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Abstract

Introduction: Anemia is significant public health problem of multifactorial causation. Nutritional causes such as iron, folate, vitamin B12, vitamin A 
deficiencies, and protein-energy malnutrition can result in anemia. The non-nutritional causes of anemia include genetic disorders such as hemoglobinopathies, 
infectious diseases, and various other chronic diseases. Non-nutritional causes of anemia constitute a significant burden in world and also in India. This review 
aimed to study the burden of different non-nutritional causes of anemia among pregnant women in India.  

Methods: PubMed and Google Scholar were searched for studies reporting on the prevalence of non-nutritional causes of anemia among pregnant 
women in India, published from 2012 to 2024. The systematic review was reported according to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines.

Result: A total of 297 studies were identified, of which 27studies were included in the systematic review. The prevalence of beta-thalassemia disease was 
2.1%, beta-thalassemia trait ranged from 0.7 to 8.5%, sickle cell disease from 0.7 to 1.6%, and sickle cell trait from 0.2 to 15.6% amongst pregnant women. 
The prevalence of malaria was in the range of0.8 to 29.3%, among pregnant women in India.

Conclusion: Non- nutritional causes of anemia constitute a significant burden amongst pregnant women in India. Non-nutritional causes of anemia need 
to be addressed to achieve targets of control of anemia. There is a need for more scientifically sound basic research investigating the prevalence of different 
non-nutritional causes of anemia in pregnancy.
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dl. It results in reduced oxygen-carrying capacity of the blood 
andthe inability to fulfil the physiological needs of the individual.
[2] WHO  estimates  the  prevalence  of  anemia  among  pregnant 
women is 41.8% globally. [3] The National Family Health Survey 
(NFHS-5)  2019  –  2021  in  India  estimated  the  prevalence  of 
anemia among pregnant women to be 52.2%. [4]

The causes of anemia are multifactorial and include both 
nutritional and non-nutritional causes. Nutritional causes such 
as iron, folate, vitamin B12, vitamin A deficiencies, and protein-

Introduction
Anemia is one of the most important public health problems 

in many developed and as well as developing countries, including 
India.  Anemia  in  pregnancy  is  associated  with  maternal  and 
fetal  complications  such as  low birth weight,  preterm delivery, 
impaired  neurological  development  of  the  child,  maternal 
mortality, and morbidity.[1] The World Health Organization 
(WHO)  defines  anemia  in  pregnancy  as  a  condition  in  which 
the haemoglobin concentration in the blood falls below 11 g/
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energy malnutrition can result in anemia, as these nutrients 
are needed for the synthesis of hemoglobin in the body. Iron 
deficiency is known to be the most common cause of nutritional 
anemia during pregnancy. The non-nutritional causes of 
anemia include genetic disorders such as hemoglobinopathies 
(thalassemia,  sickle  cell  disease)  and  hemophilia,  infectious 
diseases (malaria, tuberculosis, soil-transmitted helminths), and 
various other chronic diseases.[5]

Hemoglobinopathies  including  thalassemia  and  sickle  cell 
disease (SCD) are the most common single-gene disorders 
(autosomal recessive)and constitute a significant health problem 
in certain parts of the world, including India.[6] Thalassemia 
is a blood disorder characterized by inherent defects in the 
synthesis of globin chains of the hemoglobin. This impairs 
normal hemoglobin synthesis, thereby affecting the production 
of red blood cells (RBCs), resulting in anemia. Communities like 
Sindhis,  Punjabis,  Gujaratis,  Bengalis, Mahars,  Kolis,  Saraswats, 
Lohanas,  and  Gaurs  have  shown  higher  frequencies  of  carrier 
state of beta-thalassemia. [7] SCD is a genetic blood disorder 
in which an abnormal hemoglobin S  is produced, making RBCs 
more susceptible to destruction in the small blood vessels. This 
increased destruction of RBCs is implicated in the pathogenesis 
of  anemia  associated with  SCD.  SCD  is  known  to  be  prevalent 
in certain tribal communities of southern, eastern, and western 
states of India.[8]

Infectious diseases particularly malaria and tuberculosis, and 
soil-transmitted helminth  infestations have been  recognized as 
important health problems in tropical and sub-tropical regions 
of India. The malarial parasite multiplies inside the human RBCs, 
leading  to  their  destruction,  causing  anemia.15  Studies  have 
reported a strong association between tuberculosis and anemia, 
but the direction of this relationship and the exact mechanism 
are  not  known.[9]  Soil-transmitted  helminth  infestations  lead 
to  severe  anemia  through  intestinal  blood  loss  and  by  causing 
deficiencies of various micronutrients.[10] Chronic diseases are 
associated with  inflammation  resulting  from  infectious  causes, 
metabolic causes, autoimmunity and other causes. Inflammation 
results  in  cytokine-mediated  increase  in  hepcidin  levels  in  the 
body. Hepcidin is a protein molecule that inhibits intestinal 
absorption of iron and it is released primarily by the liver.[11]

For  developing  strategies  to  control  the  non-nutritional 
causes of anemia in pregnancy, we need to estimate the magnitude 
of the problem posed by them. There have been limited studies 
conducted  in  India  to  assess  the  prevalence  of  non-nutritional 
causes  of  anemia  among  pregnant  women.  Also,  there  are  no 
previous systematic reviews addressing this question. Therefore, 
this  review  aimed  to  estimate  the  burden  of  different  non-
nutritional causes of anemia among pregnant women in India. 

Methodology
Search strategy: This  systematic  review  was  reported 

according to the Preferred Reporting Items for Systematic 

Reviews  and Meta-Analyses  (PRISMA)  guidelines.  PubMed  and 
Google  Scholar  were  searched  for  relevant  published  articles. 
The  following  keywords  were  used  for  the  literature  search 
–  prevalence  Anon-nutritional  causes  of  anemia,  pregnancy, 
prevalence  of  infectious  diseases  (Malaria,  Tuberculosis  and 
helminths),  hemoglobinopathies,  chronic  diseases  (Liver  and 
kidney) and all combination of these words. All relevant studies 
published from 2012 to 2024 were identified during the search 
process. To increase the width of the search, the list of references 
of  all  relevant  studies  found  in  the  above  search  was  also 
screened. 

Eligibility Criteria

Inclusion criteria:  This  systematic  review  included 
all  observational  studies  conducted  in  India  that  assessed 
the  prevalence  of  non-nutritional  causes  of  anemia  such  as 
hemoglobinopathies (beta-thalassemia disease, thalassemia 
trait,  sickle  cell  disease,  and  sickle  cell  trait),hemophilia, 
infectious diseases (malaria,tuberculosis, soil-transmitted 
helminths),chronic  liver  disease,  and  chronic  kidney  disease, 
which were published in different peer-reviewed journals during 
the last 10 years from 1st January 2012 to 30thJanuary 2022. 
The search was run again on 31st  August  2024  to  include  all 
available  evidence.  Only  studies  published  in  English  language 
were included. There were no restrictions specified for the study 
setting, study duration, and outcome assessment technique.

Exclusion criteria: Studies without full text, commentaries, 
duplicated studies, anonymous reports, and irrelevant data were 
excluded.

Search Methods: Two  reviewers  independently  searched 
PubMed  and  Google  Scholar  using  the  keywords  such.  After 
removing the duplicates, the identified studies were first screened 
by  title  and abstract. Those  studies  found relevant on  title  and 
abstract  screening  were  considered  for  full-text  evaluation  by 
applying the inclusion and exclusion criteria. The screening 
was done by two independent reviewers, and any disagreement 
between them was resolved through discussion with help from a 
third reviewer.

Study quality assessment:  The  quality  of  the  included 
studies  was  assessed  using  JBI  tool  (https://jbi.global/sites/
default/files/2020-08/Checklist_for_Prevalence_Studies.pdf). 
Quality assessment of the studies was done by two independent 
reviewers with disagreements resolved through discussion. 

Data extraction: Data from the studies considered for 
inclusion  in  the  review  were  extracted  onto  Microsoft  excel. 
The following data were extracted –author’s name, publication 
year, study design, study area/setting, study period, sample 
size, age distribution of  the participants, presence and severity 
of anemia, prevalence of non-nutritional causes of anemia such 
as  hemoglobinopathies  (thalassemia,  sickle  cell  disease)  and 
hemophilia, infectious disease (malaria, tuberculosis, helminths) 
chronic  liver  disease,  and  chronic  kidney  disease  among  the 
study participants. Data extraction was done by two independent 
reviewers, with disagreements resolved through consensus.

https://jbi.global/sites/default/files/2020-08/Checklist_for_Prevalence_Studies.pdf
https://jbi.global/sites/default/files/2020-08/Checklist_for_Prevalence_Studies.pdf
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Results
Selection of the studies 

A total of 297 studies were identified by a literature search on 
two databases. Out of all the studies identified 69 were duplicates. 
After  the removal of  the duplicates 228 studies were subjected 
to title and abstract screening, during which 180 studies were 
excluded because they were found irrelevant. Forty-eight studies 
were assessed  for eligibility by  full-text  evaluation by applying 
the inclusion and exclusion criteria. Twenty-one studies were 
found ineligible and the remaining 27studies were included in 
the current review. (Figure 1).

Characteristics of the included studies

A out of twenty-seven studies were included in the review. Six 
were community-based studies, and the twenty-one remaining 
studies  were  hospital-based.  A  total  of  seventeen  studies 
reported the prevalence of hemoglobinopathies (Table 1). Only 
one  study  conducted  in  West  Bengal  reported  the  prevalence 
of beta-thalassemia disease. Fifteen studies reported the 
prevalence of beta-thalassemia trait, four studies were conducted 
in Maharashtra, and two each conducted in Karnataka, Madhya 
Pradesh, West Bengal, and one each in Gujarat, Rajasthan, Odisha, 
Punjab  and  New  Delhi.  Three  studies  reported  the  prevalence 
of  sickle  cell  disease,  one  each was  conducted  in Maharashtra, 
Madhya Pradesh, Gujarat. Six studies, one each conducted in West 
Bengal,  Odisha, Maharashtra,  Punjab, Madhya  Pradesh,  Gujarat 
reported the prevalence of sickle cell trait. Ten studies reported 
the  prevalence  of  infectious  diseases  among  pregnant women. 
Eight  studies  reported  malaria  prevalence,  of  them  one  study 
was conducted in two states – Andhra Pradesh and Chhattisgarh, 
three studies were from Chhattisgarh, two studies were from 
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Figure 1: Prisma Flow Diagram.

Madhya  Prades  hand  one  each  from  Jharkhand  and  Rajasthan. 
One  study  from  Puducherry  reported  tuberculosis  prevalence 
among  pregnant women. One  study  conducted  in Maharashtra 
reported the prevalence of soil transmitted helminth infestation 
anemia status in included studies.

Anemia status in included studies

The  studies  reported  a  wide  variation  in  anemia  across 
various  states  of  India,  particularly  in  studies  focusing  on 
hemoglobinopathies. In Punjab, 38.7% of the pregnant women 
were found to be anemic, In Maharashtra, one study noted that 
all pregnant women had microcytic  anemia, In Karnataka, 46.7% 
of the women were anemic, whereas another study from the 
state showed a lower prevalence of 22.7%. A study from Madhya 
Pradesh  reported  47%  anemia  prevalence, with  another  study 
from the same state reporting 42.8%. Other states such as New 
Delhi, Maharashtra,  Gujarat,  Jodhpur,  and West  Bengal  did  not 
report anemia prevalence in the studies. The prevalence of anemia 
in  the  infectious  diseases  was  notably  high.  Madhya  Pradesh 
reported  79%  anemia,  while  Andhra  Pradesh  and  Telangana 
had  an  even  higher  rate  of  92.4%.  Rajasthan  recorded  88.3% 
anemia prevalence,  and  Jharkhand reported 86%. Chhattisgarh 
had 73.2% anemia and another study did not report anemia. In 
Puducherry, 63.3% of the population was anemic. These figures 
suggest  a  significant  burden  of  anemia  across  different  states, 
particularly in areas affected by infectious diseases.

Burden of hemoglobinopathies among pregnant women

We included seven teen studies that estimated the prevalence 
of hemoglobinopathies among pregnant women in India. The only 
identified study that reported the prevalence of beta-thalassemia 
disease reported a 2.1% prevalence in West Bengal. Among the 
included  studies,  the  prevalence  of  beta-thalassemia  trait  was 
the highest at 8.5%  in Karnataka, and  the  lowest was reported 
in  a  study  in  Maharashtra  (0.7%).  The  prevalence  of  sickle 
cell disease reported in the studies were between 0.7 – 1.6%.
Thehighest prevalence of sickle cell  trait (15.6%) was reported 
among tribal populations of Gujarat. Punjab reported the lowest 
prevalence of sickle cell trait (0.2%).

Burden of infectious diseases 

We  included  ten  studies  that  reported  the  prevalence  of 
infectious diseases among pregnant women  in  India. As shown 
in (Table 1) out of the eight studies that estimated the prevalence 
of malaria infection, the highest (29.3%) and the lowest (0.8%) 
prevalence were  reported  in  Chhattisgarh.  One  study  reported 
the  prevalence  of  tuberculosis  to  be  1.8%  among  pregnant 
women in Puducherry. One study reported a 6.5% prevalence of 

Table 1: Prevalence in % of Infectious Diseases Among Pregnant Women in 
India from 2012 – 2024.

State Infectious Diseases Prevalence
Chhattisgarh Malaria (Highest) 29.3
Chhattisgarh Malaria (Lowest) 0.8
Puducherry Tuberculosis 1.8
Maharashtra Soil-Transmitted Helminths 6.5



INDIAN JOURNAL OF NUTRITION Khanam A, et al.

Citation: Khanam A, Ranjith A, Vohra K, Sharma T, and Yadav K. A Systematic Review on the Burden of Non-nutritional Causes of Anemia among 
Pregnant Women in India. Indian J Nutri. 2024;11(2): 303.04

soil-transmitted helminth infestation among pregnant women in 
Maharashtra. 

The burden of chronic disease (chronic kidney disease, 
chronic liver disease) among pregnant women

We  failed  to  identify  any  study  reporting  the prevalence of 
chronic diseases (chronic kidney disease, chronic  liver disease) 
among pregnant women in India.

Study Quality Assessment

Out of the twenty-eight studies included, eighteen (64.2%) 
were rated as high-quality studies, and the remaining ten (35.7%) 
were rated to be of moderate quality.  Out of the eighteen studies 
reporting on hemoglobinopathies, eleven studies were assessed 
to be of high quality and the remaining seven were of moderate 
quality.      Out  of  ten  studies  reporting  on  infectious  diseases, 
seven were of high quality and the remaining three studies were 
of moderate quality as can be seen in (Figure 7).

Discussion
This  systematic  review  attempted  to  assess  the  burden  of 

various  non-nutritional  causes  of  anemia.  The  burden  of  beta-
thalassemia disease of 2.1% andbeta-thalassemia trait ranged 
from 2.2 to 8.5%. Studies from other countries reported the 
prevalence  of  beta  thalassemia  disease  3.6%  in  Lao,  3.8%  in 
Thailand, 1.3% in China and 0.5% in Bangladesh. Similarly,  the 
prevalence  of  beta  thalassemia  trait  reported  in  the  included 
studies  was  similar  to  that  reported  in  Pakistan  (6%)  and 
Indonesia  (5.7%).[39-42]The  prevalence  of  sickle  cell  disease 
in  our  review  ranged  from  0.7  to  1.6%  and  that  of  Sickle  cell 
trait  from  1.5  to  15.6%.Other  countries  like  Africa  and  United 
Kingdom  estimated  around  1%  sickle  cell  disease  prevalence 
among pregnant women which is similar to that reported in 
studies from India.[43,44]

Not many studies have been conducted to assess the prevalence 
of  hemoglobinopathies  among  Indian  pregnant  women.  Most 
of the studies conducted were hospital-based or conducted in 
specific population groups with small  sample sizes.  India has a 
diverse population and consanguineous marriage is common in 
many cultural groups in India, leading to hemoglobinopathies 

22%

78%

0%0%

Distribution of Study Type 

Community - based
studies (n=6)

Hospital - based
studies (n=21)
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Figure 3: No. of studies reporting the prevalence of Hemoglobinopathies 
among pregnant women in India from 2012-2024
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Table 2: Description of the included studies which assessed the prevalence of hemoglobinopathies among pregnant women in India 

Author’s name and Publication 
year

Type of the study, Study 
setting Place of the study Sample size 

of the study
Result

(Prevalence %)

Mishra K et al, 2024 [12] Cross Sectional hospital-
based study Peripheral hospital Punjab 928

2.04% hemoglobinopathies
1.4% β-thalassemia trait

0.1% thalassemia trait (Hb E)
0.2% sickle cell trait

0.1% Hb J
0.2% Hb D Punjab

Patel K et al 2024 [13] Hospital-based cross-
sectional study Tertiary-care hospital Gujarat 716

8.1% Hemoglobinopathies
5.8% β-thalassemia trait 
1.1% Hb D Punjab trait

0.6% Hb S trait 
0.2% Hb E trait

0.1% Hb D Iran trait

Chouhan AS et al 2024 [14] Cross-sectional hospital-
based study

Department of Pathology of a 
tertiary care centerJNMC, Sawangi 

(Meghe), Wardha Maharashtra
312 3.8% β-thalassemia trait

Dharmarajan S et al, 2021 [15] Cross-sectional hospital-
based study

4 government hospitals, in Pune, 
Maharashtra 2107

6.3% undiagnosed hemoglobinopathy
3.3% β-thalassemia trait

1.7% sickle cell trait

Gosavi M et al 2021 [16]
Cross-sectional hospital-

based study Tertiary Care Hospital Karnataka 441 4.3% hemoglobinopathies
3.6% β-thalassemia trait

Chauhan A et al 2018 [17]
Cross sectional hospital-

based study Tertiary Care Referral Hospital, 
Maharashtra 6972

0.86% hemoglobinopathies.
0.1% sickle cell disease 
0.7% β-thalassemia trait

Safia R et al 2018 [18] Cross-sectional hospital-
based study

Tertiary Health CareCentre New 
Delhi 174 2.2% β-thalassemia trait

Desai G et al 2017 [19] Retrospective hospital-based 
cohort study

Maternal health carecentre, 
Jhagadia block Gujarat 10519 1.2% sickle cell disease

15.6% sickle cell trait

Chakraborty S2016 [20]
Cross-sectional hospital-

based study
Bankura Sammilani Medical 

College Hospital, Bankura West 
Bengal

3500

7.8% hemoglobinopathies 
4.5% β-thalassemia trait 

2.8% HbE carrier 
0.3% HbS carrier

Gupta V et al2015 [21] Cross-sectional hospital-
based study

Departments of Pediatrics, and 
Obstetrics and Gynecology, Umaid 

Hospital, Dr. Sampurnanand 
Medical College, Jodhpur

1500 5.9% β-thalassemia trait 

Balgir S et al
2015 [22]

Cross sectional hospital-
based study

Department of Obstetrics and 
Gynecology, NSCB Medical 

College and Hospital, Jabalpur, 
Madhya Pradesh 

416

47.1% Anemia
12.2% hemoglobinopathies
1.6% sickle cell disesase

7.45 sickle cell trait
2.8% β-thalassemia trait
0.2% hemoglobin E trait

Bhukhanvala DS et al,  
2013 [23]

Cross sectional hospital-
based study Maternity hospital of Surat city, 

West Bengal 3009 3.3% β-thalassemia trait 
1.5% sickle cell trait 

Kulkarni P et al, 
2013 [24]

Cross sectional hospital-
based study Primary Health Centre South 

Bengalore, Karnataka 210 8.5% β-thalassemia trait

Gosh N et al,
2013 [25]

Cross sectional community-
based study

Naxalbari block of Siliguri 
subdivision, Darjeeling district, 

West Bengal
188 2.1% β-thalassemia disease

Balgir R et al,
2013 [26]

Cross sectional hospital-
based study

Division of Human Genetics, 
Regional Medical Research 

Centre (Indian Council of Medical 
Research), Bhubaneshwar Odisha

178

5.6% β-thalassemia trait 
5.6% sickle cell trait 

1.1% hemoglobin E trait 
0.6% sickle cellE-disease 

0.6% hemoglobin H disease

Baxi X et al, 2012 [27]
Cross sectional hospital-

based study Disha Fertility and Surgical center, 
Indore, Madhya Pradesh 1006 2.7% β-thalassemia trait 

0.6% other hemoglobin variants 

Satpute SB et al, 2012 [28] Cross sectional hospital-
based study Civil Hospital, Sangli Maharashtra 1279 3.1% β-thalassemia trait
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Table 3: Description of the included studies which assessed the prevalence of infectious diseases among pregnant women in India 

Author’s name and Publication 
year Type of the study Place of the study Sample size of the 

study
Result

(Prevalence %)

Jain V et al, 2023 [29] Community-based study
Baihar and Birsa blocks of 
district Balaghat, Madhya 

Pradesh
1728 23.4% Malaria

Garg S et al,2020 [30] Cross sectional study
Community-based

Baster, Sarguja, Bilaspur, 
Raipur and Durg,Chhattisgarh 21572 0.8% Malaria

Corrêa et al,2017 [31] Cross sectional study
Community-based

Forested areas of 
Chhattisgarh, Andhra Pradesh 

and Telangana
563 29.3% Malaria

Bardajı´A, 2017 [32] Cross sectional study
Hospital-based Bikaner, Rajasthan 1982 1.3% Malaria

Sohail  M et al,2015 [33] Cross sectional study
Community-based

Sadar Hospital, Hazaribag 
districts of Jharkhand 1271 5.4% Malaria

Ihtesham Aatif Qureshi et al, 2014 
[34]

Cross sectional study
Hospital-based

Malaria endemic village, 
Andhra PradeshChattisgarh 1222 20.6% Malaria 

Ahmed et al, 2014 [35] Cross sectional study
Hospital-based

Jabalpur City, Katni (semi-
rural) and Maihar (rural) 
hospitalMadhya Pradesh

506 7.5% Malaria

Singh N et al, 2012 [36] Cross sectional study
Hospital-based

Chhattisgarh (formerly the 
eastern part of Madhya 

Pradesh)
2696 1.3% Peripheral parasitemia

Vijayageetha et al, 2019 [37] Mixed method study
Hospital-based 

Puducherry district of South 
India 4203 1.8% Tuberculosis 

Gaidhane S, et al, 2024 [38] Cross Sectional study 
Community-based 

Rural areas of Wardha district 
of Maharashtra 534 6.55% Soil Transmitted 

Helminths

Table 4: Quality assessment of studies reporting the prevalence of hemoglobinopathies among pregnant women in India

Study 1 2 3 4 5 6 7 8 9 Study Quality
Mishra K et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High
Patel K et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Chouhan AS et al Yes Yes No Yes Yes Yes Yes Yes Yes Moderate
Dharmarajan S et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Gosavi M et al Yes Yes No Yes Yes Yes Yes Yes Yes Moderate
Chauhan A et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Safia   R et al Yes Yes No Yes Yes Yes Yes Yes Yes Moderate
Desai G et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Chakraborty S et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High
Gupta V et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High
Balgir S et al Yes Yes No Yes Yes Yes Yes Yes Yes Moderate

Bhukhanvala DS et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High
Kulkarni P et al Yes Yes No Yes Yes Yes Yes Yes Yes Moderate

Gosh N et al Yes Yes No Yes Yes Yes Yes Yes Yes Moderate
Balgir S et al Yes Yes No Yes Yes Yes Yes Yes Yes Moderate
Baxi X et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Satpute SB et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Quality of studies was assessed using JBI tool (https://jbi.global/sites/default/files/2020-08/Checklist_for_Prevalence_Studies.pdf).
1. Was the sample frame appropriate to address the targetpopulation?2. Were study participants sampled in an appropriate way?3. Was the sample size adequate?4. 
Were the study subjects and the setting described in detail?5. Was the data analysis conducted with sufficient coverage of the identified sample?6. Were valid methods 
used for the identification of the condition?7. Was the condition measured in a standard, reliable way for all participants?8. Was there appropriate statistical analysis?9. 
Was the response rate adequate, and if not, was the low response rate managed appropriately?

The review reported the prevalence of malaria  in the range 
of0.8 to 29.3% among pregnant women in India.[27-33] Other 
countries  reported prevalence of malaria  rangingfrom 18–40% 
in Burkina-Faso, 32% in Zambia, 29% in Congo, 27% in Uganda, 
13%  in  Tanzania,  12%  in  Liberia  and  4%  in  Ethiopia.(45–49)
Previous  studies  show  that  the  prevalence  of malaria  is  lower 
in  Asian  countries  as  compared  to  Africa.  It  was  found  to  be 

being concentrated in certain geographical areas and among 
certain  population  groups.  Hence  the  findings  of  these  studies 
may not be generalizable at the population level. This evidence 
suggests the need for more studies, especially community-based 
large  studies,  in  more  representative  population  groups  to 
estimate the actual prevalence of different hemoglobinopathies 
among pregnant women in the country.

https://jbi.global/sites/default/files/2020-08/Checklist_for_Prevalence_Studies.pdf
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around  6%  in  Laos  and  0.4%  in  Afghanistan.[50,  51]Within 
India, there is wide geographical variations in the prevalence of 
malaria among pregnant women,likely attributable  to  the wide 
variations in geography, terrain and climatic conditions including 
precipitation. Most of the studies that reported the prevalence of 
malaria among pregnant women were conducted in Chhattisgarh 
and neighboring states which are endemic for malaria. Studies 
assessing  the  prevalence  of  tuberculosis  and  other  infectious 
causes of anemia in pregnancy were limited. There is need for 
nationally  representative  studies  that  assess  the  prevalence  of 
different  infectious  causes of  anemia  so  as  to  take  appropriate 
measures to tackle them.

India,  over  the  last  fifty  years  has  implemented  several 
national-level  programs  to  supplement  IFA  in  pregnancy. 
However,  anemia  levels  continue  to  remain  high.  In  addition 
to measures to address the nutritional causes of anemia, 
there is a need to pay due attention to the non-nutritional 
causes  of  anemia.  The  National  guideline  on  Prevention  and 
Control of Hemoglobinopathies was launched in the year 2016 
which  provides  a  strategic  framework  for  the  prevention  and 
management of hemoglobinopathies in the country. The National 
Vector  Borne  Disease  Control  Programme  (NVBDCP)  of  the 
Government of India and the National Strategic Plan for Malaria 
Elimination in India 2017–2022 attempts to eliminate malaria in 
a phased manner in the country. The recently launched Anemia 
Mukt Bharat (AMB) strategy has introduced a 6*6*6 intervention 
strategy highlighting the need for addressing non-nutritional 
causes of anemia to reduce the burden of anemia in India. One 
of  the  six  interventions  under  the AMB  strategy  is  to  intensify 
awareness, screening, and treatment of non-nutritional causes of 
anemia with special focus on malaria and hemoglobinopathies in 
the endemic pockets of the country. There is a need for integrating 
various  programs  and  guidelines  addressing  non-nutritional 
causes for the effective control of anemia in the country. Existing 
platforms in health care centers, anganwadi centers, VHNDs, 
Nutrition week, and World Thalassemia Day can serve as avenues 
to create awareness about non-nutritional causes of anemia. 
Frontline workers like ASHAs, ANMs, and health workers need to 

be trained in screening for carrier status of hemoglobinopathies, 
prevention and care of disease, and counseling diseased/carrier 
couples and their families.

Strength 

To  best  of  our  knowledge  the  first  systematic  review 
to  summarize  the  evidence  from  published  studies  on  the 
prevalence of non-nutritional causes of anemia among pregnant 
women  in  India.  The  review  included  all  the  studies published 
during the last 12 years.

Limitation
The  number  of  studies  eligible  for  inclusion  in  this  review 

was limited, which might have affected the estimates of burden 
different non-nutritional causes of anemia among pregnant 
women  in  India. Moreover, most  of  the  studies were  hospital-
based  and  concentrated  in  specific  geographical  regions  or 
population groups leading to the non-generalizability of findings 
of  the  study.  No  studies  were  available  that  assessed  the 
prevalence  of  chronic  liver  disease  and  chronic  kidney disease 
among pregnant Indian women.

Conclusions
The prevalence of different non-nutritional causes of anemia 

among  pregnant  women  varied  highly  from  region  to  region. 
Small sample sizes and varied study designs challenged drawing 
of valid conclusions. There is need for more studies with robust 
designs  and  adequate  sample  sizes  to  assess  non-nutritional 
causes of anemia among pregnant Indian women. Non-nutritional 
causes  other  than  hemoglobinopathies  and  malaria  have  not 
been adequately investigated. Thus, the study advocates the need 
for better prevalence 

Estimation from nationally representative studies to enhance 
our understanding of the burden of different non-nutritional 
causes of anemia among pregnant women in India.

Additional File

Search strategy: PubMed  Search:  Hemoglobinopathies: 

Table 5: Quality assessment of studies reporting prevalence of infectious diseases among pregnant women in India

Study 1 2 3 4 5 6 7 8 9 Study Quality
Jain V et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High
Garg S et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High
Correa et al Yes Yes No Yes Yes Yes Yes Yes Yes Moderate
Bardaji et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Sohail M et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High
Qureshi A, I et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Ahmed et al Yes Yes No Yes Yes Yes Yes Yes Yes Moderate
Singh N et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High

Vijayageetha et al Yes Yes Yes Yes Yes Yes Yes Yes Yes High
Gaidhane S et al Yes Yes No Yes Yes Yes Yes Yes Yes Moderate

Quality of studies was assessed using JBI tool (https://jbi.global/sites/default/files/2020-08/Checklist_for_Prevalence_Studies.pdf).
1. Was the sample frame appropriate to address the targetpopulation? 2. Were study participants sampled in an appropriate way?3. Was the sample size adequate?4. 
Were the study subjects and the setting described in detail?5. Was the data analysis conducted with sufficient coverage of the identified sample?6. Were valid methods 
used for the identification of the condition?7. Was the condition measured in a standard, reliable way for all participants?8. Was there appropriate statistical analysis?9. 
Was the response rate adequate, and if not, was the low response rate managed appropriately?

https://jbi.global/sites/default/files/2020-08/Checklist_for_Prevalence_Studies.pdf
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1.  (((thalassemia  [Title/Abstract]))  AND  (pregnant  [Title/
Abstract]))  AND  (India[Title/Abstract])  (13)  2.  (((Sickle  cell 
disease  [Title/Abstract]))  AND  (pregnant[Title/Abstract]))  AND 
(India[Title/Abstract]) (5) 3. (((hemophilia[Title/Abstract])) AND 
(pregnant[Title/Abstract])) AND (India[Title/Abstract]) (NIL) 

Infectious  Diseases:  1.  (((malaria[Title/Abstract])) 
AND  (pregnant[Title/Abstract]))  AND  (India[Title/
Abstract])  (36)  2.  (((tuberculosis[Title/Abstract]))  AND 
(pregnant[Title/Abstract])) AND  (India[Title/Abstract])  (26) 3. 
(((helminths[Title/Abstract]))  AND  (pregnant[Title/Abstract])) 
AND (India[Title/Abstract]) (3)

Chronic  disease:  1.  (((chronic  kidney  disease  [Title/
Abstract]))  AND  (pregnant[Title/Abstract]))  AND  (India[Title/
Abstract]) (4) 2. (((chronic liver disease [Title/Abstract])) AND 
(pregnant[Title/Abstract])) AND (India[Title/Abstract]) (3)

Google Scholar: Hemoglobinopathies; thalassemia sickle cell 
disease “Pregnant women” India (2940)

Infectious Diseases: Malaria Pregnant women India (18,000), 
Tuberculosis Pregnant women India (17,700)

India helminths “Pregnant women” (5,500)

References 
1. Daru J, Zamora J, Fernández-Félix BM, Vogel J, Oladapo OT, et al. (2018) 

Risk of maternal mortality in women with severe anaemia during pregnancy 
and post partum: a multilevel analysis. Lancet Glob Health 6: e548-54. 

2. Kassebaum NJ (2016) The Global Burden of Anemia. Hematol Oncol Clin 
North Am 30: 247-308. 

3. Benoist DE (2008) Worldwide prevalence of anaemia 1993-2005; WHO 
Global Database of anaemia. 

4. National Family Health Survey (NFHS-5) [Internet]. [cited 2022 Feb 22]. 
Available from: 

5. Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, et al. 
(2013) Global, regional, and national trends in haemoglobin concentration 
and prevalence of total and severe anaemia in children and pregnant and 
non-pregnant women for 1995–2011: a systematic analysis of population-
representative data. Lancet Glob Health 1: e16-e25. 

6. Verma IC, Saxena R, Kohli S (2012) Hemoglobinopathies in India—Clinical 
and Laboratory Aspects. Clin Lab Med 32: 249-262. 

7. Mohanty  D, Colah RB, Gorakshakar AC, Patel RZ, Master DC, et al. (2013) 
Prevalence of β-thalassemia and other haemoglobinopathies in six cities in 
India: a multicentre study. J Community Genet 4: 33-42.

8. Creary M, Williamson D, Kulkarni R (2007) Sickle Cell Disease: Current 
Activities, Public Health Implications, and Future Directions. J Womens 
Health 16: 575-582. 

9. Gil-Santana L, Cruz LAB, Arriaga MB, Miranda PFC, Fukutani KF, et al. 
(2019) Tuberculosis-associated anemia is linked to a distinct inflammatory 
profile that persists after initiation of antitubercular therapy. Sci Rep 9: 1381. 

10. Shrinivas K, Radhika , Sreelatha R, Kavitha K (2014) Study of helminthiasis 
in pregnancy and its correlation with haemoglobin level. J Clin Diagn Res 
JCDR 8: OC07-09. 

11. D’Angelo G. (2013) Role of hepcidin in the pathophysiology and diagnosis of 
anemia. Blood Res. 48: 10-15. 

12. Mishra RK, Nathan A, Poddar SD, Panda SS (2024). Prevalence of various 
types of anemia and thalassemia in pregnant women: experience from 
Northern India. New Indian J OBGYN 10: 434-438. 

13. Patel K, Bamaniya G, Mehta K, Gandhi S, Jagrit N. (2024) THE STUDY OF 
PREVALENCE OF HEMOGLOBINOPATHIES IN ANTENATAL PATIENTS 
AT TERTIARY CARE HOSPITAL. J Cardiovasc Dis Res  15: 736-738. 

14. Chauhan AS, Joshi AR, Hilalpure SP (2024) Role of NESTROFT as a 
Screening Tool for Beta-Thalassemia Trait among Pregnant Women 
Attending a Tertiary Care Hospital: A Cross-Sectional Study 13: 1-7. 

15. Dharmarajan S, Pawar A, Bhide P, Kar A. (2021) Undiagnosed 
haemoglobinopathies among pregnant women attending antenatal care 
clinics in Pune, India. J Community Genet 12: 337-344. 

16. Gosavi M, Chavan R, Bellad MB(2021). NESTROFT—A Cost-Effective Mass 
Screening Tool for the Detection of β-Thalassemia Carrier Status in Anemic 
Pregnant Women: A Step Toward Reducing the National Disease Burden. J 
Lab Physicians 13: 368-373. 

17. Chauhan A, Prasad M (2017)  Outcome of Pregnancy with Hemoglobinopathy 
in a Tertiary Care Center | The Journal of Obstetrics and Gynecology of India 
68: 394-399. 

18. Safia R, Jairajpuri,  Zeeba S, Khetrapal, Shaan, Hassan MJ, et al. (2018) An 
analysis of NESTROFT and Red cell indices in evaluating antenatal mothers 
for Beta Thalassemia trait 17: 411-416. 

19. Desai G, Anand A, Shah P, Shah S, Dave KK, et al. (2017) Sickle cell disease 
and pregnancy outcomes: a study of the community-based hospital in a tribal 
block of Gujarat, India | Journal of Health, Population and Nutrition 36: 3 

20. 20. Srabani C, Kajari M, Swapan P, Arabinda P, Subrata P (2016) 
Haemoglobinopathies among the tribal and non-tribal antenatal mothers in a 
tertiary care hospital of rural West Bengal, India – ProQuest 15: 90-94.  

21. Gupta V, Sharma P, Jora R, Amandeep M, Kumar A (2016) Screening for 
Thalassemia Carrier Status in Pregnancy and Pre-Natal Diagnosis. Indian 
Pediatr 52: 808-809. 

22. Balgir RS (2015) Prevalence of Hemolytic Anemia and Hemoglobinopathies 
among the Pregnant Women Attending a Tertiary Hospital in Central India. 
Thalass Rep 5: 4644. 

23. Bhukhanvala DS, Sorathiya SM, Sawant P, Colah R, Ghosh K, et al. (2013) 
Antenatal Screening for Identification of Couples for Prenatal Diagnosis of 
Severe Hemoglobinopathies in Surat, South Gujarat. J Obstet Gynecol India 
63: 123-127. 

24. Kulkarni P, Masthi NRR, Niveditha S, Suvarna R (2013) The Prevalence of 
the Beta Thalassemia Trait among the Pregnant Women who attended the 
ANC Clinic in a PHC, by using the NESTROF Test in Bangalore, Karnataka. 
J Clin Diagn Res JCDR 7: 1414-1417. 

25. Chakrabarti I, Chakraborty M, Goswami B, Ghosh N (2013) A community 
based pilot study on prevalence of hemoglobinopathies among the antenatal 
women in a rural area of Darjeeling district, West Bengal. Int J Med Public 
Health 3: 107. 

26. Balgir RS (2013) A Cross-Sectional Study of Hemoglobin Disorders in 
Pregnant Women Attending Two Urban Hospitals in Eastern Coast of Odisha, 
India. Online J Health Allied Sci 12.

27. Baxi A, Kaushal Manila K, Kadhi P, Heena B (2024) Carrier Screening for 
β Thalassemia in Pregnant Indian Women: Experience at a Single Center 
in Madhya Pradesh | Indian Journal of Hematology and Blood Transfusion 
29: 71-74.

28. Satpute SB, Bankar MP, Momin AA, Bhoite GM, Yadav RD (2012) The 
Incidence of Β Thalassemia Trait in Pregnant Women from South. Int J Health 
Sci 2: 107. 

29. Jain V, Sharma RK, Shukla MM, Khosla KK, Singh N, et al.  (2023) 
Shanmugam R. Burden of malaria during pregnancy in perennial transmission 
settings of two densely forested and remote blocks (Baihar and Birsa) of 
district Balaghat, Madhya Pradesh, central India. Natl Med J India 36: 351-
357. 

30. Garg S, Dewangan M, Barman O. (2020) Malaria prevalence in symptomatic 
and asymptomatic pregnant women in a high malaria-burden state in India. 
Trop Med Health 48: 71. 

https://pubmed.ncbi.nlm.nih.gov/29571592/
https://pubmed.ncbi.nlm.nih.gov/29571592/
https://pubmed.ncbi.nlm.nih.gov/29571592/
https://pubmed.ncbi.nlm.nih.gov/27040955/
https://pubmed.ncbi.nlm.nih.gov/27040955/
https://stacks.cdc.gov/view/cdc/5351/cdc_5351_DS1.pdf
https://stacks.cdc.gov/view/cdc/5351/cdc_5351_DS1.pdf
http://rchiips.org/nfhs/factsheet_NFHS-5.shtml
http://rchiips.org/nfhs/factsheet_NFHS-5.shtml
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(13)70001-9/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(13)70001-9/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(13)70001-9/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(13)70001-9/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(13)70001-9/fulltext
https://pubmed.ncbi.nlm.nih.gov/22727003/
https://pubmed.ncbi.nlm.nih.gov/22727003/
https://link.springer.com/article/10.1007/s12687-012-0114-0
https://link.springer.com/article/10.1007/s12687-012-0114-0
https://link.springer.com/article/10.1007/s12687-012-0114-0
https://pubmed.ncbi.nlm.nih.gov/17627395/
https://pubmed.ncbi.nlm.nih.gov/17627395/
https://pubmed.ncbi.nlm.nih.gov/17627395/
https://pubmed.ncbi.nlm.nih.gov/30718725/
https://pubmed.ncbi.nlm.nih.gov/30718725/
https://pubmed.ncbi.nlm.nih.gov/30718725/
https://pubmed.ncbi.nlm.nih.gov/25478410/
https://pubmed.ncbi.nlm.nih.gov/25478410/
https://pubmed.ncbi.nlm.nih.gov/25478410/
https://pubmed.ncbi.nlm.nih.gov/23589789/
https://pubmed.ncbi.nlm.nih.gov/23589789/
https://journal.barpetaogs.co.in/pdf/10434.pdf
https://journal.barpetaogs.co.in/pdf/10434.pdf
https://journal.barpetaogs.co.in/pdf/10434.pdf
https://jcdronline.org/admin/Uploads/Files/6648d4a6a13064.56279903.pdf
https://jcdronline.org/admin/Uploads/Files/6648d4a6a13064.56279903.pdf
https://jcdronline.org/admin/Uploads/Files/6648d4a6a13064.56279903.pdf
https://gjmedph.com/Uploads/O6_Vol13_No3_2024.pdf
https://gjmedph.com/Uploads/O6_Vol13_No3_2024.pdf
https://gjmedph.com/Uploads/O6_Vol13_No3_2024.pdf
https://pubmed.ncbi.nlm.nih.gov/33486692/
https://pubmed.ncbi.nlm.nih.gov/33486692/
https://pubmed.ncbi.nlm.nih.gov/33486692/
https://pubmed.ncbi.nlm.nih.gov/34975258/
https://pubmed.ncbi.nlm.nih.gov/34975258/
https://pubmed.ncbi.nlm.nih.gov/34975258/
https://pubmed.ncbi.nlm.nih.gov/34975258/
https://link.springer.com/article/10.1007/s13224-017-1073-5
https://link.springer.com/article/10.1007/s13224-017-1073-5
https://link.springer.com/article/10.1007/s13224-017-1073-5
https://www.proquest.com/openview/43e061c00d2b59677df51e4fa9250f82/1?pq-origsite=gscholar&cbl=2040930
https://www.proquest.com/openview/43e061c00d2b59677df51e4fa9250f82/1?pq-origsite=gscholar&cbl=2040930
https://www.proquest.com/openview/43e061c00d2b59677df51e4fa9250f82/1?pq-origsite=gscholar&cbl=2040930
https://link.springer.com/article/10.1186/s41043-017-0079-z
https://link.springer.com/article/10.1186/s41043-017-0079-z
https://link.springer.com/article/10.1186/s41043-017-0079-z
https://www.proquest.com/openview/209cde4f50eec46ac3e0b20a77d14c6f/1?pq-origsite=gscholar&cbl=2040930
https://www.proquest.com/openview/209cde4f50eec46ac3e0b20a77d14c6f/1?pq-origsite=gscholar&cbl=2040930
https://www.proquest.com/openview/209cde4f50eec46ac3e0b20a77d14c6f/1?pq-origsite=gscholar&cbl=2040930
https://pubmed.ncbi.nlm.nih.gov/26519723/
https://pubmed.ncbi.nlm.nih.gov/26519723/
https://pubmed.ncbi.nlm.nih.gov/26519723/
https://pdfs.semanticscholar.org/8d37/86afb98ce7b51442d714960ff1c8e3b36c1b.pdf
https://pdfs.semanticscholar.org/8d37/86afb98ce7b51442d714960ff1c8e3b36c1b.pdf
https://pdfs.semanticscholar.org/8d37/86afb98ce7b51442d714960ff1c8e3b36c1b.pdf
https://pubmed.ncbi.nlm.nih.gov/24431619/
https://pubmed.ncbi.nlm.nih.gov/24431619/
https://pubmed.ncbi.nlm.nih.gov/24431619/
https://pubmed.ncbi.nlm.nih.gov/24431619/
https://pubmed.ncbi.nlm.nih.gov/23998078/
https://pubmed.ncbi.nlm.nih.gov/23998078/
https://pubmed.ncbi.nlm.nih.gov/23998078/
https://pubmed.ncbi.nlm.nih.gov/23998078/
https://d1wqtxts1xzle7.cloudfront.net/106202264/IntJMedPublicHealth_2013_3_2_107_115181.pdf?1696410682=&response-content-disposition=inline%3B+filename%3DA_community_based_pilot_study_on_prevale.pdf&Expires=1730374604&Signature=KgseDL3wYPsgdSvktgN00ezuEQHE
https://d1wqtxts1xzle7.cloudfront.net/106202264/IntJMedPublicHealth_2013_3_2_107_115181.pdf?1696410682=&response-content-disposition=inline%3B+filename%3DA_community_based_pilot_study_on_prevale.pdf&Expires=1730374604&Signature=KgseDL3wYPsgdSvktgN00ezuEQHE
https://d1wqtxts1xzle7.cloudfront.net/106202264/IntJMedPublicHealth_2013_3_2_107_115181.pdf?1696410682=&response-content-disposition=inline%3B+filename%3DA_community_based_pilot_study_on_prevale.pdf&Expires=1730374604&Signature=KgseDL3wYPsgdSvktgN00ezuEQHE
https://d1wqtxts1xzle7.cloudfront.net/106202264/IntJMedPublicHealth_2013_3_2_107_115181.pdf?1696410682=&response-content-disposition=inline%3B+filename%3DA_community_based_pilot_study_on_prevale.pdf&Expires=1730374604&Signature=KgseDL3wYPsgdSvktgN00ezuEQHE
https://www.ojhas.org/issue48/2013-4-4.html
https://www.ojhas.org/issue48/2013-4-4.html
https://www.ojhas.org/issue48/2013-4-4.html
https://link.springer.com/article/10.1007/s12288-012-0165-8
https://link.springer.com/article/10.1007/s12288-012-0165-8
https://link.springer.com/article/10.1007/s12288-012-0165-8
https://link.springer.com/article/10.1007/s12288-012-0165-8
https://d1wqtxts1xzle7.cloudfront.net/81607706/13-libre.pdf?1646271824=&response-content-disposition=inline%3B+filename%3DThe_Incidence_of_B_Thalassemia_Trait_in.pdf&Expires=1730375062&Signature=JWhzvX4zu2XKw4fTz-cw2NNkwazEXWAsmKq8jybtP90jrNEk6OR2T-JA2nWgt
https://d1wqtxts1xzle7.cloudfront.net/81607706/13-libre.pdf?1646271824=&response-content-disposition=inline%3B+filename%3DThe_Incidence_of_B_Thalassemia_Trait_in.pdf&Expires=1730375062&Signature=JWhzvX4zu2XKw4fTz-cw2NNkwazEXWAsmKq8jybtP90jrNEk6OR2T-JA2nWgt
https://d1wqtxts1xzle7.cloudfront.net/81607706/13-libre.pdf?1646271824=&response-content-disposition=inline%3B+filename%3DThe_Incidence_of_B_Thalassemia_Trait_in.pdf&Expires=1730375062&Signature=JWhzvX4zu2XKw4fTz-cw2NNkwazEXWAsmKq8jybtP90jrNEk6OR2T-JA2nWgt
https://www.nmji.in/content/141/2023/36/6/pdf/NMJI-36-351.pdf
https://www.nmji.in/content/141/2023/36/6/pdf/NMJI-36-351.pdf
https://www.nmji.in/content/141/2023/36/6/pdf/NMJI-36-351.pdf
https://www.nmji.in/content/141/2023/36/6/pdf/NMJI-36-351.pdf
https://www.nmji.in/content/141/2023/36/6/pdf/NMJI-36-351.pdf
https://link.springer.com/article/10.1186/s41182-020-00259-y
https://link.springer.com/article/10.1186/s41182-020-00259-y
https://link.springer.com/article/10.1186/s41182-020-00259-y


INDIAN JOURNAL OF NUTRITION Khanam A, et al.

Citation: Khanam A, Ranjith A, Vohra K, Sharma T, and Yadav K. A Systematic Review on the Burden of Non-nutritional Causes of Anemia among 
Pregnant Women in India. Indian J Nutri. 2024;11(2): 303.09

31. Corrêa G, Das M, Kovelamudi R, Jaladi N, Pignon C, Vysyaraju K, et al. 
(2017) High burden of malaria and anemia among tribal pregnant women in a 
chronic conflict corridor in India. Confl Health. 11: 10. 

32. Bardají A, Martínez-Espinosa FE, Arévalo-Herrera M, Padilla N, Kochar S, 
et al. (2017) Burden and impact of Plasmodium vivax in pregnancy: A multi-
centre prospective observational study. PLoS Negl Trop Dis 11: e0005606. 

33. Sohail M, Shakeel S, Kumari S, Bharti A, Zahid F, et al. (2015) Prevalence of 
Malaria Infection and Risk Factors Associated with Anaemia among Pregnant 
Women in Semiurban Community of Hazaribag, Jharkhand, India. BioMed 
Res Int 2015: 740512. 

34. Qureshi IA, Arlappa N, Qureshi MA (2014) Prevalence of malaria and anemia 
among pregnant women residing in malaria-endemic forest villages in India. 
Int J Gynecol Obstet 127: 93. 

35. Ahmed R, Singh N, Ter Kuile FO, Bharti PK, Singh PP, et al. (2014) Placental 
infections with histologically confirmed Plasmodium falciparum are associated 
with adverse birth outcomes in India: a cross-sectional study. Malar J 13: 232. 

36. 36.Singh N, Singh MP, Wylie BJ, Hussain M, Kojo YA, et al.(2012) Malaria 
prevalence among pregnant women in two districts with differing endemicity 
in Chhattisgarh, India. Malar J 11: 274. 

37. Vijayageetha M, Kumar AM, Ramakrishnan J, Sarkar S, Papa D, Mehta K, et 
al. (2019)Tuberculosis screening among pregnant women attending a tertiary 
care hospital in Puducherry, South India: is it worth the effort? Glob Health 
Action 12: 1564488. 

38. 38. Gaidhane  S, Gaidhane  A, Khatib MN, Telrandhe S, Patil M, et al. 
(2024) Estimation of the Parasitic Burden of Soil-Transmitted Helminths 
Among Pregnant Women in the Maharashtra State of India Using qPCR: A 
Community-Based Study. Indian J Community Med Off Publ Indian Assoc 
Prev Soc Med. 49: 157-164. 

39. 39.Wongprachum K, Sanchaisuriya K, Dethvongphanh M, Norcharoen B, 
Htalongsengchan B, et al. (2015) Molecular Heterogeneity of Thalassemia 
among Pregnant Laotian Women. Acta Haematol 135: 65-69. 

40. Youssry MA, Radwan AM, Gebreel MA, Patel TA. (2018) Prevalence of 
Maternal Anemia in Pregnancy: The Effect of Maternal Hemoglobin Level on 
Pregnancy and Neonatal Outcome. Open J Obstet Gynecol. 08: 676. 

41. Tabassum S, Khakwani M, Fayyaz A, Taj N (2022) Role of Mentzer index for 
differentiating iron deficiency anemia and beta thalassemia trait in pregnant 
women. Pak J Med Sci 38: 878-882. 

42. Susanti AI, Sahiratmadja E, Winarno G, Sugianli AK, Susanto H, et al. (2017) 
Low Hemoglobin among Pregnant Women in Midwives Practice of Primary 
Health Care, Jatinangr, Indonesia: Iron Deficiency Anemia or β -Thalassemia 
Trait? Anemia 2017: 1-5. 

43. Alayed N, Kezouh A, Oddy L, Abenhaim HA (2014) Sickle cell disease and 
pregnancy outcomes: population-based study on 8.8 million births. J Perinat 
Med 42: 487-492. 

44. Barfield WD, Barradas DT, Manning SE, Kotelchuck M, Shapiro-Mendoza 
CK (2010) Sickle Cell Disease and Pregnancy Outcomes: Women of African 
Descent. Am J Prev Med 38: S542-549. 

45. Feleke DG, Adamu A, Gebreweld A, Tesfaye M, Demisiss W, (2020) 
Asymptomatic malaria infection among pregnant women attending antenatal 
care in malaria endemic areas of North-Shoa, Ethiopia: a cross-sectional 
study. Malar J 19: 67. 

46. Tahita MC, Tinto H, Menten J, Ouedraogo JB, Guiguemde RT, et al. (2013) 
Clinical signs and symptoms cannot reliably predict Plasmodium falciparum 
malaria infection in pregnant women living in an area of high seasonal 
transmission. Malar J 12: 464. 

47. Chaponda EB, Chandramohan D, Michelo C, Mharakurwa S, Chipeta J,  et 
al. (2015) Chico RM. High burden of malaria infection in pregnant women in a 
rural district of Zambia: a cross-sectional study. Malar J 14: 380. 

48. Matangila JR, Lufuluabo J, Ibalanky AL, Inocêncio da Luz RA, Lutumba P,  et 
al. (2014) Asymptomatic Plasmodium falciparum infection is associated with 
anaemia in pregnancy and can be more cost-effectively detected by rapid 
diagnostic test than by microscopy in Kinshasa, Democratic Republic of the 
Congo. Malar J 13: 132. 

49. Willilo RA, Molteni F, Mandike R, Mugalura FE, Mutafungwa A,  et al. (2016) 
Pregnant women and infants as sentinel populations to monitor prevalence 
of malaria: results of pilot study in Lake Zone of Tanzania. Malar J 15: 392. 

50. Briand V, Le Hesran JY, Mayxay M, Newton PN, Bertin G, et al. (2016) 
Prevalence of malaria in pregnancy in southern Laos: a cross-sectional 
survey. Malar J 15: 436. 

51. Howard N, Enayatullah S, Mohammad N, Mayan I, Shamszai Z,  et al.  
(2015) Towards a strategy for malaria in pregnancy in Afghanistan: analysis 
of clinical realities and women’s perceptions of malaria and anaemia. Malar 
J 14: 431.

https://link.springer.com/article/10.1186/S13031-017-0113-1
https://link.springer.com/article/10.1186/S13031-017-0113-1
https://link.springer.com/article/10.1186/S13031-017-0113-1
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0005606
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0005606
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0005606
https://pubmed.ncbi.nlm.nih.gov/26783526/
https://pubmed.ncbi.nlm.nih.gov/26783526/
https://pubmed.ncbi.nlm.nih.gov/26783526/
https://pubmed.ncbi.nlm.nih.gov/26783526/
https://pubmed.ncbi.nlm.nih.gov/25092357/
https://pubmed.ncbi.nlm.nih.gov/25092357/
https://pubmed.ncbi.nlm.nih.gov/25092357/
https://pubmed.ncbi.nlm.nih.gov/24927762/
https://pubmed.ncbi.nlm.nih.gov/24927762/
https://pubmed.ncbi.nlm.nih.gov/24927762/
https://pubmed.ncbi.nlm.nih.gov/22882903/
https://pubmed.ncbi.nlm.nih.gov/22882903/
https://pubmed.ncbi.nlm.nih.gov/22882903/
https://pubmed.ncbi.nlm.nih.gov/30806593/
https://pubmed.ncbi.nlm.nih.gov/30806593/
https://pubmed.ncbi.nlm.nih.gov/30806593/
https://pubmed.ncbi.nlm.nih.gov/30806593/
https://pubmed.ncbi.nlm.nih.gov/38425985/
https://pubmed.ncbi.nlm.nih.gov/38425985/
https://pubmed.ncbi.nlm.nih.gov/38425985/
https://pubmed.ncbi.nlm.nih.gov/38425985/
https://pubmed.ncbi.nlm.nih.gov/38425985/
https://pubmed.ncbi.nlm.nih.gov/26444381/
https://pubmed.ncbi.nlm.nih.gov/26444381/
https://pubmed.ncbi.nlm.nih.gov/26444381/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9121960/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9121960/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9121960/
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/6935648
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/6935648
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/6935648
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/6935648
Alayed N, Kezouh A, Oddy L, Abenhaim HA (2014) Sickle cell disease and pregnancy outcomes: population-based study on 8.8%20million births. J Perinat Med 42: 487-492.
Alayed N, Kezouh A, Oddy L, Abenhaim HA (2014) Sickle cell disease and pregnancy outcomes: population-based study on 8.8%20million births. J Perinat Med 42: 487-492.
Alayed N, Kezouh A, Oddy L, Abenhaim HA (2014) Sickle cell disease and pregnancy outcomes: population-based study on 8.8%20million births. J Perinat Med 42: 487-492.
https://www.sciencedirect.com/science/article/abs/pii/S0749379709009581
https://www.sciencedirect.com/science/article/abs/pii/S0749379709009581
https://www.sciencedirect.com/science/article/abs/pii/S0749379709009581
https://link.springer.com/article/10.1186/s12936-020-3152-9
https://link.springer.com/article/10.1186/s12936-020-3152-9
https://link.springer.com/article/10.1186/s12936-020-3152-9
https://link.springer.com/article/10.1186/s12936-020-3152-9
https://link.springer.com/article/10.1186/1475-2875-12-464
https://link.springer.com/article/10.1186/1475-2875-12-464
https://link.springer.com/article/10.1186/1475-2875-12-464
https://link.springer.com/article/10.1186/1475-2875-12-464
https://link.springer.com/article/10.1186/s12936-015-0866-1
https://link.springer.com/article/10.1186/s12936-015-0866-1
https://link.springer.com/article/10.1186/s12936-015-0866-1
https://link.springer.com/article/10.1186/1475-2875-13-132
https://link.springer.com/article/10.1186/1475-2875-13-132
https://link.springer.com/article/10.1186/1475-2875-13-132
https://link.springer.com/article/10.1186/1475-2875-13-132
https://link.springer.com/article/10.1186/1475-2875-13-132
https://link.springer.com/article/10.1186/s12936-016-1441-0
https://link.springer.com/article/10.1186/s12936-016-1441-0
https://link.springer.com/article/10.1186/s12936-016-1441-0
https://link.springer.com/article/10.1186/s12936-016-1492-2
https://link.springer.com/article/10.1186/s12936-016-1492-2
https://link.springer.com/article/10.1186/s12936-016-1492-2
https://link.springer.com/article/10.1186/s12936-015-0964-0
https://link.springer.com/article/10.1186/s12936-015-0964-0
https://link.springer.com/article/10.1186/s12936-015-0964-0
https://link.springer.com/article/10.1186/s12936-015-0964-0

	Title
	Abstract
	Introduction 
	Methodology
	Figure 1
	Results
	Table 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Discussion
	Table 2
	Table 3
	Table 4
	Table 5
	Limitation
	Conclusions
	References

