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Abstract
Introduction: Anemia is considered to be a public health issue of serious concern universally. In the 
current era of advancing technology, electronic health (e-health) initiatives are being employed 
in various health programs for disease screening and management. This study was planned to 
screen for anemia and manage it through a multidimensional approach comprising iron folic acid 
(IFA) supplementation, deworming among children, and dietary guidance and health education 
through pop-up videos with the aid of e-health initiatives.
Methods: This was a prospective cohort study. An Android e-application (app) was used on 
tablets to identify anemia after hemoglobin estimation through the Hemoglobin Color Scale. 
Accredited Social Health Activists (ASHAs) managed anemia by providing health education and 
dietary guidance through pop-up videos and IFA supplementation. Statistical analysis was done 
using the Statistical Package for the Social Sciences (SPSS) version 29. Tests of significance in the 
form of Cochran’s Q, McNemar, chi-square, and repeated measures analysis of variance (ANOVA) 
and independent t-test were applied.
Results: The overall prevalence of anemia significantly declined from 46.08% at baseline to 14.65% 
at the 9th month. Males had a higher anemia prevalence (52.8%) compared to females (39.16%). 
An overall improvement of 68.2% was observed in the anemia status, with the maximum being 
in the 1–5-year age-group and females. Mean hemoglobin levels showed a consistent increase 
across all age-groups, with the maximum being in the 6-month–1-year age-group and females.
Conclusion: This study demonstrated that community-based, sustained, and targeted strategies 
through the use of e-health initiatives can effectively combat anemia and achieve significant 
improvements in hemoglobin levels across all age and gender groups.
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deworming among children and dietary 
guidance and health education through pop-up 
videos with the aid of e-health initiatives.

Methods

This was a prospective cohort study funded 
by Rajasthan University of Health Sciences, 
Jaipur, and was approved by the ethics 
committee of the medical college.

Two villages, Lakhesra and Kapoorawala 
near Jaipur, with difficult access and inadequate 
health services, were identified for the study. 
A population of 3,830 individuals above 6 
months of age was included in the study. We 
communicated with Accredited Social Health 
Activists (ASHAs) in the selected area. Two 
ASHAs were recognized from each village 
who consented to work for data collection and 
follow-up of recruited subjects in the project. 
Data collection was completed in a year.

An Android e-application (app) was 
worked on, usable on tablets. The cardinal 
features were global positioning system 
(GPS), Skype, and 3G enabled, which helped 
in live data accumulation and visibility of data 
at the central location. An essential feature of 
the app was automatic conveyance of data to 
a central location.

Pop-up videos on the application, which 
was an inbuilt feature, could be used for 
counseling on the assessed problem. These 
would appear spontaneously for health 
education on the identification of the risk. For 
example, for those diagnosed with anemia, 
a pop-up video would appear on a tablet to 
be shown to the concerned person about 

Introduction

A low number of red blood cells or 
hemoglobin concentration below normal 

is defined as anemia as per the World Health 
Organization (WHO). Anemia is considered 
to be a public health issue of serious concern 
globally. Young children, menstruating 
adolescent girls and women, and pregnant 
and postpartum women are at a higher risk of 
being affected. WHO estimates that children 
aged 6–59 months, pregnant women, and 
reproductive-age women suffer from anemia 
globally in high proportions (40, 37, and 30%, 
respectively).1

Anemia is also widely prevalent in India. 
Despite a number of government health 
programs and policies ongoing for a long 
time, the reports of National Family Health 
Survey (NFHS)-5 declared a large proportion 
of the population to be anemic. According 
to NFHS-5, 57% of reproductive-age women 
and 25% men were found to be anemic in 
India, while in the state of Rajasthan, 54.4% 
women and 23% men were reported to be 
anemic. These figures were higher in children 
aged 6–59 months, among whom 67.1% were 
anemic in India overall and 71.5% in the state 
of Rajasthan.2,3

A multidimensional approach comprising 
nutrient supplementation, food fortification, 
prevention and control of parasitic and 
protozoal infestations, and health education 
has been endorsed by WHO and United 
Nations Children’s Fund (UNICEF) for the 
control and prevention of anemia. It has been 
proven that iron supplementation can prevent 
<12,500 disability-adjusted life years (DALYs) 
per year in regions with modest mortality 
rates, such as the European subregion, to 
almost 2.5 million DALYs in areas with high 
adult and child mortality rates, such as in the 
African and Southeast Asian subregions.4

The interventions and strategies, whether 
for diagnosis or management, are incomplete 
without the use of e-health in today’s era. WHO 
defines e-health as the use of information and 
communication technologies for health. 
Equipping grassroots workers and the use of 
e-health initiatives have been proven to be 
beneficial for a number of noncommunicable 
diseases such as hypertension and diabetes 
in various studies.5–7

Thus, we conducted this research intending 
to assess anemia prevalence and the effect 
on anemia after giving 3 months of iron folic 
acid (IFA) supplementation twice, along with 
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60-year age-group (53.51% change), as 
evident in Table 1.

The difference in anemia status across 
three time points in all age-groups was noted 
and was statistically significant (p < 0.001). 
Change between two specific time points 
showed significant change in all age-groups in 
anemia status from baseline to first follow-up 
at 5th month and baseline to second follow-up 
at 9th month. But it was not significant in 
the extreme age-groups, i.e., 6 months to 1 
year and above 60-year age-group, from 1st 
follow-up to the second follow-up, as shown 
in Table 1.

Distribution of Anemia by Gender
Of the 1,943 males, 52.8% were anemic 
at baseline, which reduced at 5 months 
and 9 months, showing an overall 59.85% 
change. Among females (n = 1,887), baseline 
anemia was lower at 39.16% and showed a 
greater overall improvement (79.85%), as 
per Table 2.

The difference in anemia status across 
the three time points in both genders was 
statistically significant (p < 0.001). Also, change 
across all two time points was significant  
(p < 0.001).

Change in Mean Hemoglobin across 
Age-groups
Mean hemoglobin levels showed a consistent 
increase across all age-groups from baseline 
to the 5th and 9th months. The mean 
hemoglobin increased at two follow-ups, as 
per Table  3, and the difference observed in 
mean hemoglobin across age-groups at all 
three time points was found to be statistically 
significant (p < 0.001). Figure 1 shows the 
comparison of mean hemoglobin level at 
baseline, at the 5th month, and at the 9th 
month using a line plot. From the figure, 
we observe a high improvement in mean 
hemoglobin level at the two follow-ups.

aspects were generated automatically daily 
through entries in e-application usable on 
tablets.

Statistical Analysis
Statistical analysis was done using the 
Statistical Package for the Social Sciences 
(SPSS) version 29 in the form of percentage, 
mean, standard deviation, and tests of 
signif icance in the form of Cochran’s 
Q, McNemar, chi-square for qualitative 
data, and repeated measures analysis of 
variance (ANOVA) and independent t-test for 
quantitative data.

Results

A total of 3,830 individuals were included in 
the study from two villages to assess anemia 
prevalence and the effect on anemia after 
follow-up at 5 and 9 months after giving 3 
months of IFA treatment twice, along with 
deworming among children and dietary 
guidance and health education through 
pop-up videos in an e-health application.

Distribution of Anemia by Age-
group
At baseline, the overall prevalence of anemia 
was 46.08% (1,765/3,830), which significantly 
declined to 21.36% at the 5th month and 
further to 14.65% at the 9th month. The 
highest anemia prevalence at baseline was 
observed among the 6-month–1-year age-
group (53.09%), while the lowest was among 
the 5–15 years age-group (40.32%). Change in 
the number of total anemics at the start and 
end was found to be statistically significant, 
as per Table 1.

The greatest improvement in the number 
of anemics was seen in the 1–5 years group, 
where prevalence dropped from 46.04 to 
10.73%, reflecting a 76.7% change. Conversely, 
the smallest improvement was in the above 

the adverse effects of anemia and health 
education related to it. ASHAs were trained 
to perform hemoglobin estimation through 
the Hemoglobin Color Scale (HbCS). The HbCS 
compares the color of a blood drop, which is 
absorbed on special chromatography paper. 
Comparison is done with standard colors 
on a laminated card, which are displayed in 
increments of 2 gm/dL. The HbCS has five 
colors: blood red, barn red, crimson red, 
firebrick, and Persian red.

Accredited Social Health Activists were 
trained to perform hemoglobin estimations 
through training modules and real-time 
demonstrations using the HbCS. WHO 
guidelines were used for anemia, which were 
already fed into the e-application.

Written informed consent was taken from 
all the heads of the families and participants 
before recruitment. Collection of baseline 
data was done by ASHAs in 3 months. For all 
anemic subjects above 6 months of age, 3 
months of IFA, deworming (children), dietary 
guidance, and health education through 
pop-up videos in the e-application were 
done. The hemoglobin estimation was done 
after 1 month of completion of the course to 
see the effect. Those who were still anemic 
were given another 3 months of IFA, and 
hemoglobin assessment was done after  
1 month of completion of the second course.

Those in the age-group of 6 months to 6 
years were given liquid formulations of IFA (20 
mg elemental iron and 0.1 mg folic acid), while 
children up to the age of 10 years were given 
a pediatric dose of IFA (30 mg elemental iron 
and 250 μg of folic acid per day), along with 
deworming in all of them. Adolescents and 
adults were given the adult dose, i.e., 100 mg 
elemental iron and 0.5 mg folic acid.

Data Collection
The data were transferred directly to the 
central computer, and reports on various 

Table 1:  Distribution of anemics as per age-group at start and after F/U5, F/U9 with change in anemia status

Age-group in years N Anemia status at 
start n (%)

Anemia status at F/U 
5th month n (%)

Anemia status at F/U 
9th month n (%)

Change in status 
(%)

p-value, Cochran’s Q 
(across three time points)

6 month–1 81 43 (53.09) 22 (27.16) 17 (20.99) 60.46 <0.001
1–5 354 163 (46.04) 66 (18.64) 38 (10.73) 76.7 <0.001
5–15 811 327 (40.32) 167 (20.59) 116 (14.3) 64.53 <0.001
15–45 1,969 915 (46.47) 415 (21.08) 275 (13.97) 69.93 <0.001
45–60 389 203 (52.18) 90 (23.14) 62 (15.94) 69.45 <0.001
Above 60 226 114 (50.44) 58 (25.66) 53 (23.45) 53.51 <0.001

Total 3,830 1,765 (46.08) 818 (21.36) 561 (14.65) 68.21 <0.001

The difference in anemia status across the three time points in all age-groups was statistically significant (p < 0.001, Cochran’s Q test). 
Change between two specific time points showed significant change in all age-groups in anemia status from baseline to first follow-up at the 5th month and 
baseline to second follow-up at the 9th month (p < 0.001, McNemar test).
But it was not significant in the extreme age-groups, i.e., 6 months to 1 year and above 60-year age-group from the first follow-up to second follow-up  
(p = 0.131 and p = 0.302, respectively).
Change in the number of total anemics at the start and end was found to be statistically significant (χ2 = 23.36, df = 1, p < 0.001).
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results were found across various studies 
among pregnant women and adolescent girls 
using e-health.8–11 The results in the form of 
improvement of the disease condition by 
e-health initiatives are in line with various 
other studies using e-health for various health 
conditions.6,7,12–14

This study assessed the prevalence 
and longitudinal  changes in anemia 
across various age and gender groups 
following a comprehensive community-
based intervention. A significant reduction 
in anemia prevalence was noted over a 
9 - month fo l low - up,  f rom 4 6 .0 8% at 
baseline to 14.65%, indicating the potential 
effectiveness of ongoing interventions such as 
IFA supplementation, dietary guidance, health 
education, and deworming. It also highlights 
that targeted, sustained interventions can 
improve hemoglobin status in resource-
limited settings.

According to the NFHS-5 (2019–2021),2 
anemia prevalence in chi ldren aged 
6–59 months was 67.1%, in women aged  
15–49 years was 57%, and in men aged 15–49 
years was 25%. Compared to NFHS data, the 
baseline prevalence observed in this study 

Discussion

This study demonstrated that community-
based strategies through the use of e-health 
initiatives can effectively combat anemia 
and bring about significant improvements in 
hemoglobin levels across all age and gender 
groups by raising awareness and improving 
adherence to iron supplementation. Similar 

Change in Mean Hemoglobin across 
Genders
Males had a higher baseline mean hemoglobin 
compared to females. At the second follow-up 
at the 9th month, males and females both had 
improved hemoglobin levels, more so among 
females, and this observed difference was 
statistically significant (p < 0.001), as per Table 4.

Table 2:  Distribution of anemics as per gender at the start and after F/U 5th month, 9th month with change in anemia status

Gender N Anemia status at 
start n (%)

Anemia status at F/U 
at 5th month n (%)

Anemia status at F/U 
at 9th month n (%)

Change in status (%) p-value, Cochran’s 
Q (across three time 

points)

Male 1,943 1,026 (52.8) 555 (28.56) 412 (21.20) 59.85 <0.001
Female 1,887 739 (39.16) 263 (13.94) 149 (7.89) 79.85 <0.001

Total 3,830 1,765 (46.08) 818 (21.36) 561 (14.65) 68.21 <0.001

The difference in anemia status across the three time points in both genders was statistically significant (p < 0.001, Cochran’s Q test). Also, change across all two 
time points was also significant (p < 0.001, McNemar test).

Table 3:  Change in mean Hb across various age-groups

Age-group in years N Mean Hb ± SD at start Mean Hb ± SD at F/U 
5th month

Mean Hb ± SD at F/U 
9th month

Mean difference from  
start to end

6 month–1 43 9.05 ± 1.56 10.67 ± 1.58 11.12 ± 1.14 2.12
1–5 163 9.32 ± 1.15 10.92 ± 1.43 11.35 ± 0.91 2.03
5–15 327 10.05 ± 0.85 11.02 ± 1.31 11.68 ± 0.94 1.63
15–45 915 10.94 ± 1.07 12.23 ± 1.09 12.52 ± 0.92 1.58
45–60 203 10.78 ± 1.08 12.21 ± 1.19 12.52 ± 0.96 1.74
Above 60 114 10.54 ± 1.08 11.95 ± 1.18 12.09 ± 1.04 1.55

Total 1,765 10.53 ± 1.20 11.82 ± 1.33 12.19 ± 1.04 1.66

The difference in Hb level across the three time points in all age-groups was statistically significant (one-way repeated measures ANOVA, df = 2, p < 0.001).

Fig. 1: Comparison of mean Hb level in different age-groups across different time periods

Table 4:  Change in mean Hb across various gender groups

Gender N Mean Hb ± SD at start Mean Hb ± SD at F/U 
5th month

Mean Hb ± SD at F/U 9th 
month

Mean difference from  
start to end

Male 1,026 11.01 ± 1.21 12.13 ± 1.35 12.50 ± 1.08 1.49
Female 738 9.88 ± 0.81 11.41 ± 1.16 11.77 ± 0.83 1.89

Total 1,764 10.53 ± 1.2 11.82 ± 1.33 12.19 ± 1.04 1.66

Both genders had improved Hb levels at follow-ups, more so among females, and this observed difference was statistically significant (independent t-test,  
t = –6.04, df = 1762, p < 0.001).
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over 8 months. The significant gains across 
all age-groups and genders underscore the 
efficacy of sustained public health measures.

Conclusion

This study demonstrated that community-
based, sustained, and targeted strategies 
through the use of e-health initiatives can 
effectively combat anemia and achieve 
significant improvements in hemoglobin 
levels across all age and gender groups. The 
best outcomes were observed in children 
aged 1–5 years and in females, highlighting 
the responsiveness of these groups to well-
structured interventions. Although older 
adults showed smaller gains, these findings 
support the scalability of such models within 
national programs like Anemia Mukt Bharat. 
Further research is needed to explore factors 
affecting persistent anemia in the elderly and 
ensure long-term adherence to interventions.

This study has several strengths, including 
a large sample size and comprehensive 
follow-up, but it also has limitations. 
Socioeconomic variables, dietary patterns, 
and comorbidities were not evaluated, which 
could have influenced outcomes. Also, further 
evaluation for hemoglobinopathies was 
beyond the scope of this study. Future studies 
incorporating these aspects could provide 
deeper insights into anemia control.
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Gender-based analysis revealed a higher 
initial prevalence of anemia among males 
(52.8%) compared to females (39.2%), which 
contrasts with most literature indicating 
that females, especially of reproductive age, 
are more affected due to menstruation and 
pregnancy-related losses.19 Nevertheless, the 
greater improvement observed in females (to 
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Our f indings on mean hemoglobin 
changes also align with those reported by 
Kaur et al.,22 who found that a school-based 
iron supplementation program led to an 
increase of 1.5 gm/dL in mean hemoglobin 
levels over 6 months among adolescents. In 
our study, the mean hemoglobin improved 
by 1.66 gm/dL across the total population 

is somewhat lower, possibly due to better 
coverage, a smaller community, and health 
awareness among the studied population. 
This is also evident by better antenatal care 
(ANC) in the studied area. However, the 
direction of improvement in hemoglobin 
status mirrors national efforts like Anemia 
Mukt Bharat.

The results also contrast with recent 
NFHS-5 data showing worsening trends in 
national anemia levels, particularly in children 
and women.2 This indicates that while national 
programs are well-designed, challenges in 
implementation may limit their impact. In 
contrast, localized programs with structured 
follow-up, such as the one in this study, may 
be better poised to deliver impact.

Younger children (6 months–1 year and 
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years) showed the highest baseline anemia 
rates, which is consistent with the known 
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needs, and comorbidities. Encouragingly, 
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