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Abstract:  

Background: Among Indian adolescent girl’s anemia remains a major public health concern due to rapid growth, 

menstrual blood loss, and nutritional deficiencies. This systematic review and meta-analysis aim to assess the 

prevalence and severity of anemia among Indian adolescent girls. 

Methods: This review (2004–2024) integrated data from 32 studies (14,053 persons) from PubMed, Embase, and 

Scopus, adhering to Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)/ Meta-analysis 

Of Observational Studies in Epidemiology (MOOSE) guidelines. Observational studies with the prevalence of anemia 

in Indian adolescent girls based on WHO criteria were included. The data was pooled using a random-effects model, 

and subgroup analyses were conducted by Indian region. Heterogeneity was assessed using the I2 statistic. 

Results: The pooled anemia prevalence was 65% (95% CI: 54%–74%), showed notable regional variations. The 

burden was highest in East India (81%; 39%–97%), then North India (65%), West India (61%), and South India (52%). 

The mean hemoglobin levels varied by region, ranging from 10.24 g/dL in the East to 11.20 g/dL in the South. Mild 

anemia (29%) and moderate anemia (25%) were more common than severe anemia (1%). The substantial 

heterogeneity (I2=98.7%) indicated differences in socioeconomic status, diet, and healthcare access. 

Conclusion: Anemia affects disproportionate number of Indian adolescents’ girls, particularly in the country's east, 

which highlights the need for context-specific interventions. The initiatives must be linked to national programs like 

Anemia Mukt Bharat to ensure equitable progress towards India's public health objectives and to avoid long-term 

health and developmental consequences. 

Key words: Adolescent girls; Anemia; Burden; Indian region; Prevalence 

http://www.nepjol.info/index.php/NJE
mailto:drsanjeetsingh@gmail.com
https://doi.org/10.3126/nje.v15i3.77656
http://creativecommons.org/licenses/by/4.0/


 

 

1387 

 

Introduction 

Anemia occurs when the hemoglobin level, in 

conjunction with the quantity and dimensions of 

erythrocytes, falls below a certain threshold [1]. The 

most common causes of anemia include malnutrition, 

infections, and genetic hemoglobin abnormalities 

[2,3]. Iron-deficiency anemia is one of the most 

common kinds of anemia among the other types in 

developing countries [4]. 

In India, this medical condition primarily affects 

children, adolescents, breastfeeding mothers, and 

women of reproductive age [5]. In India 253 million 

teenagers comprise 25.9% of the country's overall 

population. According to the recent Comprehensive 

National Nutrition Survey (CNNS), which was carried 

out between 2016 and 2018, the prevalence of some 

kind of anemia among Indian adolescents between the 

ages of 10 and 19 was 28%, with 12% of 

themdiagnosed with iron deficiency [6]. Iron 

deficiency anemia was found to be a major 

contributing factor to the decline in healthy years of 

life among teenagers aged 10-19 because of disability 

in the year 2021 [7]. The prevalence of iron deficiency 

and the subsequent anemia increases as adolescence 

begins. In adolescent girls, this is due to increased 

nutritional needs related to growth, which are 

exacerbated by the onset of menstruation in later years 

[2].  

The amount of iron required increases two to three 

times, from roughly 0.7 to 0.9 mg per day during 

preadolescence to 1.37 to 1.88 mg per day for male 

adolescents and 1.40 to 3.27 mg per day for female 

adolescents [8]. The presence of anemia in 

adolescence has significant implications for many 

aspects of health, and the severity of anemia is directly 

related to almost all functional impairments associated 

to iron deficiency such as decreased resistance to 

infections, impaired cognitive and physical 

development, and decreased academic performance, 

work capacity, and physical fitness [9–11].  

Research examining the prevalence of anemia among 

adolescent girls in India has revealed varying rates, 

ranging from 21% to 96% [9-10]. This significant 

variation may stem from differences in factors such as 

sample size, participant demographics, inclusion and 

exclusion criteria, study environments, and the 

methods used to measure hemoglobin levels. 

Additionally, the quality of individual studies varies 

widely. Furthermore, national statistics do not give a 

full picture regarding the prevalence of anemia among 

Indian teenage girls regional wise, overlooking 

significant regional variances. To address the root 

causes in those locations, it is essential to identify 

which regions have a high burden of anemia. So, this 

systematic review and meta-analysis were carried to 

figure out the regional prevalence and severity of 

anemia among Indian adolescent females by means of 

a thorough appraisal and evaluation of the quality of 

the academic literature. The findings could help in the 

development of focused interventions and regulatory 

plans to improve the health of Indian adolescents.  

 

Methodology  

The research was carried out as a systematic review 

and meta-analysis covering the years 2004–2024. A 

thorough search of the literature was conducted in 

order to identify studies that addressed the research 

question ‘How prevalent is anemia among Indian 

adolescent girls vary across different regions?’  The 

search strategy included: [(Prevalence) OR 

(Epidemiology) OR (Frequency) AND (Anemia) OR 

(Iron-Deficiency anemia) OR (Macrocytic anemia) 

OR (Hypochromic anemia) OR (Pernicious anemia) 

OR (Low Hemoglobin) OR (Low Hematocrit) OR 

(bloodlessness)  AND (Adolescent girls) OR (teenage) 

OR (teenaged) OR (young) AND (India)] which was 

employed in databases such as PubMed, Embase, and 

Scopus [supplementary file]. The study met the 

requirements of MOOSE [Meta-analysis of 

Observational Studies in Epidemiology) and PRISMA 

(Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses] [12,13].  Additionally, under 

registration ID CRD42025640713, the review 

procedure was registered with the International 

Prospective Register of Systematic Reviews 

[PROSPERO]. 

Study criteria and selection   

After a preliminary review of the assigned titles and 

abstracts, a thorough analysis of the full-text 

publications was conducted. Only observational and 

cross-sectional studies that met the predetermined 

inclusion criteria and reported on the prevalence of 

anemia (as per WHO Criteria) were considered. 

studies focused on adolescent girls between the ages 

of 10 and 19; and population or community contexts-

based studies in India were included. Researches 

evaluating anemia in adolescents with particular 

medical disorders were excluded, and the letters, 

abstracts, conference proceedings, reviews, and 

research without human participants also excluded in 

this meta-analysis. 

Two separate reviewers examined every title that was 

obtained from the databases and evaluated the 
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abstracts of relevant titles. A third author was 

consulted in order to settle any disagreements 

regarding the selection of abstracts that met the 

inclusion criteria. After the most recent and complete 

versions were verified, duplicate entries were 

removed. For the selected abstracts, full-text 

publications were acquired, and the reference lists of 

these articles were analyzed to find other relevant 

sources. The acquired full-text papers were then 

subjected to additional evaluation in order to 

determine whether or not they met the inclusion 

requirements.  

Qualitative evaluation of the studies and data 

extraction  

The Joanna Briggs Institute (JBI) checklist was 

used to assess the studies’ quality [14]. This 

checklist consists of nine different questions 

designed to evaluate the studies' quality. Each 

inquiry was assigned a score of "Yes," "No," or 

"Unclear," culminating in an overall score that 

spans from 0 to 9. The scores were then divided 

into three categories: low quality (1–3), medium 

quality (4–6), and excellent quality (7–9). 

An extensive checklist was used to collect 

relevant data for data extraction, such as the 

author's name, the year of publication, the state 

of India, the study setting, the sample size, the 

age of the participants, the methods used to 

estimate hemoglobin levels, the mean 

hemoglobin level, the prevalence of anemia, and 

the severity of the anemia. 

Statistical Analysis  

A thorough meta-analysis was conducted using a 

random-effects model with 95% confidence intervals 

to determine the prevalence and severity of anemia in 

the Indian adolescent’s population. The I2 statistic was 

utilized to evaluate heterogeneity. Subgroup analyses 

were conducted based on the different Indian region as 

well as other important factors that influence 

heterogeneity. The assessment of publication bias was 

conducted utilizing the Egger test, where a p-value 

below 0.05 was interpreted as indicative of potential 

bias. All statistical analyses were executed employing 

R Studio software, specifically the version 4.2.3. The 

functions "metamean" and "metaprop" were employed 

to ascertain the overall mean hemoglobin 

concentration and the collective prevalence of anemia 

among adolescents, respectively. 

Results  

In total 3,713 papers were found using database 

searches that were part of the meta-analysis. 1943 

duplicate articles were eliminated. Following an 

evaluation of 1770 publications' titles and abstracts, 

we eliminated 1667, leaving 103 for full-text analysis. 

32 publications were included in the meta-analysis 

following a qualitative and quantitative evaluation of 

the 71 that did not fit the inclusion criteria. Figure 1 

depicts the 2020 PRISMA flowchart. 

Characteristics of Studies 

The meta-analysis included 32 studies [15-46] with 

14,053 female adolescents as participants. Table 1 list 

out the characteristics of the studies that were part of 

the meta-analysis. The majority of these research were 

conducted in rural areas. The most common technique 

among the studies that described the methods used to 

measure hemoglobin levels was the 

cyanmethemoglobin technique, which was followed 

by Sahli's technique and HemoCue. All studies 

followed the WHO's hemoglobin thresholds for 

anemia. In terms of geographical distribution within 

India, the majority, 12 studies were carried out in the 

southern region [16,19,24,31,34,36,37,40,42,43,45, 

46] with eighth, seven, and five conducted in the 

northern [17,18,26-29,41,44], western [15,21,23, 

25,30,35,38], and eastern [20,22,32,33,39] regions, 

respectively. In terms of participant characteristics, the 

majority showed a mean age between 12.9 and 15.77 

years. The prevalence of anemia was reported in all 32 

studies. Additionally, 24 research [15-17,19-21,23-

26,28-30,32,34-38,40-44] classified the severity of 

anemia into mild, moderate, and severe categories, 

while 20 studies [15-17,19,20,23,26,29-35,37-

39,41,43,44] reported mean hemoglobin levels. 

 

Prevalence of Anemia among adolescent girls 

Hemoglobin levels below 12.0 g/dL have been defined 

as anemia, while those between 10.0 and 11.9 g/dL 

were classified as mild, those between 7.0 and 9.9 g/dL 

as moderate, and those below 7.0 g/dL as severe. The 

combined estimate of the prevalence of anemia among 

the group of adolescent girls in India was determined 

to be 65% (95% CI: 54%–74%), which was calculated 

through all thirty-two included studies (Figure 2). The 

studies exhibit significant heterogeneity (I2=98.7%). 

Subgroup analysis by regional distribution shows 

differences, with East India showing a higher pooled 



 

 
1389 

prevalence of anemia among adolescent females (81% 

[39%, 97%]) and South India showing a considerably 

lower pooled prevalence of anemia (52% [36%, 

68%]). The results show a large prediction interval of 

0.12 to 0.96, indicating a high degree of variability.  

                                                                                                                   

 

Across twenty reviewed studies, which reported the 

mean hemoglobin level [15-17,19,20,23,26,29-35,37-

39,41,43,44], the pooled mean hemoglobin 

concentration is 10.71 [10.29, 11.13] (Figure3). 

However, within certain geographic areas, the mean 

hemoglobin concentration ranges from approximately 

9.43 to 12.61. The Southern regions have the highest 

mean values (11.20), while the Eastern regions have 

lowest mean values (10.24). Overall, there is 

considerable heterogeneity among the studies (I2 = 

99.3%). 

 

Figure 1: PRISMA flowchart 
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Table 1: Summary table (Burden of anemia among adolescent girls in India: A systematic review and meta-

analysis). 

 

Author State Settin

g 
Age  
(mean ± 

SD) or 

age 

group 

Sample 

size (N) 
Method of 

Hemoglobin 

estimation 

Mean 

Hemoglobin 
Prevalence 

of anemia 

n (%) 

Mild 
n (%) 

Modera

te 

n (%)  

Sever

e 

n (%) 

Quality 

Ahankari 

(2017) [15] 

Maharashtra Rural 13-17 

Year 

1010 Sahli’s 

hemometer 
method. 

10.1±1.3 

g/dL 

879 (87%) 172 

(17) 

656 (65) 51 (5) Excellent 

Amarnath 

(2013) [16] 

Andhra 

Pradesh 

Rural 10–19 

year 

270 Sahli's method 9.78±2.44 

g/dl 

240 (88.9) 113 

(41.9) 

79 (29.3) 48 

(17.8) 

Excellent 

Bansal 

(2015) [17] 

Delhi Urban 11–18 

year 

794 Cyanmethemoglo

bin 

method. 

11.61±1.36 

g/dl 

466 (58.7) 250 

(31.5) 

204 

(25.7) 

12 

(1.5) 

Excellent 

Basu (2004) 

[18] 

Chandigarh Rural 

and 

Urban 

12-18 

year 

590 Cyanmethemoglo

bin 

method 

NA 141 (23.9) NA NA NA Excellent 

Biradar 

(2012) [19] 

Karnataka Rural 10-19 

Year 

840 Automated cell 

counter (Beckman 

Coulter AC T diff 
2). 

10.9±1.04 

g/dL 

345 (41.1) 290 

(34.5) 

53 (6.3) 2 

(0.2) 

Excellent 

Bulliyy 

(2007) [20] 

Orissa NA 15.77±2.

20 

1937 Cyanmethemoglo

bin method 

9.7±1.4 g/dL 1869 (96.5) 875 

(45.2) 

908 

(46.9) 

86 

(4.4) 

Excellent 

Chaudhary 

(2008) [21] 

Maharashtra Urban 10-19 

Year 

296 Cyanmethemoglo

bin method 

NA 104 (35.1) 72 

(24.3) 

32 (10.8) 0 (0) Excellent 

Das (2005) 

[22] 

West Bengal Rural 10-19 
years 

143 NA NA 64 (44.8) NA NA NA Medium 

Deshmukh 

(2008) [23] 

Maharashtra  Rural 

and 
Urban 

10-19 

years 

1080 Standard 

Procedure 

11.07±1.83 

g/dl 

705 (65.3) 455 

(42.1) 

222 

(20.6) 

28 

(2.6) 

Excellent 

Gopalakrish

nan (2018) 

[24] 

Tamil Nadu Urban 13-18 

years 

250 Portable digital 

hemoglobin meter  

NA 212 (84.8) 32 

(12.8) 

117 

(46.8) 

63 

(25.2) 

Excellent 

Gore (2024) 

[25] 

Western 

region 

Rural 14 years 400 HemoCue 201 NA 171 (42.8) 86 

(21.5) 

75 (18.8) 10 

(2.5) 

Excellent 

Goyle (2009) 

[26] 

Rajasthan Urban 10-16 

years 

109 Cyanmethemoglo

bin method using 

Hemocor-D kit  

9.43±1.365 

g/dl 

105 (96.3) 34 

(31.2) 

71 (65.1) 0 (0) Medium 

Gupta 

(2014) [27] 

Uttar Pradesh Urban 10-19 

years 

216 Direct 

Cyanmethemoglo

bin method 

NA 114 (52.8) NA NA NA Excellent 

Kalhan 

(2008) [28] 

Haryana NA 10-19 

years 

314 NA NA 266 (84.7)  137 

(43.6) 

121 

(38.5) 

8 

(2.5) 

Excellent 

Kamble 

(2021) [29] 

Delhi Urban 14.6±1.1
8 

203 HemoCue 201 11.3±1.55 
g/dl 

119 (58.6) 57 
(28.1) 

53 (26.1) 9 
(4.4) 

Excellent 

Kulkarni 

(2019) [30] 

Maharashtra Rural 14.5±1.6

2 

240 Cyanmethemoglo

bin method. 

9.57±1.4 

g/dl 

222 (92.5) 22 (9.2) 196 

(81.7) 

4 

(1.7) 

Excellent 

Kumar 

(2020) [31] 

Karnataka Rural 14-16 

years 

100 Automated 6-part 

differential cell 
counter. 

12.37±1.3 

g/dl 

24 (24) NA NA  NA Excellent 

kumari 

(2017) [32] 

Bihar  Urban 10-19 

years 

200 Sahli’s method 10.55±1.75 

g/dl 

100 (50) 87 

(43.5) 

7 (3.5) 6 (3) Excellent 

Mahanta 

(2014) [33] 

Assam Rural 14.8 ± 2.3 800 Cyan-meth-

hemoglobin 

method 

9.71±1.61 

g/dl 

772 (96.5) NA NA NA Excellent 

Mayura 

(2014) [34] 

Puducherry Rural 15.63± 

2.0  

100 Test strips 

(Hemoglobin 

Colour Scale 4) 

11.2±1.39 

g/dl 

58 (58) 23 (23) 35 (35) 0 (0) Excellent 

Nair (2023) 

[35] 

Maharashtra Rural 14.01±2.

57  

420 Cell Counter 

named Mythic 

Haematoanalyzer. 

10.90±1.94 

g/dl 

276 (65.7) 137 

(32.6) 

125 

(29.8) 

0 (0) Excellent 

Patil (2018) 

[36] 

Karnataka Urban 14.34±1.

8 

347 Hemoglobin  

cuvette.  

NA 154 (44.4) 122 

(35.2) 

31 (8.9) 1 

(0.3) 

Excellent 
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SD=Standard deviation; n=number of participants; NA= Not available;  

Figure 2: Region wise Prevalence of anemia among Indian adolescent girls. 

 

Sasidharann

air (2020) 

[37] 

Tamil Nadu Rural 10–19 
year 

255 Five‐part 
automated cell 

counter 

(Beckman 
Coulter AC T diff 

2). 

10.33±1.34 
g/dl 

124 
(48.6) 

69 
(27.1) 

42 
(16.5) 

13 (5.1) Excellent 

Sen (2005) 

[38] 

Gujarat Urban 09–14 
year 

322 Cyanmethemoglo
bin method 

11.32±1.3 
g/dL 

217 
(67.4) 

105 
(32.6) 

112 
(34.8) 

0 (0) Excellent 

Sharma 

(2012) [39] 

Assam Rural 13.62 

±1.1 

419 Cyanmethemoglo

bin method 

11.02±1.79 

g/dl 

300 

(71.6) 

NA NA NA Excellent 

Siva (2016) 

[40] 

Kerala Rural 13.39 ± 

2.3 

257 Auto-analyzer 

SYSMAX 800i. 

NA 54 (21) 49 

(19.1) 

5 (1.9) 0 (0) Excellent 

Subramania

n (2022) [41] 

Haryana Rural 15.5±1.8 272 Digital 

hemoglobinomet
er method 

(Hemocue201+) 

10.9±1.64 g/dl 195 

(71.7) 

70 

(25.7) 

112 

(41.2) 

13 (4.8) Excellent 

Sulakshana 

(2014) [42] 

Karnataka Rural 12.9±2.0
6 

400 Cyanmethemoglo
bin 

method 

NA 300 (75) 199 
(49.8) 

83 
(20.8) 

18 (4.5) Excellent 

Sunitha 

(2024) [43] 

Tamil Nadu Rural 13.8±1.4 220 Whatmann filter 
paper for 

haemoglobin 

estimation. 

12.61±2.29 
g/dl 

82 (37.3) 51 
(23.2) 

31 
(14.1) 

0 (0) Excellent 

Verma 

(2022) [44] 

Rajasthan Rural 15.54±2.

72  

625 HemoCue (Hb 

201). 

9.92±1.40 g/dl 352 

(56.3) 

182 

(29.1) 

139 

(22.2) 

31 (5) Excellent 

Wasnik 

(2012) [45] 

Andhra 

Pradesh 

Urban 10-15 

years 

420 NA NA 126 (30) NA NA NA Medium 

William 

(2016) [46] 

Tamil Nadu NA 15-18 
years 

204 Calorimetric 
method. 

NA 125 
(61.3) 

NA NA NA Excellent 
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Figure 3: Region wise mean hemoglobin level among Indian adolescent girls. 

 

 
 

 

 

Figure 4: Regional wise severity of anemia (Mild, moderate and severe). 
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Severity of anemia among adolescent girls 

The Figure 4 presents a forest plot summarizing the severity of 

anemia (mild, moderate and severe) estimates across different 

regions (West, South, North, and East) was carried out on 24 

studies [15-17,19-21,23-26,28-30,32,34-38,40-44] that 

reported the severity among Indian adolescent girls. The overall 

pooled prevalence of mild, moderate and severe anemia was 

29%, 25%, and 1% respectively. 

Mild anemia across all included studies is 0.29 [0.25, 0.34], 

with substantial heterogeneity (I² = 95.7%). The subgroup 

analysis by region indicated that the pooled prevalence of mild 

anemia among adolescent girls resided in East region was 

highest i.e. 45% (95% CI 32%–59%; I2 = 0%) compared to the 

other region. The pooled prevalence estimates of moderate 

anemia was 0.25 [0.17, 0.36] with heterogeneity remains high 

(I² = 98.5%). The subgroup analysis by region indicated that the 

pooled prevalence of moderate anemia among adolescent girls 

resided in North region was highest i.e. 38% (95% CI 23%–

57%; I2 = 95%) compared to the other region. The overall 

pooled proportion of severe anemia was 0.01 [0.01, 0.03], 

indicating a much lower prevalence compared to mild and 

moderate anemia. Similarly to mild anemia the highest 

prevalence of severe anemia found out in east region 4% (95% 

CI 1%–15%; I2 = 0%). 

Risk of Bias 

The included reports' JBI values varied from 5 to 9. Twenty-

nine of the 32 studies were classified as excellent quality, and 

three as medium, none were classified as low quality. Complete 

evaluations for all included studies are provided in 

Supplementary File. 

Publication Bias 

The funnel plot was prepared to detect the possible publication 

bias in included studies (Figure 5). This funnel plot shows no 

obvious signs of publication bias as the data points are spread 

out fairly equally on both sides of the average, suggesting the 

results are balanced and unbiased. .The Egger's test also does 

not provide sufficient statistical support for the existence of 

bias (t = 1.27, p = 0.2142). The bias estimate has a considerable 

standard error (5.6172, SE = 4.4270), which suggests a high 

level of uncertainty. Additionally, a substantial degree of 

variation among the studies is suggested by the high 

heterogeneity variance (tau2 = 75.1695). 

Figure 5: Funnel plot for publication bias. 

 

Discussion  

Anemia prevalence among adolescent girls in India was 65% 

(95% CI: 54%–74%), based on 32 studies, underscoring the 

need for public health interventions. This aligns with a meta-

analysis by Daniel [47], which reported a 65.7% prevalence, but 

contrasts with Akbari [48], who found a lower prevalence of 

13.9% (95% CI: 10.8%–17.1%) among Iranian children and 

adolescents, and 7.9% (95% CI: 4.1%–11.7%) and 8.5% (95% 

CI: 6.1%–10.8%) among Iranian men and women, respectively. 

The disparity may be because of differences in race and 

ethnicity. Factors contributing to India's higher anemia rates 

might be menstrual bleeding, rapid growth during adolescence, 

socio-economic challenges, limited healthcare access, and rural 

living conditions with restricted food options [48-49]. 

The eastern area has a highest prevalence of anemia among 

Indian adolescent girls (81%). The finding goes contrary to 

earlier findings that indicated anemia affects around half of the 

people in the eastern region [50]. This high prevalence might be 

due to widespread poverty, lack of access to quality food and 

lack of quality health services. On the other hand, the 

prevalence rate was lower in southern India (52%), which might 

be due to higher dietary intake, urbanization or use of better 

dietary measures [51]. The significant regional differences 

associated with these health problems reflect the interaction 

between social, nutritional and cultural factors. These regional 

differences support the concept that anemia is not only a 

medical condition but also a marker of inequality.  

The prevalence of mild (29%) and moderate (25%) cases of 

anemia is also concerning even though the prevalence of severe 

anemia is relatively low (1%). Educational outcomes, physical 

strength, and intellectual functioning are important in 

adolescent development, and even mild anemia can affect these 

outcomes [52]. The severity of the disease was higher in the 

eastern region (45% mild, 4% severe), reflecting a lack of 

timely diagnosis and inadequate treatment. These results 

contradict the commonly held belief that only severe anemia 

should be treated. Early iron deficiency still requires treatment 

to prevent significant growth in children and adolescents [10].  

Anemia can be exacerbated by factors such as less intake of iron 

rich diet, parasitic infections, menstrual blood loss, and lack of 

knowledge about proper nutrition. Certain dietary factors, such 

as low bioavailability of iron in vegetarians and gender 

differences in food preferences also increase the risk of anemia 

[9,10].  

The impact and effectiveness of existing Indian programs such 

as POSHAN Abhiyaan and Anemia Mukt Bharat need to be 

carefully evaluated and region-specific strategies need to be 

implemented [53,54]. The strategy may include promoting iron-

rich foods, integrating deworming programs in schools, 

improving nutrition education to detect malnutrition and 
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anemia, and improving nutritional supplementation in schools 

and colleges. To address this issue and ensure that young 

women not only survive but thrive, a multi-sectoral strategy that 

integrates social support, education and health is needed. As 

India achieves key demographic and economic goals, the health 

of young people must be prioritized in development plans. 

To our best knowledge this is one of the first meta-analysis to 

systematically quantify regional disparities in anemia 

prevalence among Indian adolescent girls, this study's main 

strengths are its extensive scope, which is reinforced by strict 

adherence to PRISMA/MOOSE guidelines. In-depth region 

wise subgroup analyses, large sample size, and the results have 

important policy implications since they pinpoint high-burden 

region also key strength of this review. However, the study has 

several limitations including limited generalizability in urban 

setting as most of study conducted among rural population, 

differences in hemoglobin measurement methods 

(cyanomethemoglobin and HemoCue), lack of detailed 

information on other dietary and nutritional factors, and 

substantial high heterogenicity included study. 

Conclusion 

The prevalence of anemia in Indian teenage girls is surprisingly 

high with notable regional variations, making it a significant 

public health concern. Lower rates in South India raise the 

possibility of learning from dietary and programmatic practices, 

but the East Indian burden points to structural differences in 

nutrition, healthcare access, and socioeconomic development. 

The national efforts like Anemia Mukt Bharat Abhiyaan must 

be combined with locally specific intervention to tackle this 

disease. 

Acknowledgements 

None 

Authors’ contribution 

AK and Amita Kumari: Conceptualization/ protocol 

registration/ Searching databases / article screening / quality 

assessment / data analysis / Writing – review & editing. SKM 

and VP: Conceptualization/ protocol registration/ article 

screening / data extraction / / data analysis / Writing – original 

draft. AKS, AG and SKS: Protocol registration/ running the 

‘search’/ article screening / data extraction / quality assessment 

/ Writing – original draft / Writing – review & editing. All the 

authors have reviewed and validate the final version of the 

manuscript. 

Competing interests 

There is no conflict of interest between any of the authors.  

Source of Support: 

None 

 

Authors’ affiliations: 

1,2,3,4,6,7All India Institute of Medical Sciences, Deoghar, 

Jharkhand, India. 
5Faculty of Veterinary and Animal Sciences, RGSC, Banaras 

Hindu University, Varanasi, India. 

References 

1. World Health Organization. Global nutrition target 

2025: anaemia policy brief. Geneva: World Health 

Organization; 2014.  

2. Sunuwar DR, Singh DR, Pradhan PMS, et al. Factors 

associated with anemia among children in South and 

Southeast Asia: a multilevel analysis. BMC Public 

Health. 2023;23:1–17. 

https://doi.org/10.1186/s12889-023-15265-y  

3. World Health Organization. Iron deficiency anaemia: 

assessment, prevention, and control a guide for 

programme managers. Geneva: World Health 

Organization; 2001.  

4. 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. 2022;54:425–37. 

https://doi.org/10.1017/s0021932022000177  

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

prevention of iron deficiency anaemia in India. 

Nutrition. 2014;30:764–70. 

https://doi.org/10.1016/j.nut.2013.11.022  

6. Ministry of Health and Family Welfare, Government 

of India, UNICEF, et al. Comprehensive National 

Nutrition Survey (CNNS) National Report. New 

Delhi: Ministry of Health and Family Welfare, 

Government of India; 2019.  

7. World Health Organization. Adolescent and young 

adult health. Geneva: World Health Organization; 

2021.  

8. World Health Organization. Prevention of iron 

deficiency anemia in adolescents: a role of weekly iron 

and folic acid supplementation. Geneva: World Health 

Organization; 2011.  

9. Ibirogba D, Menon VB, Olickal JJ, Thankappan KR. 

Trends in Prevalence and Predictors of Anemia in 

Adolescents Between the Ages of 15 and 19 Years in 

India and Its States: Evidence From the National 

Family Health Survey 2015-16 and 2019-21. Cureus. 

2024;16(10):e70733. 

https://doi.org/10.7759/cureus.70733  

10. Bansal M, Sharma HB, Kumar N, Kumari R. 

Prevalence of anaemia in adolescents and young adult 

population in a tertiary care hospital of North India. IP 

J Diagn Pathol Oncol. 2021;6(1):58-61. 

https://doi.org/10.18231/j.jdpo.2021.013  

11. Jain M, Chandra S. Correlation between hematological 

and cognitive profile of anemic and non-anemic school 

age girls. Curr Pediatr Res. 2012;16:145–149.  

12. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis 

of observational studies in epidemiology: a proposal 

for reporting. JAMA. 2000;283:2008–12. 

https://doi.org/10.1001/jama.283.15.2008  

https://doi.org/10.1186/s12889-023-15265-y?referrer=grok.com
https://doi.org/10.1017/s0021932022000177?referrer=grok.com
https://doi.org/10.1016/j.nut.2013.11.022?referrer=grok.com
https://doi.org/10.7759/cureus.70733?referrer=grok.com
https://doi.org/10.18231/j.jdpo.2021.013?referrer=grok.com
https://doi.org/10.1001/jama.283.15.2008?referrer=grok.com


 

 
1395 

13. Page MJ, McKenzie JE, Bossuyt PM, et al. The 

PRISMA 2020 statement: an updated guideline for 

reporting systematic reviews. BMJ. 2021;372:n71. 

https://doi.org/10.1136/bmj.n71  

14. Munn Z, Moola S, Lisy K, et al. Methodological 

guidance for systematic reviews of observational 

epidemiological studies reporting prevalence and 

incidence data. Int J Evid Based Healthc. 2015;13:147-

53. https://doi.org/10.1097/XEB.0000000000000054  

15. Ahankari AS, Myles PR, Fogarty AW, Dixit JV, Tata 

LJ. Prevalence of iron-deficiency anaemia and risk 

factors in 1010 adolescent girls from rural 

Maharashtra, India: a cross-sectional survey. Public 

Health. 2017;142:159-166. 

https://doi.org/10.1016/j.puhe.2016.07.010  

16. Amarnath M, Rao NL. Rural and urban variations in 

prevalence of anemia among adolescent girls in 

Visakhapatnam district, Andhra Pradesh. Indian J 

Public Health Res Dev. 2013;4:17-21.  

17. Gupta Bansal P, Singh Toteja G, Bhatia N, et al. 

Deficiencies of serum ferritin and vitamin B12, but not 

folate, are common in adolescent girls residing in a 

slum in Delhi. Int J Vitam Nutr Res. 2015;85:14-22. 

https://doi.org/10.1024/0300-9831/a000219  

18. Basu S, Basu S, Hazarika R, Parmar V. Prevalence of 

anemia among school going adolescents of 

Chandigarh. Indian Pediatr. 2005;42:593-7.  

19. Biradar SS, Biradar SP, Alatagi AC, Wantamutte AS, 

Malur PR. Prevalence of anaemia among adolescent 

girls: a one-year cross-sectional study. J Clin Diagn 

Res. 2012;6:372-7.  

20. Bulliyya G, Mallick G, Sethy GS, Kar SK. 

Hemoglobin status of non-school going adolescent 

girls in three districts of Orissa, India. Int J Adolesc 

Med Health. 2007;19:395-406. 

https://doi.org/10.1515/ijamh.2007.19.4.395  

21. Chaudhary SM, Dhage VR. A study of anemia among 

adolescent females in the urban area of Nagpur. Indian 

J Community Med. 2008;33:243-5. 

https://doi.org/10.4103/0970-0218.43230  

22. Das DK, Biswas R. Nutritional status of adolescent 

girls in a rural area of North 24 Parganas district, West 

Bengal. Indian J Public Health. 2005;49:18-21.  

23. Deshmukh PR, Garg BS, Bharambe MS. Effectiveness 

of weekly supplementation of iron to control anaemia 

among adolescent girls of Nashik, Maharashtra, India. 

J Health Popul Nutr. 2008;26:74-8.  

24. Gopalakrishnan S, Eashwar VMA, Muthulakshmi M, 

Geetha A. Intestinal parasitic infestations and anemia 

among urban female school children in Kancheepuram 

district, Tamil Nadu. J Family Med Prim Care. 

2018;7:1395-1400. 

https://doi.org/10.4103/jfmpc.jfmpc_89_18  

25. Gore MN, Drozd ME, Patil RS. Anemia prevalence 

and socioeconomic status among adolescent girls in 

rural Western India: a cross-sectional study. Ethiop J 

Health Sci. 2024;34:57. 

https://doi.org/10.4314/ejhs.v34i1.7  

26. Goyle A, Prakash S. Iron status of adolescent girls (10-

15 years) attending a government school in Jaipur 

City, Rajasthan, India. Malays J Nutr. 2009;15:205-11.  

27. Gupta N, Gupta S, Lalchandani A, Gupta R, Diwedi S, 

Singh J. Relationship of degree of anemia as direct or 

indirect causes of heart failure and its impact on 

maternal and fetal outcome. Int J Reprod Contracept 

Obstet Gynecol. 2017;3:982-5.  

28. Kalhan M, Kaushal P, Chayal V, et al. Prevalence of 

anemia among toddlers (12-36 months) in urban area 

of district Rohtak, Haryana. J Family Med Prim Care. 

2022;11:2532-2536. 

https://doi.org/10.4103/jfmpc.jfmpc_1469_21  

29. Kamble BD, Gunjan M, Sumit J, Singh SK, Jha D, 

Singh S. Prevalence of anaemia among school going 

adolescent girls attending Test, Treat and Talk (T-3) 

camp under Anaemia Mukt Bharat in Delhi. J Family 

Med Prim Care. 2021;10:898-903. 

https://doi.org/10.4103/jfmpc.jfmpc_1510_20  

30. Kulkarni R, Surve S, Patil S, Sankhe L, Gupta P, 

Toteja G. Nutritional status of adolescent girls in 

tribal blocks of Maharashtra. Indian J Community 

Med. 2019;44:281-4. 

https://doi.org/10.4103/ijcm.IJCM_369_18  

31. Kumar KJ, Kumar VHS, Kulkarni P, Jayashree K. 

Prevalence of folate deficiency among adolescent 

school girls in rural areas of Mysuru district, 

Karnataka, India. Sri Lanka J Child Health. 

2020;49:230-4. 

https://doi.org/10.4038/sljch.v49i3.9139  

32. Kumari R, Bharti RK, Singh K, et al. Prevalence of 

iron deficiency and iron deficiency anaemia in 

adolescent girls in a tertiary care hospital. J Clin 

Diagn Res. 2017;11:BC04-BC06. 

https://doi.org/10.7860/JCDR/2017/26163.10325  

33. Mahanta TG, Mahanta BN, Gogoi P, Dixit P, Joshi V. 

Anaemia, its determinants and effect of different 

interventions amongst tea tribe adolescent girls living 

in Dibrugarh district of Assam. Indian J Comm Health. 

2014;26:300-309.  

34. Mayura S, Suguna E, Dongre AR. Perceived cause and 

effect relationship for nutritional anemia among 

adolescent girls in rural Puducherry. Online J Health 

Allied Scs. 2014;13:2.  

35. Nair A, Doibale MK. Prevalence of anemia among 

adolescent girls in rural area of a district of 

Maharashtra. Indian J Com Health. 2023;35:21-26.  

36. Patil N, Jagadeesh KV, Yamini Priyanka K, Kari A, 

Angolkar M. Prevalence of anemia among adolescent 

girls in a North Karnataka school: a cross sectional 

study. Int J Community Med Public Health. 

2018;5:5360-4. https://doi.org/10.18203/2394-

6040.ijcmph20184817  

37. Chandrakumari AS, Sinha P, Singaravelu S, Jaikumar 

S. Prevalence of anemia among adolescent girls in a 

rural area of Tamil Nadu, India. J Family Med Prim 

Care. 2019;8:1414-7. 

https://doi.org/10.4103/jfmpc.jfmpc_140_19  

https://doi.org/10.1136/bmj.n71?referrer=grok.com
https://doi.org/10.1097/XEB.0000000000000054?referrer=grok.com
https://doi.org/10.1016/j.puhe.2016.07.010?referrer=grok.com
https://doi.org/10.1024/0300-9831/a000219?referrer=grok.com
https://doi.org/10.1515/ijamh.2007.19.4.395?referrer=grok.com
https://doi.org/10.4103/0970-0218.43230?referrer=grok.com
https://doi.org/10.4103/jfmpc.jfmpc_89_18?referrer=grok.com
https://doi.org/10.4314/ejhs.v34i1.7?referrer=grok.com
https://doi.org/10.4103/jfmpc.jfmpc_1469_21?referrer=grok.com
https://doi.org/10.4103/jfmpc.jfmpc_1510_20?referrer=grok.com
https://doi.org/10.4103/ijcm.IJCM_369_18?referrer=grok.com
https://doi.org/10.4038/sljch.v49i3.9139?referrer=grok.com
https://doi.org/10.7860/JCDR/2017/26163.10325?referrer=grok.com
https://doi.org/10.18203/2394-6040.ijcmph20184817?referrer=grok.com
https://doi.org/10.18203/2394-6040.ijcmph20184817?referrer=grok.com
https://doi.org/10.4103/jfmpc.jfmpc_140_19?referrer=grok.com


 

 
1396 

38. Sen A, Kanani SJ. Deleterious functional impact of 

anemia on young adolescent school girls. Indian 

Pediatr. 2006;43:219-26.  

39. Sharma SK, Narain K, Devia KR, et al. 

Haemoglobinopathies – major associating 

determinants in prevalence of anaemia among 

adolescent girl students of Assam, India. WHO South-

East Asia J Public Health. 2012;1:299-308.  

40. Siva PM, Sobha A, Manjula VD. Prevalence of 

anaemia and its associated risk factors among 

adolescent girls of central Kerala. J Clin Diagn Res. 

2016;10:LC19-LC23. 

https://doi.org/10.7860/jcdr/2016/20939.8938  

41. Subramanian M, Malhotra S, Kant S, Goswami K, 

Perumal V, Kaloiya G. Prevalence of anemia among 

adolescent girls residing in rural Haryana: a 

community-based cross-sectional study. Cureus. 

2022;14:e21091. 

https://doi.org/10.7759/cureus.21091  

42. Sulakshana B, Naik VA, Mallapur MD. A study of 

anaemia among adolescent girls in rural area of 

Belgaum district, Karnataka, South India. J Int Med 

Sci Acad. 2014;5:238-43.  

43. K S, Muthu G, Arockiasamy J, Maryam Jamila S, 

Yuvaraj J, Shantaraman K. Multiple micronutrient 

deficiency among adolescent girls with normal 

nutritional status - need for fortified nutritional support 

in rural settings of South Tamil Nadu, India. Natl J 

Community Med. 2024;15:105-111. 

https://doi.org/10.55489/njcm.150220242830  

44. Verma K, Baniya GC. Prevalence, knowledge, and 

related factor of anemia among school-going 

adolescent girls in a remote area of western Rajasthan. 

J Family Med Prim Care. 2022;11:1474-81. 

https://doi.org/10.4103/jfmpc.jfmpc_1372_21  

45. Wasnik V, Rao BS, Rao D. A study of the health status 

of early adolescent girls residing in social welfare 

hostels in Vizianagaram district of Andhra Pradesh 

State, India. Int J Collaborative Res Internal Med 

Public Health. 2012;4:72-83.  

46. William R, Ramraj B, Logaraj M. Anaemia and 

associated factors among school-going adolescent 

girls in Chidambaram, Tamil Nadu – a cross-sectional 

study. J Int Med Sci Acad. 2016;29:11-3.  

47. Daniel RA, Kalaivani M, Kant S, Gupta S. Prevalence 

of anaemia among adolescent girls (10–19 years) in 

India: a systematic review and meta-analysis. Natl 

Med J India. 2023;36:233–40. 

https://doi.org/10.25259/nmji_637_21  

48. Akbari M, Moosazadeh M, Tabrizi R, et al. Estimation 

of iron deficiency anaemia in Iranian children and 

adolescents: a systematic review and meta-analysis. 

Hematology. 2017;22:231-9. 

https://doi.org/10.1080/10245332.2016.1240933  

49. Srivastava S, Kumar P, Paul R, Debnath P. Effect of 

change in individual and household level 

characteristics on anemia prevalence among 

adolescent boys and girls in India. BMC Public 

Health. 2022;22:1478. 

https://doi.org/10.1186/s12889-022-13863-w  

50. Scott S, Lahiri A, Sethi V, et al. Anaemia in Indians 

aged 10–19 years: prevalence, burden and associated 

factors at national and regional levels. Maternal Child 

Nutr. 2022;18:e13378. 

https://doi.org/10.1111/mcn.13391  

51. Radhika G, Sathya RM, Ganesan A, et al. Dietary 

profile of urban adult population in South India in the 

context of chronic disease epidemiology (CURES-68). 

Public Health Nutr. 2011;14:591-8. 

https://doi.org/10.1017/S136898001000203X  

52. Chaparro CM, Suchdev PS. Anemia epidemiology, 

pathophysiology, and etiology in low- and middle-

income countries. Ann N Y Acad Sci. 2019;1450:15-

31. https://doi.org/10.1111/nyas.14092  

53. Pal P, Maurya NK. National Nutrition Mission 

(Poshan Abhiyaan): An overview. Int J Agric Inv. 

2023;8:234–8. 

https://doi.org/10.46492/IJAI/2023.8.2.14  

54. Yadav K. Experience of the Anaemia Mukt Bharat 

anaemia control programme in India. Lancet 

Haematol. 2025;12:e671-e672. 

https://doi.org/10.1016/s2352-3026(25)00230-3 

 

 

https://doi.org/10.7860/jcdr/2016/20939.8938?referrer=grok.com
https://doi.org/10.7759/cureus.21091?referrer=grok.com
https://doi.org/10.55489/njcm.150220242830?referrer=grok.com
https://doi.org/10.4103/jfmpc.jfmpc_1372_21?referrer=grok.com
https://doi.org/10.25259/nmji_637_21?referrer=grok.com
https://doi.org/10.1080/10245332.2016.1240933?referrer=grok.com
https://doi.org/10.1186/s12889-022-13863-w?referrer=grok.com
https://doi.org/10.1111/mcn.13391?referrer=grok.com
https://doi.org/10.1017/S136898001000203X?referrer=grok.com
https://doi.org/10.1111/nyas.14092?referrer=grok.com
https://doi.org/10.46492/IJAI/2023.8.2.14?referrer=grok.com
https://doi.org/10.1016/s2352-3026(25)00230-3?referrer=grok.com

