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INTRODUCTION 

Iron deficiency anemia (IDA) is a type of microcytic 

anemia, defined by a decreased mean red cell volume 

(MCV) due to reduced hemoglobin (Hb) production.1 IDA 

is typically caused by inadequate intake of iron, chronic 

blood loss, or a combination of both.2 The presentation of 

anemia, symptomatic or otherwise, depends on its 

DOI: https://dx.doi.org/10.18203/2320-1770.ijrcog20242810 

1Department of Obstetrics and Gynecology, Arihant Women's Hospital, Ahmedabad, Gujarat, India  
2Department of Obstetrics and Gynecology, Mamta Maternity and Nursing Home, Ahmedabad, Gujarat, India 
3Department of Obstetrics and Gynecology, Hello Mom Women’s Hospital, Ahmedabad, Gujarat, India  
4Medical Affairs, Torrent Pharmaceuticals Limited, Ahmedabad, Gujarat, India 
 
Received: 03 August 2024 

Revised: 03 September 2024 
Accepted: 04 September 2024 
 
*Correspondence: 
Dr. Ashutosh Kakkad, 
E-mail: ashutoshkakkad@torrentpharma.com 

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under 

the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

Background: Globally, anemia during pregnancy is a major public health concern. Conventional iron supplements limit 

their effectiveness due to poor absorption, water solubility and untoward GI side effects. This study assessed the clinical 

impact and safety of Micronized Microencapsulated Ferric Pyrophosphate (MMFP) supplementation in an antenatal 

setting of India. 
Methods: Real world, cross-sectional, single-arm, observational study in 814 patients from 122 clinics across India. 

Study done with central IEC approval in accordance with ICH-GCP and Helsinki Declaration. Descriptive and analytical 

statistics applied for study endpoints using SPSS ver. 29.0.1.0(171).  
Results: 814 pregnant women data was analysed with a mean age (29.39±3.98 years) and weight (59.48±8.14 kg). 

61.79% patients were multiparous. 50.12% women were in their second trimester of pregnancy. Thyroid diseases were 

commonest comorbidity (21.25%). Mild anemia (37.35%) and moderate anemia (50.49%) were more prevalent. 

Hemoglobin levels showed significant improvement from 9.46±1.27 g/dl to 10.95±1.47 g/dl at 12 weeks (p<0.0001). 

Mean corpuscular volume (MCV) and serum ferritin also showed significant improvement from 85.31±9.49 fl to 

90.93±8.51 fl and from 103.06±61.91 ng/ml to 164.42±79.61 ng/ml at 12 weeks (p<0.0001) respectively. Consistent 

improvement seen in three parameters irrespective of diet patterns or anemia severity at baseline. 12 weeks MMFP 

supplementation showed significant surge in patients having Hb (>11 g/dl) to 62.03% from 9.58% at baseline. 

Furthermore, MMFP demonstrated favourable safety profile, with only five mild adverse events observed, unrelated to 

the treatment. 
Conclusions: MMFP supplementation is a valuable therapeutic option for managing iron deficiency anemia in pregnant 

women. 
 
Keywords: Hemoglobin, Iron-deficiency anemia, Micronized ferric pyrophosphate, Pregnancy, Real-world study 
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etiology, the acuity of onset, and the presence of 

comorbidities, particularly cardiovascular disease. 

Common symptoms of anemia include chronic fatigue, 

impaired cognitive function, and diminished well-being.1  

Iron deficiency (ID), with or without anemia, constitutes a 

significant global health challenge, impacting over 2 

billion individuals worldwide.3 Statistics indicates that 

56% of pregnant women in low- and middle-income 

countries suffer from anemia.4 The prevalence of iron 

deficiency among pregnant women in India is among the 

highest globally. Untreated ID can lead to severe adverse 

consequences for both the foetus and the mother.5 It is 

estimated that approximately 20% of maternal deaths are 

directly attributable to anemia, while an additional 50% of 

maternal deaths are associated with this condition.6 To 

prevent anemia during pregnancy and mitigate its adverse 

effects, strategies include treating underlying conditions, 

providing iron and folate supplementation to all 

menstruating women, including adolescents, as well as 

daily supplementation during pregnancy and the 

postpartum period.7 Oral iron supplementation is 

recommended for mild to moderate IDA. Insufficient 

dietary intake can result in deficiencies of cobalamin 

(vitamin B12) and folate, with folate deficiency being 

more prevalent. These vitamins are crucial for 

embryogenesis, and any deficiencies can lead to congenital 

abnormalities.8 Administering low-dose oral iron 

supplements from the first trimester and throughout 

pregnancy can prevent the occurrence of IDA.9 The Indian 

Council of Medical Research (ICMR) recommends a daily 

iron intake of 27 mg/day for pregnant women and 23 

mg/day for lactating women during pregnancy and 

lactation period.10 

IDA treatment includes oral and intravenous (IV) iron 

replacement. As oral iron is convenient and inexpensive it 

remains the mainstay of treatment for stable patients. 

Conventional iron salts, such as ferrous fumarate, 

gluconate, sulfate etc. are commonly used in clinical 

practice. However, they are often associated with taste 

changes and various gastrointestinal side effects, including 

nausea, vomiting, abdominal pain, constipation, diarrhoea, 

and dyspepsia. These adverse effects have driven the 

development of newer iron salts.11 A micronized 

dispersible form of ferric pyrophosphate 

microencapsulated with an emulsifier coating has been 

developed to enhance the bioavailability and solubility of 

ferric pyrophosphate.12-14 

Folic acid is a water-soluble vitamin which is widely 

utilized for the treatment of macrocytic anemia devoid of 

neurological complications. It not only improve the 

deficiencies but also potentially diminishes the occurrence 

of neural tube defects by 45% in women who maintain a 

daily intake of 400 micrograms.15,16 Glycine, a non-

essential amino acid, is increasingly recognized for its 

potential involvement in heme synthesis, as indicated by 

recent research findings.17 This real-world, multicentric 

study was conducted to understand the clinical utility of 

oral hematinic containing ferric pyrophosphate, folic acid 

and glycine for anemia management in pregnancy.  

METHODS 

Ethical conduct of the study 

This study was conducted in accordance with principles of 

the Declaration of Helsinki (Brazil, October 2013), Good 

Clinical Practices for clinical research in India, 2005, New 

Drugs and Clinical Trials Rules 2019, The International 

Council for Harmonisation of Technical Requirements of 

Pharmaceuticals for Human Use Guideline for Good 

Clinical Practice E6 (R2), and with Indian Council of 

Medical Research’s national ethical guidelines for 

biomedical and health research involving human 

participants, 2017. The study was approved by Sangini 

Hospital Ethics Committee (EC Registration number: 

IORG0007258). 

Study design and patient population 

This study was a real-world, open-label, single-arm, cross-

sectional, observational clinical study involving 814 

patients, who sought treatment at various outpatient 

clinics, thereby offering a diverse patient pool from 122 

sites across India. From the overall obtained data, patients 

with missing data for case validation were not considered 

in the analyses and the final sample size was determined 

based on the available data (Figure 1).  

 

Figure 1: Subject disposition. 
*DCF/CRF analyses for drug utilization pattern as specific 

clinical use, dosage or differential positioning of formulation 

Subjects were selected based on inclusion and exclusion 

criteria. Included were pregnant women with gestational 

age less than 6 months and pregnant women between aged 

from 18 to 40 years. Patients having contraindications to 

treatment ingredients and any other condition or factors as 

per discretion of treating physician were excluded from 

participation.  

The primary objective of the study included: change in 

hemoglobin levels from baseline to end of week 4 and 

week 12. Secondary objectives included change in Serum 

ferritin, Mean corpuscular volume (MCV) level from 
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baseline to end of week 4 and week 12 and safety 

assessment for common and very common adverse events 

at the end of 3 months ±7 days. 

Study procedure 

This study involved data collection of three visits: a 

baseline (day 00) and two follow-ups at week 4 and week 

12. Vital signs, medical history, patient examination, and 

compliance monitoring were assessed as per routine 

clinical practice. Participants were considered to have 

completed the study if followed up for 4 and 12 weeks. 

Study was conducted between January to May 2023. 

Given the observational nature of this study, obtaining 

written inform consent from patients was not required. 

Data evaluation 

Data were recorded on paper Case Report Forms (CRFs) 

and verified with source documents. After data entry and 

quality check, an Excel-bases database was transferred to 

statistical software (SPSS Version. 29.0.1.0(171) for 

analysis. The full analysis set comprised data from 814 

individual, with subgroup analyses performed based on 

specific demographics and medical history variables. 

Adherence to the STROBE guidelines has been 

maintained to ensure transparency and reliability in the 

presentation of this study results. 

Study drug 

Ferric pyrophosphate in an extremely micronized 

bioavailable form (0.3-0.5 microns), encapsulated with 

emulsifier coating promising excellent M-cell mediated 

absorption, higher solubility and tolerance of Iron 

bypassing gut interaction thereby minimizing adverse 

effects. The composition of the investigational product 

included elemental iron 30 mg, vitamin C 50 mg, folic acid 

250 mcg, vitamin B12 0.75 mcg, glycine 10 mg. 

Statistical methods 

All statistical analyses were performed using Statistical 

Package for Social Sciences [The International Business 

Machines Corporation, United States; version 29.0.1.0 

(171)]. Analysis was performed for subjects with all valid 

data. Descriptive statistics was used to analyse quantitative 

variables like mean, median, standard deviations (SD), 

change from baseline (CFB), %CFB, minimum and 

maximum values with 95% confidence interval. 

Frequency and percentage were reported for qualitative 

variables. The significance of continuous variables was 

assessed using the student’s paired t-test, employing a two-

tailed test and considering a p value <0.05 as statistically 

significant. For subgroup analysis, a point-biserial 

coefficient analysis was done using Pearson correlation. 

RESULTS 

Baseline demographic and patient characteristics 

The mean age of the study cohort was 29.39±3.98 years 
and mean weight was 59.48±8.14 kg. Dietary habits 
showed a varied distribution, with a significant portion 
identifying as non-vegetarian (56.14%), while vegetarians 
made up 43.86% of the population. Parity status of patients 
were multi-parity (61.79%), followed by null-parity 
(38.21%). Pregnancy trimester distribution was first 
trimester in 49.88% and second trimesters in 50.12%. 
Fatigue (72.11%) emerged as the most common 
complaint, followed by headache (34.52%). Regarding 
comorbidities, thyroid diseases (21.25%) stood out as the 
most prevalent condition, followed by hypertension 
(7.86%) and type 2 diabetes (5.04%). Anemia grading 
revealed mild category (10-10.9 g/dl) (37.35%), followed 
by moderate (7-9.9 g/dl) (50.49%), severe anemia (4-6.9 
g/dL) (2.58%) and normal (>11) (9.58%). More details are 
enlisted in Table 1. 

Concomitant medications 

At baseline, concomitant medications included calcium 
supplements (40.54%), folic acid (21.62%), multivitamins 
(19.41%) and others drugs. At 12 weeks, concomitant 
medications included calcium supplements (35.26%), 
multivitamins (12.04%), folic acid (11.55%), protein 
(6.39%) and others (Table 1). 

Table 1: Demographics and baseline characteristics of study population. 

Demographic and baseline details of study population n=814 

Demographic data 
Age (years) (Mean±SD)  29.39±3.98  

Weight (kg) (Mean±SD) 59.48±8.14 

Parity status (%) 
Null parity  38.21 

Multi parity 61.79 

Diet (%) 
Vegetarian 43.86 

Non-vegetarian 56.14 

Pregnancy trimester (%) 
First 49.88 

Second  50.12 

Comorbidities (%) 

Thyroid diseases 21.25 

Hypertension 7.86 

Type 2 diabetes 5.04 

Continued. 
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Demographic and baseline details of study population n=814 

Dyslipidemia 4.55 

Obesity 0.49 

PCOD 0.12 

Major complaints (%) 

Fatigue 72.11 

Headache 34.52 

Shortness of breath 27.89 

Restless legs 20.64 

Rapid heartbeat 6.88 

Anemia grading (%) 

Normal (11-14 g/dl) 9.58 

Mild (10.0-10.9 g/dl)  37.35 

Moderate (7.0-9.9 g/dl) 50.49 

Severe (4-7.0 g/dl) 2.58 

Baseline concomitant medications (%) 

Calcium 40.54 

Folic acid 21.62 

Multivitamin 19.41 

Protein 6.51 

Progesterone 1.47 

Albendazole 0.49 

EPA + DHA supplement 0.49 

Metformin 0.25 

Boric acid 0.25 

Antacid 0.12 

Antiemetics 0.12 

Concomitant medications at 4 weeks (%) 

Calcium 30.59 

Folic acid 16.83 

Multivitamin 15.72 

Protein 3.44 

Progesterone 2.95 

Metformin 0.25 

Boric acid 0.12 

Antacid 0.12 

Concomitant medication at 12 weeks (%) 

Calcium 35.26 

Multivitamin 12.04 

Folic Acid 11.55 

Protein 6.39 

EPA + DHA supplement 1.23 

Progesterone 0.61 

Metformin 0.25 

Boric acid 0.12 

Antacid 0.12 

n=number of patients, SD= Standard deviation, %=percentage, PCOD=polycystic ovarian disease, OD=once daily, BD= twice daily, 

EPA= eicosapentaenoic acid, DHA= docosahexaenoic acid 

Primary endpoint 

Changes in hemoglobin levels 

A statistically significant increase in hemoglobin levels 

(mean±SD) was observed following treatment. At 

baseline, hemoglobin level was 9.46±1.27 g/dl, which 

significantly increased to 10.17±1.35 g/dl (7.5% increase, 

p value <0.0001) after 4 weeks. Subsequently, after 12-

week treatment period, hemoglobin levels further 

increased to 10.95±1.47 g/dl (15.75% increase, p value 

<0.0001) compared to baseline (Figure 2). 

Secondary endpoint 

Changes in s. ferritin levels 

S. ferritin (ng/ml) levels at baseline, was recorded at 

103.06±61.91 ng/ml which significantly increased to 

132.72±67.32 ng/ml (28.77% increase, p value <0.0001) 

after 4 weeks. By the end of 12-weeks, there was a further 

improvement in the mean value to 164.42±79.61 ng/ml 

(59.54% increase, p value <0.0001) compared to baseline 

(Figure 3). 
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Figure 2: Change in hemoglobin after initiating 

treatment. 
A statistically significant improvement of 1.49 g/dl observed in 

Hb level at 12 weeks. 

 

Figure 3: Change in serum ferritin after initiating 

treatment. 

A statistically significant rise of 61.36 ng/ml observed in S. 

Ferritin level at 12 weeks 

 

Figure 4: Change in mean corpuscular volume after 

initiating treatment. 
A statistically significant increment of 5.62 fl observed in MCV 

levels at 12 weeks. 

Changes in mean corpuscular volume (MCV) levels 

At baseline, the average MCV was recorded at 85.31±9.49 

fl, which significantly increased to 88.57±8.23 fl (3.82% 

increase, p value <0.0001) at 4 weeks. By 12-weeks, there 

was a further improvement observed in the mean MCV to 

90.93±8.51 fl (6.59% increase, p value<0.0001) compared 

to baseline (Figure 4). 

Safety analysis 

Only five mild adverse events (nausea (3), facial swelling 

(1) and lachrymation (1)) were reported, but they were not 

associated with the iron supplementation. All events were 

mild and transient in nature resolving without any 

additional intervention. 

Subgroup analysis 

According to diet 

In vegetarian patient’s cohort, baseline mean Hb was 9.06 

g/dl, which increases to 10.43 g/dl after 12 weeks of 

treatment. Serum ferritin level at baseline was 171.55 

ng/ml, which increased to 208.19 ng/ml at week 12. Mean 

MCV at baseline was 41.68 fl, which increased to 50.50 fl 

at week 12 (Figure 5). 

 

Figure 5: Association of Hb (g/dl), MCV (fl) and s. 

ferritin (ng/ml) with dietary patterns. 
In vegetarian subgroup, 1.37 g/dl rise in mean Hb levels, 36.64 

ng/ml in serum ferritin level and 8.82 fl in MCV level was 

observed after 12 weeks whereas in no-vegetarian subgroup, 1.58 

g/dL rise in mean Hb levels, 43.53 ng/ml in serum ferritin level 

and 7.51 fl in MCV level was observed after 12 weeks. 

Among patients following non-vegetarian diet, mean Hb 

at baseline was 9.78 g/dl, which increased to 11.36 g/dl 

after 12 weeks of treatment. S. ferritin at baseline was 

116.03 ng/ml, which increased to 159.56 ng/ml at week 12. 

MCV at baseline was 73.27 fl and 80.78 fl at week 12 

(Figure 5). 

Further stratification of the vegetarians and non-vegetarian 

patients was done based on the severity of anemia as mild 

anemia (Hb: 10-10.9 g/dl) and moderate-severe anemia 
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(Hb: <9.9 g/dl). Initially, both the vegetarian and non-

vegetarian groups with moderate to severe anemia had 

mean Hb values of 8.4 g/dl and 8.75 g/dl, respectively 

which improved to 9.85 g/dl and 10.67 g/dl, respectively 

after 12 weeks. The vegetarian and non-vegetarian groups 

with mild anemia had mean Hb values of 10.25 g/dl and 

10.28 g/dl, respectively at baseline. This improved to 11.5 

g/dl and 11.76 g/dl, respectively after 12 weeks (Table 2). 

Table 2: Visit-wise changes in Hb levels in patients stratified as per diet and Hb levels at baseline. 

Distribution of patients based on diet as per Hb levels 

Intervals 

Vegetarian (n=339) Non-vegetarian (n=397) 

Moderate-severe  

anemia (n=238) 

Mild anemia  

(n=101) 

Moderate-severe anemia  

(n=194) 

Mild anemia  

(n=203) 

Baseline 8.4 10.25 8.75 10.28 

Week 4 9.02 10.86 9.7 11.02 

Week 12  9.85 11.5 10.67 11.76 

According to anemia severity at baseline 

Improvement in Hb based on baseline anemia severity, 

37.35% patients had mild anemia (10 to 10.9 g/dl) at 

baseline, with prevalence further decreasing to 32.80% at 

week 4 and 16.83% patients at week 12. At baseline, total 

50.49% patients had moderate anemia (7 to 9.9 g/dl), 

which decreased to 30.84% patients at week 4 and 19.29% 

patients at week 12. At baseline 2.58 % patients had severe 

anemia (4-6.9 g/dl). Its prevalence further decrease to 

2.46% and 2.09% at week 4 and week 12 respectively 

(Figure 6). 

 

Figure 6: Improvement in Hb according to baseline 

anemia severity. 
At week 12, % of patients with normal Hb levels increased from 

9.58% to 62.03%. Conversely, there was a significant decline in 

the prevalence of anemia, with reductions in the % of patients 

with mild anemia (37.35% to 16.83%), moderate anemia 

(50.49% to 19.29%), and severe anemia (2.58% to 2.09%). 

Responder rate 

Responder rate in entire cohort, 9.58% of patients 

exhibited Hb levels above 11 g/dl at baseline which surged 

further to 33.78% at week 4 and further increased to 

62.03% at week 12 (Figure 7). 

 

Figure 7: Responder rate for Hb from baseline to 

week 12. 
By week 12, 62.03% of patients achieved the target Hb level of 

11 mg/dl or higher. 

Correlation between s. ferritin and hemoglobin 

improvement 

A point-biserial coefficient analysis was done using 

Pearson correlation to determine the relationship between 

hemoglobin and serum ferritin levels. A positive 

correlation between s. ferritin levels and increase in 

hemoglobin levels was observed (rpb = 0.122, p = 0.074). 

These findings suggest that individual with s. ferritin level 

<150 ng/mL tend to experience an increase in hemoglobin 

level (Table 3). 

Table 3: Correlation coefficient between serum 

ferritin level and hemoglobin. 

Correlations between s. ferritin level and 

hemoglobin 

Serum 

ferritin 

(ng/ml) 

Hb(g/dl): at 12 weeks 

Pearson correlation 0.122** 

Sig. (2-tailed) 0.074 

N 216 

**Correlation is significant at the 0.05 level (2-tailed). 1 = 

<150 s. ferritin level, 0 = ≥ 150 s. ferritin level 
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DISCUSSION 

Pregnancy is a condition particularly susceptible to the 

development of IDA due to the increased demand for RBC 

formation and the requirements for fetal and placental 

growth.18 Since dietary intake alone is insufficient to meet 

the daily required iron during pregnancy, the Centres for 

Disease Control and Prevention recommends that pregnant 

women should take a daily supplement of 30 mg of 

elemental iron as a preventive measure.19 

Oral iron supplementation is a very successful method for 

raising hemoglobin levels in patients with IDA. However, 

low bioavailability, the possibility of adverse 

gastrointestinal events leading to non-compliance, and 

inflammation linked to elevated hepcidin levels may limit 

the effectiveness of most iron salts in replenishing iron 

stores.20-23 These factors can also result in impaired iron 

absorption from the gastrointestinal tract and retention of 

iron in the reticuloendothelial system.24 

Compared to non-micronized iron pyrophosphate, which 

has a greater particle size, and non-encapsulated iron 

pyrophosphate, MMFP has a higher bioavailability and is 

soluble in water.25 The preferential binding of particles up 

to 10 mm in diameter by M cells and their transfer to 

immunocompetent cells in underlying mucosal lymphoid 

tissue provide another explanation for the greater 

bioavailability of MMFP.26 

The present study successfully achieved its predetermined 

primary and secondary objectives, outlining the safety and 

efficacy of Micronized Microencapsulated Ferric 

Pyrophosphate (MMFP) supplementation in anaemic 

pregnant women. 

Anemia during pregnancy is a major health issue affecting 

37.00% of pregnant women and 30.00% of women from 

age 15 to 49 years globally.27 In a study conducted on 

pregnant women with anemia, the mean age was 

26.20±4.61 years with majority being vegetarian patients, 

while in the present study the mean age of patients was 

slightly higher as 29.39±3.98 years with a majority of 

patients following non-vegetarian diet. In the same study 

the most prevalent parity status was “1” followed by “0” 

and “2” with third trimester being prevalent in 73.25%, 

followed by second and first trimester in 20.93% and 5.8% 

respectively.28 Similarly, in the present study prime “1” 

parity was the most common parity status followed by “0” 

and “2” with majority of pregnancies in second trimester 

in 50.12%.  

In a meta-analysis and systematic review including 52 

studies and 12,44,747 patients with anemia, based on this 

review the most prevalent anemia was mild in 70.80% 

which is similar to the prevalence of the present study also 

in a study conducted prospectively on pregnant females it 

was concluded that as the pregnancy progresses the Hb 

levels decrease reasoning to the physiological changes 

during pregnancy, which is due to plasma dilution, this 

might be a reason that in the present study the most 

prevalent pregnancy duration was second trimester.29,30 

During the first 2 trimesters of pregnancy, IDA increases 

the risk for preterm labour, low-birth-weight babies, and 

infant mortality and predicts iron deficiency in infants after 

4 months of age. Additionally, in studies supported by 

WHO in southeast Asia, iron and folic acid 

supplementation every week to women of childbearing age 

improved iron nutrition and reduced IDA.31 The causes of 

anemia during pregnancy in developing countries are 

multifactorial; these include micronutrient deficiencies of 

iron, folate, and vitamins A and B12 and anemia due to 

parasitic infections such as malaria and hookworm or 

chronic infections like TB and HIV.32 

In a study conducted comparing iron and folic acid 

supplementation with no treatment or placebo it was 

recommended that iron and folic acid supplementation was 

linked to a reduction in anemia by 73%.33 Additionally, in 

a study examining the impact of vitamin and mineral 

supplement, concluded that increased supplementation 

attributes to the increase in parameters like Hb and MCV.34 

In a meta-analysis, it was found that iron supplementation 

in anemia during pregnancy results in an increased Hb and 

ferritin levels.35 

Subgroup analysis performed in this study according to 

dietary habits (vegetarian and non-vegetarian patients) 

showed statistically significant improvement in the levels 

of Hb, s. ferritin and MCV at 4 and 12 weeks from 

baseline. These subgroups were further stratified based on 

severity of anemia as mild anemia and moderate-severe 

anemia to observe variation of hemoglobin from baseline 

to 12 weeks of treatment which also mirrored findings of 

original cohort. 

Our study demonstrates that the MMFP is sufficient, not 

only for efficacy in the second trimester in pregnant 

women but also is as good, if not better than conventional 

options, on the basis of literature reports. It totally 

disproved the main criticism of oral iron, which was that it 

had unfavorable side effects that prevented people from 

taking it as prescribed. 

Our study's robustness lies in its extensive population size 

and the representation of pregnant women from various 

geographical locations. However, it is essential to 

acknowledge some limitations of our study. Firstly, the 

study was conducted for a shorter duration of time. 

Secondly, the study lacked the comparative nature with the 

placebo or similar active substance. Future well-designed 

controlled studies with long-term follow-up is required to 

understand the drug's safety and effectiveness over longer 

periods for their relative effectiveness in clinical practice. 

CONCLUSION 

The administration of Micronized Microencapsulated 

Ferric Pyrophosphate (MMFP) Supplementation resulted 
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in significant improvements in Hb levels, MCV levels, and 

S. Ferritin levels after both 4 weeks and 12 weeks. 

Importantly, these positive outcomes were achieved 

without the occurrence of any major adverse events. This 

underlines the effectiveness and safety of the study drug in 

addressing anemia among pregnant Indian women, which 

may further contribute to improved maternal and neonatal 

health outcomes. 

ACKNOWLEDGEMENTS 

Authors would like to thank FEMINA study Investigators 

panel for participation in the study as clinical researchers. 

We wish to thank all the patients, family members and staff 

from all the units that participated in the study. Authors 

would like to thank Mr. Altaf Makwana for his 

contribution to the development of the study design and 

supported clinical matters. Further, we acknowledge 

BLUEOCEAN CRO for their valuable support in the 

preparation of this manuscript. 

Funding: This study funded by Torrent Pharmaceuticals 

Ltd., India 

Conflict of interest: Dr. Prajakta Nidhankar, Ashutosh 

Kakkad, Narendra Chouksey and Dr. Krishnaprasad 

Korukonda are paid employee of Torrent pharmaceuticals 

Ethical approval: The study was approved by the Sangini 

Hospital Ethics Committee (EC Registration number: 

IORG0007258) 

REFERENCES 

1. Gómez-Ramírez S, Bisbe E, Shander A, Spahn DR, 

Muñoz M. Management of perioperative iron 

deficiency anemia. Acta Haematol. 2019;142(1):21-9.  

2. Raveendran AV, Shiji P.V, Rajini P, Fathiya Suliman 

Al Qassabi. Iron deficiency anemia: an update. BMH 

Med J. 2019;6(4):116-130. 

3. Kassebaum NJ; GBD 2013 Anemia Collaborators. 

The global burden of anemia. Hematol Oncol Clin 

North Am. 2016;30(2):247-308. 

4. Black RE, Victora CG, Walker SP, Bhutta ZA, 

Christian P, de Onis M, et al. Maternal and child 

undernutrition and overweight in low-income and 

middle-income countries. Lancet. 

2013;382(9890):427‐51.  

5. Haddad L, Hawkes C, Udomkesmalee E, Achadi E, 

Bendech MA, Ahuja A, Bhutta Z, De-Regil L, Fanzo 

J, Fracassi P, Grummer-Strawn LM. Global nutrition 

report 2016: from promise to impact: ending 

malnutrition by 2030. International Food Policy 

Research Institute; 2016.  

6. Anand T, Rahi M, Sharma P, Ingle GK. Issues in 

prevention of iron deficiency anemia in India. 

Nutrition. 2014;30(7-8):764-70. 

7. Burke RM, Leon JS, Suchdev PS. Identification, 

prevention and treatment of iron deficiency during the 

first 1000 days. Nutrients. 2014;6(10):4093-114.  

8. Goonewardene M, Shehata M, Hamad A. Anaemia in 

pregnancy. Best Pract Res Clin Obstet Gynaecol. 

2012;26(1):3-24.  

9. Api O, Breyman C, Çetiner M, Demir C, Ecder T. 

Diagnosis and treatment of iron deficiency anemia 

during pregnancy and the postpartum period: Iron 

deficiency anemia working group consensus report. 

Turk J Obstet Gynecol. 2015;12:173-81.  

10. Manual A. Dietary guidelines for Indians. Nat Inst 

Nutrition. 2011;2:89-117. 

11. Singhal SR, Kadian V, Singh S, Ghalaut VS. 

Comparison of various oral iron salts in the treatment 

of iron deficiency anemia in pregnancy. Indian J 

Obstetr Gynaecol Res. 2015;2(3):155-8. 

12. Hartman-Craven B, Christofides A, O'Connor DL, 

Zlotkin S. Relative bioavailability of iron and folic 

acid from a new powdered supplement compared to a 

traditional tablet in pregnant women. BMC Pregn 

Childb. 2009;9:33. 

13. World Health Organization. Guidelines on food 

fortification with micronutrients. Available at: 

https://www.who.int/nutrition/publications/micronutr

ients/GFF_Part_3_en.pdf?ua=1. Accessed on 14 May 

2024. 

14. Laganà AS, Costabile L, Filati P, Noventa M, 

Vitagliano A, D'Anna R. Effects of micronised 

dispersible ferric pyrophosphate combined with 

alpha-lactalbumin in pregnant women affected by iron 

deficiency anemia: results from a prospective, double-

blind, randomized controlled trial. Eur Rev Med 

Pharmacol Sci. 2018;22(11):3602-8. 

15. Swain RA, St Clair L. The role of folic acid in 

deficiency states and prevention of disease. J Fam 

Pract. 1997;44(2):138-44. 

16. Field MS, Stover PJ. Safety of folic acid. Ann N Y 

Acad Sci. 2018;1414(1):59-71.  

17. Garcia-Santos D, Schranzhofer M, Bergeron R, 

Sheftel AD, Ponka P. Extracellular glycine is 

necessary for optimal hemoglobinization of erythroid 

cells. Haematologica. 2017;102(8):1314-23. 

18. Esen UI. Iron deficiency anaemia in pregnancy: The 

role of parenteral iron. J Obstet Gynaecol. 

2017;37(1):15-8. 

19. Centers for Disease Control and Prevention. 

Recommendations to prevent and control iron 

deficiency in the United States. MMWR Recomm 

Report. 1998;47:1-29. 

20. Muñoz M, Gómez-Ramírez S, Besser M, Pavía J, 

Gomollón F, Liumbruno GM, et al. Current 

misconceptions in diagnosis and management of iron 

deficiency. Blood Transfus. 2017;15(5):422-37. 

21. Van Wyck DB, Roppolo M, Martinez CO, Mazey 

RM, McMurray S, United States Iron Sucrose 

(Venofer) Clinical Trials Group. Iron Sucrose Clinical 

Trials G. A randomized, controlled trial comparing IV 

iron sucrose to oral iron in anemic patients with 

nondialysis-dependent CKD. Kidney Int 

2005;68(6):2846-56. 

 



Gandhi A et al. Int J Reprod Contracept Obstet Gynecol. 2024 Oct;13(10):2776-2784 

International Journal of Reproduction, Contraception, Obstetrics and Gynecology                                 Volume 13 · Issue 10    Page 2784 

22. Charytan C, Qunibi W, Bailie GR, Venofer Clinical 

Studies Group. Comparison of intravenous iron 

sucrose to oral iron in the treatment of anemic patients 

with chronic kidney disease not on dialysis. Nephron 

Clin Pract. 2005;100(3):c55-62. 

23. Van Wyck DB, Martens MG, Seid MH, Baker JB, 

Mangione A. Intravenous ferric carboxymaltose 

compared with oral iron in the treatment of 

postpartum anemia: a randomized controlled trial. 

Obstet Gynecol. 2007;110(2 Part 1):267-78. 

24. Babitt JL, Lin HY. Molecular mechanisms of hepcidin 

regulation: implications for the anemia of CKD. Am J 

Kidney Dis. 2010;55(4):726-41. 

25. LeFevre ME, Hancock DC, Joel DD. Intestinal barrier 

to large particulates in mice. J Toxicol Environ 

Health. 1980;6(4):691-704. 

26. Ermak TH, Dougherty EP, Bhagat HR, Kabok Z, 

Pappo J. Uptake and transport of copolymer 

biodegradable microspheres by rabbit Peyer's patch M 

cells. Cell Tissue Res. 1995;279(2):433-6. 

27. World Health Organization. Anaemia. Available at: 

https://www.who.int/newsroom/factsheets/detail/ana

emia#:~:text=During%20pregnancy%2C%20anaemi

a%20has%20been,%2C%20families%2C%20comm

unities%20and%20countries. Accessed on 14 May 

2024. 

28. Kaushal S, Priya T, Thakur S, Marwaha P, Kaur H. 

The etiology of anemia among pregnant women in the 

hill state of Himachal Pradesh in North India: a cross-

sectional study. Cureus. 2022;14(1):e21444. 

29. Karami M, Chaleshgar M, Salari N, Akbari H, 

Mohammadi M. Global prevalence of anemia in 

pregnant women: a comprehensive systematic review 

and meta-analysis. Mater Child Heal J. 

2022;26(7):1473-87. 

30. Lin L, Wei Y, Zhu W, Wang C, Su R, Feng H, et al, 

Gestational diabetes mellitus Prevalence Survey 

(GPS) study Group. Prevalence, risk factors and 

associated adverse pregnancy outcomes of anaemia in 

Chinese pregnant women: a multicentre retrospective 

study. BMC Pregn Childb. 2018;18(1):1-8. 

31. Gautam CS, Saha L, Sekhri K, Saha PK. Iron 

deficiency in pregnancy and the rationality of iron 

supplements prescribed during pregnancy. Medsc J 

Medi. 2008;10(12):283. 

32. Stephen G, Mgongo M, Hussein Hashim T, Katanga 

J, Stray-Pedersen B, Msuya SE. Anaemia in 

pregnancy: prevalence, risk factors, and adverse 

perinatal outcomes in Northern Tanzania. Anemia. 

2018:2018(1):1846280. 

33. Yakoob MY, Bhutta ZA. Effect of routine iron 

supplementation with or without folic acid on anemia 

during pregnancy. BMC Publ Heal. 2011;11:1-0. 

34. Ganji V, Kafai MR. Hemoglobin and hematocrit 

values are higher and prevalence of anemia is lower in 

the post–folic acid fortification period than in the pre–

folic acid fortification period in US adults. Am J Clin 

Nutrit. 2009;89(1):363-71. 

35. JP AK, Somannavar MS, George N. Efficacy of iron 

treatments on hemoglobin and ferritin levels in iron 

deficient pregnant women: Systematic review and 

meta-analysis. Clin Epidemiol Glob Heal. 

2023;23:101375. 

 

 

 

 

 

 

 

 

 

 

 

  

 

Cite this article as: Gandhi A, Bhatt H, Patel M, 

Nidhankar P, Kakkad A, Chouksey N, et al. 
Retrospective observational study to assess clinical 

impact of ferric pyrophosphate supplementation in 

antenatal settings of India (FEMINA study). Int J 

Reprod Contracept Obstet Gynecol 2024;13:2776-84. 


