditional logistic
regression model was made to calculate odds ratios (ORs) and 95% CIs.
The ORs were adjusted for mother's age at delivery, body mass index,
parity, and education level. Tests for linear trends across the Hb groups
were also conducted with the Hb group as an ordinal variable. The P-
value was calculated with two-sided tests and a statistical significance
level of 0.05 was applied.

3. Results

The maternal and gestational mean age of the population at delivery
was 23.2 ± 3.5 years and 33.3 ± 1.5 weeks, respectively. The mean
maternal and gestational age of the preterm group at delivery was
21.7 ± 2.3 years and 32.2 ± 1.2 weeks, respectively. Further,

Fig. 1. Clinically stratified gestational and maternal ages. (A) Gestational age group of all delivering women. (B) Gestational ages of stratified preterm birth group.
(C) Maternal age group of all delivery unit attendee at the time of delivery. (D) Maternal age group of all preterm subjects at the time of delivery.
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stratified maternal and gestational age groups of all the studied subjects
are given (Fig. 1). The mean body mass index and mean Hb con-
centration was 21.5 ± 3.2 kg/m2 and 10.6 ± 5.3 g/dl at the time of
health examinations undertaken before pregnancy. Detailed docu-
mented maternal characteristics of anaemic women as compared to
non-anaemic women at the DU are given (Table 1). We investigated the
prevalence and burden of preterm delivery in both overall delivering
women and in stratified birth groups. We found 35% preterm birth and
65% other category of birth outcome overall among delivering women
(Fig. 2A). In the stratified birth and in comparison of preterm versus
term birth group, we observed 35% and 33% preterm delivery, re-
spectively (Fig. 2B and 2C). Similarly, we observed 33% LBW in overall
delivery, but 29% in term delivery compared with 35% LBW in preterm
deliveries (Fig. 3A–C). The overall prevalence of anaemia was 78.4% in
delivering women; whereas 72% women delivering at term were

anaemic, compared with 90% in preterm delivery (Fig. 4A–C). Further,
we have evaluated the classified anaemia i.e. mild, moderate and severe
anaemia and observed the prevalence of stratified anaemia in all the
three groups of delivering women (Fig. 5A–C). We found 10% severe
anaemia in preterm delivery as compared to 7% and 8% in term and
overall delivery groups, respectively. Additionally, it remarkable that,
overall, there was a very high prevalence of anaemia (90%) in women
delivering preterm (35%) with low birth weight babies (35%) in the
present investigation. Precisely, all preterm births were found with low
birth babies among overall delivery in the present investigation.

Interestingly, we have observed higher mean haemoglobin con-
centration in term delivery as compared to preterm delivery in case of
sever and moderate anaemia; whereas significantly lower haemoglobin
concentration were observed in overall delivering women as compared
to term delivery (Fig. 6).

The preterm birth and LBW proportion was highest in women with
moderate-to-severe anaemia when the subjects were classified into 4
groups. The risk of preterm birth and LBW progressively increased with
the severity of pregnancy anaemia among 6 groups of maternal Hb
(Table 2).

In logistic regression analysis, anaemic women had a strongly as-
sociated (OR, 3.4) and statistically significant (P= .0001) risk of PTB
than non-anaemic women; whereas anaemic women had relatively
weakly associated (OR, 1.1) and statistically significant (P= .0003) risk
of LBW. Although, association with risk of preterm birth progressively
increased with the severity of maternal anaemia during pregnancy and/
or in delivering women; with a highest risk of preterm birth (OR, 4.8)
was observed in severely anaemic group of women. Contrary to the risk
of PTB, the association with risk of low birth weight (OR, 2.5) was
observed mainly in the severely anaemic group of women (Table 3).
The investigated population had very strong, progressive and inclined
risk of preterm birth irrespective of the status of anaemia stratification
and lower haemoglobin content (Table 3 and Fig. 6).

4. Discussion

Anaemia is the most prominent hematological manifestation of
pregnancy, delivery and heralded cause of gestational complications
and adverse birth outcomes. In the present investigation, we observed
stunningly high, that is, over 78% anaemia in pregnant and delivering
women. Our observation of very high prevalence of anaemia in re-
producing women population from Jharkhand is closely in accordance
with the findings for the state of Tripura and Assam and other north-
eastern states in India [41] and a comparatively higher prevalence of
anaemia as compared with other states [11,42–46]. Our finding of high
prevalence of anaemia among reproducing women is also in line with

Table 1
Maternal Characteristics by anaemia in delivering women at delivery unit,
Sadar hospital, Hazaribag, Jharkhand.

Characteristics Levels Anaemia No anaemia P-valuesb

N, (%) N, (%)

Maternal age (Years)
˂20 43(10.7) 17(15.3) 0.009
20–24 207(51.2) 57(51.3)
25–29 102(25.2) 14(12.6)
≥30 52(12.8) 23(20.7)

Parity
Primigravid 303(75) 72(64.8) 0.006
Secundigravid 86(21.3) 27(24.3)
Multigravida 15(3.7) 12(10.8)

Gestational age at delivery (weeks)
˂28 8(1.9) 5(4.5) 0.004
28–32 47(11.6) 13(11.7)
33–35 136(33.6) 19(17.1)
≥36 213(52.7) 74(66.6)

Body mass index (Kg/m2)
<21 14(3.4) 7(6.3) 0.02
21–24.9 56(13.8) 13(11.7)
25–29.9 190(47.1) 37(33.3)
30–34-9 104(25.7) 43(38.7)
≥35 40(9.9) 11(9.9)

Educational status
No formal schooling 137(33.9) 53(47.7) 0.004
Schooling at any level 213(52.7) 39(35.1)
Graduation and above 54(13.3) 19(17.1)

a
Defined as 3 or more pregnancies.

b chi2-test.

Fig. 2. Burden of Premature birth and other birth outcome. (A) Prevalence of preterm birth (PTB) in delivering women. (B) Stratified birth outcomes in delivering
women. (C) Comparison of PTB and other adverse birth outcome (OABO) with term delivery in investigated population of Hazaribag, district of Jharkhand.
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observations from developing and African countries [47–52]. Upon
conception and with the progression of gestation, the reproductive
physiology of women is marked by the higher demand of haemoglobin
[53] due to increased requirement of iron for the growing foetus and
placenta. The increased demand of fresh haemoglobin, the inability of
women to produce it endogenously due to poor iron supplementation in
their diet and depleted reserve iron due to previous recurrent menstrual
loss potentially causes maternal anaemia during pregnancy in a high
proportion of women from developing countries. Persistent depletion
and causative conditions of anaemia, significantly contributes to the

gestational complications and adverse birth outcomes. Physiologically,
anaemia is marked by the condition of deficiency of haemoglobin
content in healthy red blood cells [54,55]; attributed either to one
unlikely cause of enigmatic deficiency of haemoglobin or mostly caused
by a complex array of factors ranging from endogenous biological or-
chestrating components including ion-elemental regulations [56] to
various exogenous supplementary, dietary and socio-economic factors
[57]. Based on direct evidence from our previous observation of high
prevalence of anaemia in reproducing women [2] and present ob-
servation also endorsing the distinctively high prevalence (over 78%); it

Fig. 3. Prevalence of low birth weight (LBW) as compared to no-LBW baby. (A) Low birth weight baby (LBW) in delivering women. (B) LBW baby in term delivering
women. (C) LBW baby in preterm delivering women in investigated population of Hazaribag, district of Jharkhand.

Fig. 4. Prevalence of maternal Anaemia as compared to non-anemic (A) Maternal Anaemia in delivering women. (B) Maternal Anaemia in term delivering women.
(C) Maternal Anaemia in preterm delivering women in investigated population of Hazaribag, district of Jharkhand.

Fig. 5. Prevalence of classified Anaemia according to WHO guidelines (A) Stratified Anaemia in delivering women. (B) Stratified Anaemia in term delivering women.
(C) Stratified Anaemia in preterm delivering women in investigated population of Hazaribag, district of Jharkhand.
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will be pertinent to peruse and discuss the various plausible reasons
with coordinated underlying factors for such unfortunate but sizable
burden.

Interpretation of observed high incidence of anaemia in this region
should be viewed and correlated; also in the ambit of dominant and
indigenous non-biological perspectives, before considering biological
plausibility as integrated factors for continued and persistent burden.
Those predominant non-biological factors like, geographical landscape
i.e. region under investigation, native inhabitants with sizable under
nourished and mainstream aloof tribe population, educational back-
ground, social taboos and critically limited availability and accessibility
of resources poor public health facilities in general are consolidated and
indispensable contributory elements to the magnitude of anaemia. This
accumulative component of high prevalence of anaemia also

differentiates as well as signifies our study from both across the globe
and within Indian states [2,12,37,58,59].

Further, in case of Jharkhand, women health issues, health care and
prevention strategies tend to magnify. Associated morbidity also am-
plifies due to difficult geographical location of the state and the ad-
ministrative landscape hinders effective intervention and implementa-
tion of medical support. Dietary deficiency, hematological dysfunction
and iron regulation are conventionally acknowledged and plausible
biological causative cascade for genesis of anaemia [20,60,61]. Ad-
ditionally, various parasitic and other infections (TORCH (Toxoplasma,
Rubella, Cytomegalovirus and Herpes) pathogens) including opportu-
nistic urinary tract infections (UTI) during gestation are also potential
contributing factors of maternal anaemia [62–67]. The conception,
pregnancy and delivery are marked by the finely tuned and regulated

Fig. 6. Concentration of Haemoglobin in mild, moderate and severe Anaemia in (A) Overall delivering women. (B) Term delivering women. (C) Preterm delivering
women (D) Comparison between preterm and term delivery in case of sever and moderate Anaemia in investigated population of Hazaribag, district of Jharkhand.

Table 2
Birth outcomes by maternal pregnancy anaemia and haemoglobin groups.

Pregnancy Haemoglobin Groups(g/dl) Number of women Preterm birth Low birth weight

N % 95% CI P N % 95% CI P

2 Groups
Anaemic 404 161 39.8 1.9–5.8 0.0006 133 32.9 0.6–1.6 0.9
Non-Anaemic 111 18 16.2 0.1–0.5 36 32.4 0.6–1.5

4 Groups
Mild 106 44 41.5 1.8–6.4 0.006 23 21.6 0.3–1.1 0.03
Moderate 265 101 38.1 1.7–5.1 92 34.7 0.6–1.7
Severe 33 16 48.4 2.1–11.3 18 54.5 1.1–5.5
Non-Anaemic 111 18 16.2 0.1–0.5 36 32.4 0.6–1.5

6 Groups
< 8 49 16 32.6 1.1–5.4 0.9 18 36.7 0.6–2.4 0.8
8–8.9 132 44 33.3 1.3–4.8 43 32.5 0.6–1.7
9–9.9 164 57 34.7 1.5–5.1 57 34.7 0.7–1.8
10–10.9 112 44 39.2 1.7–6.2 32 28.5 0.4–1.5
11–11.9 50 17 34 1.2–5.7 18 36 0.2–2.3
≥12 8 1 12.5 0.1–6.3 1 12.5 0.1–2.5
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immunological phenomena of indigenous inflammation. The very
proinflammatory micro environment have shown causative association
in both, inflammation-induced anaemia [21,43] through a mechanism,
which down regulates the iron adsorption and erythropoiesis [68] and
in infection-induced inflammation mediated anaemia during pregnancy
and delivery. During an early pregnancy, a physiologically indis-
pensible and activated mechanism works in such a coordinated fashion
that up regulates the blood and plasma volumes [69,70]. The very
precisely orchestrated phenomena of increased blood volume observed
by Dieckmann and others that the total amount of circulatory hae-
moglobin at term pregnancy was increased about 13% and total ery-
throcyte volume increased by 20% [71] leading to relative decrease in
haemoglobin concentration and absolute increase in amount during
pregnancy. This uneven increase in plasma to total blood volume
during pregnancy makes the interpretation of haemoglobin estimation
more complex and thus warrants the need of repetitive and time de-
pendent measurement during various stages of pregnancy for precise
assessment and management of anaemia in gestation and delivering
women.

However, in the present investigation, we have neither experimen-
tally elucidated the causative mechanism for anaemia nor was the basic
objective to understand the reason of high prevalence in pregnancy
and/or delivery from this region. Rather, our objective was to in-
vestigate the actual burden of anaemia in pregnant and delivering
women, various birth outcome including preterm and low birth weight,
and its associated risk of preterm and low birth weight babies with
maternal anaemia. We observed overall 34.5% and 32.8%, preterm and
low birth weight babies, respectively. In the case of anaemia in deli-
vering women, we found 39.8% and 32.9% preterm and low birth
weight babies, respectively (Table 2). Further, upon stratification of
anaemia; highest, 48.4% followed by 41.5% and 38.1% of preterm birth
was observed in severe, mild and moderate anaemia, respectively;
whereas, highest 54.5% followed by 34.7% and 21.6% of low birth
weight were observed in sever, moderate and mild anaemia, respec-
tively. It is quite interesting to note that highest prevalence of both
preterm and low birth weight was observed in severe anaemia in the
investigated region and population; overall and stratified prevalence is
once again alarmingly high as compared to other states across the India
as well higher than the national average [44–46,72] anaemia and
subsequent impact on birth outcome may be attributed to the low socio-
economic factor in general, and particularly the literacy and education
contributes significantly to the burden, as also observed in our present
investigation (Table 1). We observed that anaemic women are less
educated and/or having any level of formal education than non-

anaemic women in this study, and maternal educational level was ad-
justed for regression analysis. We speculate that women with secondary
and/or higher education are more aware about personal care and hy-
giene by virtue of education as compared to their counterparts; and
have lesser risk of being anaemic [73,74]. This also highlights the ne-
cessity of multisectorial integrated efforts to combat the anaemia and
other maternal health problems, as education and empowerment of
women and children are beyond the purview of the health sector. The
magnitude of anaemia is variably pandemic in nature but precisely
afflicting the underprivileged community in developing countries in-
cluding India and its aetiology is interwoven and multifactorial. Ae-
tiological factors include nutritional deficiencies and parasitic infection
with a huge burden on women of child bearing age and children in
general and particularly during pregnancy [49,75]. However, pre-
valence and severity of accumulated factors to anaemia in pregnancy
varies by geographical location, socio-economic status, dietary prac-
tices, awareness and wellness index including the incidence of in-
fectious diseases [76]. Varied concentrations of haemoglobin and
stratified anaemia during pregnancy have implication in the genesis of
preterm and low birth weight babies [77,78] and we have also observed
the significant impact of low haemoglobin concentration on preterm
and LBW in the present investigation (Table 2). Possibly geographical
diversity, low socio-economic status of the population at large, due to a
sizable rural and semi-urban society, limited and poor health resources
and services utilization, overall health and nutritional status of mothers
during pregnancy could be the reasons for vulnerability and exposure to
gestational complications leading to preterm and low birth weight in
this region.

Our observation of significantly high prevalence of anaemia in
general and its association with preterm birth and low birth weight
babies suggests quite high-risk factors for adverse birth outcome in
general and particularly for PTB and LBW in all delivering women. This
indicated the alarming situation for community reproductive health-
care management across the investigated region, where poverty, illit-
eracy, geographical diversity, socio-economic disparities and multiple
pregnancies take their toll on mother's health. Our findings regarding
preterm and LBW associated with anaemia are critically alarming and
emerge out as the most threatening health scenario in this region de-
spite the high priority of maternal and child health programs. The
reasons can be attributed to several factors, ranging from young ma-
ternal age [79], parity [80], severity and duration of anaemia [60],
stages of gestation [81,82], term specific haemoglobin concentration
[83–85], substantial inter and intra regional differences in basic health
amenities [20,86,87] and poor nutritional intake [88,89] including
hidden elemental deficiencies [90,91] leading to critical BMI [92–94];
which are the direct and contributory causative factors in several ad-
verse effects including low birth weight and preterm delivery.

Our result of anaemia in early pregnancy support the observation
made by Zhang et al. [95] in their finding that diagnosis of anaemia in
early stage of pregnancy is likely to be a stronger associating factor for
adverse birth outcome than anaemia diagnosed later in gestation.
Specifically, anaemia found in first trimester was associated with
modest increased risk of all preterm births. Additionally, our observa-
tion of the high prevalence of moderate and mild anaemia (41.5% and
38.1% respectively) and its association with preterm and low birth
weight are in accordance with the observation of Zhang et al. [95].
Further, spontaneous and medically predicted preterm in non-anaemic
delivering women was not associated with anaemia as also described by
Zhang et al. [95]. These findings emphasise that the strong assortment
in the risk profile for preterm birth depends on heterogeneity of clinical
subtypes, as well as by exposure window, i.e. trimester in pregnancy
when anaemia was diagnosed [96]. Interestingly, anaemia before
pregnancy is also strongly associated with risk of adverse birth outcome
including preterm births and LBW [60,97]. These findings are dis-
tinctive, affirmative and conclusive in terms of providing staggering
estimate, associated risk factor for reproductive health and on adverse

Table 3
Adjusted odds ratios for birth outcome and low birth weight by maternal
pregnancy anaemia and haemoglobin groups.

Pregnancy
Haemoglobin Groups
(g/dl)

Preterm birth Low birth weight

OR 95% CI P OR 95% CI P

2 Groups
Anaemic 3.42 1.98–5.88 0.0001 1.12 0.65–1.61 0.0003
Non-Anaemic Reference Reference

4 Groups
Mild 3.66 1.94–6.92 0.0001 0.57 0.31–1.06 0.0003
Moderate 3.18 1.81–5.58 0.0001 1.11 0.69–1.77 0.0003
Severe 4.86 2.08–11.36 0.0001 2.5 1.13–5.52 0.0003
Non-Anaemic Reference Reference

6 Groups
< 8 0.94 0.41–2.17 0.02 1.03 0.45–2.34 0.05
8–8.9 0.97 0.48–1.93 0.02 0.85 0.43–1.69 0.05
9–9.9 1.03 0.53–2.01 0.02 0.94 0.48–1.83 0.05
10–10.9 1.25 0.62–2.52 0.02 0.71 0.35–1.44 0.05
11–11.9 Reference Reference
≥12 0.27 0.03–2.44 0.02 0.25 0.02–2.23 0.05
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delivery outcome. However, the present investigation have some lim-
itations, that we could not access the impact of infection vis-à-vis ad-
verse birth outcome, impact evaluation of nutritional components vis-à-
vis information on iron supplementation during gestation and post-
delivery comparative evaluation of anaemia components for region
specific better understanding of the burden on pregnancy and effects on
birth outcomes.

Our investigations and findings on the prevalence and association of
maternal anaemia in preterm and LBW babies, poses challenges to
current implementation and impact of various Family Welfare and MCH
care programme and raised the necessity for critical assessment of ex-
isting programme, policies, and ongoing intervention strategies; as well
as to reorient the region specific policies and intensify the prenatal-
cum-maternal health care management, if deplorable reproductive
health and its associated indicators in Jharkhand, has to be improved.
Further, our observation also suggests that community awareness,
strengthening of rural and remote health facility for marginalized po-
pulation and integrated immediate and long term maternal health
management; need to be prioritized for the improvement of overall
maternal health indicators and particularly, reduction in the magnitude
of maternal anaemia from investigated region.

5. Conclusion

Our results suggest that maternal anaemia in pregnant and deli-
vering women has an unacceptably high prevalence and severe anaemia
was high. Overall anaemia and its severity significantly influences
preterm and low birth deliveries and all the stratified anaemia is
strongly associated with preterm birth, whereas severity of anaemia is
strongly associated with low birth weight in the investigated popula-
tion. In view of conclusive observation, evaluation of haemoglobin in
all the trimesters of pregnancy and, particularly in early pregnancy is
fairly independent and promising predictor of anaemia and any form of
anaemia in pregnancy is potential risk factor for preterm and LBW. Both
this anaemia mediated prevalence of, PTB and LBW in delivering
women from investigated region of Jharkhand are alarmingly much
higher than the previous and recent national average; is indicative of
serious health issue afflicting women and children across Jharkhand
and emphasizes the need of early, active diagnosis and integrated in-
vestigation in order to curb the menace of public and community health
importance.
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