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EDITORIAL

THE HOMEOSTATIC STRAIN OF EL NINO: ORGAN SYSTEM
CONSEQUENCES AND HUMAN PATHOPHYSIOLOGY
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Climate anomalies are often assessed through meteorological or socioeconomic frameworks, yet their
most immediate impacts manifest through human physiology. The El Nifio-Southern Oscillation
(ENSO), with its alternating warm and cool phases, disrupts global climate patterns and exposes
populations to extreme heat, altered rainfall, and degraded air quality. These shifts act as systemic
stressors that challenge cellular homeostasis, tissue perfusion, and organ function. Resulting
physiological strain includes oxidative injury, cardiovascular and respiratory morbidity, acute kidney
injury, and neuroendocrine imbalance. Livelihood disruption, displacement, and chronic psychological
stress further amplify adverse outcomes. Addressing these effects requires integrated research on
climate-related pathophysiology, strengthened public health education, and incorporation of climate-

health concepts into medical and allied health training,
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The El Nifio-Southern Oscillation (ENSO) is one of the
most influential drivers of interannual global climate
variability. Arising from complex ocean-atmosphere
interactions across equatorial Pacific, ENSO oscillates
between ‘El Nifio’ marked by anomalous warming of
central and eastern Pacific waters, and ‘La Nifia’,
characterized by abnormal cooling.  Although
geographically localized in origin, ENSO events reshape
global jet streams and atmospheric circulation, producing
widespread anomalies in temperature, precipitation,
humidity, air quality, and wildfire activity. El Nifio
episodes consistently elevate global surface temperatures
and intensify droughts, marine heat waves, and flooding,
while La Nifia often enhances tropical rainfall across
Asia and Australia.'

While climate scientists frequently describe
these environmental shifts, their biological consequences
are fundamentally rooted in human physiology. When
ambient conditions exceed evolutionary thermal and
hydric thresholds, the human organism must activate
complex homeostatic mechanisms to preserve cellular
integrity, tissue perfusion, and metabolic stability.
Emerging evidence now frames ENSO not merely as a
climate phenomenon but as a multi-organ homeostatic
stressor capable of translating environmental anomalies
into human disease. A recent analysis by the Society of
Actuaries Research Institute reported measurable
reductions in population life expectancy during major El
Nifio events, with circulatory diseases accounting for a
substantial proportion of excess mortality. These effects
may persist for years after the climatic event ends,
underscoring ENSO’s long term threat to population
health and socioeconomic stability.”

At the microscopic level, extreme heat and
humidity impose profound cellular strain. When ambient
conditions surpass the thermal neutral zone, intracellular

environments  experience  protein-folding  stress,
triggering the synthesis of heat shock proteins such as
HSP70 to prevent cytotoxic aggregation. Sustained
thermal exposure overwhelms these protective
mechanisms, leading to mitochondrial dysfunction,
excessive reactive oxygen species (ROS) production, and
uncoupling of oxidative phosphorylation. The resulting
oxidative injury damages lipid membranes, structural
proteins, and nuclear DNA, initiating apoptotic and
necrotic pathways across multiple tissues.’

The digestive system exhibits some of the most
consistent ENSO-related health effects. Flooding, water
contamination, and disruptions in food production
increase the risk of cholera, diarrhoeal diseases, enteric
infections, and food-borne illnesses. These outcomes are
repeatedly highlighted in WHO climate-health reviews.'
Heat exposure further redistributes blood flow away
from splanchnic circulation toward skin, predisposing
intestinal mucosa to hypoperfusion and ischemic injury.
Damage to epithelial tight junctions may allow
translocation of endotoxins and microbial products into
bloodstream, precipitating endotoxemia, systemic
inflammatory response syndrome (SIRS), and multi-
organ dysfunction.*

Extreme heat during El Niflo events imposes
substantial cardiovascular strain. Dehydration and
haemoconcentration increase blood viscosity and
thrombogenic potential, while wildfire smoke and air
pollution exacerbate ischemic heart disease and heart
failure. Physiologically, heat stress induces peripheral
vasodilation, reduced systemic vascular resistance,
tachycardia, and increased cardiac output. These
responses facilitate heat dissipation but significantly
elevate myocardial workload and oxygen demand. In
older adults and individuals with underlying
cardiovascular disease, these changes heighten the risk of
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myocardial ischemia, arrhythmias, stroke, and sudden
cardiac death. Circulatory diseases constitute a major
component of ENSO-associated mortality.’

Wildfires, dust storms, and stagnant air masses
increase particulate matter exposure, worsening chronic
respiratory diseases. Heat stress impairs mucociliary
clearance and alters pathogen circulation patterns,
contributing to higher respiratory infectious morbidity. A
Chinese study demonstrated significantly increased
respiratory infections during El Nifio years.” These
findings were echoed in WHO and Lancet climate-health
assessments t00.”

Renal consequences of ENSO are biologically
plausible and increasingly recognized although there is
not much published direct evidence. Heat exposure and
reduced water availability during droughts predispose
individuals to dehydration-related acute kidney injury
(AKI), kidney stone formation, and exacerbation of
chronic kidney disease (CKD). Profuse sweating without
adequate electrolyte replacement causes intravascular
volume contraction, activating the rennin-angiotensin-
aldosterone system (RAAS) and vasopressin release.
Prolonged renal cortical hypoperfusion, combined with
intracellular ~ energy  deficits and  subclinical
rhabdomyolysis, may culminate in acute tubular necrosis
and heat stress nephropathy.’

ENSO-associated ~ heat and  humidity
fluctuations contribute to dermatologic conditions such
as heat rash, sweatrelated dermatoses, and fungal
infections. Increased ultraviolet exposure during
droughts further stresses skin integrity. Vector-borne
diseases with characteristic dermatologic manifestations
often surge during ENSO-related ecological shifts.”

Beyond physical illness, ENSO exerts profound
psychosocial impacts. Heat-related psychological stress,
anxiety linked to droughts and floods, food insecurity,
displacement, and disaster exposure contribute to
heightened rates of depression, PTSD, and suicide.
Chronic environmental stress activates the hypothalamic-
pituitary-adrenal (HPA) axis, sustaining glucocorticoid
elevation and sympathetic tone. This persistent
neuroendocrine activation impairs immune surveillance,
worsens metabolic dysregulation, and amplifies chronic
inflammatory conditions.” Recent evidence also links
maternal ENSO exposure to adverse child survival
outcomes, highlighting intergenerational vulnerability.®

ENSO-driven climate anomalies disrupt daily
routines, sleep architecture, occupational productivity,
and physical activity, particularly among outdoor

workers. Food insecurity, water scarcity, and economic
instability compound physiological stress, creating a self-
reinforcing cycle of vulnerability that extends far beyond
acute hospital admissions.

Addressing ENSO’s expanding health burden
requires a coordinated, physiology-centred strategy.
Research  priorities must include  continuous
physiological monitoring in vulnerable populations,
organoid and cellular models of thermal and osmotic
adaptation, and discovery of biomarkers for early heat
shock, renal hypoperfusion, and endothelial injury.
Public  education campaigns should translate
physiological principles into practical guidance on heat
acclimation, hydration, cooling strategies, and early
recognition of exertional heat illness.

Medical and allied health curricula must also
evolve. Traditional physiology teaching often isolates
organ systems from environmental context. Modern
training must integrate climate-driven pathophysiology,
thermoregulation, and environmental health dynamics to
prepare future clinicians for the systemic biological
challenges of a warming world.

By embedding these concepts into research,
policy, and education, the medical community can shift
climate adaptation from a reactive challenge to proactive,
physiology-driven strategy for human resilience.
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