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ABSTRACT

Introduction: Iron deficiency anaemia is a major global health problem in developing & under develop countries and leads to serious maternal &
foetal complications during pregnancy. So many countries have implemented government interventions, including iron & folic acid
supplementation and close antenatal monitoring, to reduce the burden of anaemia and its complications. As our country is a developing country &
iron deficiency anaemia is prevalent in developing countries, it is necessary to rule out the association of parity, maternal age, and socioeconomic
condition of the pregnant women with the incidence of iron deficiency anaemia & also to find out an easily available diagnostic tool to rule out iron
deficiency anaemia. Aim: To identify maternal factors such as maternal age and parity. Socioeconomic status to enable stratification of the high-
risk group. Itis also necessary to find an easily available diagnostic tool for diagnosing iron deficiency anaemia. Materials & Methods: Our study
is a hospital-based case-control study performed in the dept of Pathology in association with the Dept. of Gynaecology & Obs from March 2023 to
Feb 2025. A total of 200 pregnant mothers within 20 weeks of gestation were selected with written consent. The study population comprised
pregnant mothers with <11 g/dL, selected as cases & 100 with>11 g/dL, selected as controls. To rule out iron deficiency anaemia, serum ferritin has
been chosen as the gold standard. CBC with serum iron & ferritin has been done in every case. Sample size has been calculated from the prevalence
using Cochran's formula. Increasing parity was the strongest independent predictor of IDA; compared with primigravidae, women with parity 2
had significantly higher odds of IDA (Adjusted OR=4.11; 95% CI: 1.94-8.71; p<0.001), those with parity >4 showing markedly increased odds
(Adjusted OR=55.22; 95% CI: 7.47-408.33; p<0.001). Results reveal significantly higher RDW-CV and lower MCV, MCH, and MCHC in cases
compared to controls (p<0.001 for all). ROC analysis shows an RDW-CV cut-off of >14.5% demonstrated 81% sensitivity and 86% specificity.
Conclusion: Increasing parity, particularly grand multipara, is highly associated with high rates of iron deficiency anaemia. RDW-CV can be a
reliable tool for diagnosing iron deficiency anaemia alongside CBC, rather than serum ferritin.
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INTRODUCTION

Iron deficiency anemia (IDA) is one of the most common nutritional
deficiencies worldwide and one of the major public health problems
among pregnant women living in low- and middle-income countries'.
During pregnancy, due to physiological expansion of plasma volume
and increased maternal iron demand often result in iron deficiency,
which can lead women to develop iron deficiency anemia if iron stores
are inadequate™. The World Health Organisation (WHO) defines
anemia in pregnancy as a hemoglobin concentration of lower than 11
g/dL. It estimates that approximately one-third of pregnant women
worldwide are anemic with iron deficiency anemia accounting for
nearly 50% of all cases among them™’. India continues to bear one of
the highest burdens of maternal anemia despite ongoing national iron
and folic acid supplementation programs through the government
primary healthcare delivery system’.

Iron deficiency anaemia during pregnancy results in increased
maternal morbidity, fatigue, reduced physical work capacity, impaired
immunity, postpartum haemorrhage and increased risk of maternal
mortality’’. Foetal complications include intrauterine growth
retardation, preterm delivery, low birth weight, impaired neurological
development and increased neonatal morbidity, which are
complications of maternal anaemia. These adverse outcomes highlight
the importance of identifying iron deficiency anaemia during early
pregnancy, before severe anaemia or its complications develops’.So it
is also important to rule out associated maternal factors for iron-
deficiency anaemia.

Serum ferritin is the most reliable laboratory marker of body iron
stores and is widely accepted as the reference standard for diagnosing
iron deficiency in the absence of chronic inflammation". But serum
ferritin estimation is relatively expensive, requires specialised
laboratory facilities, and is not routinely available in many peripheral
or even district healthcare settings in India, whether in government or
private setups. So, there is increasing demand to identify simple,
inexpensive haematological parameters that may help recognise
women at higher risk of iron deficiency using routinely performed
complete blood counts, as well as the associated maternal factors for
stratifying high-risk mothers.

Modern automated hematology analysers provide several red cell

indices, including mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC) and red cell distribution width (RDW). Iron
deficiency results in progressive microcytosis and anisocytosis,
leading to characteristic alterations in these indices. Although RDW
CV is getting considerable attention as an early indicator of iron
deficiency, changes in conventional red cell indices also reflect the
severity and progression of iron depletion and may provide useful
diagnostic information for early IDA when being interpreted
together".

Maternal characteristics, particularly age and parity, are recognised
determinants of iron status during pregnancy'"”. Repeated
pregnancies without adequate restoration of maternal iron stores,
closely spaced births, and increasing maternal age may predispose to
iron deficiency anaemia". Multiparous women often experience
cumulative depletion of iron stores due to repeated transfer of iron
from maternal to foetal circulation, and advanced maternal age may
further increase vulnerability to iron deficiencyl5. However,
published studies have shown inconsistent results regarding the
independent contribution of maternal age and parity to iron-deficiency
anemia, especially during early pregnancy.'"

Evaluation of maternal demographic factors, together with routinely
available hematological indices, may improve the identification of
women at increased risk of iron deficiency before biochemical
confirmation becomes available. Such an approach may be particularly
useful in resource-limited settings where serum ferritin estimation is
not accessible. Early recognition of high-risk women enables prompt
intervention with iron supplementation, thereby preventing adverse
maternal and fetal outcomes due to iron deficiency anaemia.

Our hospital-based case-control study has therefore been conducted at
Calcutta National Medical College, Kolkata, in the Department of
Pathology, in association with the Department of Gynaecology &
Obstetric from July 2023 to March 2025, to evaluate the association
between maternal age, parity, socio economic status and routine red
cell indices with iron deficiency anaemia during the early stages of
pregnancy. The findings will help clinicians use readily available
complete blood count parameters, along with maternal characteristics,
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to improve risk assessment & stratification of high risk group in routine
antenatal practice.

MATERIALSAND METHODS

Study Design: A hospital-based analytical case-control study was
conducted in the Departments of Pathology and Obstetrics &
Gynaecology, Calcutta National Medical College and Hospital,
Kolkata, West Bengal, India, over a period of one year, following
approval from the Institutional Ethics Committee.

Study Population: Pregnant women who attended the antenatal
check-up in the outpatient department of gynecology at our college
during the first 20 weeks of gestation were recruited after obtaining
written informed consent.

Sample Size:- A total of 200 participants hase been included in the
study. 100 pregnant women diagnosed with anemia have been selected
as cases, and 100 age-matched pregnant women without anemia as
controls. The sample size was calculated using Cochran's formula
based on the prevalence rate.

Inclusion Criteria:- For cases, pregnant women aged 18-45 years,
gestational age <20 weeks, haemoglobin <11 g/dL. Serum ferritin<15
ng /ml and willing to participate in the study. Controls were selected as
pregnant women aged 18-45 years with gestational age <20 weeks and
haemoglobin >11 g/dL. serum ferritin>15ng/dl, & apparently healthy
and willing to participate.

Exclusion Criteria:- Pregnant women with haemoglobinopathies,
megaloblastic anaemia. Anaemia of chronic disease. Chronic kidney
disease. Chronic liver disease. acute or chronic infection, history of
recent blood transfusion, current iron therapy before enrolment. These
criteria are being adopted to minimise confounding factors that affect
haematological parameters.

Data Collection:- A detailed clinical history has been recorded using a
structured proforma & the variables selected are maternal age, gravida,
parity, gestational age, socio-economic condition & obstetric history.

Blood Sample Collection:- Approximately 5 mL of venous blood has
been collected under aseptic precautions; 2 mL has been collected in an
EDTA vial for complete blood count, and 3 mL has been collected in a
plain vial for biochemical investigations serum iron & ferritin)

Laboratory Investigations:- Complete blood count has been
performed using an automated five-part haematology auto analyser.
Parameters have been analyzed are Hb%, total RBC count, mean
Corpuscular Volume (MCV), mean Corpuscular Haemoglobin (MCH)
mean Corpuscular Hemoglobin Concentration (MCHC), Red Cell
Distribution Width-Coefficient of Variation (RDW-CV) Serum ferritin
estimation has been performed by using Chemiluminescent
Immunoassay (CLIA)method and Serum iron estimation was carried
out by the standard colorimetric method in the Department of
Biochemistry.

Outcome Measures: The primary outcome is the association between
maternal age, parity, and red cell indices and iron deficiency anaemia.
Secondary outcomes included comparison of haematological
parameters between cases and controls, Correlation of RDW-CV with
serum ferritin, and identification of independent predictors of iron
deficiency anaemia.

Statistical Analysis:- Data have been entered into Microsoft Excel
and analysed using IBM SPSS Statistics version 26.0 (IBM Corp.,
Armonk, NY, USA). Continuous variables are expressed as mean +
standard deviation (SD).

Categorical variables were expressed as frequency and percentage.
Student's independent t-test has been used to compare continuous
variables. The chi-square test or Fisher's exact test was used for
categorical variables. Pearson's correlation coefficient has been
calculated to assess the relationship between RDW-CV and serum
ferritin. Binary logistic regression was performed to identify
independent predictors of iron-deficiency anemia. A p-value <0.05 has
been considered statistically significant.

RESULT & INTERPETION: -
Table 1. Baseline Characteristics of Study Participants [n=200]
(Cases with anaemia in pregnancy vs. non-anaemic Controls)

Continuous variables, mean + SD

Age (years) 22.87+ 21.20+ 22.04 + 0.010
5.98 2.20 4.51

Haemoglobin (g/dl) (8.14 +1.74 |12.49 + 1031+ <0.001

0.60 2.55

RDW-CV (%) 15.86 + 1335+ 14.61 £ <0.001
2.68 0.92 2.44

MCV (fl) 70.25 + 92.03 + 81.14 + <0.001
6.49 3.34 12.16

MCH (pg) 2542 + 28.17 + 26.79 + <0.001
3.98 1.32 3.30

MCHC (g/dl) 2771+ 3375+ 30.73 + <0.001
443 1.45 451

Socio-economic status, n (%)

High 2(2.0%) |2(2.0%) |4(2.0%) |0.046

Middle 27 (27.0%) |13 (13.0%) |40 (20.0%)

Low 71 (71.0%) |85 (85.0%)|156

(78.0%)
Parity, n (%)
Primigravida (Para 1)|44 (44.0%) |69 (69.0%)|113 <0.001
(56.5%)

Para 2 30 (30.0%) |22 (22.0%) |52 (26.0%)

Para 3 3(3.0%) |7(7.0%) |10 (5.0%)

Para >4 23 (23.0%) |2 (2.0%) |25 (12.5%)

SD, standard deviation; RDW-CV, red cell distribution
width—coefficient of variation;, MCV, mean corpuscular volume;
MCH, mean corpuscular haemoglobin;, MCHC, mean corpuscular
haemoglobin concentration.

p-values: independent-samples t-test (Welch) for continuous
variables; chi-square test for categorical variables. p < 0.05
considered statistically significant.

Interpretation of Table 1

The table shows the baseline characteristics of cases & controls. It has
been found that IDA is more prevalent in older women p=0.010) than
in the same age group of controls. MCHC and MCV show lower
values, and RDW-CV shows higher values in cases compared with the
control group. Age. Parity, RDW-CV, MCV, MCH, MCHC, showing
significant association (p=0.0010). Socioeconomic status also shows a
significant association (p =0.046).

Table 2. Association between Maternal Age and Iron Deficiency

Anaemia (IDA)

(All study participants, N = 200)

<19 56 31 (55.4%) |25 (44.6%) |55.4%
20-24 108 31(28.7%) |77 (71.3%) [28.7%
25-29 21 15(71.4%) 16(28.6%) |71.4%
30-34 3 1(333%) [2(66.7%) 133.3%
>35 12 12 (100.0%) |0 (0.0%) 100.0%
Total 200 90 (45.0%) |110 (55.0%) |45.0%

IDA defined as anaemia (haemoglobin < 11 g/dl) with serum ferritin
<150 ng/dl among the Case group; participants in the Control group
(non-anaemic) were classified as IDA-absent.

Chi-square test for association: x> = 34.77, df = 4, p < 0.001. Mean
maternal age was higher among IDA-positive women (23.21 + 6.09
years) than IDA-negative women (21.07 £ 2.40 years), independent-
samples t-test (Welch), p = 0.002.

Interpretation

From the table above, maternal age is statistically significantly
associated with iron deficiency anaemia among the study participants
(x*=34.77, df=4, p<0.001). The prevalence of IDA is highest among
women aged >35 years (100%), followed by the age group of 25-29
years (71.4%) and <19 years (55.4%). In contrast, the 2024 age group
has the lowest prevalence of IDA (28.7%), while 33.3% of women in
the 30-34 age group are affected.

The mean maternal age is significantly higher among the age group of
women with IDA (23.21+6.09 years) compared to those without IDA
(21.07+2.40 years), as demonstrated by the Welch independent-
samples t-test (p=0.002). These findings indicate that maternal age is
significantly associated with the incidence of iron deficiency anaemia
in early pregnant women, with both advanced maternal age and
teenage pregnancy clearly showing a higher incidence of IDA
compared with women aged 2024 years.

Characteristic Cases Controls | Total p-value
(n=100) |(n=100) |(N=200)
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Table 3. Association Between Parity and Iron Deficiency Anaemia
(IDA)
(All study participants, N = 200)

Primigravida (Para 1) 113 ]34 (30.1%)] 79 (69.9%) 130.1%
Para 2 52 30 (57.7%)| 22 (42.3%) |57.7%
Para 3 10 [3(30.0%) |7(70.0%) |30.0%
Para >4 25 23 (92.0%)|2 (8.0%)  |92.0%
Total 200 |90 (45.0%)| 110 (55.0%) |45.0%

IDA defined as anaemia (haemoglobin < 11 g/dl) with serum ferritin
<150 ng/dl among the Case group; participants in the Control group
(non-anaemic) were classified as IDA-absent.

Chi-square test for association: y?> = 36.76, df = 3, p < 0.001,
indicating a statistically significant association between parity and
IDA. The proportion with IDA was lowest among Para 1 and Para 3
women (~30%) and highest among grand multiparas (Para >4,
92.0%).

Interpretation

The present study has shown a statistically significant association
between the pregnant mother's parity and iron deficiency anaemia
(IDA) (*=36.76, df=3, p<0.001). The prevalence of IDA increased
markedly with increasing parity of the pregnant mother. Grand
multiparous women (Para >4) have shown the highest prevalence of
IDA (92.0%), followed by Para 2 women (57.7%), whereas
primigravidae (30.1%) and Para 3 women (30.0%) have shown
comparatively lower proportions.

The significantly higher prevalence of IDA among pregnant women
with higher parity may be attributed to the repeated pregnancies
resulting in progressive depletion of maternal iron stores, which may
cause inadequate inter-pregnancy recovery, which again results in
increased nutritional demands.

Table 4. Association between Socio-economic Status and Iron
Deficiency Anaemia (IDA)
(All study participants, N = 200)

High 4 0(0.0%) |4 (100.0%) ]0.0%
Middle 40 19 (47.5%) |21 (52.5%) |47.5%
Low 156 71 (45.5%) |85 (54.5%) |45.5%
Total 200 90 (45.0%) |110 (55.0%) |45.0%

IDA was defined as anaemia (haemoglobin < 11 g/dl) with serum
Sferritin < 150 ng/dl among the Case group; participants in the Control
group (non-anaemic) were classified as IDA-absent.

Interpretation

In the table above, no statistically significant association was observed
between the socio-economic status of pregnant mothers and iron
deficiency anaemia (IDA) among the study participants (}>=3.39,
p=0.184). Although participants belonging to the middle and low
socio-economic groups showed comparable proportions of IDA
(47.5% and 45.5%, respectively), no cases of IDA were observed in the
high socio-economic group. However, the high socio-economic
category comprised only four participants, resulting in small expected
cell counts and limiting the reliability of the statistical comparison.
Opverall, these findings suggest that socio-economic status alone was
not a significant determinant of IDA in the present study. Other factors
such as dietary iron intake, parity, maternal age, and antenatal
nutritional status may have had a greater influence on the incidence of
iron deficiency anaemia.

Table 5. Comparison of Red Cell Indices between Cases and
Controls
(Cases with anaemia in pregnancy vs. non-anaemic Controls, N =200)

RDW-CV (%) [15.86+£2.68 |13.35+£0.92 |+2.51 |<0.001
MCV (fl) 70.25+£6.49 [92.03+3.34 |-21.78 |<0.001
MCH (pg) 2542+3.98 [28.17+1.32 |-2.75 |<0.001
MCHC (g/dl)  |27.71+4.43 |33.75+1.45 |-6.04 |<0.001

SD, standard deviation; RDW-CV, red cell distribution
width—coefficient of variation; MCYV, mean corpuscular volume;
MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular
haemoglobin concentration. Mean difference = Cases — Controls.
p-values from independent-samples t-test (Welch); p < 0.05 considered
statistically significant. All four red cell indices differed significantly
between Cases and Controls: Cases showed higher RDW-CV (more
variable red cell size) alongside lower MCV, MCH, and MCHC, a
pattern consistent with microcytic, hypochromic anaemia.

Interpretation

Multivariable binary logistic regression has demonstrated that parity is
the strongest independent predictor of iron deficiency anaemia (IDA)
after adjusting for maternal age and socio-economic status. Women
with Para 2 had approximately four-fold higher odds of developing
IDA compared to primigravidae (Adjusted OR=4.11, 95% CI: 1.94-
8.71; p<0.001), while women with Para >4 had an approximately 55-
fold increased risk (Adjusted OR=55.22, 95% CI: 7.47-408.33;
p<0.001). Although the odds ratio for Para >4 is very high, the wide
confidence interval indicates limited precision because of the
relatively small number of women in this category.

Maternal age has not shown an independent association with IDA after
adjustment (Adjusted OR=0.96, 95% CI: 0.86-1.07; p=0.437).
Similarly, socio-economic status no longer retained statistical
significance in the multivariable model (Adjusted OR=1.97, 95% CI:
0.91-4.23; p=0.084). The overall regression model is statistically
significant (Model y*> = 43.57, p < 0.001), indicating good
discrimination between women with and without IDA. However, the
pseudo-R? value (0.158) suggests that additional factors not included
in the model may also contribute to IDA.

Chi-square test for association: y* = 3.39, df = 2, p = 0.184, indicating
no statistically significant association between socio-economic status
and IDA in this sample. Caution: the 'High' category has only 4
participants (expected cell count < 5), so this test may be unreliable for
that group.
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Interpretation: - ROC curve of serum ferritin shows (ng / mL). Best
Cut-off: < 15ng/ M, sensitivity: 91.0%, specificity: 91.0%. The ROC
curve for RDW-CV shows the best cut-off at> 14.5%, with sensitivity
81.0% and specificity 86.0%. ROC curve of MCV (fl) shows the best
cut-off of < 82fl, sensitivity: 74.0%, specificity: 78.0%. ROC curve of
MCH shows the best cut-off: < 27 pg; sensitivity: 71.0%, specificity:
77%. The ROC curve for serum Iron shows the best cut-off value of <
50 pg/dL, with sensitivity of 77% and specificity of 81%.

DISCUSSION

The above table shows that among the total study population
comprising 100 cases &100 controls. The mean age of the anaemic
group was significantly higher than that of the control group
(22.8745.98 vs.21.204+2.20 years, p=0.010).

The table shows that thet the mean haemoglobin concentration is
markedly lower among cases (8.14+1.74 g/dL) than among controls
(12.49+0.60 g/dL), which is highly statistically significant (p<0.001).
Similarly, the mean RDW-CV was significantly higher in the anaemic
group (cases), at 15.86+2.68%, and significantly lower in controls
(13.35+0.92%), indicating greater anisocytosis among women with
iron deficiency anaemia (p<0.001).

Red cell indices show significant microcytic hypochromic changes in
the anaemic group within our study population 18. The mean MCV
(70.25+6.49 fL vs. 92.03+3.34 fL), MCH (25.42+3.98 pg vs.
28.17+1.32 pg), and MCHC (27.7144.43 g/dL vs. 33.75+1.45 g/dL)
|
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clearly show that all parameters are significantly lower among cases
than in controls (all p<0.001). These findings are consistent with the
haematological profile of iron deficiency anaemia.

Regarding socio-economic status, the majority of the study population
belonged to the low socio-economic class. However, the distribution
shows a significant difference between the two groups (p=0.046),
suggesting that socio-economic status is associated with the incidence
of anaemia during pregnancy. This study shows similar result to the
studies by Paul S, Gupta AK, and James KS on “Maternal education,
health care system and child health: Evidence from India.”"” Banerjee
A, Sen S, Khan J, Pal M, Bharati P. on “Decadal change in the
association between the status of young mothers' Body Mass Index and
anaemia with child low birth weight in India.”* Uzunov AV, Cirstoiu
MM, Secara DC, Cringu-lonescu A, Matei A, Mehedin[u C, Varlas
VN. on “Mode of Delivery and Neonatal Outcome in Adolescent
Pregnancy (13-16 Years Old) Associated with Anemia.”'

Parity is also significantly associated with anaemia (p<0.001).
Primigravida constituted a higher proportion of the control group
(69.0%). In contrast, women with parity >4 were considerably more
frequent among anaemic cases (23.0% vs. 2.0% in controls),
indicating that increasing parity is strongly associated with a higher
risk of anaemia in pregnancy. This study shows similar result with
studies done by Glenzer MM, Correia M, Nhantumbo V, Barnes RF,
Luis E, Boaventura I, Manguele N, Silva P, von Drygalski A. on
“Postpartum haemorrhage in Sub-Saharan Africa-a prospective study
in metropolitan Mozambique.””

From our study, we have concluded that socio-economic status did not
differ significantly from that of controls (IDA) among the study
participants (¥>=3.39, p=0.184). This result is consistent with the
studies of Rohim et al. in Terengganu, Malaysia, in 2022, and Soh et al.
in Selangor, Malaysia, in 2023%.

Based on the ROC curves shown in our study, Receiver Operating
Characteristic (ROC) curve analysis has been performed to evaluate
the diagnostic importance of serum ferritin and red cell indices for
identifying iron deficiency anaemia (IDA) in early pregnant women.
The Area Under the Curve (AUC) is a measure of the overall
discriminative ability of each parameter. An AUC >0.90 is considered
excellent, 0.80-0.90 good, 0.70-0.80 acceptable, and <0.70 poor. In
our study, serum ferritin has shown the highest diagnostic accuracy
(AUC =0.93), confirming its role as the gold-standard biochemical
marker of iron deficiency. This finding is consistent with previous
studies by Guyatt et al., Van den Broek et al., and WHO
recommendations, which recognise low serum ferritin as the most
reliable indicator of depleted iron stores in non-inflammatory
conditions.

RDW-CV showed great diagnostic performance (AUC ~0.92) with
high sensitivity and specificity for detecting iron deficiency anaemia in
early pregnant women in our study, which is consistent with the study
by Sultana GS, Haque SA, Sultana T, Rahman Q, Ahmed ANN. In
Bangladeshin20117.

MCV demonstrated good diagnostic accuracy (AUC ~0.82). This
result is consistent with the studies of He D, Liu Y, Ke J, Jiang X, Ma H,
ShiY, Yuan W.”

Although microcytosis is a classic feature of IDA, MCV tends to
decrease later in the disease course, which explains its comparatively
lower diagnostic performance compared with RDW and ferritin. This
result is consistent with the studies by Ochuwa Adiketu Babah,
Chisom Florence Chieme, Ajibola Ibraheem Abioye, Samuel
Olusegun Spaine, Titilope Adenike Adeyemo, and Bosede Bukola
Afolabi on red blood cell indices versus serum ferritin as surrogate
markers of iron deficiency during pregnancy in Nigeria in 202526.

The findings have shown that serum ferritin remains the best
diagnostic test, while RDW-CV is the most useful haematological
screening parameter. Interpretation of serum ferritin showed the
highest diagnostic accuracy (AUC ~0.93), confirming it as the most
reliable marker for diagnosing iron deficiency anemia. RDW-CV has
shown diagnostic performance nearly comparable to serum ferritin,
making it an excellent, inexpensive screening tool. Serum iron showed
good diagnostic utility but was less accurate than serum ferritin. MCV
and MCH had comparatively lower diagnostic accuracy because these
indices usually become abnormal later. The ROC analysis suggests

that RDW-CV may be used as the initial screening parameter, followed
by serum ferritin for diagnostic confirmation, particularly in early
pregnancy.

CONCLUSION

Our study revealed that iron deficiency anaemia in pregnancy is
strongly associated with altered red cell indices, lower haemoglobin
levels, socio-economic status, and higher parity, suggesting that these
factors are important determinants of iron deficiency anaemia in early
pregnancy.

Maternal age, increasing parity and abnormalities in routine red cell
indices were significantly associated with iron deficiency anaemia
during early pregnancy. Among the routine haematological
parameters, RDW appears to be the most useful adjunctive marker for
early identification of iron deficiency when serum ferritin estimation is
not readily available. Incorporation of complete blood count indices
into routine first-trimester antenatal screening may facilitate earlier
diagnosis and treatment, thereby improving maternal and foetal
outcomes.

The findings clearly show the importance of early antenatal screening,
routine iron supplementation to pregnant mothers, early nutritional
counselling of pregnant mothers, and targeted routine & regular
monitoring of multiparous and grand multiparous pregnant women as
a high-risk group to reduce the burden of iron deficiency anaemia and
improve maternal and foetal outcomes & prevent postnatal
complications.

Limitation

Itis a single-centre, hospital-based case-control study, which may limit
generalisability, and the sample size is modest (100 cases & 100
controls), which may have reduced the statistical power to detect
smaller associations. Inflammatory markers such as C-reactive protein
(CRP) have not been measured due to their unavailability in our
hospital setting.

Future Prospect of the Study

Instead of relying solely on CBC parameters, digital pathology
platforms can automatically analyse scanned peripheral blood smears
to detect microcytosis, anisocytosis, and hypochromia. The image-
derived features can be correlated with RDW-CV and serum ferritin
from our study. Using the study variables of my research, any hospital
can build a dashboard that stratifies pregnant women into low-,
moderate-, and high-risk groups. Generates automated reminders for
iron supplementation and follow-up. Displays trends in hemoglobin
and red cell indices over time. Our logistic regression model can serve
as the foundation for an explainable Al tool that shows which factors
(e.g., parity, RDW-CV, MCV) contribute most tto the prediction of iron
deficiency anemia, thereby increasing clinician confidence in Al-
assisted decisions. This study would align with current trends in
computational pathology, digital hematopathology & Al-assisted
laboratory medicine.

REFERENCES

1. International Journal of Clinical Biochemistry and Research. 11(4):229-236, 2024. |
https://doi.org/10.18231/j.ijcbr.2024.034

2. The role of iron deficiency and factors associated with anemia during pregnancy in
Southeastern Tigray, Ethiopia, 2020. Bereket T, Tela FG, Gebretsadik GG, Beyene SA.
PLoS One. 2025 Feb 10;20(2):¢0318275. doi: 10.1371/journal.pone.0318275. PMCID:
PMC11809803

3. World Health Organisation. Guideline on hemoglobin cut-offs to define anemia.
Geneva: WHO; 2024.

4. Daily iron supplementation for improving anemia, iron status and health in menstruating
women. Low MS, Speedy J, Styles CE, De-Regil LM, Pasricha SR. Cochrane Database
Syst Rev. 2016 Apr 18;4(4): CD009747. doi: 10.1002/14651858.CD009747.pub2.
PMCID: PMC10182438

5. DaruJ, Allotey J, Pefia-Rosas JP, Khan KS. Serum ferritin thresholds for the diagnosis of
iron deficiency in pregnancy. Lancet Hepatol. 2024;11:¢90-¢99.

6. Abstracts from the 37th Annual Meeting of the Society of General Internal Medicine,
2014, San Diego, CA, USA. J Gen Intern Med. 2014 Apr;29 Suppl 1(Suppl 1):1-545.
doi: 10.1007/511606-014-2834-9. PMCID: PMC4429500

7. Iron deficiency anemia in pregnancy and related complications with specific insight in
Rivers State, Nigeria: a narrative review. Obeagu GU, Altraide BO, Obeagu EI. Ann
Med Surg (Lond). 2025 Apr 2;87(6):3435-3444. doi: 10.1097/MS9.000000000000
3224. PMCID: PMC12140781

8. Irondeficiency anemia in pregnancy: A contemporary review. Benson CS, Shah A, Frise
MC, Frise CJ. Obstet Med. 2020 Jul 7;14(2):67-76. doi: 10.1177/1753495X20932426.
PMCID: PM(C8358243

9. Daily oral iron supplementation during pregnancy. Finkelstein JL, Cuthbert A, Weeks J,
Venkatramanan S, Larvie DY, De-Regil LM, Garcia-Casal MN. Cochrane Database
Syst Rev. 2024 Aug 15;8(8): CD004736. doi: 10.1002/14651858.CD004736.pub6.
PMCID: PMC11325660

10.  Recommendations for diagnosis, treatment, and prevention of iron deficiency and iron
deficiency anemia. Iolascon A, Andolfo I, Russo R, Sanchez M, Busti F, Swinkels D,
Aguilar Martinez P, Bou-Fakhredin R, Muckenthaler MU, Unal S, Porto G, Ganz T,

| 4 |—| International Journal of Scientific Research I



Volume - 15 | Issue - 09 | September - 2026 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

. ________________________________________________________________________________________________________________|
Kattamis A, De Franceschi L, Cappellini MD, Munro MG, Taher A; from EHA['SWG
Red Cell and Iron. Hemasphere. 2024 Jul 15;8(7):e108. doi: 10.1002/hem3.108.
PMCID: PMC11247274

11.  ESPGHAN 57th Annual Meeting Abstracts. JPGN Rep. 2025 May 13;6(Suppl 1): S1-
S1656. doi: 10.1002/jpr3.70024. PMCID: PMC12075107

12.  Determinants of low-birth-weight babies delivered at Paropakar Maternity and
‘Women's Hospital: A case-control study. Pokhrel S, Pokharel PK, Ghimire A, Yadav BK,
Chakravartty A, Poudel S, Prajapati L, Acharya A. PLoS One. 2026 Jun
22;21(6):¢0335107. doi: 10.1371/journal.pone.0335107.PMCID: PMC13286188

13.  Assessing the coverage of full antenatal care among adolescent mothers from scheduled
tribe and scheduled caste communities in India. Singh A, Kumar V, Singh H, Chowdhury
S, Sharma S. BMC Public Health. 2023 May 1;23(1):798. doi: 10.1186/s12889-023-
15656-1. PMCID: PMC10150462

14.  Short Interdelivery Interval and Neonatal Acid-Base Status, Postpartum Anemia, and
Postnatal Depression: A Retrospective Cohort Study with Within-Mother Sensitivity
Analysis.Eroglu OO, Eroglu C, Erbey S, Sapmaz MA, Polat M, Soysal C. J Clin Med.
2026 Jun 29;15(13):5053. doi: 10.3390/jcm15135053. PMCID: PMC13362515

15.  58th EASD Annual Meeting of the European Association for the Study ofDiabetes:
Stockholm, Sweden, 19 - 23 September 2022. Diabetologia. 2022 Sep;65(Suppl 1):1-
469. doi: 10.1007/s00125-022-05755-w. PMCID: PMC9362525

16. The role of iron deficiency and factors associated with anemia during pregnancy in
Southeastern Tigray, Ethiopia, 2020. Bereket T, Tela FG, Gebretsadik GG, Beyene SA.
PLoS One. 2025 Feb 10;20(2):¢0318275. doi: 10.1371/journal.pone.0318275. PMCID:
PMC11809803

17.  The incidence, complications, and treatment of iron deficiency in pregnancy. Benson
AE, Shatzel JJ, Ryan KS, Hedges MA, Martens K, Aslan JE, Lo JO. Eur J Haematol.
Author manuscript. 2022 Oct 4;109(6):633-642. doi: 10.1111/ejh.13870. PMCID:
PMC9669178

18. Hematological changes in anemic dairy calves treated with a hematinic
complex.Gonzalez-Garduiio R, Pefia-Escalona FL, Herndndez-Diaz R, Luna-Palomera
C, Maldonado-Siman EJ, Flores-Santiago EDJ, Chay-Canul AJ. Vet World. 2025
Apr;18(4):994-1001. doi: 10.14202/vetworld.2025.994-1001. Epub 2025 Apr 25.
PMID: 40453947

19.  Maternal education, health care system and child health: Evidence from India. Paul S,
Paul S, Gupta AK, James KS. Soc Sci Med. 2022 Mar;296:114740. doi:
10.1016/j.s0cscimed.2022.114740. Epub 2022 Jan 22. PMID: 35091129

20. Decadal change in the association between the status of young mothers' Body Mass
Index and anaemia with child low birth weight in India. Banerjee A, Sen S, Khan J, Pal
M, Bharati P. BMC Pregnancy Childbirth. 2022 Feb 22;22(1):147. doi: 10.1186/s12884-
022-04486-5. PMID: 35193534

21.  Mode of Delivery and Neonatal Outcome in Adolescent Pregnancy (13-16 Years Old)
Associated with Anemia. Uzunov AV, Cirstoiu MM, Secard DC, Cringu-Ionescu A,
Matei A, Mehedin' 'u C, Varlas VN. Medicina (Kaunas). 2022 Dec 6;58(12):1796. doi:
10.3390/medicina58121796. PMID: 36556997

22.  Postpartum hemorrhage in Sub-Saharan Africa-a prospective study in metropolitan
Mozambique. Glenzer MM, Correia M, Nhantumbo V, Barnes RF, Luis E, Boaventura I,
Manguele N, Silva P, von Drygalski A. J Thromb Haemost. 2023 Dec;21(12):3463-
3476.doi: 10.1016/j.jtha.2023.09.002. Epub 2023 Sep 13. PMID: 37709148

23. Raudah Abd Rahman 1, Idayu Badilla Idris 2, Zaleha Md Isa 2, Rahana Abdul Rahman 3,
Zaleha Abdullah Mahdy 3, PMCID: PMC9051477PMID: 35495961

24. Journal: Bangladesh Medical Research Council Bulletin Year: 2011 Volume: 37(3)
Pages: 102-105DOI: 10.3329/bmrcb.v37i3.9122

25. Development and Validation of an Interpretable Machine Learning Model Based on
Routine Blood Biomarkers: For Predicting Age-Related Hearing Loss. He D, Liu Y, Ke
J, Jiang X, Ma H, Shi Y, Yuan W. Diagnostics (Basel). 2026 Jun 29;16(13):2025. doi:
10.3390/diagnostics16132025. PMID: 42449808

26.  Ochuwa Adiketu Babah, Chisom Florence Chieme, Ajibola Ibraheem Abioye, Samuel
Olusegun Spaine, Titilope Adenike Adeyemo, Bosede Bukola Afolabi, PMID:
41160552, PMCID: PMC12571326, DOI: 10.1371/journal.pone.0334098

I International Journal of Scientific Research |—| 5 |




