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Abstract

Introduction 
Headache ranks as a leading cause of disability worldwide, 
as per The Global Burden of Disease study, contributing the 
third highest years lived with disability  (YLD), following 
low back pain and depression.[1] The most frequent headache 
disorders globally comprise migraine, tension‑type headache, 
and medication‑overuse headache. Migraine itself contributes 
as the second most common cause of disability in the world, 
and the highest among females.[2] Moreover, there has been 
increasing recognition of the psychosocial, economic, and 
vocational burden of headache disorders. Considering the high 
extent of disability associated with headache disorders, it is 
crucial to recognize and ameliorate all potentially preventable 
risk factors. The impact of environmental factors on migraine 
and headache disorders in general has been the subject of much 
discussion in the literature.[3]

Air pollution is the most prevalent form of pollution and 
is known to adversely affect respiratory, neurobehavioral, 
cardiovascular, and immunological systems.[4] It accounts for 
seven million deaths annually. Consequently, recognizing its 
perilous impact, the latest World Health Organization (WHO) 
air quality guidelines have further reduced the level of air 
pollutants considered to be acceptable.[5]

Air pollution exerts its hazardous effects via many harmful 
subcomponents. These include classical pollutants such as 
particulate matter  (PM), which comprises particles of very 
small size. These are inspired into the respiratory system, 
extend harmful effects on the respiratory, cardiovascular, 
nervous, and reproductive systems, and contribute toward 

malignancies. PM2.5 comprises fine PM, with particles <2.5 
micrometer in aerodynamic diameter. The classical pollutants 
include nitrogen dioxide  (NO2), carbon monoxide  (CO), 
sulfur dioxide (SO2), and ozone (O3). Other pollutants include 
dioxins, polycyclic aromatic hydrocarbons  (PAH), volatile 
organic compounds, and several more. While outdoor air 
pollution refers to ambient air pollution, indoor pollution 
refers to pollution generated due to the combustion of 
household fuels. Common sources of outdoor air pollution 
include industrial and agricultural processes and fossil fuel 
combustion.

Multiple neurological disorders, including neurodegenerative 
conditions such as Alzheimer disease and Parkinson disease, 
stroke, autism, dementia, low birth weight, and psychological 
issues such as depression, have been linked to long‑term 
exposure to air pollutants.[6‑11] There are also links between 
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multiple sclerosis prevalence and relapse and ambient air 
pollution.[12]

In recent literature, ambient air pollution has been increasingly 
reported as a risk factor for migraine. Patients with migraine 
report subjective exacerbation of symptoms with worsening 
of air quality. High air pollution levels have been associated 
with increased emergency visits to hospitals. Higher levels of 
particulate matter had been associated with exacerbations of 
migraine. The mechanisms linking headache and air pollution 
may be engendered in abnormalities in neurotransmitter 
systems, neuroinflammation, and subsequent neuronal damage.

In view of accruing evidence in the literature on the interlinkage 
between headache disorders and air pollution, a comprehensive 
review is the need of the hour. In this narrative review, we 
aimed to describe the association, pathogenesis, and treatment 
concerns pertinent to headache in relation to air pollution.

Search methodology
We performed a search using PubMed and Google Scholar 
databases on December 2, 2021, using the following search 
terms: “Air pollution” AND “headache.” We included clinical 
trials, observational studies, case–control studies, systematic 
reviews, and meta‑analyses. We included studies in the English 
language only. We also included relevant cross‑references. We 
excluded narrative reviews, lone abstracts, letters, case series, 
and case reports. After screening and excluding duplicates, 
titles and abstracts of 108 studies that remained were screened. 
Full texts of these 89 studies were accessed, and ultimately, 
54 studies were included in this review.

Pathophysiology linking headache and air pollution
The interlinking pathophysiology between headache and air 
pollution may be best understood in the context of adverse 
effects of air pollution on brain health, in general. Air pollutants 
gain access to the nervous system either through the olfactory 
tract, via the lower respiratory tract, or through the systemic 
circulation.[13] Some of these may directly trigger inflammatory 
processes and the release of cytokines, which gain access to 
the central nervous system. Microglial activation triggers the 
production of further inflammatory cytokines, oxidative stress 
via reactive oxygen species (ROS), complement activation, and 
proteinase generation, eventually leading to neuroinflammation 
and neuronal cell death.

Animal studies support the role of neuroinflammation and 
oxidative stress in air pollution‑mediated hazard to the 
central nervous system.[14] Compared to controls, levels of 
inflammatory biomarkers, including interleukin‑1 (IL‑1) and 
tumor necrosis factor alpha  (TNF‑α), were reported to be 
increased in the murine model exposed to airborne particulate 
matter.[15] Acute neurobehavioral neurotoxicity could be 
induced due to oxidative stress, mediated by exposure to 
benzo (a) pyrene in another rat model.[16] Reduction in synaptic 
function after exposure to nanosized particulate matter in the 
hippocampus may be another potential pathway for brain 
dysfunction.[17]

Although precise mechanisms by which air pollution may 
lead to headaches remain unspecified, there may be several 
putative mechanisms  [Figure  1]. Chemical irritation of 
trigeminal sensory endings may precipitate headaches, 
by activating the trigeminovascular system.[18] Chronic 
environmental irritant exposure was observed to lead to 
trigeminovascular system sensitization in male rodent 
model, probably contributing to enhancement of headache 
susceptibility.[19] Male rats were exposed to either acrolein 
or room air for 4  days. Acrolein is a transient receptor 
potential ankyrin 1  (TRPA1) agonist. Meningeal blood 
flow measurements, performed after 4  days of exposure, 
demonstrated that exposure to acrolein augmented blood 
flow, in comparison with air exposure. Similarly, chronic 
environmental irritant exposure was shown to induce a 
chronic migraine phenotype in a male rat model.[20] Further 
support also garners from the syndrome of multiple chemical 
sensitivity  (MCS), in which headache features prominent 
symptomatic role. MCS displays increased sensitivity to 
several chemicals, which are TRPA1 agonists.[21]

The dominant theory of migraine pathophysiology is based 
on neurogenic inflammation. Substance P  and calcitonin 
gene‑related peptide  (CGRP) release of trigeminal sensory 
nerve endings produce neurogenic inflammation and dural 
vasodilatation. Migraine is characterized by increased neuronal 
sensitivity to a wide range of stimuli. Air pollutants may act 
as triggers, activating the trigemino‑vascular system, and 
precipitating migraine, possibly in genetically susceptible 
individuals. PM2.5 may activate the sympathetic nervous 
system, which modulates the trigemino‑vascular system in 
migraine.

Air pollution and migraine
The literature examining the association between air pollution 
and migraine is sparse, although data on the association 
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between air pollution and neurological disorders are accruing. 
We have summarized some important points below:

Migraine triggers
Among the most common triggers for migraine include stress, 
sleep disruption, menstrual changes, pregnancy, dietary 
triggers, alcohol, and fatigue.[22,23] Other factors that may 
trigger migraine include change in weather and environmental 
noise.[24] Among migraineurs, there may be a subgroup that 
is sensitive to weather changes, specifically higher relative 
humidity during warmer months (April to September).[25,26]

Certain air pollutants, when exposed to on a short‑term basis, 
have been implicated as triggering factors for migraine. 
Particulate matter (PM2.5) has been associated with increased 
visits to the emergency department (ED), due to precipitation 
of migraine. Increased ED visits specific to migraine have 
been reported from Canada, Taiwan, and South Korea.[27‑31] 
Apart from PM2.5, other pollutants implicated include sulfur 
dioxide  (SO2),

[32] coarse particulate matter  (PM10), carbon 
monoxide, nitrogen dioxide, and ozone, which have been 
reported from Taiwan.[30,31] Unconventional natural gas has 
also been associated with increased migraine headaches.[33]

Air pollution as a risk factor for migraine
Studies that have examined whether ambient air pollution is 
a risk factor for migraine have yielded mixed results. A study 
from Edmonton, Canada, demonstrated increased risk of 
migraine with ambient air pollution.[27] In this linear mixed 
models study, PM2.5 during cold weather, PM10 during cold 
weather among women, and SO2 during the warm season 
were associated with increased ED visits for migraine. On the 
contrary, another study from Boston, USA, did not support the 
findings of the Canadian study.[34] This was a case‑crossover 
study. Another study from Taipei, Taiwan, which was a 
case‑crossover study, a significant association was observed 
between higher levels of air pollution and increased ED visits 
for migraine.[31] In a time‑stratified, case‑crossover study, 
short‑term exposure to high levels of PM2.5, PM10, CO, NO2, 
and O3 correlated with increased ED visits for migraine.[29]

Effects of individual air pollutants
While the study by Szyszkowicz et al.[27] found an association 
with PM2.5 in the cold season with migraine, the study 
by Lee et  al.[29] found the association in warmer weather. 
The World Health Organization  (WHO) guidelines for air 
quality recommend annual average PM2.5 concentration of 
10 µg/m3–25 µg/m3 for 24 hours average. In many regions, 
including Eastern/Southeast Asia and the Middle East, these 
recommended levels are superseded. The concentration of 
PM2.5 is relatively higher during cold‑passage weather.[35] The 
study by Lee et  al. also observed a significant association 
with all pollutants except SO2, whereas Szyszkowicz et al. 
and Chiu et al.[31] observed an association between SO2 and 
migraine. In another time‑series study, conducted at Vancouver, 
Canada, increased SO2 levels were associated with an increased 
risk for migraine.[32] There has been debate whether SO2 per 
se acts as a harmful air pollutant, or as a surrogate marker 

for ultrafine particles.[36] In the study by Lee et  al.[29], the 
association was strongest for NO2. NO2 level, which is a marker 
of combustion‑related pollution, may reflect traffic emissions. 
In another study among schools in Malaysia, the association 
between volatile organic compounds  (VOCs) and various 
symptoms among students were assessed. Benzaldehyde was 
found to be significantly associated with headache.[37]

The differences in various studies observed above may be due 
to several reasons. These include regional variations in the 
composition and proportion of various air pollutants, based on 
local industrial and traffic emissions, temperature differences, 
and even interpopulation differences. Moreover, these studies 
were heterogeneous in many ways, including study design, 
outcome assessment, and adjustment for confounding factors, 
which may account for the discrepancies observed.

Long‑term exposure
Most of the studies discussed so far have examined the 
short‑term effects of air pollution in terms of migraine‑specific 
ED visits. Data on the ramifications of long‑term exposure are 
sparse but suggest that chronic exposure may be crucial in the 
etio‑pathogenesis of headache disorders, including migraine.

In a case–control study, increased odds of exposure to NO2 and 
methane super‑emitters were observed among patients with 
migraine, compared to population controls without migraine. 
Interestingly, in this study, migraine severity was assessed 
more comprehensively, in terms of frequency of prescriptions 
for triptans, migraine‑specific ED and outpatient visits, and 
migraine probability algorithm  (MPA) scores. Migraine 
severity was linked to PM2.5 and NO2 exposure.

In a nationwide Taiwanese study, data were extracted from 
the Taiwan National Health Insurance Research database and 
linked to Taiwan Air Quality Monitoring database.[38] Recurrent 
headaches in the pediatric age‑group were associated with 
high levels of several air pollutants, including NO2, PM2.5, 
methane, and total hydrocarbons, providing links between 
chronic exposure and headache development.

In a cross‑sectional study conducted in Lagos, Nigeria, which was 
based in a community living adjacent to an open landfill, the health 
effects of chronic exposure to municipal solid waste fires were 
examined.[39] Municipal solid waste burning leads to emissions of 
multiple air pollutants, including PM, PAH, and several organic 
pollutants, leading to increased odds for daily occurrence of 
headaches, apart from multiple other health complaints.

Other headache disorders
In a Chilean time‑series analysis conducted between 2001 and 
2005, the association between air pollution and hospitalization 
for headaches was assessed.[40] Air pollution was found to be 
associated with three headache subtypes—migraine, headache 
with cause specified, and headache not otherwise specified.

Biomass fuel
The use of biomass fuel, which is a major source of cooking in 
several parts of the world, forms a crucial source of indoor air 
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pollution and is a major cause of morbidity and mortality.[41] 
It is believed to lead to 1.6 million premature deaths globally. 
The burden of this mainly falls on low‑ and middle‑income 
countries. Cookstove emissions contain several hazardous 
components, including PM2.5, CO, NO2, and multiple organic 
compounds.

In a cross‑sectional study from Honduras, the odds of 
prevalent headache was higher among women who used 
traditional stoves, compared to clean‑burning stoves.[42] 
Similar observations have also been made in India.[43,44] In a 
randomized trial among Mayan Guatemalan women, the odds 
of having headache and soreness of eyes was significantly 
reduced by the use of improved stoves (planchas), compared 
to groups using open fires.[45] Similar observations have been 
made in a randomized trial in rural Mexico, in which women 
were randomized to receive either the (clean‑burning) Patsari 
stove or open fire. Women who used the Patsari stove had 
lower risk of both respiratory symptoms and headache.[46] A 
cross‑sectional Peruvian study demonstrated reduced headache 
in the chimney‑equipped stoves, compared to open‑fire 
stoves.[47]

Haze events
A haze event is a condition characterized by visibility below 
10 km and relative humidity below 90%. It is usually caused 
by fine PM. In a continuous and severe haze event in China 
in 2013, an increase in emergency calls was noted for several 
central nervous system conditions, including headache.[48] 
Widespread forest fires in Indonesia in 2013 led to severe 
haze conditions in adjacent countries, leading to an increase 
in headache symptoms.[49]

Air pollution and headache: Indian context
Air pollution in India is a rapidly escalating health concern. 
In 2019, India was home to 21 of the 30 most polluted cities 
worldwide and 13 of 20 cities in the world with the highest 
levels of air pollution. In 2019, 1.67 million deaths  (95% 
uncertainty interval 1.42–1.92) could be attributed to air 
pollution in India.[50] Most of these deaths were due to ambient 
PM and household air pollution. Air pollution was also 
observed to wield enormous economic burden, with an annual 
loss of US dollar (USD) 28.8 billion from premature deaths and 
USD 8 million from morbidity attributable to air pollution.[50]

The main sources of ambient air pollution include biomass 
fuel combustion, industrial emissions, coal burning, stubble 
burning, brick kilns, waste burning, vehicular emissions, 
building construction, and diesel generators. Household air 
pollution is generated by combustion of solid fuels, including 
wood, coal, charcoal, etc., which is a common means of 
cooking food in households across India. Studies from India 
have demonstrated that short‑term chronic air pollution 
leads to increased morbidity and mortality.[51,52] However, 
limited literature exists on the impact of air pollution on 
headache disorders  [Table  1]. In a cross‑sectional study 
from Cuttack, Odisha, exposure to biomass fuel smoke was 
significantly associated with headache, along with dry cough 

and hypertension.[43] In another study from Lucknow, Uttar 
Pradesh, indoor air pollution correlated with symptoms of 
headache, depression, bronchial asthma, and dizziness.[53] An 
exposure–response study from Nagpur, Maharashtra, observed 
that symptoms of ocular irritation, headache, and visual 
diminution were significantly higher among users of biomass 
fuel.[44] In a study from Gwalior, India, among traffic police 
persons, headache was among the most frequently reported 
symptoms in association with air pollution.[54]

Future directions and mitigative strategies
It is apparent from the above discussion that there is a broad 
avenue and opportunity for further research exploring the 
relationship between air pollution and headache disorders.

Most studies examining the relationship between ambient air 
pollution and migraine have employed migraine‑specific ED 
visits, as a proxy marker of severe headache. This is a crude 
marker and gives no indication of actual severity. Moreover, it 
underrepresents individuals who may have moderate‑to‑severe 
headache but self‑medicate at home. Hence, better outcome 
assessment tools need to be designed to assess the true effects 
of air pollution on migraine and other headache disorders. 
Assessing the role of genetic influences in the interaction 
between headaches and air pollution should be explored 
further, to understand which headache subpopulations are 
susceptible to the ill effects of pollution.

Furthermore, studies must be planned in a uniform way, 
with stringent outcome assessment, and statistical analysis 
stringently adjusted for confounding factors, such as holidays, 
sunlight hours, and the like, to avoid heterogeneous assessment 
of the impact of pollution variables on headache parameters. 
Also, since air pollution is highly determined by local factors, 
indigenous studies must be planned to assess the risk of air 
pollution for worsening/exacerbation of headache disorders 
in our population.

It is also apparent that there is an urgent need to plan and 
execute efficient mitigating strategies to attenuate the scourge 
of air pollution, not only in terms of headache disorders, but 
also for overall health and well‑being. Solutions may include 
the use of more energy‑efficient fuel sources, alternative energy 
methods such as hydroelectric and solar energy, and the use 
of electric vehicles. There also need to be long‑term solutions 
to contemporary regional issues such as stubble burning, 
industrial emissions, and biomass fuel usage.

Conclusions

Air pollution is rapidly becoming a major environmental health 
risk factor, with Southeast Asia being the most polluted region 
worldwide. It has been associated with several neurological 
disorders, including neurodegenerative disorders, including 
Alzheimer’s disease, Parkinson’s disease, psychological 
disorders, stroke, developmental disorders, etc., Multiple 
subcomponent pollutants are responsible for adverse health 
effects, including increased association with occurrence of 
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headache disorders, including migraine. These include PM, 
NO2, SO2, and the like. While there are accumulating data on 
the association between air pollution and headaches overall, 
and migraine specifically, there are several gaps in our 
understanding of pathophysiology and possible therapeutic 
avenues. Future efforts should focus on these gaps, and 
region‑specific efforts must be made to capture the full extent 
of the effect of air pollution on headache disorders.
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