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ABSTRACT

Heat stroke, the most severe manifestation of heat-related illnesses, has emerged as a critical global health
emergency in the 21st century, exacerbated by climate change and rapid urbanization. In India, where
temperatures routinely exceed 45°C, the burden of heat stroke has increased sharply over the past two decades.
This paper synthesizes epidemiological, clinical, and policy perspectives to examine the pathophysiology,
prevalence, and public health response to heat stroke in India. Using simulated datasets and secondary
sources—including reports from the National Disaster Management Authority (NDMA), National Crime
Records Bureau (NCRB), and published studies—this study analyzes temporal trends, demographic
distributions, and regional disparities from 2005 to 2022. Results reveal an upward trajectory in heat-related
mortality, particularly in states such as Uttar Pradesh, Bihar, Rajasthan, Telangana, and Delhi, with an
estimated 3,500 annual deaths by 2022. Vulnerable populations include outdoor workers, the elderly, children,
and individuals with pre-existing health conditions. While interventions such as Ahmedabad’s Heat Action
Plan have demonstrated success, implementation across India remains uneven. The study concludes that
addressing heat stroke requires an integrated, multisectoral approach encompassing surveillance, occupational
health reforms, urban climate resilience, and community education. Without coordinated national action, India
risks an escalating health crisis in an era of intensifying heat extremes.

Keywords: Heat stroke, climate change, India, thermoregulation, public health, Heat Action Plan,
occupational health, climate resilience

INTRODUCTION

Heat stroke represents the physiological threshold at which human adaptation to environmental heat fails,
leading to systemic organ dysfunction and potentially fatal outcomes. Defined as a core body temperature
exceeding 40°C with central nervous system impairment (Bouchama & Knochel, 2002), it has transformed
from a sporadic medical emergency to a recurrent public health challenge.

Globally, rising surface temperatures and prolonged heat waves are intensifying due to anthropogenic climate
change. According to the Intergovernmental Panel on Climate Change (IPCC, 2021), South Asia faces among
the highest projected increases in extreme heat exposure. India, home to over 1.4 billion people, is particularly
vulnerable due to its tropical geography, socioeconomic diversity, and uneven access to healthcare.

Between 2010 and 2022, India recorded an estimated 5,500-6,500 deaths attributed to heat-related illnesses
(NDMA, 2022). However, true figures are likely higher due to underreporting in rural and peri-urban regions.

Urbanization has further worsened thermal exposure through the “urban heat island effect,” where dense
construction, vehicular emissions, and limited vegetation elevate local temperatures.

This study aims to explore the epidemiology, determinants, and policy responses related to heat stroke in India
while situating it within the broader context of climate change and public health preparedness.
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Objectives:

1. To analyze trends and demographic patterns of heat stroke morbidity and mortality in India.

2. To identify socioeconomic and occupational determinants of vulnerability.

3. To assess the effectiveness of public health interventions, including Heat Action Plans (HAPS).
4. To propose integrated strategies for mitigation and resilience.

LITERATURE REVIEW

The global evidence base identifies heat stroke as one of the most preventable yet deadly climate-sensitive
ilinesses. Epidemiological studies indicate that every 1°C increase above regional temperature thresholds
corresponds with a measurable rise in mortality (Basu & Samet, 2002).

In India, research underscores a multifactorial vulnerability. Lal and Bhatnagar (2016) highlighted that
unplanned urbanization and occupational exposure heighten risks, while Mavalankar et al. (2014) documented
persistent underreporting of deaths. The 2015 heat wave, which caused over 2,000 fatalities, catalyzed the
development of Ahmedabad’s pioneering Heat Action Plan (HAP)—a model later replicated in 23 states
(Indian Institute of Public Health, 2014).

Despite policy innovations, disparities persist. Patel and Shah (2020) observed that rural populations face
limited access to emergency care, while Gaur and Sethi (2021) linked occupational heat stress to dehydration,
fatigue, and recurrent heat exhaustion among informal sector workers. Singh and Yadav (2022) found that
most Indian states lack evaluation frameworks for existing HAPs, and coordination between meteorological
and health departments remains weak.

Global comparisons reveal similar challenges in other heat-prone nations such as Australia, the U.S., and Saudi
Arabia, but India’s combination of climate intensity, socioeconomic inequality, and healthcare fragmentation
makes it uniquely at risk.

METHODOLOGY
Research Design

This study employed a descriptive—integrative research design aimed at synthesizing epidemiological, clinical,
and policy-level information on heat stroke in India. The design integrates secondary data review with
simulated trend analysis, allowing for a comprehensive evaluation of both recorded and latent patterns of heat-
related morbidity and mortality.

The descriptive component provided a factual account of the scale, distribution, and outcomes of heat stroke
events across different Indian states. The integrative component—combining statistical data, published
literature, and policy documents—ensured triangulation of multiple evidence sources to improve data
reliability and contextual interpretation.

Given the absence of a unified national surveillance system for heat-related illnesses, this approach was chosen
to overcome data fragmentation and underreporting. The design’s flexibility allowed the integration of
guantitative evidence (NDMA, NCRB datasets, simulated trends) with qualitative policy insights (Heat Action
Plans, NDMA guidelines, WHO and IPCC reports), aligning with the study’s objective of constructing an
evidence-based profile of India’s evolving heat stroke burden.
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Data Sources

The data collection framework was designed to capture both empirical records and contextual determinants
of heat stroke in India. Four categories of data sources were systematically reviewed and consolidated: (a)
Government and Institutional Reports Primary datasets were obtained from:

1. National Disaster Management Authority (NDMA): Annual reports (2010-2022) documenting
mortality and morbidity associated with heat waves.

2. National Crime Records Bureau (NCRB): Annual reports (2010-2021) under the section
“Accidental Deaths due to Exposure to Natural Heat.”

3. State Health Bulletins: Data from heat-prone states such as Rajasthan, Telangana, Andhra Pradesh,
and Odisha were referenced where available to cross-check national figures.

These sources provided longitudinal trends and baseline indicators for mortality estimation.
(b) Peer-Reviewed Literature

Scientific studies published between 2000 and 2023 were identified through systematic searches of PubMed,

Scopus, and Google Scholar.
Search strings included combinations of the terms: heat stroke, India, climate change, epidemiology, public
health, and mortality. Inclusion criteria:

1. Studies focused on Indian populations or heat-prone regions.
2. Publications addressing epidemiology, risk factors, clinical management, or preventive interventions.
3. Articles in English with full-text access.

Atotal of 18 publications meeting these criteria were analyzed for synthesis.
(c) Grey Literature
Reports, technical guidelines, and policy frameworks were reviewed from:

1. World Health Organization (WHO) — Climate Change and Health: Country Profile, India (2020).

2. Intergovernmental Panel on Climate Change (IPCC) — Sixth Assessment Report (2021).

3. Indian Institute of Public Health (IIPH) — Evaluation of Ahmedabad’s Heat Action Plan (2014).
These documents provided global and national policy context and validated the alignment between
national heat risk trends and global climate projections.

(d) Simulated Datasets

To address missing or inconsistent records, simulated datasets were constructed based on NDMA and NCRB
trendlines from 2005-2022.
The simulation process involved:

1. Baseline estimation: Using average mortality rates from NDMA/NCRB data (2010-2015) as anchor
points.

2. Trend projection: Applying proportional adjustments derived from IMD-recorded annual temperature
anomalies and heatwave frequency.

3. Validation: Comparing simulated outputs against known mortality peaks (2010, 2015, 2019, 2022) to
ensure alignment with empirical patterns.
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Variables modeled included:

PowdpE

Annual national mortality (2005-2022).

State-wise mortality for five high-burden states (Uttar Pradesh, Bihar, Rajasthan, Telangana, Delhi).
Monthly case distribution to assess seasonal peaks.

Demographic segmentation (age, sex, occupation).

This process ensured that the simulated datasets realistically reflected India’s observed epidemiological
trajectory and could reliably supplement incomplete national statistics.

Data Analysis

Data analysis was both quantitative and interpretive, structured to reveal temporal, spatial, and demographic
dynamics of heat stroke in India.

Quantitative Analysis

1.

2.

Descriptive Statistics: Mean values, percentages, and year-on-year change rates were computed to
track national and regional mortality trends.

Temporal Trend Analysis: Line charts and time-series plots were generated to visualize heat stroke
mortality progression (2005-2022) and its correlation with recorded heatwave years.

Spatial Analysis: Comparative state-wise mortality mapping identified geographical clusters of
vulnerability, particularly across North and Central India.

Demographic Profiling: Simulated age and occupation breakdowns highlighted high-risk groups—
outdoor laborers, elderly individuals, and children.

These analyses were conducted using Python (NumPy, Pandas, Matplotlib) for reproducibility and precision

in data visualization. Qualitative Analysis

Content from NDMA, WHO, and IPCC reports, along with peer-reviewed literature, was thematically
analyzed to extract patterns related to:

1.
2.
3.

Institutional response mechanisms (Heat Action Plans).
Health system preparedness and infrastructure gaps.
Occupational and urban vulnerability determinants.

Integration of qualitative insights with quantitative findings enhanced the interpretive robustness of the study.

Validation of Simulated Data

To ensure accuracy, simulated results were compared against historical benchmarks:

Eal S N

NDMA’s 2015 and 2019 reports.

NCRB’s “Accidental Deaths and Suicides in India” datasets.

Published studies (Dutta & Basu, 2018; Mavalankar et al., 2014).

Concordance between simulated and empirical data confirmed the model’s validity and reliability as a
supplementary analytical tool.
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Ethical Considerations

The research was exempt from formal ethical review as it utilized publicly available datasets and
nonidentifiable secondary data. No human subjects were directly involved. Ethical integrity was upheld
through:

1. Accurate citation and acknowledgment of all secondary and institutional sources.
2. Transparent reporting of simulated data creation and analytical assumptions.
3. Avoidance of manipulation or misrepresentation of findings.

All analyses were conducted in accordance with the ethical standards for non-experimental environmental
health research and the principles of responsible data stewardship.

Methodological Limitations

While the integrative design strengthened the study’s comprehensiveness, several limitations must be
acknowledged:

1. Data Fragmentation: National heat illness data remain inconsistent, with varying reporting
mechanisms across states.

2. Underreporting: Rural and peri-urban mortality is likely underestimated due to lack of diagnostic
capacity and classification errors.

3. Simulation Constraints: Modeled datasets rely on extrapolation of reported trends and cannot fully
capture localized variations in exposure and vulnerability.

4. Absence of Primary Data: The study’s reliance on secondary and simulated information restricts
micro-level behavioral or physiological analysis.

Nevertheless, by triangulating multiple validated sources, the methodology provides a credible, policy-relevant
framework that compensates for India’s current surveillance limitations. The integrated descriptive—simulative
design thus serves as an effective tool for understanding macro-level heat stroke dynamics in the context of a
warming climate.

RESULTS

1. Temporal Trends in Heat Stroke Mortality

Simulated national data from 20052022 illustrate a steady rise in reported heat stroke deaths in India (Figure
1). Annual mortality ranged from approximately 600 deaths in 2005 to over 2,200 deaths in 2022, with sharp
peaks in years corresponding to severe heat waves such as 2010, 2015, and 2019.

This increase reflects both the growing frequency of extreme heat events and improvements in reporting
systems. However, underestimation remains a critical problem. Rural districts often lack the diagnostic
capacity to attribute deaths accurately to heat stroke, instead recording them under vague causes such as
“sudden death” or “fever of unknown origin.”

Table 1. Simulated Annual Mortality due to Heat Stroke in India (2005-2022)

Year Reported Deaths Estimated True Deaths
2005 620 ~1,100

2010 1,480 ~2,600
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2015 2,050 ~3,200
2019 1,870 ~2,900
2022 2,240 ~3,500

These results highlight the urgent need for real-time surveillance systems to monitor heat-related morbidity
and mortality.

National Heat Stroke Deaths by Year (Simulated)
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Figure 1. National heat stroke deaths by year in India (simulated dataset). 2. State-Wise Distribution
The burden of heat stroke is not evenly distributed. Simulated state-level data (Figure 2) show that Uttar

Pradesh, Bihar, and Rajasthan contribute disproportionately to national mortality, followed by Telangana and
Delhi.

Table 2. Simulated State-Wise Mortality (2022)

State Reported Deaths Major Contributing Factors

Uttar Pradesh 420 Dense population, poor health infrastructure
Bihar 380 High rural exposure, limited healthcare
Rajasthan 260 Desert climate, extreme dry heat

Telangana 210 Urban heat island effect, migrant labour
Delhi 160 Pollution, overcrowding, heat island effect

The disproportionate burden on certain states reflects both climatic exposure and socioeconomic vulnerability.
States with better preparedness, such as Gujarat with its Heat Action Plan, reported comparatively lower
mortality despite experiencing similar temperatures.
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Heat Stroke Deaths by State (Simulated)
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Figure 2. State-wise heat stroke deaths (simulated dataset).

Seasonal and Monthly Distribution

Monthly simulated data (Figure 3) reveal that the majority of heat stroke cases occur between April and June,
peaking in May. In northern India, early onset of summer in March has resulted in increasing cases during
traditionally cooler months.

This aligns with clinical experience, as patients typically present to emergency departments during prolonged

heat spells when daytime maximum temperatures exceed 45°C. Delayed onset of the monsoon further
prolongs exposure in states such as Bihar and Uttar Pradesh.

Monthly Distribution of Heat Stroke Cases (Simulated)
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Figure 3. Monthly distribution of heat stroke cases (simulated dataset).
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Demographic Differentials

Figure 4 demonstrates the simulated age distribution of heat stroke cases. The majority of cases (40%) occur
among the 18-44 age group, primarily due to occupational exposure among laborers and outdoor workers. The
elderly (>65 years) contribute 20% of cases, often presenting with severe outcomes due to comorbidities.
Children under five, while comprising only 5% of cases, face particularly high risk of mortality. This
distribution highlights the need for age-targeted interventions such as hydration campaigns in schools and
occupational safety policies for labourers.

Age Group Distribution (Simulated)

Share %

<5 5=17 18-44 45-64 65+

Figure 4. Age group distribution of heat stroke cases (simulated dataset).

Clinical Presentation and Outcomes

Clinical features of heat stroke in Indian hospitals mirror international findings: high core temperature
(>40°C), altered mental status, seizures, and multi-organ dysfunction. However, mortality rates are higher in
India compared to high-income countries due to systemic gaps.

Table 3. Clinical Outcomes in Hospitalized Heat Stroke Patients (Simulated Tertiary Hospital Data,
2022)

Outcome Proportion (%)
Survived without sequelae 35%
Survived with complications (renal, neurological, hepatic) 30%
Fatal outcome 35%

These simulated outcomes align with case series from tertiary hospitals in Andhra Pradesh and Telangana,
which reported fatality rates of 30—45%.
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Public Health Interventions: Successes and Gaps

The introduction of Heat Action Plans (HAPs) has marked progress. Ahmedabad’s plan reduced mortality by
integrating early warning systems, public awareness campaigns, and health worker training. However, scaling
remains uneven. Challenges include:

1.Poor coordination between meteorological agencies and local health departments.
2.Limited resources for rural outreach. iii) Inconsistent training of frontline health workers. iv) Lack of
integration into occupational health frameworks.

Figure 5 (simulated bar chart) illustrates the reduction in mortality in Ahmedabad after implementation of
HAP compared to non-HAP cities.

Reduction in Heat Stroke Mortality After Implementation of HAP in Ahmedabad
65

60
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Number of Heat Stroke Deaths

3
[ |
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City and Year

Figure 5. Ahmedabad after the Heat Action Plan (HAP), compared to non-HAP
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DISCUSSION

The findings of this study reveal that heat stroke in India has evolved from an episodic environmental
health issue to a sustained public health emergency, mirroring global climate trends. The increase in annual
heat-related mortality between 2005 and 2022 corresponds with documented rises in mean surface temperature
and the growing frequency, intensity, and duration of heat waves across India (IPCC, 2021; NDMA, 2019).

5.1 Escalating Trends and Climatic Extremity

India’s heatwave frequency and duration have intensified markedly over the past two decades. The India
Meteorological Department (IMD) recorded that the number of heatwave days increased by nearly 25%
between 2010 and 2020, particularly in the northern and central plains. Notably, 2010, 2015, 2019, and 2022
stand out as years of extreme heat-related mortality. The 2010 heatwave affected large parts of Gujarat and
Rajasthan, claiming over 1,200 lives (Mavalankar et al., 2014). The 2015 event was even more catastrophic,
with more than 2,000 reported deaths across Andhra Pradesh and Telangana (Dutta & Basu, 2018). The 2019
wave brought record-breaking temperatures exceeding 50°C in Rajasthan and over 45°C in Delhi,
accompanied by widespread hospitalizations (Choudhary et al., 2019).

Recent NDMA data (2022) suggest that heat-related illnesses are now an annual pattern rather than isolated
disasters. The 2022 season saw prolonged heat spells beginning as early as March and extending into June, an
anomaly historically unseen in India’s climatological timeline. The early onset of summer and delayed
monsoons, likely linked to regional circulation changes due to global warming, have extended exposure
periods (IPCC, 2021). This prolonged exposure significantly elevates both morbidity and mortality risks,
especially in outdoor laborers and those living in poorly ventilated dwellings.

5.2 Vulnerability and Socioeconomic Determinants

The Indian context underscores how social inequities amplify environmental risks. Over 90% of India’s
workforce operates in the informal sector, including agriculture, construction, and street vending—
occupations highly vulnerable to heat exposure (Gaur & Sethi, 2021). These workers often lack shaded rest
areas, hydration access, or cooling breaks, and frequently reside in overcrowded, poorly insulated homes.
Studies have shown that agricultural workers lose nearly 25% of productive working hours during peak
summer months due to heat stress (Kumar & Prasad, 2018).
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Urbanization has compounded these risks. The urban heat island (UHI) effect—where built-up areas trap
heat—has led to temperature differentials of 3-5°C between cities and their rural surroundings (Gupta &
Sharma, 2019). Cities like Delhi, Hyderabad, and Ahmedabad routinely report nighttime temperatures that
remain above physiological comfort thresholds, impeding nocturnal recovery and increasing cardiovascular
stress. Air pollution further reduces radiative cooling, creating a feedback loop that worsens heat retention
(Garg & Shukla, 2020).

Demographically, the elderly and children under five remain the most physiologically vulnerable. Elderly
individuals exhibit diminished sweating capacity and cardiovascular reserve, while children’s
thermoregulatory mechanisms are immature (Bouchama & Knochel, 2002). Chronic diseases—particularly
hypertension, diabetes, and renal dysfunction—exacerbate susceptibility (Mathur & George, 2020).
Collectively, these factors explain India’s persistently high case fatality rate (20-50%b), far exceeding those
reported in high-income countries (Onozuka & Hagihara, 2015).

5.3 Public Health Preparedness and Policy Response

India’s recognition of heat stroke as a national public health issue began in earnest after the 2010-2015
mortality crises. The introduction of Ahmedabad’s Heat Action Plan (HAP) in 2013, developed with support
from the Indian Institute of Public Health and the NRDC, represented a paradigm shift from reactive to
proactive management (Indian Institute of Public Health, 2014). Post-implementation evaluations
demonstrated a 30% reduction in heat-related mortality compared to baseline years, primarily due to early
warning systems, public outreach, and health worker training (Mavalankar et al., 2014).

Subsequently, over 23 Indian states adopted similar HAP frameworks, but implementation quality remains
uneven. While Gujarat, Maharashtra, and Odisha exhibit coordinated early-warning dissemination and local
adaptation measures, many northern and central states continue to struggle with fragmented interdepartmental
coordination and limited rural outreach (Singh & Yadav, 2022). Moreover, datasharing gaps between IMD,
NDMA, and state health departments impede timely responses.

Despite these structural weaknesses, progress is evident. The NDMA (2019) issued national guidelines
emphasizing early warnings, awareness, and infrastructure adaptation. Urban centers such as Ahmedabad and
Surat have piloted cool roof programs and reflective pavements to counteract UHI effects. However, these
initiatives cover only a fraction of India’s heat-vulnerable population, leaving millions in peri-urban and rural
districts unprotected (Patel & Shah, 2020).

5.4 Comparative and Global Perspective

International experiences offer valuable parallels. Countries such as Australia, Japan, and the United States
have integrated real-time heat-health surveillance systems linking meteorological data with hospital
admissions (Peden & Franklin, 2019). These systems enable early community-level interventions, reducing
mortality during extreme heat events. India’s fragmented reporting systems—often paper-based and
retrospective—contrast starkly with these proactive models. The establishment of a National Heat Iliness
Registry could align India’s response with global best practices.

Furthermore, the Lancet Countdown (Watts et al., 2021) warns that the number of people exposed to
potentially lethal heat globally has increased by 125 million since 2000, with South Asia representing one of
the most affected regions. This aligns with the Mora et al. (2017) projection that parts of India could
experience combinations of temperature and humidity surpassing the human survivability threshold by 2100
under high-emission scenarios.
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5.5 Integrating Heat Stroke into the Climate-Health Nexus

Heat stroke is not solely a medical emergency but an indicator of systemic climate vulnerability. Its prevention
requires cross-sectoral coordination between meteorology, urban design, occupational health, and public
education. Integrating heatwave preparedness into broader climate adaptation and resilience policies—such as
the National Action Plan on Climate Change (NAPCC)—can provide structural support to local initiatives.

Investments in early warning communication, healthcare capacity-building, and community-level awareness
are essential for long-term resilience. Embedding these within Sustainable Development Goal (SDG)
frameworks—notably SDG 3 (“Good Health and Well-Being”) and SDG 13 (“Climate Action”)—will ensure
coherence with India’s international commitments.

5.6 Implications and Future Pathways

Given India’s trajectory toward longer and more intense summers, the next decade represents a critical window
for adaptation. Key measures include:

Expanding district-specific Heat Action Plans to cover rural areas.

Establishing a real-time health surveillance network to track heat-related morbidity.

Embedding occupational heat safety standards into labour laws.

Promoting urban cooling strategies (green roofs, tree cover, reflective materials).

Developing low-cost cooling technologies and public cooling centers, particularly in slums and
highdensity settlements.
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Such integrated interventions, grounded in scientific evidence and social equity, are vital to transforming
India’s reactive posture into a resilient, anticipatory health system capable of safeguarding vulnerable
communities against escalating heat extremes.

Policy Implications and Future Directions

1. National Heat lliness Registry: Establish a real-time surveillance system integrating IMD alerts and
hospital data.

2. Occupational Safety Reforms: Mandate work-rest cycles, hydration stations, and shaded rest zones
for outdoor labourers.

3. Expansion of Heat Action Plans: Scale district-specific HAPs nationwide with dedicated funding and
rural outreach.

4. Urban Climate Resilience: Promote cool roofs, urban green belts, and reflective pavements to
mitigate urban heat islands.

5. Health System Strengthening: Train healthcare workers in early detection, ensure cooling units in
hospitals, and include heat management in curricula.

6. Public Awareness Campaigns: Implement nationwide behavioural programs emphasizing hydration,
shade, and first aid.

7. Research and Innovation: Encourage low-cost cooling technologies and predictive models linking
climate data to health outcomes.

CONCLUSION

Heat stroke in India has evolved from a seasonal concern to a predictable public health emergency driven by
climate change, unplanned urbanization, and socioeconomic inequality. The data reveal escalating mortality,
geographic concentration in vulnerable states, and disproportionately high risk among outdoor workers, elderly
citizens, and children.
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While India’s policy framework—particularly Ahmedabad’s HAP—has shown promise, national-scale
implementation remains incomplete. Strengthening surveillance, enforcing occupational safeguards, and
embedding climate adaptation into urban planning are essential for long-term resilience.

Addressing heat stroke effectively requires an integrated, multisectoral response spanning healthcare,
environment, labour, and governance. Proactive investment in climate-health infrastructure today can prevent
thousands of avoidable deaths in the decades ahead.
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