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ABSTRACT

Introduction: anemia is a significant public health issue worldwide, particularly among Indigenous populations, 
because of numerous nutritional, genetic, and socio-cultural reasons. Among the Malayali tribes of Tamil 
Nadu, India—a Scheduled Tribe with a history of consanguineous marriage and limited access to healthcare—
there is a high burden of anemia, but little has been established about the issue.
Method: community-based cross-sectional study was carried out among 516 respondents. Hematological 
profiling and Semi-structured questionnaire was utilized to collect socio-demographic indicators, morbidity 
history and anemia specific knowledge. Binary logistic regression analysis and Chi-square tests were utilized 
to study associations between demographic factors and anemia. 
Results: the overall prevalence of anemia in the current study was 38 %, and the prevalence proportion 
of severe anemia was 2,3 %, moderate anemia was 22,5 %, and mild anemia was 13,2 %.Logistic regression 
analysis revealed significant odds of anemia in men (aOR=0,48, 95 % CI: 0,32–0,71), unmarried persons 
(aOR=0,33, 95 % CI: 0,12–0,88), students (aOR=3,46, 95 % CI: 1,23–9,76), and household members (aOR=0,46, 
95 % CI: 0,27–0,80). 
Conclusion: compared to the other Indian tribal communities, the anemia prevalence in the Malayali tribe 
is lower but still a public health problem for the latter and others. Hematological profiling can aid in the 
diagnosis of conditions in tribal, remote environments where laboratory-based diagnostic capacity could be 
limited. Aside from education and participant age, socioeconomic and gendered work factors seemed to 
have the most influence on risk factors for anemia. 
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RESUMEN

Introducción: la anemia es un importante problema de salud pública a nivel mundial, especialmente entre 
las poblaciones indígenas, debido a diversas causas nutricionales, genéticas y socioculturales. Entre las 
tribus Malayali de Tamil Nadu, India—una comunidad clasificada como tribu registrada con antecedentes de 
matrimonios consanguíneos y acceso limitado a servicios de salud—existe una alta carga de anemia, pero 
poco se ha documentado al respecto.
Método: se realizó un estudio transversal comunitario con la participación de 516 personas. Se emplearon perfiles 
hematológicos y un cuestionario semiestructurado para recopilar datos sobre indicadores sociodemográficos,
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antecedentes de morbilidad y conocimientos específicos sobre la anemia. Se utilizaron pruebas de Chi-
cuadrado y regresión logística binaria para analizar las asociaciones entre factores demográficos y anemia.
Resultados: la prevalencia general de anemia en este estudio fue del 38 %; la anemia grave representó el 2,3 
%, la anemia moderada el 22,5 % y la anemia leve el 13,2 %. El análisis de regresión logística reveló mayores 
probabilidades de anemia en estudiantes (ORa=3,46; IC 95 %: 1,23–9,76) y menores en hombres (ORa=0,48; 
IC 95 %: 0,32–0,71), personas solteras (ORa=0,33; IC 95 %: 0,12–0,88) y miembros del hogar (ORa=0,46; IC 95 
%: 0,27–0,80).
Conclusión: aunque la prevalencia de anemia en la tribu Malayali es menor en comparación con otras 
comunidades tribales de la India, sigue siendo un problema de salud pública. La utilización del perfil 
hematológico puede ser útil en contextos remotos con acceso limitado a diagnósticos de laboratorio. Factores 
socioeconómicos y de género parecen influir significativamente en el riesgo de anemia.

Palabras clave: Anemia; Salud Indígena; Perfil Hematológico; Poblaciones Tribales; Tribus Malayali.

INTRODUCTION
Anemia affects 1,92 billion people, and it remains a universal health issue. As per the Global Burden of 

Disease (GBD 2021) study, anemia is one of the third-highest causes of disability.(1) People in vulnerable groups, 
such as tribals, are at higher risk of anemia due to poor literacy rates and strong cultural beliefs.(2) A large field 
survey in India, NFHS-5, reported that as high as 57 percent of the females at reproductive age and 67 percent 
of the children have iron deficiency anemia, which highlights the burden on public health in general.(3,4)

Malnutrition is highly prevalent in the context of maternal and child health, addressing the major concern, 
and this is due to their dependence on the PDS systems, poor food intake, poor income, and illiteracy. The 
tribals have poor health-seeking behaviour, and socioeconomic conditions play an important role in nutrition 
status.(5,6,7) Malnutrition is common among tribals due to a lack of iron-rich foods and hookworm infestations.
(8) Malayali tribes will come under the Scheduled tribes as per the caste system, and this community has a rich 
cultural background with good environmental surroundings, but has marked health inequities.(9) These tribals’ 
main jobs are hunting and agriculture, but it is now changed, and their lifestyle has changed as well. Despite 
various governmental schemes aimed at improving tribal health, anemia prevalence in these communities 
remains alarmingly high and understudied.(10) Some studies provided the anemia rates in Madhya Pradesh as 
76,7 %,(11) 64 % prevalence among Tharu tribal women.(12) A study in Kerala revealed that 88 % of the school 
children in tribal areas are anemic.(13)

For the above studies, it is evident that the existing literature has largely focused on women and children in 
urban or semi-urban populations, with limited data on adult tribal populations, particularly with comprehensive 
hematological profiling.(14,15) Recent studies urge the need for the use of complete blood count to find out the 
difference between nutritional anemia and other genetic disorders for the assessment of anemia in tribal 
regions.(16,17,12) However, several studies have found the relationship between anemia among tribal communities 
and demographic characteristics, comorbidities, and awareness in Tamil Nadu, India.(18,19,20)

The reasons for anemia are the lack of RBC production or the loss of blood. The normal values for the 
Hemoglobin concentration are classified as mild (11 to 11,9) gm/dl, moderate(8 to 10,9) gm/dl and for severe 
less than 8 gm/ dl are for women and men mild(11 to 12,9) and severe less than 8, moderate (8 to 10,9) gm/
dl.(16) The data related to the particularly vulnerable tribal group on anemia and other nutritional problems 
is challenging for policy-level decision-making.(7) WHO has targeted to reduce anemia by 2030, and many 
countries have not been able to address In India, despite the national programs like Anaemia Mukt Bharat (AMB) 
and the AMB strategy, it is still a concern and which was highlighted in NFHS 4 AND NFHS 5, where the trend 
has increased.(21) 

In the NFHS survey during the recent phase, there is the possibility of overestimation of anemia, and the 
reason for this is the use of capillary blood testing methods.(22) This research tries to fill the gap by adopting a 
standardized blood testing procedure and a proper sampling method to estimate the prevalence in a vulnerable 
tribal community where thalassemia and sickle anemia are high. The present study aims to find the prevalence 
of anemia among Malayali tribes in Sitter Panchayat by using haematological profiling and with structured 
questionnaire.(23,24,25)

METHOD
Study Design and Setting: this cross-sectional community-based study was carried out in Sitteri Panchayat, 

Dharmapuri district, Tamil Nadu, India, between January and July 2021. The population studied was Malayali 
tribal individuals who are a Scheduled Tribe known to have a past history of high consanguinity and restricted 
access to health care services.
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Study Population and Sampling: the target population consisted of study participants who were 2 to 60 
years old, male and female. Participants were excluded if they had profound cognitive impairment or had a 
documented family history of sickle cell anemia or thalassemia. The sample size was determined by the formula 
n = Z² × p (1–p) / d², we took 50 % prevalence with 5 % margin error and 95 % confidence level and an additional 
20 % non-respondents, the sample size was fixed at 516. Multistage random sampling technique was employed. 
To provide equal representation of all regions, four villages were randomly chosen out of the thirteen villages 
of Sitteri Panchayat. In villages, randomly selected households and those individuals who were available (and 
agreed to participate) at the time of visit were taken into account. Out of 530 individuals approached, 516 
agreed to participate (response rate 97,3 %).

Data Collection Instruments and Variables: data collection included two components; (1) hematological 
profiling, and (2) semi-structured questionnaire. The semi-structured questionnaire yielded the following 
information: socio-demographic variables (age, sex, marital status, education, occupation, income, 
consanguinity) and data on history of morbidity and information regarding Anemia knowledge. Knowledge 
was a subscale of a validated measure used earlier that was shown to have sufficient reliability and internal 
consistency (Cronbach’s alpha = 0,80; p < 0,01), and higher scores in that section of the questionnaire were 
associated with greater knowledge. Laboratory Procedures:A phlebotomist drew 3 ml of venous blood in an 
EDTA tube.

On collection, the samples were conveyed to the laboratory in a perfusion unit in accordance with cold chain 
standards. The sample was examined immediately after using a SYSMEX POCH-100i Automated Hematology 
Analyzer. Parameters analyzed as a part of the complete blood count (CBC) included Hemoglobin (HGB), Red 
Blood Cell Count (RBC), Hematocrit (HCT), Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin 
(MCH), Mean Corpuscular Hemoglobin Concentration (MCHC), and Red Cell Distribution Width (RDW). These 
cut-off values were used for adult reference intervals: HGB, males 13,5 – 17,5 g/dL, females 12,0 – 15,5 g/dL, 
RBC, males 4,5 – 5,9 million/µL, females 4,1 – 5,1 million/µL, HCT, males 41 – 50 %, females 36 – 44 %, MCV, 
80-100 fL, MCH, 27-33 pg, MCHC, 33,0 – 36,0 g/dL, and RDW, 11,5 – 14,5 %. In both instances, Iron Deficiency 
anemia was defined by a rise in RDW and fall in RBC, MCV, and MCH, whereas Vitamin B12 Deficiency anemia 
was defined by rising MCV, MCH, and RDW. There was also a fall in RBC levels.

Statistical Analysis information was captured in Microsoft Excel and analyzed with SPSS version 26,0. The 
socio-demographic variables and prevalence of anemia were computed using descriptive statistics. Relationships 
of the categorical variables with anemia status were examined using chi-square tests. Logistic binary regression 
was conducted to determine predictors of anemia, presenting adjusted odds ratios (aORs) with 95 % confidence 
intervals (CIs).

Ethical Considerations: from 2018-2020, Institutional Review Board and Ethics Committee (IRB Reg. No: 
IR800008555) ethical approvals were sought. Written informed consent was signed by participants prior to data 
collection.

RESULTS

Table 1. Socio-demographic characteristics of the respondents

S.No Characteristics Character Frequency Percentage 

1 Marital Status
Married 253 49

Unmarried 263 51

2 Consanguinity
No 180 71
Yes 73 29

3 Education 

No Formal Education 123 24
Primary (1 to 5th Std) 162 31

Secondary(6th to 10th std) 168 33
Under graduate 63 12

4 Occupation
Employed 79 15
Farmer 209 41
Student 228 44

5 Gender
Female 278 54

Male 238 46

6 Age Classification

2 to 14 Years 155 30

15 to 24 Years 141 27

Above 25 Years 220 43

As per table 1, the male and female respondents are equally distributed. About 29 percent of the respondents 
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are married with consanguinity. Only 12 percent of the respondents have a university degree. About 40 percent 
do farming and above 25 years are above 25 years of age.

Figure 1. Prevalence of types of anemia by demographic characteristics

As per figure 1, about 2,3 % of the respondents have severe anemia, 13,2 % have mild anemia, and 22,5 % of 
the respondents have moderate anemia.

         
Table 2. Association between demographic characteristics and severity of Anemia

S.No Characteristics Character
Severe 

Anemia (Hb 
<8 g/dl)

Moderate 
Anemia(8 - 
10,9 g/dl)

Mild Anemia(11 
-11,4 g/dl) Normal Chi-Square 

Value  P.Value 

1 Marital Status 
Married 9(3,6 %) 67(26,5 %) 26(10,3 %) 151(59,4 %)

10,38 0,016
Unmarried 3(1,1 %) 49(18,6 %) 42(16 %) 169(64,3 %)

2 Age 
Classification

2 to 14 Years 2(1,3 %) 29(18,7 %) 28(18,1 %) 96(61,9 %)
9,778 0,13415 to 24 Years 3(2,1 %) 34(24,1 %) 21(14,9 %) 83(58,9 %)

Above 25 Years 7(3,2 %) 53(24,1 %) 19(8,6 %) 141(64,1 %)

3 Gender
Female 10(3,6 %) 78(28,1 %) 41(14,7 %) 149(53,6 %)

20,544 0,001
Male 2(0,8 %) 38(16 %) 27(11,3 %) 171(71,8 %)

4 Occupation
Employed 1(1,3 %) 15(19 %) 3(3,8 %) 60(75,9 %)

21,03 0,002Farmer 9(4,3 %) 56(26,8 %) 25(12 %) 119(56,9 %)
Student 2(0,9 %) 45(19,7 %) 40(17,5 %) 141(61,8 %)

5 Education 
Qualification 

No Formal 
Education 4 (33 %) 29(23,6 %) 18(14,6 %) 72(58,5 %)

6,128 0,727

Primary(1st to 
5th Std) 3(1,9 %) 38(23,5 %) 19(11,7 %) 102(63 %)

Secondary(6th 
to 10th std) 2(1,2 %) 38(22,6 %) 25(14,9 %) 103(61,3 %)

Under 
Graduate 3(4,8 %) 11(17,5 %) 6(9,5 %) 43(68,3 %)

6 Knowledge on 
Anemia

High 6(8,5 %) 21(29,6 %) 6(8,5 %) 38(53,5 %)
17,480    0,001

Low 6(1,3 %) 95(21,3 %) 62(13,9 %) 282(63,4 %)

As shown in table 2, statistically significant correlations existed between marital status (p = 0,016), gender 
(p = 0,001), occupation (p = 0,002), and anemia knowledge (p = 0,001) and anemia status. Women and farmers 
had increased prevalence of moderate and severe anemia. Those with low knowledge regarding anemia also 
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indicated more common anemia. Education level and age were not statistically significantly correlated with 
anemia status (p>0,05).

Table 3. Binary Logistic Regression

S.No Variable aOR 95 % CI p-value

1

Age

3 to 14 Years reference

16 to 24 Years 0,96 (0,51 – 1,84) 0,913

Above 25 Years 0,48 (0,20 – 1,13) 0,094

2

Sex

Female reference

Male 0,48*** (0,32 – 0,71) <,001

3

Marital Status

Married reference

Unmarried 0,33** (0,12 – 0,88) 0,027

5

Consanguinity

No reference

Yes 1,61 (0,88 – 2,96) 0,125

6

Educational Background

No Formal Education reference

Primary (1 to 5th Std) 0,7 (0,37 – 1,32) 0,269

Secondary (6th to 10th std) 0,74 (0,41 – 1,33) 0,307

University 0,64 (0,30 – 1,37) 0,246

7

Occupation

Employed reference

Farmer 1,98** (1,03 – 3,81) 0,04

Student 3,46** (1,23 – 9,76) 0,019

8

Family Members

<=5 members reference

>5 members 0,46** (0,27 – 0,80) 0,006

9

Family had serious Illness in the past one year

No reference

Yes 1 (0,65 – 1,54) 0,985

10

Heard About Sickle cell/Thalassemia

High Knowledge reference

Low Knowledge 0,57 (0,32 – 1,02) 0,059

Note: ** Significant

As per table 3, the total model was statistically significant (Omnibus Test of Model Coefficients: χ² = 52,63, 
df = 17, p < 0,001), thus, indicating the model was statistically significant at predicting the outcome variable in 
the model, relative to the null model. The -2 Log Likelihood of the final model was 565,21, which indicated the 
final model fit the observed data relative to the baseline model fit much better. The pseudo R-squared values 
were Cox & Snell R² = 0,091, Nagelkerke R² = 0,123, the implications of these were that the model accounted 
for between 9,1 % and 12,3 % of the variation in anemia status. The model as a whole was correct in 65,5 % of 
cases. Logistic regression analysis results with adjusted odds ratio (aOR), 95 % confidence intervals (CIs), and 
respective p-values for each variable are given in the table above.

Age was not found to be associated with anemia, and the respondents with age group 16 to 24 years have aOR 
= 0,96 (95 % CI: 0,51–1,84; p = 0,913), and those above 25 years had aOR = 0,48 (95 % CI: 0,20–1,13; p = 0,094), 
compared to those aged 3–14 years. Female respondents had higher odds compared to males, and a significant 
association was found (aOR = 0,48, 95 % CI: 0,32–0,71; p < 0,001). Married respondents have higher odds and 
are found to be associated when compared with unmarried respondents (aOR = 0,33, 95 % CI: 0,12–0,88; p = 
0,027). Participants with consanguineous marriage have higher odds of having anemia when compared, but it 
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was not statistically significant. Education did not show a significant association, but university students have 
lower odds of having anemia. 

Occupation and family size were significantly associated with anemia. Employed individuals and farmers 
have twice the odds of having anemia (aOR = 1,98, 95 % CI: 1,03–3,81; p = 0,040), the higher the family size 
the lower the odds of having anemia (aOR = 0,46, 95 % CI: 0,27–0,80; p = 0,006). Morbidity and knowledge on 
anemia have not shown a significant association.

DISCUSSION
Anemia prevalence rate among the Malayali tribe in Sitteri is found to be 38 %, and it aligns with the global 

standards of prevalence among tribals,(26,27) and accounts for a moderately high public health problem. Our 
research revealed that nearly half of the women, 46,7 %, were anemic, which is marginally lower than the 
53 % reported at the state level according to NFHS-5 data for Tamil Nadu.(4) Despite government interventions 
to address anemia among women through MCH and IFA supplementation program services, the utilization of 
the services is very low among the tribals.(28,29) This was greatly reflected in NFHS data, which indicates that 
the odds of being anaemic are significantly higher when the status is scheduled tribe, compared to not being 
anaemic (both male and female).(30)

Our tribal community’s anemia status was better when compared with other tribal communities of some 
having as high as >90 % anemia rates among their female population in Odhisha state, Particularly Vulnerable 
Tribal Groups (PVTGs).(7) Compared to NFHS-4, 2015-16 data among Odisha tribal women, a female anemia 
prevalence of 59,9 % was reported and which still makes us suspect that tribal women of Odisha PVTG have 
significantly higher anemia prevalence without exhausting any other depth of their NFHS data, or articles.(31,32)

Similarly, in tribal societies, for example, the Tharu of northern India and Paniya of Kerala, anemia has been 
reported by large majorities of women, usually 75-90 % across various age groups, with significant numbers 
of moderate-to-severe anemia cases in women and children.(33,34) These comparisons have stressed that while 
the burden of anemia is great in the case of the Malayali tribe, it could be less when placed in relative terms 
to some other more isolated or socioeconomically disadvantaged tribes. The changes in the anemia status of 
different tribes are attributed to differences in diet (e.g., intake of millets and leafy greens in South India), 
availability of health care or public nutrition services, and chronic infections reflecting the heterogeneity in 
tribal populations.(35,36) The prevalence of anemia in our study at a global level (38 % overall) is greater than 
a 2023 global estimate of 31 % in women and 17 % in men, showing that the inequities of underserved rural 
communities are widespread, and it’s ambitious to meet the World Health Assembly target of reducing the 
prevalence of anemia among women of reproductive age by 50 % by 2030.(37,38)

South Asia’s tribal population of the globe contributes a significant proportion of the global anemia 
population, and our findings support the fact that rural and indigenous populations in India, and globally, 
remain a priority to address anemia.(39,40) The use of hematological profiling in the present study through CBC 
analysis contributes a unique strength to the literature, which is primarily based on capillary hemoglobin (Hb) 
estimates and questionnaire and survey-based measurements. Venous sampling and automated SYSMEX POCH 
analysis yield a more precise measurement, with a reported capillary blood method limitation causing an 
overestimation of anemia in NFHS surveys.(41,42) Notably, though, even if sex and occupation continued to have 
an important effect after controlling for them, education and age were less critical to anemia prediction. Such 
a conclusion is supported by recent research on rural Maharashtra tribal health, and in Gujarat, indicating that 
socio-cultural determinants e.g., dietary habits, gendered labour patterns, intergenerational malnutrition, 
are more powerful predictors than formal education (i.e., education is one, but many have the experience of 
malnutrition.(43,44,45)

The higher prevalence among women, and married women to be specifically higher than men, should be 
attributed to the cumulative impact of their reproductive burden, maternal care, and cultural food prohibitions 
during menstruation or pregnancy.(46,47,48) Occupational status significantly predicted anemia in our study, with 
students and farmers having higher odds than employed individuals. This may reflect the irregular dietary 
intake and poor iron bioavailability in households relying on subsistence farming, which matches observations in 
central Indian tribal belts.(49,50) Interestingly, lower odds of anemia were seen in larger households (>5 members), 
possibly indicating better resource pooling or shared caregiving responsibilities, though this contrasts with 
urban data where larger families face food insecurity.(51)

Despite higher knowledge scores being correlated with lower anemia severity in bivariate analysis, logistic 
regression did not find knowledge to be a significant predictor. This suggests a disconnect between knowledge 
and practice, common in health behavior models among indigenous populations.(52) Cultural inertia, food 
taboos, and poor service utilization likely dilute the impact of awareness alone.(53) This gap necessitates 
deeper behavioral interventions supported by community health workers and peer educators, as successfully 
implemented in Chhattisgarh tribal interventions.(54)

Our research is distinctive in its use of biochemical measurement and socio-demographic and knowledge 
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variables in a far-flung tribal setting, and few other studies have set out this type of synthesis in regard to 
consideration of social and structural barriers to information about iron.  However, design limitations such as 
being a cross-sectional study and not measuring dietary intake restrict causal inference and nutrient-specific 
attribution. 

CONCLUSION
In conclusion, anemia places a tremendous burden on the Malayali tribals of Tamil Nadu that is compounded 

by a mix of nutritional, socio-cultural, and even genetic factors. The prevalence is lower than most other tribal 
groups in India, but remains high and unacceptable in terms of meeting anemia reduction goals at both national 
and international levels. The WHO has advocated a 50 % anemia reduction by 2030, and India’s initiatives, such 
as the AMB and Sickle Cell Mission, are definitely encouraging steps, but we have highlighted along the way that 
to realize these aspirations, interventions need to reach the last-mile indigenous villages with context-specific 
strategies. 

REFERENCE
1. Behera DK, Rahut DB, Tripathy S, Negi S. Burden and causes of anemia in Vietnam: insights from the global 

burden of disease data. BMC Public Health. 2024 Oct 31;24:3026. 

2. Panchal SS, Mishra U, Kothari C, Kothari V, Dalai S, Mecwan M, et al. Prevalence of anemia in pre-
school tribal children with reference to parasitic infections and nutritional impact. Journal of Taibah University 
Medical Sciences. 2022 Dec 1;17(6):1087–93.

 
3. FR375.pdf: https://dhsprogram.com/pubs/pdf/FR375/FR375.pdf

4. Let S, Tiwari S, Singh A, Chakrabarty M. Prevalence and determinants of anaemia among women of 
reproductive age in Aspirational Districts of India: an analysis of NFHS 4 and NFHS 5 data. BMC Public Health. 
2024 Feb 12;24(1):437.

 
5. Bhukya A. Assessing Tribal Health Challenges and Their Impact on Well-Being: A Systematic Review of 

Bhadradri Kothagudem. Journal of Research in Humanities and Social Science. 2025 May 6;13:26–32.
 
6. Maity M. NUTRITIONAL AND HEALTH STATUS OF TRIBAL PEOPLE: A REVIEW. Journal of Advanced Zoology. 

2023 Dec 11;44:1950–5. 

7. Das A, Ghosal J, Khuntia HK, Dixit S, Pati S, Kaur H, et al. Malnutrition and Anemia Among Particularly 
Vulnerable Tribal Groups of Odisha, India: Needs for Context-Specific Intervention. Indian Journal of Community 
Medicine: Official Publication of Indian Association of Preventive & Social Medicine. 2024 May 24;49(3):519. 

8. Mrimi EC, Palmeirim MS, Minja EG, Long KZ, Keiser J. Malnutrition, anemia, micronutrient deficiency and 
parasitic infections among schoolchildren in rural Tanzania. PLoS Negl Trop Dis. 2022 Mar 4;16(3):e0010261. 

9. Kiran Padmanabhan. Social Changes Among Malayali Tribes Of Eastern Ghats. 08-01-2025. 30(1):15–8. 

10. Naseer CP. Belief Systems of Malayali Tribes in Eastern Ghats of Tamil Nadu. Historical Research Letter. 
2015;25(0):46. 

11. Chourasia S, Kumar ,Ravindra, Singh ,Mendi P.S.S., Vishwakarma ,Chandrika, Gupta,Ashok K., and 
Shanmugam R. High Prevalence of Anemia and Inherited Hemoglobin Disorders in Tribal Populations of Madhya 
Pradesh State, India. Hemoglobin. 2020 Nov 1;44(6):391–6.

 
12. Kundu S, Alam SS, Mia MAT, Hossan T, Hider P, Khalil MI, et al. Prevalence of Anemia among Children and 

Adolescents of Bangladesh: A Systematic Review and Meta-Analysis. Int J Environ Res Public Health. 2023 Jan 
18;20(3):1786.

 
13. Kerala Govt. Health Service Department, C.M. DA. Prevalence of anemia and its association with various 

socio demographic variables among preschool tribal children in Kerala. jmscr . 2018 Jan 20 ;6(1). http://jmscr.
igmpublication.org/v6-i1/101%20jmscr.pdf

14. Little M, Zivot C, Humphries S, Dodd W, Patel K, Dewey C. Burden and Determinants of Anemia in a Rural 

 7    Panneer Selvam K, et al

https://doi.org/10.56294/saludcyt20251906 ISSN: 2796-9711

https://dhsprogram.com/pubs/pdf/FR375/FR375.pdf
http://jmscr.igmpublication.org/v6-i1/101 jmscr.pdf
http://jmscr.igmpublication.org/v6-i1/101 jmscr.pdf


https://doi.org/10.56294/saludcyt20251906

Population in South India: A Cross-Sectional Study. Anemia. 2018 Jul 15;2018:7123976.
 
15. Chaudhary M, Sharma P. Abdominal obesity in India: analysis of the National Family Health Survey-5 

(2019–2021) data. The Lancet Regional Health - Southeast Asia . 2023 Jul 1;14. https://www.thelancet.com/
journals/lansea/article/PIIS2772-3682(23)00068-9/fulltext

16. Panchal SS, Mishra U, Kothari C, Kothari V, Dalai S, Mecwan M, et al. Prevalence of anemia in pre-school 
tribal children with reference to parasitic infections and nutritional impact. J Taibah Univ Med Sci. 2022 May 
29;17(6):1087–93.

 
17. Sriram S, Sharma S. Enhancing anemia diagnostics and accessibility in India: a policy recommendation 

for effective anemia management. Front Health Serv . 2025 May 15; 5.  https://www.frontiersin.org/journals/
health-services/articles/10.3389/frhs.2025.1529094/full

18. Kandasamy K, Prasad A, Surendran A, Sebastian A, Sundaram R, Ramanathan S. Epidemiological study of 
prevalence of anemia and associated risk factors in a rural community; A home-based screening. Asian Journal 
of Pharmaceutical and Clinical Research. 2017 Feb 4;10:307–9. 

19. Givens DI, Anitha S, Giromini C. Anaemia in India and Its Prevalence and Multifactorial Aetiology: A 
Narrative Review. Nutrients. 2024 Jan;16(11):1673.

 
20. Sau S, Tamili D, Bisai S, Das K, Das B. Prevalence and public health significance of anemia among non-

pregnant, non- lactating tribal women of reproductive age (15-49 years) in India. International Journal of 
Science and Research Archive. 2022 Nov 11;07:075–86.

 
21. Coverage of iron and folic acid supplementation in India: progress under the Anemia Mukt Bharat 

strategy 2017–20 | Health Policy and Planning | Oxford Academic: https://academic.oup.com/heapol/
article/37/5/597/6539775?login=true

22. Preethi V, Hemalatha V, Arlappa N, Thomas MB, Jaleel A. Trends and predictors of severe and moderate 
anaemia among children aged 6–59 months in India: an analysis of three rounds of National Family Health Survey 
(NFHS) data. BMC Public Health. 2024 Oct 14;24(1):2824.

 
23. Palanisamy B, Kosalram K, Gopichandran V. Dimensions of social capital of families with thalassemia in 

an indigenous population in Tamil Nadu, India – a qualitative study. International Journal for Equity in Health. 
2017 Jun 24;16(1):109. 

24. Rivera AKB, Latorre AAE, Nakamura K, Seino K. Using complete blood count parameters in the diagnosis 
of iron deficiency and iron deficiency anemia in Filipino women. J Rural Med. 2023 Apr;18(2):79–86.

 
25. Kauffmann T, Evans DS. Macrocytosis. In: StatPearls. Treasure Island (FL): StatPearls Publishing; 2025. 

http://www.ncbi.nlm.nih.gov/books/NBK560908/

26. Sahoo J, Mohanty S, Gupta S, Panigrahi SK, Mohanty S, Prasad D, et al. Prevalence and Risk Factors of 
Iron Deficiency Anemia among the Tribal Residential Adolescent School Students of Odisha: A Cross-Sectional 
Study. Indian Journal of Community Medicine. 2023 Aug;48(4):562.

 
27. Assistant Professor, Department of Community Medicine, Medical College Thiruvananthapuram, India, 

Rajamohan AM. Prevalence and cause of anemia in the tribal population of the Agasthyamala Biosphere Reserve 
forest, Western Ghats, Kerala, India. jmscr. 2019 Jun 25;7(6).  http://jmscr.igmpublication.org/v7-i6/136%20
jmscr.pdf

28. Algur K, Bansode B, Salve P. Utilization of Maternal Healthcare Services Among Tribal Women in Empowered 
Action Group States in India. Contemporary Voice of Dalit. 2023 Nov 1;15(2):204–15.

 
29. Dangi S, Shah VV, Kumar S, Jain P, Chinchodkar KN. Utilization of antenatal services and related factors 

in aspirational tribal district of eastern Gujarat. International Journal Of Community Medicine And Public 
Health. 2023 Jul 29;10(8):2754–8.

 

 Salud, Ciencia y Tecnología. 2025; 5:1906  8 

ISSN: 2796-9711

https://www.thelancet.com/journals/lansea/article/PIIS2772-3682(23)00068-9/fulltext
https://www.thelancet.com/journals/lansea/article/PIIS2772-3682(23)00068-9/fulltext
https://www.frontiersin.org/journals/health-services/articles/10.3389/frhs.2025.1529094/full
https://www.frontiersin.org/journals/health-services/articles/10.3389/frhs.2025.1529094/full
https://academic.oup.com/heapol/article/37/5/597/6539775?login=true
https://academic.oup.com/heapol/article/37/5/597/6539775?login=true
http://www.ncbi.nlm.nih.gov/books/NBK560908/
http://jmscr.igmpublication.org/v7-i6/136 jmscr.pdf
http://jmscr.igmpublication.org/v7-i6/136 jmscr.pdf


30. Chokhandre PK, Vatavati SR, Golandaj JA, Hallad JS. Burden of Anaemia and its Potential Predictors 
among Scheduled Tribe Pregnant Women in India. 2023;

 
31. Sau S, Tamili D, Bisai S, Das K, Das B. Prevalence and public health significance of anemia among non-

pregnant, non- lactating tribal women of reproductive age (15-49 years) in India. International Journal of 
Science and Research Archive. 2022 Nov 11;07:075–86.

 
32. Bhoi N, Acharya SK. Health status of particularly vulnerable tribal groups (PVTGs) of Odisha: a narrative 

review. Journal of Health, Population and Nutrition. 2024 Oct 30;43(1):176.
 
33. Rajpoot A. Current Health Status of Uttarakhand, Tharu Tribe on the Basis of Blood Clinical Parameters: 

A Bio-Cultural Perspective. ICPJL . 2016 Dec 28;3(3). : https://medcraveonline.com/ICPJL/current-health-
status-of-uttarakhand-tharu-tribe-on-the-basis-of-blood-clinical-parameters-a-biocultural-perspective.html

34. Bhardwaj A, Sreedevi A, Vasudevan S, Vidyadharan G. Pattern of anaemia, determinants and weekly iron 
and folic acid supplementation programme among tribal adolescent girls attending a primary health centre in 
Wayanad, Kerala. International Journal Of Community Medicine And Public Health. 2020 Jun 26;7(7):2803–7.

 
35. Shamsher Alam. Food Habits and Nutritional Challenges Among Tribal Communities of Jharkhand, India. 

2015 Jul 28 : https://zenodo.org/doi/10.5281/zenodo.13370000

36. Bhatnagar RS, Padilla-Zakour OI. Plant-Based Dietary Practices and Socioeconomic Factors That Influence 
Anemia in India. Nutrients. 2021 Oct 9;13(10):3538.

 
37. The Lancet: New study reveals global anemia cases remain persistently high among women and children. 

Anemia rates decline for men. | Institute for Health Metrics and Evaluation : https://www.healthdata.org/
news-events/newsroom/news-releases/lancet-new-study-reveals-global-anemia-cases-remain-persistently

38. Kinyoki D, Osgood-Zimmerman AE, Bhattacharjee NV, Kassebaum NJ, Hay SI. Anemia prevalence in 
women of reproductive age in low- and middle-income countries between 2000 and 2018. Nat Med. 2021 
Oct;27(10):1761–82.

 
39. Khambalia AZ, Aimone AM, Zlotkin SH. Burden of anemia among indigenous populations. Nutrition 

Reviews. 2011 Dec;69(12):693–719.
 
40. Ismail I, Kahkashan A, Antony A, V.K. S. Role of socio-demographic and cultural factors on anemia in a 

tribal population of North Kerala, India. Int J Community Med Public Health. 2016;1183–8.
 
41. Neufeld LM, Larson LM, Kurpad A, Mburu S, Martorell R, Brown KH. Hemoglobin concentration and 

anemia diagnosis in venous and capillary blood: biological basis and policy implications. Annals of the New York 
Academy of Sciences. 2019 Aug;1450(1):172–89.

 
42. Karakochuk CD, Dary O, Flores-Urrutia MC, Garcia-Casal MN, Hayashi C, Jefferds MED, et al. Emerging 

Evidence and Critical Issues with the Use of Single-Drop Capillary Blood for the Measurement of Hemoglobin 
Concentration in Population-Level Anemia Surveys. Advances in Nutrition. 2024 Oct;15(10):100290. 

43. Ghosal J, Bal M, Ranjit‬ M, Das A, Behera MR, Satpathy SK, et al. To what extent classic socio-economic 
determinants explain trends of anaemia in tribal and non-tribal women of reproductive age in India? Findings 
from four National Family Heath Surveys (1998–2021). BMC Public Health. 2023 May 11;23(1):856.

 
44. Deshmukh P, Garg B, Sinha N. Epidemiological correlates of nutritional anemia among children (6-35 

months) in rural Wardha, Central India. Indian J Med Sci. 2008;62(2):45.
 
45. Datta S. A study to explore the determinants of child health in Melghat, Maharashtra. In 2013 [cited 2025 

Jun 18].: https://www.semanticscholar.org/paper/A-study-to-explore-the-determinants-of-child-health-Datta
/108fc62a3131286c7a142520e5b641ecc3ceae94

46. Gautam S, Min H, Kim H, Jeong HS. Determining factors for the prevalence of anemia in women of 
reproductive age in Nepal: Evidence from recent national survey data. Kabir R, editor. PLoS ONE. 2019 Jun 

 9    Panneer Selvam K, et al

https://doi.org/10.56294/saludcyt20251906 ISSN: 2796-9711

https://medcraveonline.com/ICPJL/current-health-status-of-uttarakhand-tharu-tribe-on-the-basis-of-blood-clinical-parameters-a-biocultural-perspective.html
https://medcraveonline.com/ICPJL/current-health-status-of-uttarakhand-tharu-tribe-on-the-basis-of-blood-clinical-parameters-a-biocultural-perspective.html
https://zenodo.org/doi/10.5281/zenodo.13370000
https://www.healthdata.org/news-events/newsroom/news-releases/lancet-new-study-reveals-global-anemia-cases-remain-persistently
https://www.healthdata.org/news-events/newsroom/news-releases/lancet-new-study-reveals-global-anemia-cases-remain-persistently
https://www.semanticscholar.org/paper/A-study-to-explore-the-determinants-of-child-health-Datta/108fc62a3131286c7a142520e5b641ecc3ceae94
https://www.semanticscholar.org/paper/A-study-to-explore-the-determinants-of-child-health-Datta/108fc62a3131286c7a142520e5b641ecc3ceae94


https://doi.org/10.56294/saludcyt20251906

12;14(6):e0218288.
 
47. Mog M, Neogi D, Bharadwaz MP, Panda BK, Sil A. Prevalence and factors associated with Anaemia in 

Married Women of Reproductive age group: Evidence from North East India. J Biosoc Sci. 2023 May;55(3):425–37.
 
48. Sharma V, Sahni B, D.S. J, Singh K. NUTRITIONAL ANAEMIA AMONG CURRENTLY MARRIED FEMALES IN THE 

REPRODUCTIVE AGE GROUP IN RURAL JAMMU. jemds. 2013 Oct 21;2(42):8176–85.
 
49. Subasinghe AK, Walker KZ, Evans RG, Srikanth V, Arabshahi S, Kartik K, et al. Association between Farming 

and Chronic Energy Deficiency in Rural South India. Einwaechter H, editor. PLoS ONE. 2014 Jan 27;9(1):e87423.
 
50. Khare A, Samudre S, Arora A. Sneak-peek into iron deficiency anemia in India: The need for food-based 

interventions and enhancing iron bioavailability. Food Research International. 2022 Dec;162:111927.
 
51. Calvi R, Penglase J, Tommasi D, Wolf A. The more the poorer? Resource sharing and scale economies in 

large families. Journal of Development Economics. 2023 Jan 1;160:102986.
 
52. Sahoo M, Pradhan J. Reproductive Healthcare Beliefs and Behaviours Among Displaced Tribal Communities 

in Odisha and Chhattisgarh: An Analysis Using Health Belief Model. Journal of the Anthropological Survey of 
India. 2021 Jun;70(1):87–102.

 
53. Kahsay A, Gebregziabher H, Hadush Z, Yemane D, Hailemariam A, Mulugeta A. Exploration of Barriers 

to the Uptake of Nutritional Services Among Adolescent Girls from the Rural Communities of Tigray Region, 
Northern Ethiopia: A Qualitative Study. AHMT. 2020 Oct;Volume 11:157–71. 

54. Nambiar D, Sheikh K. How a Technical Agency Helped Scale Up a Community Health Worker Program: An 
Exploratory Study in Chhattisgarh State, India. Health Systems & Reform. 2016 Apr 2;2(2):123–34. 

FUNDING
The authors received no funding for the development of this research.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHORSHIP CONTRIBUTION:
Conceptualisation: Keerthi Panneer Selvam, Kalpana Kosalram, Bala Ganesh Pichamuthu.
Research: Keerthi Panneer Selvam, Kalpana Kosalram, Bala Ganesh Pichamuthu.
Writing - original draft: Keerthi Panneer Selvam, Kalpana Kosalram, Bala Ganesh Pichamuthu.
Writing - proofreading and editing: Keerthi Panneer Selvam, Kalpana Kosalram, Bala Ganesh Pichamuthu.

 Salud, Ciencia y Tecnología. 2025; 5:1906  10 

ISSN: 2796-9711


