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ABSTRACT

Introduction: During the first trimester of pregnancy, iron stores
begin to deplete without any apparent signs of Iron Deficiency
Anaemia (IDA). This gradual depletion can result in ineffective
erythropoiesis, eventually leading to anaemia in the second
and third trimesters. In India, where most pregnancies are
unplanned, assessing iron stores during the preconception
period is particularly challenging.

Aim: To determine the prevalence of depleted iron stores among
non anaemic pregnant women in their first trimester.

Material and Methods: A cross-sectional study was carried
out in the Department of Obstetrics and Gynaecology, Medical
College, Kolkata, West Bengal, India, from April 2021 to March
2022. A total of 150 pregnant women in their first trimester,
attending the Outpatient Department (OPD) and having
haemoglobin levels >11 g/dL and Packed Cell Volume (PCV)
>33%, were enrolled. Data were collected and analysed based on
variables such as age, socioeconomic status, parity, haemoglobin
levels, PCV, Mean Corpuscular Volume (MCV), Mean Corpuscular
Haemoglobin Concentration (MCHC), serum iron, serum ferritin,
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and Total Iron Binding Capacity (TIBC). Standard statistical
methods were used for data analysis. Numerical variables were
presented as mean+Standard Deviation (SD), and categorical
variables were expressed as counts and percentages. A p-value
of <0.05 was considered statistically significant.

Results: The mean age of subjects was 24.63+4.88 years
(range: 17-39 years; median: 24 years). The mean haemoglobin
was 11.97+0.75 g/dL, while the mean PCV was 37.08+2.82%,
mean MCV was 84.30+5.15 fL, and mean MCHC was
32.66+1.61. Among the total participants, 66 women (44 %)
had serum iron and ferritin levels below the normal range,
indicating iron deficiency despite being non anaemic. Whereas
for TIBC, 84 women (56%) had normal levels, and 66 (44%) had
elevated TIBC. A statistically significant positive correlation was
observed between serum ferritin and serum iron (p<0.0001),
while a statistically significant negative correlation was found
between TIBC and serum iron (p<0.0001).

Conclusion: The study found that a significant proportion of
non anaemic pregnant women in the first trimester had depleted
iron stores.
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INTRODUCTION

Iron Deficiency Anaemia (IDA) is the most prevalent nutritional
disorder encountered during pregnancy, particularly in low- and
middle-income countries like India, where its prevalence ranges
from 68.8% to 96.8% [1]. IDA significantly contributes to adverse
maternal and fetal outcomes, including preterm labour, pre-
eclampsia, cardiac failure, low birth weight, intrauterine fetal death,
and increased perinatal mortality [1,2]. Moreover, neonates born to
anaemic mothers are at risk of long-term cognitive and behavioural
impairments, persisting even after iron correction [2].

Pregnancy imposes an increased iron demand due to expanding
maternal blood volume and fetal development needs. The plasma
volume rises by approximately 40%, surpassing the 20% increase
in red cell mass, resulting in physiological haemodilution [3,4].
This, coupled with limited pre-pregnancy iron stores, predisposes
expectant mothers to IDA [5,6].

While IDA has been extensively studied, growing evidence suggests
that iron deficiency can occur without anaemia, known as Non
Anaemic Iron Deficiency (NAID) [7]. NAID is particularly relevant in
pregnancy, as iron requirements escalate early to support maternal
haemopoiesis, placental growth, and organogenesis [8].

Iron depletion often begins silently in the first trimester and may
only progress to anaemia in later stages, especially in the absence
of supplementation [3,5,6]. Since many pregnancies in India are
unplanned, assessing iron stores before conception remains
challenging [9].
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Although tests such as serum ferritin, TIBC, and transferrin saturation
offer insights into iron status, these are not routinely performed [10].
The National Family Health Survey-5 (2019-21) reports anaemia in
57% of pregnant Indian women [11]. This likely underestimates the
true burden of iron deficiency, given the reliance on haemoglobin
alone for screening. A substantial proportion of pregnant women
may have depleted iron stores without manifesting anaemia in the
early stages of pregnancy [5].

In India, IDA remains a leading contributor to maternal mortality,
driven by dietary inadequacies, infections, haemoglobinopathies,
and socioeconomic factors. The first trimester is a critical window
for fetal development, and subclinical iron deficiency during this
phase may elevate risks of preterm birth, low birth weight, and
neurodevelopmental impairments [12]. Additionally, iron deficiency-
even without anaemia can lead to maternal fatigue, reduced
productivity, and increased susceptibility to infection [13].

Given this context, the primary objective of the current study was to
assess the prevalence of depleted iron stores among non anaemic
pregnant women in their first trimester so that early detection and
timely correction of iron deficiency can be done as a preventive
measure against IDA in pregnancy. The secondary objective was to
correlate between different iron parameters.

MATERIALS AND METHODS

This cross-sectional study was conducted in the Department
of Obstetrics and Gynaecology, Medical College Kolkata, West
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Bengal, India, from April 2021 to March 2022. The study population
comprised pregnant women in their first trimester attending the
OPD of Obstetrics and Gynaecology at Medical College Kolkata.
The study commenced after receiving approval from the Institutional
Ethics Committee (Ref No. MC/KOL/IEC/NON-SPON/900/01/21
dated 15/01/21) and adhered to standard ethical guidelines.
Informed consent was obtained from all participants in Bengali,
English, or Hindi using a pre-approved consent form.

Inclusion criteria: Pregnant women in the first trimester with
haemoglobin >11 g/dL and PCV >33% were included.

Exclusion criteria: Pregnant women with known
haemoglobinopathies and with prior history of blood transfusion
and iron supplementation were excluded from this study.

Sample size calculation: Based on findings from a previous study
by Auerbach M et al., the sample size was calculated using the
formula [14]:

n=4PQ/L?, where P=42%, Q=1-P=58%, and L=20% of 42.

(n=sample size, P=estimated prevalence, Q=complement of P,
calculated as 1-P, L=permissible error).

The calculated sample size was 138, and to account for non
responders, 12 additional participants were included, making the
final sample size 150. Purposive sampling was employed.

Study Procedure

Demographic and clinical variables such as age, socioeconomic
status (assessed using the Modified Kuppuswamy scale) [15],
gravida, PCV, MCV, MCHC, serum iron, serum ferritin, and TIBC
were recorded for all participants.

Serum iron markers were evaluated with support from the
Department of Biochemistry. Serum ferritin levels were quantified by
chemiluminescent immunoassay, while serum iron was measured by
the ferriczyme endpoint method and TIBC by the latex turbidimetric
endpoint method.

STATISTICAL ANALYSIS

Data were analysed using Statistical Package for the Social Sciences
(SPSS) software (version 28.0) and GraphPad Prism (version
5). Results were summarised using mean and SD for numerical
variables and frequencies and percentages for categorical variables.
Correlation was calculated by Pearson correlation analysis. A
p-value of <0.05 was considered statistically significant.

RESULTS

The study enrolled 150 non anaemic pregnant women in their first
trimester. The mean age of participants was 24.63+4.88 years, with 34
(22.7%) participants aged below 20 years, 95 (63.3%) between 21 and
30 years, and 21 (14.0%) between 31 and 40 years. A previous history
of anaemia was reported in 26 participants (17.3%) [Table/Fig-1].

Haematological parameters showed a mean haemoglobin of
11.97+£0.75 g/dL, mean PCV of 37.08+2.82%, mean MCV of
84.30+5.15 1L, and mean MCHC of 32.66+1.61 g/dL [Table/Fig-2].
These parameters exhibited symmetrical distributions with median
Z-scores near zero. While MCV and MCHC values remained within
normal variability (Z-scores within +2), isolated high outliers were
noted for haemoglobin (+2.71) and PCV (+3.51); however, no
exclusion or sensitivity analysis was performed as these values
remained within clinically acceptable limits.

The mean serum iron was 69.05+35.38 mcg/dL, mean serum
ferritin 86.71+65.05 ng/mL, and mean TIBC 433.61+109.78 mcg/
dL [Table/Fig-3]. Z score analysis showed symmetrical distributions
with occasional high outliers for serum iron (+2.00), serum ferritin
(+2.43), and TIBC (+2.83).

For TIBC, 84 (56%) had normal levels (250-450 mcg/dL), and 66
(44%) had elevated TIBC (>450 mcg/dL) [Table/Fig-4]. Serum iron
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Variables Category n (%)
<20 34 (22.7)
21-30 95 (63.3)
Age (years)
31-40 21 (14.0)
Mean+SD 24.63+4.88
Low 25 (16.67)
Lower middle 118 (78.67)
Socioeconomic status
Upper middle 7 (4.66)
High 0
1 66 (44.0)
2 49 (32.7)
Gravida
3 21 (14.0)
4 14 (9.3
Anaemia (relevant past No 124 (82.7)
history) Yes 26 (17.9)

[Table/Fig-1]: Distribution of study participants by age, socioeconomic status,

gravida and relevant past history of anaemia (N=150).

Mini- Maxi- Median
Parameters Number | Mean+SD | mum mum Median | Z score
Hb (g/dL) 150 11.97+0.75 | 11.00 14.00 12.00 +0.04
PCV (%) 150 37.08+2.82 | 33.00 47.00 36.15 -0.33
MCV (FI) 150 84.30+5.15 | 77.00 93.00 84.40 +0.02
MCHC (gm/dL) 150 32.65+1.61 | 30.00 35.00 32.50 -0.09

[Table/Fig-2]: Descriptive statistics of haematological parameters (N=150).

showed a strong positive correlation with serum ferritin (r=0.703,
p<0.0001) and a strong negative correlation with TIBC (r=-0.693,
p<0.0001), both statistically significant at p<0.01 [Table/Fig-5].

DISCUSSION

The present study showed that a significant proportion of participants
exhibited biochemical markers of iron deficiency, highlighting the
presence of subclinical iron depletion during early pregnancy.

A considerable proportion (44%) were primigravida, which is slightly
higher than the 37.7% reported by a larger cohort study (n=793)
where gravida 1 participants comprised 37.7% (95% Cl: 34.3-41.1)
of the sample [16].

Notably, although participants were non anaemic based on
haemoglobin values, 44% had low serum iron and 44% had
low serum ferritin levels. These findings are similar to a study by
Auerbach M et al., who showed 42% of non anaemic women in the
first trimester of pregnancy were iron-deficient [14]. Ohsuga T et al.,
also found similar results - 41.9% NAID in early trimester [17].

Balendran S and Forsyth C observed low ferritin and low transferrin
saturation in presence of normal haemoglobin level [18]. Hansen
R et al., studied a cohort of 5763 singleton pregnant women, of
which 14.2% had NAID, and 1.2% had IDA [19]. These studies
indicate that a huge burden of iron deficiency is not reflected by
haemoglobin level alone.

These findings highlight the potential benefit of biochemical
iron status assessment even in non anaemic pregnant women,
especially in low- and middle-income countries where dietary iron
intake may be insufficient. Future large-scale, multicentric studies
with longitudinal follow-up are recommended to validate these
findings and guide early iron supplementation strategies in non
anaemic pregnant women.

Limitation(s)

In this present study, limitations were its single-center design, the
absence of dietary and socioeconomic variable assessment beyond
baseline, and the lack of follow-up to evaluate the progression of
anaemia or pregnancy outcomes.
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[Table/Fig-3]: Distribution of mean serum iron, serum ferritin and TIBC levels (N=150).

Parameters Category n (%) 2
Abnormal <40 66 (44.0)
Serum iron (mcg/dL) Normal 40-140 84 (56.0) 3]
Total 150 (100.0)
Abnormal <30 66 (44.0)
Serum ferritin “
Normal 30-250 84 (56.0)
(ng/mL)
Total 150 (100.0
( ) 5]
Normal 250-450 84 (56.0)
TIBC [6]
(meg/al) Abnormal >450 66 (44.0)
Total 150 (100.0) [71

[Table/Fig-4]: Distribution of participants based on serum iron, serum ferritin, and

TIBC levels (N=150).

(8l

Haematological parameters | Pearson’s Correlation Coefficient (r) | p-value
0.551
0.877

0.558

Haemoglobin (gm%) -0.049
PCV (%)
MCV (Fl)

MCHC (gm/dL)

-0.013
0.048
-0.066
0.703
-0.693

[°]

0.421 [10]

Serum Ferritin (ng/mL) <0.0001
TIBC (mcg/dL)

[Table/Fig-5]: Correlation of serum iron with various haematological parameters

<0.0001 [11]

n2]

(N=150).

3]

CONCLUSION(S)
The present study reveals a significant presence of subclinical
iron deficiency among non anaemic pregnant women in their first
trimester. Nearly half of the participants had biochemical evidence of
iron depletion despite having normal haemoglobin levels. Integration of
biochemical screening for iron status into routine antenatal care, along
with community-level preventive strategies, should be prioritised.

[14]

[18]

[16]
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