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Abstract
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maternal health; neonatal health; and middle-income countries such as Pakistan. This study examined the impact
preterm birth; low birth weight; of climate change—induced heatwaves on maternal and neonatal health outcomes
Pakistan; epidemiology; climate across multiple regions of Pakistan wusing a quantitative, retrospective
vulnerability; public health. epidemiological design. Secondary data were collected from hospital records,

national health databases, and meteorological sources covering maternal and

neonatal cases across Punjab, Sindh, Khyber Pakhtunkhwa, and Balochistan. A

Article History total of 23,300 cases (12,500 maternal and 10,800 neonatal records) were
Received: 28 February 2026 analyzed wusing descriptive statistics and multivariate logistic regression
Accepted: 10 April 2026 techniques. The findings revealed that heatwave exposure was significantly
Published: 27 April 2026 associated with increased risks of adverse maternal outcomes, including preterm

labor, gestational hypertension, and dehydration-related complications. Similarly,

neonatal outcomes such as low birth weight, preterm birth, and neonatal
Copyright @Author mortality were significantly higher in high heatwave exposure regions. Sindh and
Corresponding Author: * Punjab exhibited the greatest vulnerability due to higher temperature extremes
and population density. Regression analysis confirmed heatwave exposure as an
independent predictor of adverse reproductive health outcomes, even after
controlling for socioeconomic and healthcare access factors. The study concludes
that climate change—induced heatwaves are a critical determinant of maternal
and neonatal health risks in Pakistan, with pronounced regional disparities. The
findings underscore the urgent need for climateresilient maternal and child health
policies, early warning systems, and targeted public health interventions in high-
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INTRODUCTION

Climate change has emerged as one of the most
pressing global public health challenges of the
twenty-first century, with increasing frequency,
intensity, and duration of extreme heat events
posing serious risks to human health systems.
Among these hazards, heatwaves are recognized as
a major climate-sensitive exposure contributing to
rising morbidity and mortality worldwide. Recent
evidence indicates that escalating global
temperatures disproportionately affect vulnerable
populations, particularly pregnant women and
neonates, due to their limited physiological
capacity to adapt to thermal stress (Lakhoo et al.,
2025; Semenza et al., 2023).

Pregnancy represents a biologically sensitive state
characterized by increased metabolic demand,
altered cardiovascular function, and reduced
thermoregulatory efficiency. These physiological
adaptations make both the mother and fetus
highly susceptible to heat stress. Exposure to
extreme heat can disrupt placental perfusion,
induce maternal dehydration, and activate
inflammatory and oxidative stress pathways,
thereby increasing the risk of adverse pregnancy
outcomes such as preterm birth, stillbirth, low
birth weight, and neonatal complications.
Empirical evidence from large-scale
epidemiological analyses confirms a strong
association between heat exposure and adverse
reproductive health outcomes, particularly during
prolonged heatwave episodes (Lakhoo et al,,
2025).

In low- and middle-income countries, the health
burden of heatwaves is further intensified by
socioeconomic  vulnerability, ~weak  health
infrastructure, and limited adaptive capacity.
Pakistan is among the most climatevulnerable
countries globally, experiencing increasingly
frequent and severe heatwaves, especially in
densely populated and semi-arid regions such as
Sindh and Punjab. In recent years, extreme
temperature events have surpassed critical
physiological thresholds, resulting in significant
public health emergencies. Evidence suggests that
heatwaves in Pakistan have contributed to
increased  hospital ~ admissions, = maternal
complications, and neonatal health risks,

particularly among disadvantaged populations
with limited access to healthcare services (Rasool
et al., 2024; Ahmad et al., 2024).

From an epidemiological perspective, South Asia
represents a high-risk region for climate-sensitive
health outcomes due to rapid urbanization,
population density, and constrained adaptive
capacity. Studies indicate that rising ambient
temperatures are significantly associated with
increased risks of miscarriage, preterm delivery,
intrauterine growth restriction, and neonatal
mortality. However, despite growing global
attention, there remains a substantial research gap
in multi-region empirical evidence within Pakistan
that systematically evaluates the spatial and
temporal relationship between heatwave exposure
and maternal and neonatal health outcomes.
Given these challenges, there is an urgent need for
a comprehensive multi-region epidemiological
analysis to assess the impact of climate change-
induced heatwaves on maternal and neonatal
health outcomes in Pakistan. This study aims to
address this gap by examining regional variations
in heat exposure and their association with adverse
reproductive outcomes, thereby contributing to
evidence-based policymaking and the
development of climate-resilient maternal and
child health systems.

Problem Statement

Climate change has intensified the frequency,
severity, and duration of heatwaves globally,
creating significant threats to population health,
particularly in vulnerable groups such as pregnant
women and neonates. Physiologically, pregnancy
reduces thermoregulatory efficiency, making
maternal and fetal systems highly sensitive to
extreme heat exposure. Increasing evidence
suggests that heatwaves are associated with adverse
maternal and neonatal outcomes, including
preterm birth, low birth weight, stillbirth, and
neonatal mortality. However, the magnitude and
spatial variation of these effects remain
insufficiently understood in low- and middle-
income countries.

In the context of Pakistan, the situation is
particularly critical due to recurrent and severe
heatwave events, limited adaptive healthcare
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infrastructure, and socioeconomic disparities that
exacerbate vulnerability. Regions such as Sindh
and Punjab frequently experience extreme
temperature  episodes  that exceed safe
physiological thresholds, placing pregnant women
and newborns at heightened risk. Despite growing
global attention to climate-sensitive health risks,
empirical  evidence in  Pakistan = remains
fragmented, with a lack of comprehensive multi-
region epidemiological studies that systematically
assess the relationship between heatwave exposure
and maternal and neonatal health outcomes.
Furthermore, existing studies largely focus on
general heathealth impacts rather than specifically
examining reproductive health outcomes across
diverse climatic and socioeconomic regions within
the country. This creates a significant knowledge
gap in understanding how climate change-
induced heat stress translates into differential
health burdens across populations. Without
robust evidence, policymakers face challenges in
designing targeted, climate-resilient maternal and
child health interventions.

Therefore, there is a critical need for a systematic
multi-region epidemiological analysis to quantify
the impact of climate change-induced heatwaves
on maternal and neonatal health outcomes in
Pakistan. This study addresses this gap by
generating empirical evidence to inform climate
adaptation strategies and strengthen maternal and
neonatal health systems.

Research Questions

1. What is the impact of climate change-
induced heatwaves on maternal health outcomes
in Pakistan?

2. How do heatwave exposures affect
neonatal health outcomes across different regions
of Pakistan?

3. Are there significant regional variations in
heatwave-related maternal and neonatal health
risks?

4. What is the relationship between
heatwave intensity and adverse birth outcomes
such as preterm birth and low birth weight?

5. How can climate-resilient health policies
mitigate the impact of heatwaves on maternal and
neonatal health?

Research Objectives

General Objective

To examine the impact of climate change-induced
heatwaves on maternal and neonatal health
outcomes across multiple regions of Pakistan.

Specific Objectives

1. To assess the effect of heatwave exposure
on maternal health outcomes in Pakistan.
2. To analyze the association between

heatwaves and neonatal health outcomes,
including preterm birth, low birth weight, and
mortality.

3. To identify regional disparities in
heatwave-related health impacts across Pakistan.
4. To evaluate the relationship between
heatwave intensity and severity of adverse birth
outcomes.

5. To provide evidence-based
recommendations for climate-resilient maternal
and child health policy formulation.

Significance of the Study

This study is significant in advancing the
understanding of the public health implications of
climate change-induced heatwaves, particularly in
relation to maternal and neonatal health
outcomes in Pakistan. Given the increasing
frequency and intensity of extreme heat events in
South Asia, this research provides timely empirical
evidence on one of the most underexplored yet
rapidly emerging climate-health intersections.
From a theoretical perspective, the study
contributes to the growing body of climate-health
literature by integrating epidemiological analysis
with climate change vulnerability frameworks. It
strengthens  existing knowledge on how
environmental  stressors, particularly  heat
exposure, translate into  biological and
reproductive health risks. In doing so, it extends
current scientific understanding of climate-
sensitive health outcomes by focusing specifically
on maternal and neonatal populations, which
remain underrepresented in climate epidemiology
research.

From an empirical perspective, the study provides
multi-region evidence on the relationship between
heatwave exposure and adverse pregnancy and
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neonatal outcomes. Unlike previous studies that
are largely limited to global or urban-centric
datasets, this research  offers regionally
disaggregated insights within Pakistan, capturing
spatial variations in climate exposure and health
vulnerability. This enhances the robustness and
contextual relevance of climate-health evidence in
developing country settings.

From a policy perspective, the findings of this
study are highly relevant for public health
planning and climate adaptation strategies. The
evidence generated can support the development
of targeted maternal health interventions during
heatwave periods, strengthen early warning
systems, and inform climate-resilient healthcare
infrastructure. It also provides guidance for
integrating climate risk considerations into
national maternal and child health policies.

From a practical and societal perspective, the study
highlights the urgent need to protect vulnerable
populations, particularly pregnant women and
newborns, from climate-induced health risks. By
identifying high-risk regions and exposure
patterns, the study contributes to improving
resource allocation, emergency preparedness, and
community-level awareness programs aimed at
reducing heat-related health burdens.

Overall, this research is significant because it
bridges a critical gap between climate science and
maternal health epidemiology, offering actionable
evidence to support sustainable health system
planning in the face of accelerating climate
change.

Literature Review

1. Climate Change and Rising Heatwave
Exposure

Climate change has significantly increased the
frequency, duration, and intensity of heatwaves
globally, making extreme heat one of the most
prominent climate-related health risks. Recent
climatological evidence shows that global surface
temperatures have risen steadily over the past
decades, with South Asia identified as a hotspot
for heat extremes due to its geographic and
demographic vulnerability (Semenza et al., 2023).
Heatwaves are now recognized not only as
environmental events but also as major public

health threats with systemic implications for
health systems, particularly in low- and middle-
income countries.

In South Asian contexts, including Pakistan,
heatwaves have become more frequent and severe,
with urban and semi-arid regions experiencing
prolonged periods of extreme temperatures.
Studies indicate that such climatic conditions are
expected to intensify further under future climate
scenarios, increasing the burden on already
strained healthcare systems (Ahmad et al., 2024).

2. Biological Vulnerability of Maternal and
Neonatal Populations

A substantial body of medical and epidemiological
literature highlights that pregnant women and
neonates are among the most climatevulnerable
populations. Pregnancy is associated with
physiological changes such as increased metabolic
rate, elevated cardiovascular demand, and reduced
thermoregulatory efficiency, which collectively
increase susceptibility to heat stress.

Exposure to extreme heat during pregnancy can
impair placental function, reduce uteroplacental
blood flow, and trigger inflammatory and
oxidative stress responses. These biological
disruptions are strongly associated with adverse
outcomes including preterm birth, fetal growth
restriction, stillbirth, and neonatal complications
(Lakhoo et al.,, 2025). Neonates, particularly
preterm infants, are also highly vulnerable due to
immature thermoregulatory systems and limited
physiological adaptability.

3. Heatwaves and Maternal Health Outcomes
Empirical studies consistently demonstrate a
strong association between heat exposure and
adverse maternal health outcomes. High ambient
temperatures have been linked with increased
risks of gestational hypertension, dehydration,
preeclampsia, and obstetric complications.
Systematic reviews further confirm that exposure
to heatwaves during pregnancy significantly
increases the likelihood of preterm delivery and
maternal morbidity (Semenza et al., 2023).

In developing countries, these risks are amplified
due to limited access to prenatal care, inadequate
cooling infrastructure, and socioeconomic
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constraints. In Pakistan, evidence suggests that
maternal health outcomes deteriorate significantly
during peak summer months, particularly in rural
and peri-urban regions where adaptive capacity is

low (Rasool et al., 2024).

4. Heatwaves and Neonatal Health Outcomes
Neonatal health outcomes are highly sensitive to
environmental temperature fluctuations. Studies
have shown that exposure to extreme heat is
associated with low birth weight, intrauterine
growth restriction, and increased neonatal
mortality. The risk is particularly high during late
gestation when fetal growth is most rapid and
oxygen demand is elevated.

Recent meta-analytical evidence indicates that heat
exposure increases the risk of preterm birth by
disrupting fetal development and inducing early
labor (Lakhoo et al, 2025). In resource-
constrained settings such as Pakistan, these effects
are compounded by poor maternal nutrition,
limited healthcare access, and inadequate
emergency response systems.

5. Climate Vulnerability and Health System
Constraints in Pakistan

The health impacts of heatwaves in Pakistan are
intensified by structural vulnerabilities, including
weak healthcare infrastructure, uneven regional
development, and limited climate adaptation
mechanisms. Provinces such as Sindh and Punjab
experience recurrent heatwaves that exceed critical
physiological thresholds, resulting in repeated
public health emergencies.

Studies highlight that Pakistan’s health system
lacks integrated climate-health surveillance
mechanisms, particularly for maternal and
neonatal populations. This gap limits early
detection, preparedness, and response to heat-
related health risks (Ahmad et al., 2024).
Although global literature has increasingly
explored the relationship between heatwaves and
reproductive health, there remains a significant
gap in multi-region empirical studies in Pakistan.
Existing research is largely fragmented, urban-
focused, or based on secondary global datasets,
with limited spatially disaggregated
epidemiological evidence.

Moreover, few studies have systematically
examined how heatwave intensity varies across
regions and how such variations translate into
differential maternal and neonatal health
outcomes. This lack of localized, multi-region
evidence limits the development of targeted
climate-health interventions and policy responses.
The literature demonstrates a clear and growing
association between climate change-induced
heatwaves and adverse maternal and neonatal
health outcomes. However, while global evidence
is robust, region-specific empirical studies in
Pakistan remain limited. This highlights the
urgent need for multi-region epidemiological
research to understand spatial disparities and
strengthen climate-resilient maternal and child
health systems in vulnerable settings.

Underpinning Theory: Climate Change Health
Impact  Framework  (Vulnerability  and
Adaptation Theory)

This study is underpinned by the Climate Change
Health Impact Framework, which is conceptually
derived from the Vulnerability and Adaptation
Theory in environmental health sciences. This
theoretical framework explains how climate-
related exposures, such as heatwaves, translate into
differential health outcomes based on the level of
exposure, sensitivity, and adaptive capacity of
populations.

The framework posits that the health impacts of
climate change are not uniform but are shaped by
three interrelated components:  exposure,
sensitivity, and adaptive capacity. Exposure refers
to the frequency and intensity of climate hazards
such as heatwaves. Sensitivity reflects the degree to
which a population is biologically or socially
affected by such exposure, while adaptive capacity
represents the ability of individuals, communities,
and health systems to mitigate or cope with
adverse effects.

In the context of maternal and neonatal health,
pregnant women and newborns are considered
highly sensitive groups due to physiological and
developmental vulnerabilities. Heat stress during
pregnancy can disrupt thermoregulation, placental
function, and fetal development, thereby
increasing the risk of adverse outcomes such as
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preterm birth and low birth weight. The severity of
these outcomes is further influenced by adaptive
capacity, which includes access to healthcare,
nutrition, cooling infrastructure, and public
health interventions.

In Pakistan, the application of this framework is
particularly relevant due to increasing heatwave
frequency, uneven healthcare infrastructure, and
socioeconomic disparities across regions. These
factors collectively reduce adaptive capacity and
amplify vulnerability, especially in rural and low-
income populations.

Thus, the
Framework provides a
foundation for this study by explaining how
climate-induced heatwaves translate into spatially
differentiated maternal and neonatal health
outcomes. It also supports the analysis of regional
disparities in vulnerability and highlights the
importance of strengthening adaptive capacity
through health system resilience and climate-
informed policy interventions.

Climate Change Health Impact
robust  theoretical

Conceptual Framework: Impact of Climate Change-Induced Heatwaves on

Maternal and Neonatal Health Outcomes in Pakistan
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Hypotheses

H1: Heatwave exposure is significantly associated
with adverse maternal health outcomes in
Pakistan.

H2: Heatwave exposure is significantly associated
with adverse neonatal health outcomes, including
preterm birth, low birth weight, and neonatal
mortality.

H3: There are significant regional variations in the
impact of heatwaves on maternal health outcomes
across Pakistan.
H4: There are significant regional variations in the
impact of heatwaves on neonatal health outcomes
across Pakistan.
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H5: Higher heatwave intensity significantly
increases the risk of adverse birth outcomes such
as preterm birth and low birth weight.
Hé6: Adaptive capacity moderates the relationship
between heatwave exposure and maternal and
neonatal health outcomes in Pakistan.

Methodology

Research Design

This study adopted a quantitative, explanatory,
and retrospective epidemiological research design
to examine the impact of climate change-induced
heatwaves on maternal and neonatal health
outcomes in Pakistan. The design was selected to
enable causal inference testing and statistical
assessment of associations between heatwave
exposure and adverse health outcomes across
multiple regions.

Study Setting

The study was conducted across major provinces
of Pakistan, including Punjab, Sindh, Khyber
Pakhtunkhwa, and Balochistan, representing
diverse climatic zones ranging from arid and semi-
arid to temperate regions. These regions were
selected due to their varying levels of heatwave
intensity and population vulnerability.

Population of the Study
The target population of this study comprised:

. All registered pregnant women
. All recorded neonatal cases (birth to 28
days of life)

within public and private healthcare facilities
across Pakistan during the study period.
Additionally, climatic data related to heatwave
exposure were included from meteorological
departments to establish environmental exposure
patterns.

Sample Size and Sampling Technique

A multi-stage stratified sampling technique was
applied to ensure regional representation and data
reliability.

The study sample consisted of:

o Maternal cases: 12,500 pregnant women
records

. Neonatal cases: 10,800 neonatal health
records

Total sample size: 23,300 cases

Health records were selected from tertiary
hospitals, district health information systems, and
maternal-child health registries across selected
regions. Stratification was done based on province
and urban-rural classification to ensure
proportional representation.

Data Sources
Secondary data were collected from the following
sources:

. District Health Information System
(DHIS) Pakistan

o Hospital admission and delivery records
D Pakistan Meteorological ~Department
(PMD) for heatwave data

o National = demographic and health

surveillance reports

Variables of the Study

o Independent Variable: Heatwave
exposure (frequency, duration, and intensity)

o Dependent Variables:

o Maternal outcomes (gestational
complications, preterm labor, dehydration-related
complications)

o Neonatal outcomes (preterm birth, low
birth weight, neonatal mortality)

o Moderating Variables: Regional adaptive
capacity indicators (healthcare access,
socioeconomic status)

Operational Definition of Heatwave

Heatwave was operationally defined as a period of
at least three consecutive days with ambient
temperatures exceeding the 95th percentile of
historical monthly temperature distribution, as
recorded by the Pakistan Meteorological
Department.

Data Analysis

The collected data were analyzed using SPSS/Stata
software. Descriptive statistics were used to
summarize demographic and regional
characteristics. Inferential analysis was conducted
using:
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. Logistic regression models to assess risk
associations

. Multivariate analysis to control for
confounding variables

. Regional comparative analysis to identify
spatial disparities

Statistical significance was determined at p < 0.05.
Ethical Considerations

Ethical approval was obtained from the relevant
institutional review boards. Since secondary data
were used, patient confidentiality was strictly
maintained, and all data were anonymized prior to

1. Descriptive Analysis of Study Population

analysis.

Data Analysis

The collected data were analyzed using SPSS/Stata
(version XX). Descriptive statistics were used to
demographic and regional
distributions, while inferential statistics (logistic
regression and multivariate analysis) were applied
to examine the association between heatwave
exposure and  maternal-neonatal  health
outcomes. Statistical significance was considered

at p <0.05.

summarize

Table 1: Distribution of Maternal and Neonatal Cases by Region

Region Maternal Cases (n, %) Neonatal Cases (n, %) Total Cases
Punjab 5,100 (40.8%) 4,500 (41.7%) 9,600
Sindh 3,800 (30.4%) 3,200 (29.6%) 7,000
Khyber Pakhtunkhwa 2,300 (18.4%) 2,000 (18.5%) 4,300
Balochistan 1,300 (10.4%) 1,100 (10.2%) 2,400
Total 12,500 (100%) 10,800 (100%) 23,300

The results show that the highest proportion of
maternal and neonatal cases was recorded in
Punjab (approximately 41%), followed by Sindh
(30%), reflecting higher population density and
greater exposure to heatwave events in these

2. Heatwave Exposure Distribution

Table 2: Heatwave Exposure Levels Across Regions

regions. Balochistan recorded the lowest
proportion (10.4%), which may reflect lower
population density but does not imply lower

vulnerability.

Region Average Heatwave Days/year Mean Temperature (°C) High Exposure (%)
Punjab 28 days 41.2°C 62%
Sindh 35 days 43.5°C 4%
KPK 18 days 38.4°C 41%
Balochistan 22 days 39.0°C 46%

Sindh experienced the highest heatwave exposure
(35 days/year) with the highest mean temperature
(43.5°C), indicating severe climate stress
conditions. Punjab also demonstrated high

exposure levels. These findings confirm significant
regional climatic disparities, which are expected to
influence maternal and neonatal outcomes.
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3. Maternal Health Outcomes

Table 3: Association Between Heatwave Exposure and Maternal Outcomes

Outcom High Heatwave Exposure = Low Heat Exposure Odds Ratio p-
come (%) (%) (OR) value
Preterm labor 18.6% 9.2% 2.21 <0.001
Gestational hypertension 14.3% 7.5% 2.05 <0.001
Dehydration 12.8% 5.6% 2.48 <0.001
complications

Maternal outcomes showed a strong positive
association with heatwave exposure. Pregnant
women exposed to high heatwave conditions were
2.2 times more likely to experience preterm labor

4. Neonatal Health Outcomes

Table 4: Heatwave Exposure and Neonatal Outcomes

compared to those in low-exposure areas.
Similarly, risks of gestational hypertension and
dehydration significantly increased, confirming
the biological sensitivity of pregnancy to thermal
stress.

Outcome High Heat Exposure (%) Low Heat Exposure (%) Odds Ratio (OR) p-value
Low birth weight 19.4% 10.1% 2.14 <0.001
Preterm birth 17.9% 8.7% 2.32 <0.001
Neonatal mortality 6.8% 3.1% 2.18 <0.001

Neonatal outcomes were significantly worse in
high heatwave exposure areas. The risk of preterm
birth increased by more than two times, while
neonatal mortality also showed a statistically

5. Regional Comparative Risk Analysis

Table 5: Adjusted Risk of Adverse Outcomes by Region

significant rise. These findings strongly support
the hypothesis that heat stress disrupts fetal
development and early neonatal survival.

Region Adjusted Risk (Maternal) Adjusted Risk (Neonatal)
Sindh 1.00 (Reference) 1.00 (Reference)

Punjab 0.92 0.89

KPK 0.74 0.71

Balochistan 0.68 0.65

Sindh served as the reference category due to the
highest heatwave exposure. Adjusted results
indicate that Sindh carried the highest risk
burden, while KPK and Balochistan showed
relatively lower risk but still significant
associations. This confirms geographical clustering
of climate-health vulnerability, particularly in high-
temperature zones.

6. Multivariate Regression Analysis

A logistic regression model was applied controlling
for socioeconomic status, maternal age, and
healthcare access.

o Heatwave exposure remained a strong
independent predictor of:

o Preterm birth (AOR = 2.18, p <0.001)

o Low birth weight (AOR = 2.06, p < 0.001)
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. Socioeconomic deprivation significantly
amplified risk (AOR = 1.67, p <0.01)

Even after adjusting for confounders, heatwave
exposure remained statistically  significant,
confirming it as an independent risk factor for
adverse maternal and neonatal outcomes.
Socioeconomic  status  further intensified
vulnerability, supporting the vulnerability-
adaptation framework.

The results demonstrate that:

o Heatwaves significantly increase maternal
and neonatal health risks

. Sindh and Punjab are the most vulnerable
regions

. Neonatal outcomes are more sensitive to
heat stress than maternal outcomes

. Socioeconomic and regional disparities
amplify health risks

These findings provide strong empirical support
for climate-sensitive maternal health interventions
in Pakistan.

Discussion

The findings of this multi-region epidemiological
study demonstrate a strong and statistically
significant association between climate change-
induced heatwaves and adverse maternal and
neonatal health outcomes in Pakistan. The results
indicate that exposure to high-intensity heatwaves
substantially increased the risks of preterm birth,
low birth weight, gestational complications, and
neonatal mortality. These outcomes are consistent
with the growing global evidence that extreme heat
acts as a critical environmental stressor affecting
reproductive health systems.

The observed regional disparities further highlight
the unequal distribution of climate vulnerability
across Pakistan. Sindh and Punjab exhibited the
highest burden of heatwave exposure and related
health complications, reflecting both climatic
intensity and population density. These findings
align with previous studies that identify South
Asia as a climate hotspot where extreme
temperatures disproportionately affect maternal
and neonatal populations due to limited adaptive
capacity and weak health infrastructure.
Biologically, the results can be explained through
established mechanisms of heat stress, including

impaired placental perfusion, dehydration,
inflammatory responses, and disrupted fetal
development. The study supports the
vulnerability-adaptation framework, confirming
that health outcomes are not solely determined by
exposure but are significantly influenced by
socioeconomic and healthcare-related adaptive
capacities. Regions with lower access to maternal
healthcare services demonstrated higher risk
profiles, reinforcing the role of structural
inequalities in climate-health outcomes.

Overall, the study provides robust empirical
evidence that heatwaves are not merely
environmental events but significant determinants
of maternal and neonatal morbidity and mortality
in Pakistan.

Conclusion

This study concludes that climate change-induced
heatwaves have a significant and detrimental
impact on maternal and neonatal health outcomes
in Pakistan. The evidence confirms that increased
heatwave exposure is associated with higher risks
of preterm birth, low birth weight, and neonatal
mortality, with notable regional variations in
vulnerability.

The findings highlight that Pakistan’s maternal
and neonatal populations are highly sensitive to
extreme heat events due to both biological
susceptibility and systemic limitations in
healthcare infrastructure. Therefore, climate
change poses an emerging and urgent public
health challenge that directly threatens
reproductive health outcomes in vulnerable
populations.

Implications of the Study

The study has important theoretical, empirical,
policy, and practical implications. Theoretically, it
strengthens the climate-health vulnerability
framework by providing empirical evidence
linking environmental heat stress to reproductive
health outcomes in a developing country context.
It also contributes to the expanding field of
climate epidemiology by focusing specifically on
maternal and neonatal populations, which are
often underrepresented in climate impact
assessments.
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Empirically, the study provides region-specific
evidence from Pakistan, filling a critical gap in the
literature where most existing research is either
global or urban-centric. This localized evidence
enhances understanding of spatial health
disparities and strengthens the generalizability of
climate-health models in South Asia.

From a policy perspective, the findings underscore
the urgent need to integrate climate risk
considerations into maternal and child health
policies. Health systems must develop early
warning mechanisms for heatwaves, strengthen
antenatal care services during extreme
temperature periods, and ensure availability of
cooling interventions in high-risk regions.
Practically, the study highlights the necessity of
community-level interventions to reduce exposure
risks among pregnant women, particularly in rural
and  low-income  populations. = Awareness
campaigns, hydration programs, and heatsafe
maternal care guidelines can significantly reduce
preventable adverse outcomes.

Future Directions

Future research should expand on this study by
incorporating longitudinal datasets to assess long-
term maternal and child health impacts of
repeated heatwave exposure. There is also a need
for integrating high-resolution climate modeling
with health surveillance systems to improve
predictive capacity.

Further studies should explore the role of urban
heat islands, air pollution interactions, and
nutritional status as compounding risk factors.
Additionally, future research should incorporate
qualitative approaches to understand behavioral
and healthcare-seeking responses during heatwave
events.

The development of predictive climate-health risk
models using artificial intelligence and geospatial
analytics also represents a promising future
direction for improving early warning systems and
health planning.

Recommendations

Based on the findings, several key
recommendations are proposed. First, the
Government of Pakistan should develop climate-

resilient maternal and neonatal health programs
that specifically address heatwave exposure risks.
These programs should include early warning
systems integrated with meteorological data.
Second, healthcare facilities, particularly in high-
risk regions such as Sindh and Punjab, should be
equipped with cooling systems and emergency
maternal care protocols during extreme heat
periods.

Third, public health education campaigns should
be implemented to raise awareness among
pregnant women regarding hydration, heat
exposure avoidance, and early symptom
recognition during heatwaves.

Fourth,  policymakers  should  strengthen
intersectoral  collaboration between climate
authorities and health departments to ensure
coordinated climate-health surveillance systems.
Finally, targeted resource allocation should be
prioritized for vulnerable rural and low-income
populations who face the highest burden of
climate-related health risks.

Limitations of the Study

Despite its strengths, this study has certain
limitations. First, the reliance on secondary data
may introduce reporting bias and inconsistencies
in health record documentation across regions.
Second, the study did not include individual-level
behavioral factors such as hydration practices,
occupational exposure, or mobility patterns,
which may influence heat exposure risk.

Third, although multi-region analysis was
conducted, some remote and underrepresented
areas may not have been fully captured due to data
availability constraints. Fourth, the study primarily
focused on  temperature-based  heatwave
definitions and did not incorporate additional
environmental stressors such as humidity and air
pollution, which may also influence health
outcomes.

Finally, the cross-sectional nature of part of the
dataset limits the ability to establish long-term
causal relationships, although strong associations
were observed.
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