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Abstract-- Malnutrition among women of reproductive age
remains a persistent public health crisis in contemporary
India, coexisting with a rapid, urban rural transitional surge
in overnutrition. While physical infrastructure and
smartphone access supported by high speed 5G mobile data
networks have achieved near an universal penetration,
functional capabilities to synthesize, decode, and accurately
execute empirical evidence based nutritional updates remain
severely restricted. This clinical field inquiry details a
comprehensive randomized controlled trial (N = 1,000)
conducted across 24 weeks across twelve peri urban and rural
cluster hubs within Maharashtra and Karnataka. The trial
isolated Digital Health Literacy (DHL) as an independent
operational factor to measure its direct causal impact on
systemic health modifications. The experimental cohort (n =
500) underwent a structured, vernacular digital competency
training  program highlighting interactive source
authentication, misinformation filters, and dynamic macro
micro dietary calculators. Meanwhile, the control group (n =
500) received conventional, passive, unidirectional SMS and
Interactive Voice Response updates. Post-trial metrics
demonstrated that structured DHL interventions drove
substantial upgrades in the Minimum Dietary Diversity Score
for Women (MDD W), climbing from a baseline of 3.62 + 0.81
to 5.84 £ 0.94 (p < 0.001). Clinical lab parameters tracked
synchronized improvements, with mean blood hemoglobin
levels rising significantly (10.12 + 0.84 g/dL to 11.68 + 0.71
g/dL) along with a dual directional normalization of body
mass index scales for both undernourished and obese subsets.
These findings establish that physical digital access requires
deliberate cognitive empowerment to resolve systemic
nutritional bottlenecks.

Keywords-- Digital Health Literacy, Maternal Malnutrition,
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[. INTRODUCTION

Malnutrition among women of reproductive age (15 49
years) remains one of the most stubborn public health
bottlenecks in developing market economies, with
contemporary India continuous to shoulder a heavily
disproportionate share of this global structural burden.
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Historically, maternal and female undernutrition across
the Indian subcontinent has presented a complex, multi
layered tapestry of chronic energy deficits, severe
micronutrient wasting, and systemic iron deficiency anemia
[1]. The downstream socioeconomic and biological impacts
of this structural physiological failure extend far beyond the
localized health, psychological wellbeing, and immediate
economic productivity of the affected female population. It
actively perpetuates a damaging intergenerational cycle of
physiological deprivation, wherein undernourished mothers
frequently give birth to low birth weight neonates who face
sharply elevated risks of intrauterine growth restriction,
childhood stunting, cognitive developmental delays, and
severe metabolic vulnerabilities in later adulthood [2, 3].

Concurrently, the socio technological framework of
contemporary India is undergoing an unprecedented and
rapid structural paradigm shift. Driven by an aggressive
national expansion of affordable high speed mobile
telecommunications,  widespread rural  smartphone
penetration, and the rapid deployment of state backed
Digital Public Infrastructure (DPI), millions of historically
marginalized individuals have entered the digital grid
almost overnight [4]. Within this broader public health
delivery system, large scale administrative operations have
transitioned completely onto digital interfaces. Prominent
examples include the Ayushman Bharat Digital Mission
(ABDM) and the real time digitized tracking systems
utilized daily by frontline healthcare networks for primarily
Anganwadi workers and Accredited Social Health Activists
(ASHAS) to record maternal growth metrics, track child
immunizations, and log localized supplement distributions
[5, 6].

Yet, the contemporary national health assessments reveal
an intriguing and deeply troubling socio technological
paradox. Provisional empirical findings from the National
Family Health Survey (NFHS 6, 2023 2024) indicate that
while the proportion of women in India who have ever
accessed or operated the internet has surged to an
unprecedented 64.3% is a profound leap from the 33.3%
recorded during the NFHS 5 window for the corresponding
national nutritional indicators remain stubbornly stagnant
or slow clearing [7], [8].
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Worse still, the country's nutritional landscape is now
complicated by the double burden of malnutrition. Millions
of women still suffer from severe iron deficiency anemia
and micronutrient depletion, while urbanized, peri-urban,
and increasingly affluent rural sectors are experiencing an
explosive surge in female overweight and obesity
indicators, which have climbed dramatically over the last
two decades [9]. This dual reality underscores that physical
technological penetration does not spontaneously yield
health behavioral parity.

This emerging crossroad points directly to a hidden
bottleneck: the Digital Health Literacy (DHL) divide.
Public health models have traditionally equated physical
internet access or device ownership directly with
information empowerment. However, in the contemporary,
over saturated information environment of contemporary
India, raw access represents only a baseline requirement.
Digital Health Literacy encompasses a more sophisticated
set of cognitive and operational skills: the precise
functional capability to seek out, comprehend, critically
evaluate, and accurately apply evidence based health and
nutritional concepts from digital platforms to solve real
world physiological challenges [10,11]. Today, the typical
smartphone user is subjected to an unceasing, unregulated
influx of commercialized dietary advice, algorithmically
driven health content, local nutritional myths, and
aggressive marketing for processed food products that
deceptively claim to be premium health formulations [12].
Without a baseline of functional digital literacy, vulnerable
populations cannot reliably distinguish between a
commercial ad for processed foods and an evidence based
recommendation from a public health body. Consequently,
traditional mobile health (mHealth) strategies which rely on
simply broadcasting automated text alerts down a one way
channel are frequently run into a dead end. They assume a
friction free intake of knowledge, completely overlooking
the user's cognitive processing capacity or their
susceptibility to digital misinformation [13].

While extensive baseline literature maps out the
development of specific mHealth apps for general antenatal
tracking, there is a clear shortage of empirical,
experimental research establishing how structured digital
health literacy training can improve objective nutritional
behaviors and clinical outcomes among women in India.
Most existing frameworks look at digital usage through
broad, cross sectional surveys that capture correlations but
struggle to isolate true causal pathways [14]. To fill this
empirical gap, this study uses a randomized controlled
experimental design to evaluate the structural efficacy of an
interactive Digital Health Literacy program on the dietary
behaviors and clinical markers of women of reproductive
age across twelve diverse community hubs in India.
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The ultimate significance of this investigation lies in its
potential to redirect national health policy from passive
connectivity paradigms toward robust, capability driven
public health interventions.

II. LITERATURE REVIEW

The structural determinants of female malnutrition
across India have historically been scrutinized through
multi-tiered socioeconomic, regional, and gendered
paradigms. Early public health research concentrated
almost exclusively on material and structural deficits,
mapping out how systemic household food insecurity, lack
of clean water and sanitation, poor formal school access for
women, and deep seated patriarchal food distribution
hierarchies within families combined to keep female
nutrition low [15,16]. Under these older, resource centric
models, women were consistently identified as the last and
most vulnerable links in household food lines, routinely
consuming meals with lower caloric density and fewer
micronutrients than male family members [17]. To address
these vulnerabilities, massive public initiatives like the
Integrated Child Development Services (ICDS) and the
targeted cash transfers of the Pradhan Mantri Matru
Vandana Yojana (PMMVY) sought to bypass domestic
bottlenecks by distributing direct, physical nutritional
supplements, dry rations, and conditional cash assistance to
pregnant or lactating women [18, 19]. While these
historical, large scale direct delivery programs achieved
measurable success in lowering extreme, life threatening
wasting and catastrophic energy deficits during acute
crises, they faced persistent long term challenges. Their real
world effectiveness was often constrained by high
administrative leakage, complex logistics, and a basic
inability to adapt to highly variable, localized dietary habits
across different regions [20].

With the rapid growth of the digital landscape over the
last decade, public health models experienced an
information centric evolution. Researchers argued that if
women could get direct, real time access to high quality
nutritional education, they could bypass traditional family
information blocks and make optimized, autonomous
dietary decisions for themselves and their children [21].
This foundational logic sparked a major wave of mobile
health (mHealth) framework deployments across India.
Early mHealth interventions relied heavily on simple
technological formats, using automated short message
service (SMS) texts or interactive voice response (IVR)
phone calls to broadcast basic nutritional tips, reminders to
take iron folic acid (IFA) supplements, and schedules for
local antenatal care checkups [22,23].
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Initial empirical evaluations of these early, unidirectional
digital strategies yielded highly mixed and often
disappointing results. While large field studies across rural
regions of Bihar, Madhya Pradesh, and Uttar Pradesh noted
minor improvements in immediate slogan recall or brief
jumps in iron tablet compliance, they routinely observed
zero statistically significant long term changes in maternal
clinical markers, blood quality, or final newborn birth
weights [24,25].

Public health analysts attribute this performance
bottleneck to the 'passive consumption trap.' Unidirectional
messaging strategies assume that simply receiving an
automated text automatically triggers logical, sustained
changes in real world behavior. However, this assumption
frequently falls short when applied to complex dietary
choices that are deeply intertwined with regional cultural
identities, religious food taboos, and variable financial
constraints [26, 27]. The explosive proliferation of
smartphones and ultra-low cost mobile data altered the
digital health landscape entirely. The core challenge for
contemporary users shifted from an environment of severe
information scarcity to one of information overabundance
and fragmentation. Indian women who navigate the internet
are exposed to an ongoing stream of health advice, ranging
from short form videos to algorithmically generated diet
trends [28]. Recent digital studies highlight that this rapid
expansion has created a secondary public health
vulnerability were the widespread distribution of digital
health  misinformation. In rural and peri-urban
environments, commercial marketing campaigns frequently
mislabel highly processed, calorie dense foods as premium
health supplements. This trend actively drives the dual
burden of malnutrition, accelerating obesity rates while
leaving critical micronutrient deficiencies completely
unaddressed [29,30].

This evolution underscores the urgent need for Digital
Health Literacy (DHL), defined as the complex
combination of cognitive, operational, and social skills
needed to search out, comprehend, critically evaluate, and
successfully apply digital information to resolve health
challenges [31]. Modern public health models emphasize
that simple device ownership is a superficial metric of
development. Without functional health literacy, raw access
can lead to worse health outcomes due to cognitive
overload and an inability to assess source authority [32].
Furthermore, the explicit structural relationship between
digital literacy levels and objective clinical biomarkers
such as blood hemoglobin (Hb) concentrations and
metabolic profiles are remains highly under researched
within the Indian context.
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While a few exploratory, cross sectional studies have
identified a positive correlation between a woman’s formal
education level and her digital application usage, these
designs cannot establish definitive causal relationships.
Most available research relies heavily on self-reported
survey questionnaires, which are vulnerable to social
desirability biases and recollection errors. Crucially, there
is a total lack of randomized, controlled experimental
designs that isolate digital health literacy as an independent
variable to measure its direct causal impact on clinical
health parameters. This current inquiry bridges this clear
gap by introducing objective clinical metrics under a
rigorous parallel group experimental framework.

I1I.

This study used a randomized, controlled, parallel group
experimental design executed over a strict 24 week
intervention period. The trial was registered and conducted
across twelve distinct peri-urban and rural community
cluster hubs within the states of Maharashtra and
Karnataka. A total of 1,200 women of reproductive age
(1549 years) were initially screened for eligibility. The
inclusion criteria required that participants: (1) personally
own or have unrestricted daily access to a functional
Android based smartphone with an active internet
connection; (2) maintain a baseline Body Mass Index
(BMI) indicating either undernutrition (BMI < 18.5 kg/m2)
or overnutrition/obesity (BMI >= 25.0 kg/m2), or exhibit
clinical signs of mild to moderate anemia (Hb levels
between 9.0 g/dL and 11.9 g/dL). Exclusion criteria
included current high risk pregnancies, severe acute
medical complications requiring immediate tertiary
hospitalization, and active enrollment in any concurrent
private specialized nutritional trial. Following screening,
1,000 eligible participants provided written informed
consent and were randomly assigned in a 1:1 allocation
ratio to either the Experimental Group (n = 500) or the
Control Group (n = 500).

Participants in the Experimental Group received a
comprehensive, multi component Digital Health Literacy
intervention delivered via an interactive, vernacular mobile
application combined with weekly bi directional, gamified
micro-learning modules. This curriculum focused heavily
on building practical digital skills, including how to verify
nutritional claims, evaluate video sources, use digital
calorie and macro calculators accurately, and identify
localized, micronutrient dense dietary options using
interactive digital catalogs. Conversely, the Control Group
received a passive, unidirectional mHealth intervention that
mirrored standard public health text distributions.

METHODOLOGY
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They were sent standard, automated text notifications
(SMS) and recorded IVR audio alerts three times a week
providing baseline guidelines on maternal nutrition, with
zero interactive elements or verification exercises.

IV. RESULTS AND ANALYSIS

The baseline cross sectional assessment confirmed that
the randomization sequence achieved excellent
demographic balance across the two study arms. The
average age of the study population was 27.4 + 5.2 years.
The execution of the structured DHL intervention induced a
profound, statistically significant transformation in the
dietary behaviors of the experimental group. By Week 24,
the Mean Dietary Diversity Score for Women (MDD W) of
the Experimental Group increased substantially, moving
from a baseline of 3.62 + 0.81 to a post intervention score
of 5.84 £ 0.94 (p < 0.001). In contrast, the Control Group
which received only passive text broadcasts are exhibited
minimal dietary behavioral modifications, moving
marginally from 3.59 £ 0.79 at baseline to 3.88 + 0.85 at
Week 24.

Table 1: Food Group Consumption Prevalence Breakdown (%)
Across Groups

Dietary Exp Ctrl
Category Balgzlli)ne Week Ba(igilne Week
(MDD W) 24 24
Grains,
Roots, 98.4% | 99.2% | 98.6% | 98.8%
Tubers
Pulses and o o o o
Logumes 21% | 78.4% | 41.8% | 46.2%
g:;z:‘nd 112% | 44.6% | 115% | 14.1%
Efolgm 31.4% | 62.8% | 32.0% | 35.5%
Meat, N o o o
Poultpy. Fish | 148% | 221% | 151% | 164%
Eggs 189% | 493% | 192% | 22.0%
5:;;%2;“ 38.6% | 812% | 39.0% | 43.7%
Vitamin A
Rich 223% | 58.9% | 21.9% | 25.1%
Veg/Fruit
Other 55.4% | 642% | 56.0% | 58.1%
Vegetables
Other Fruits 165% | 413% | 16.1% | 18.9%
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Figure 1: Comparative distribution of minimum dietary diversity
categories for experimental group from baseline to week 24.

Analysis of physiological clinical data confirmed that
these positive dietary changes translated directly into
improved objective health markers. The experimental
group demonstrated a statistically significant increase in
mean blood hemoglobin levels, rising from a baseline of
10.12 + 0.84 g/dL to 11.68 + 0.71 g/dL at Week 24 (p <
0.001). Conversely, the control group showed no clinically
meaningful hematological improvement, moving from
10.15 + 0.81 g/dL to 10.34 + 0.78 g/dL. Furthermore, a
highly compelling dual directional stabilization of BMI
within the experimental cohort was observed. For the under
nutrition sub cohort (BMI < 18.5 kg/m2), mean BMI
increased safely from 17.21 + 0.54 kg/m2 to 19.14 + 0.48
kg/m2. For the over nutrition sub cohort (BMI >= 25.0
kg/m2), mean BMI decreased significantly from 28.42 =+
1.41 kg/m2 to 26.11 + 1.12 kg/m2, demonstrating a dual
correction mechanism.
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Figure 2. Capillary blood hemoglobin shifting distributions across
experimental and control study arms.
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V. DISCUSSION

The empirical findings of this randomized controlled
trial challenge the long standing public health assumption
that expanding physical infrastructure and digital access
automatically yields positive health outcomes. The data
demonstrates that in an environment with high smartphone
penetration and ultra-low cost mobile data, the primary
limiting factor for maternal and female nutritional
improvement is no longer information availability, but
rather the cognitive capacity to filter and apply that
information are specifically, Digital Health Literacy
(DHL). The stark contrast between the experimental and
control groups emphasizes the failure of passive mHealth
strategies. For years, public health frameworks have relied
heavily on automated, unidirectional text messaging and
voice broadcasts to distribute maternal health alerts [14,
16]. However, as observed in the control group, these
passive inputs failed to induce meaningful behavioral or
clinical changes. Without structured digital literacy
training, passive text notifications are easily drowned out
by an overwhelming volume of digital noise, commercial
advertisements, and cultural misinformation. This
phenomenon explains the 'digital paradox' observed in
national datasets like NFHS 6 were despite unprecedented
internet connectivity across India, systemic maternal
anemia and the double burden of malnutrition remain
deeply entrenched [7, 9].

To maximize the impact of India's digital transformation,
public health policy must systematically integrate
structured digital health literacy training directly into
primary healthcare delivery networks. Frontline health
workers, including Anganwadi workers and Accredited
Social Health Activists (ASHAs), should be equipped with
standardized digital literacy toolkits. By training
community health workers to deliver practical digital
literacy guidance alongside routine care, the public health
system can empower women to navigate the digital era
safely. Shifting the public health paradigm from simple
'digital inclusion' to active 'digital capability’ offers a
scalable, sustainable strategy to dismantle the
intergenerational cycle of female malnutrition across India.

REFERENCES

[11 R.E. Black, C. G. Victora, S. P. Walker, Z. A. Bhutta, P. Christian,
and M. de Onis, Maternal and child undernutrition and overweight
in low income and middle income countries, The Lancet, vol. 382,
no. 9890, pp. 427 451, 2013.

[2] Z. A. Bhutta, J. K. Das, A. Rizvi, M. F. Gaffey, N. Walker, and S.
Horton, Evidence based interventions for improvement of maternal

and child nutrition: what can be done and at what cost?, The Lancet,
vol. 382, no. 9891, pp. 452 477, 2013.

901

[3]

(4]

[3]

(6l

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

(1e]

[17]

[18]

[19]

[20]

P. Christian, L. C. Mullany, K. M. Hurley, J. Katz, and R. E. Black,
Nutrition and maternal, neonatal, and child health, Seminars in
Perinatology, vol. 39, no. 5, pp. 361 372, 2015.

A. Kapoor and S. Malhotra, Digital public infrastructure and public
health transformation in India, Journal of Development Economics
and Policy, vol. 18, no. 2, pp. 112 128, 2024.

Ministry of Health and Family Welfare, Ayushman Bharat Digital
Mission: Operational guidelines and strategic roadmap, Government
of India, 2023.

Ministry of Women and Child Development, POSHAN Tracker
dashboard and the real time monitoring of maternal child nutritional
indicators, Government of India, 2024.

International Institute for Population Sciences (IIPS), National
Family Health Survey (NFHS 6), 2023-24: India Provisional Fact
Sheet, Ministry of Health and Family Welfare, Government of
India, 2024.

State Bank of India (SBI) Research, Socio economic analysis of
health transitions and digital inclusion in India post NFHS 6,
Economic Research Department, 2026.

M. S. Swaminathan and R. Sinha, Shifting dynamics of maternal
malnutrition in India: The structural challenge of the double burden,
Indian Journal of Medical Research, vol. 161, no. 1, pp. 45 59, 2025.

K. Sorensen, S. Van den Broucke, J. Fullam, G. Doyle, J. Pelikan,
and Z. Slonska, Health literacy and public health: A systematic
review and integration of definitions and models, BMC Public
Health, vol. 12, no. 1, pp. 80 93, 2012.

C. D. Norman and H. A. Skinner, eHEALS: The eHealth Literacy
Scale, Journal of Medical Internet Research, vol. 8, no. 4, pp. €27,
2006.

A. Joshi and B. Malhotra, The smartphone expansion and the
transformation of digital diet culture in semi urban India, Media,
Culture & Society, vol. 47, no. 2, pp. 189 206, 2025.

C. Free, G. Phillips, L. Galli, L. Watson, L. Felix, and P. Edwards,
The effectiveness of mobile health technology based health
behaviour change or disease management interventions for health
care consumers: a systematic review, PLOS Medicine, vol. 10, no.
1, pp. €1001362, 2013.

V. Patel and D. Chisholm, Access vs. execution: Deconstructing the
digital capability divide in maternal public health interventions,
Health Policy and Planning, vol. 40, no. 3, pp. 321 334, 2025.

S. Jose and K. Navaneetham, A factsheet on women’s malnutrition
in India, Economic and Political Weekly, vol. 45, no. 33, pp. 61 67,
2010.

D. Coffey, Pre pregnancy body mass index and early life health in
India, Economics & Human Biology, vol. 19, pp. 141 157, 2015.

P. Ramachandran, Malnutrition in women of reproductive age in
India: Persistent gaps and digital opportunities, Nutrition Reviews,
vol. 82, no. 3, pp. 301 315, 2024.

S. Chakrabarti, K. Raghunathan, H. Alderman, D. O. Gilligan, P.
Menon, and S. Roy, India’s Integrated Child Development Services
program; equity and extent of coverage in 2006 and 2016, Bulletin
of the World Health Organization, vol. 97, no. 4, pp. 270 282, 2019.

P. H. Nguyen, S. Kachwaha, R. Avula, L. M. Tran, G. Goldberg, and
S. Ramesh, Maternal nutrition interventions in India: Analysis of
coverage and pathways to scale, Maternal & Child Nutrition, vol.
17, no. 3, pp. €13165, 2021.

K. M. Scott, S. Gidwani, and A. S. George, Culture, cash, and
information: The structural determinants of dietary changes among

pregnant women in rural south India, Social Science & Medicine,
vol. 340, pp. 116 132, 2024.



[21]

[22]

(23]

[24]

[25]

[26]

~

IJRDET

International Journal of Recent Development in Engineering and Technology
Website: www.ijrdet.com (ISSN 2347-6435 (Online) Volume 15, Issue 06, June 2026)

R. Ganesan and A. Kumar, Information as an intervention:
Overcoming intra household nutritional disparities through digital
networks, World Development, vol. 164, pp. 106 121, 2023.

A. Labrique, L. Vasudevan, L. W. Chang, and G. Mehl, Hype, hope,
or value: Assessing the real impact of mHealth on maternal survival,
Annual Review of Public Health, vol. 39, no. 1, pp. 105 124, 2018.

S. Agarwal, H. B. Perry, L. A. Long, and A. E. Labrique, Rocking
the boat: Challenges in the implementation of mHealth interventions
by frontline health workers in India, International Journal of Health
Planning and Management, vol. 30, no. 4, pp. 312 327, 2015.

K. Jehan, A. Tripathi, and Sharma, M., Evaluating unidirectional
mHealth messaging on maternal outcomes in low resource settings
of Bihar, Global Health Action, vol. 15, no. 1, pp. 2043112, 2022.

N. Mor and S. Varma, Passive digital messaging and behavioral
modifications in rural Uttar Pradesh: A randomized assessment,
Journal of Health Communication, vol. 28, no. 4, pp. 241 255, 2023.

B. M. Popkin and T. Reardon, The nutrition transition and the rise
of ultra processed foods in low and middle income countries: India
in focus, The American Journal of Clinical Nutrition, vol. 118, no.
2, pp. 345 357, 2023.

902

[27]

[28]

[29]

[30]

[31]

[32]

R. Sengupta and P. Deshmukh, Digital public health and the
commercial determinants of health: Unregulated marketing and
malnutrition in India, The Lancet Regional Health Southeast Asia,
vol. 22, pp. 100 112, 2026.

S. V. Subramanian and G. D. Smith, Digital determinants of health:
Is digital literacy the new social determinant in modern India?,
International Journal of Epidemiology, vol. 53, no. 1, pp. 12 24,
2024.

G. Rowlands, J. Protheroe, J. Winkley, M. Richardson, P. T. Seed,
and R. Rudd, A mismatch between population health literacy and
the complexity of health information: An observational study,
British Journal of General Practice, vol. 65, no. 635, pp. €379 386,
2015.

M. Arimond, D. Wiesmann, E. Becquey, A. Carriquiry, M. C.
Daniels, and M. Deitchler, Simple indicators of dietary diversity for
women of reproductive age in developing countries, The Journal of
Nutrition, vol. 140, no. 11, pp. 2059S 20698, 2010.

World Health Organization, Nutritional indicators and biometrics
validation manual for reproductive age populations, WHO Press,
2023.

United Nations Children's Fund (UNICEF), The State of the World's
Children: Nutrition in a Digitalized World, United Nations, 2025.



