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Abstract

Unclean cooking fuels (i.e., polluting fuels including kerosene/paraffin, and solid fuels) are a major
contributor to diseases and mortality, specifically in low- and middle-income countries. This
review aimed to identify potential mechanisms, public health implications and future directions of
unclean cooking fuel use and health outcomes in older adults. There is an expanding body of
literature to demonstrate associations between unclean cooking fuel use and multiple mental and
physical health outcomes in older adults. Two key mechanisms likely driving such associations
include inflammation and oxidative stress. Considering that inflammation and oxidative stress
have been implicated in multiple other health conditions (e.g., arthritis and osteoporosis) in
addition to those investigated to date on this topic it would be prudent to continue investigation of
unclean cooking fuel use and with yet to be studied health outcomes. Moreover, future research is
indeed now required to identify pathways to eliminating unclean cooking fuel globally to better
the health of an aging global population and to support the implementation of Sustainable

Development Goal 7.
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Background

Unclean cooking fuels (i.e., polluting fuels), including kerosene/paraffin, and solid fuels
(coal/charcoal, wood, agriculture/crop, animal dung, shrubs/grass) are a major contributor to

diseases and deaths, specifically in low- and middle-income countries.

Globally, approximately 3 billion people use traditional biomass such as fuelwood, which has
detrimental health and environmental effects on households and the world at large, as their main
source of cooking fuels (1). Importantly, access to clean cooking fuel is distributed
disproportionately globally. Between 2010 to 2019, the rate of access to clean cooking fuels
increased approximately 1% each year. This increase was mainly due to improvements in clean
cooking access in five low- and middle-income countries, including: Brazil, China, India,
Indonesia and Pakistan with relatively stable rates in other low- and middle-income countries (2).
Current estimates project that one third of the global population will continue to use polluting fuels
in 2030, with the majority residing in Sub-Saharan Africa (2). Finally, the use of unclean cooking
fuels may disproportionally impact females since females are more likely to cook, owing to

traditional roles, and thus have a higher exposure to such pollutants (3).

Unclean cooking fuel use and health outcomes

Population aging is occurring rapidly globally and the speed of aging in low- and middle-income
countries is outpacing that of high-income- countries. https://www.who.int/news-room/fact-
sheets/detail/ageing-and-health An aging population coupled with a high prevalence of unclean
cooking fuel use, particularly in low- and middle-income countries, is of public health concern as
unclean cooking fuel use in the home has been found to be associated with a plethora of detrimental

mental and physical health outcomes in middle-age and older adults, including: depression and
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anxiety (4-14), mild cognitive impairment and cognitive decline (15), slow gait speed (16), low
hand grip strength (17), sleep problems (18-20), vision impairment and eye disease (21-26),
cancer (27-29), respiratory disease (30-32), cardiovascular disease (33-35), and mortality (36—
38), for example. Studies investigating the association between unclean cooking fuel use and
health outcomes have controlled for a plethora of covariates with differences across studies.
Common covariates included in statistical models across studies include age, sex, setting (e.g.,
rural or urban), education, wealth, marital status, employment status, smoking status, alcohol
consumption, body mass index, number of chronic conditions, and disability. It should also be
noted that exposure to unclean cooking fuel use is detrimental to all age groups, however, it is
likely that older adults are at the greatest risk of adverse health outcomes owing to prolonged
exposure to associated pollutants. For example, autopsy studies from children and young adults
living in Mexico City have found associations between exposure to urban air pollution and
particulate deposition or inflammation within the brain (39,40). Moreover, there may be potential
interactions between exposure to unclean cooking fuels and ageing physiology. However, to the
best of the authors’ knowledge there is a scarcity of research looking at interactions between
exposure to unclean cooking fuels and age particularly between middle age and older adults. Future

research should aim to address this gap in the literature.

Potential mechanistic pathways between unclean cooking fuel use and health outcomes

In regard to unclean cooking fuel use there are likely common mechanistic pathways that explain
its association with multiple adverse health outcomes. First, a large amount of pollution (e.g.,
PM2.5, PM10) is released and inhaled when cooking with biomass fuels in the home, and exposure
to particulate matter (PM) may be detrimental to both physical and mental health by elevated

oxidative stress and inflammatory reactions (9). Indeed, oxidative stress and inflammation have
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been implicated in multiple health outcomes that have been found to be associated with unclean
cooking fuel use. For example, inflammation and reactive oxygen species (ROS) play important
roles in neural and cardiovascular function, however, their accumulation in either brain or cardiac
tissue results in disease. For example, both inflammatory dysfunction and ROS accumulation is
evident in major depression, cardiovascular disease and respiratory disorders (41), whereas
inflammation predisposes the development of cancer and promotes all stages of tumorigenesis
(42). Inflammation and oxidative stress have also been implicated in eye disease, for example,
oxidative stress plays a pivotal role in developing and accelerating retinal diseases including age-
related macular degeneration, glaucoma, diabetic retinopathy, and retinal vein occlusion. Indeed,
an excess amount of ROS can lead to functional and morphological impairments in retinal pigment
epithelium, endothelial cells, and retinal ganglion cells (43). This is indeed particularly
problematic for older adults as they are already at heightened risk of various eyes diseases and

vision impairment, including, for example, cataracts and age-related macular degeneration (44,45).

Inflammation and ROS have been implicated in geriatric syndromes, in particular frailty, in older
adults (46,47). Oxidative stress might lead to an activation of apoptotic pathways leading to
cellular damage, aberrations in the expression of many transcription factors responsible for shifting
protein synthesis to protein degradation, a decline in mitochondrial function, and an impairment
of repair mechanisms (48). These interacting pathways may contribute to the detrimental effects
of oxidative stress on muscles, bones, and the immune system (49). Loss of muscle mass and
strength may reduce physical activity and thereby contribute to frailty (50). Frailty can also be
considered as the opposite to successful aging, and is a relevant issue in geriatric medicine, since
frailty is associated with a higher risk of poor outcomes such as falls, depression, disability, and

mortality. Therefore, unclean cooking fuel use in middle aged and older adults can indirectly be
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associated with the development of frailty and unsuccessful aging. However, future longitudinal
studies are needed to show this potential causal relationship. Moreover, it is possible that unclean
cooking fuel use accelerates inflammaging, a condition characterized by elevated levels of blood
inflammatory markers that carries high susceptibility to chronic morbidity, disability, frailty, and
premature death. Potential mechanisms of inflammageing include genetic susceptibility, central
obesity, increased gut permeability, changes to microbiota composition, cellular senescence, the
NOD-, LRR- and pyrin domain-containing protein 3 (NLRP3) inflammasome activation,
oxidative stress caused by dysfunctional mitochondria, immune cell dysregulation, and chronic
infections (51). Frailty and inflammaging are thus potentially two conditions that heighten health
risks of unclean cooking fuel use within older adult populations. Moreover, it should be noted that
since frailty is a disorder that is further along in pathogenesis when compared to other health
outcomes, then it is also possible that frailty may be the result of the health risks due to unclean

cooking fuel use.

Next, PM exposure appears to alter both neurotransmitters within dopamine and glutamate systems
(52). Whereas the level of dopamine has been shown to influence gait speed (53), anxiety
modulation (54), depression (55), and cognitive impairment (55). PM, produced through unclean
cooking fuel, may induce metabolic alterations that are consistent with the activation of the
hypothalamus-pituitary-adrenal axis (56). Activation of the hypothalamus-pituitary-adrenal axis
can lead to many unwanted issues such as depression, cognitive disorders, and frailty in older
adults (57,58). Moreover, PM exposure has been found to be associated with a significant increase
in serum levels of stress hormones and prolonged secretion of the stress hormone cortisol
which has been implicated in the pathogeneses of unhealthy aging and related issues, such as

depression and sleep disorders (59,60). When specifically considering cancer carcinogenic
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polycyclic aromatic hydrocarbons (PAH) are released during the use of unclean cooking fuels.
PAH have been widely investigated and classified as carcinogenic to humans (IARC Groupl) (61).
Indeed, approximately 60.5% of the global total PAH emissions were from combustion of biomass
fuels including wood and crop residues (62). Finally, when external human structure such as the
eyes are exposed to high levels of PM and carbon monoxide via unclean cooking fuel, irritant
effects may transpire, for example, eye complications (e.g., pain, redness, tearing) may materialize.

Prolonged exposure may subsequently lead to eye disease and vision impairment (63).

Interestingly, unclean cooking fuel has been found to be associated with undernutrition in adults
(64). Mechanisms by which polluting fuel exposure causes undernutrition in adults are still not
well understood. However, it is believed to be involved in inefficient burning and combustion
generated gases, toxic pollutants, and PM pathogenic processes. For example, carbon monoxide
(CO) is one of the common gases emitted from inefficient burning of fuel and it has been found to
be a trigger of weight reduction in obese mice (65). This is likely to be a consequence of elevated
metabolism from upregulation of mitochondrial biogenesis and mitochondrial uncoupling causing
alterations in morphology of the epidermal fat depot and adipocyte number (65). Another possible
mechanism maybe owing to DNA damage by toxic pollutants such as PAH. Indeed, PAH has been
found to be associated with a higher risk of chronic obstructive pulmonary disease, which could
subsequently lead to elevated metabolic requirements, anorexia, less food intake, and accelerated
catabolism (66). Nutritional problems are common in older adults, even in older obese adults, and
undernutrition is associated with decreased functional capacity, impairment in balance and gait
functions, falls, and depressed mood (67). Although previous studies on unclean cooking fuel and
undernutrition have been conducted in young to middle age adults, it is known that undernutrition

even in younger age groups is linked with severe short-term (e.g. delayed motor and cognitive
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development), medium-term (e.g. poorer school performances), and long-term consequences (e.g.
abnormal metabolic status and increased risk of noncommunicable chronic diseases in adulthood)
(64). Therefore, unclean cooking fuel use related problems, even at younger ages, can negatively
affect the healthy aging process. Moreover, unclean cooking fuel use is common in low- and
middle-income countries; (1) and undernutrition is also common in this setting (68). Therefore,
low- and middle-income country status could be a potential confounding factor in the relationship

between unclean cooking fuel and undernutrition.

Public health implications

Findings from existing literature on the association between unclean cooking fuel use and health
outcomes support the adoption of the United Nations Sustainable Development Goal (SDG) 7
“ensure access to affordable, reliable, sustainable and modern energy for all” (69) and highlights
the importance of applying SDG7 and directing resources towards the elimination of unclean
cooking fuel use. The following is currently being suggested by key international bodies such as
the World Health Organization to address the common use of unclean cooking fuel in LMICs: 1)
Governments must prioritize clean-cooking solutions (i.e., access to clean and modern cooking
energy), via evidence-based policies and strategies. 2) Mobilization of funds to scale up promising
enterprises, so they become profitable, increase consumer choice and financing, and stimulate
additional private investment. 3) Successful clean-cooking solutions should engage diverse public
and private stakeholders. 4) Moving people towards cleaner and more efficient cooking solutions
that meet local cultural, social and gender needs should be prioritized. 5) Improved monitoring of
household energy use to track, measure impact, and assess progress towards achieving universal

access.
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Interestingly, there is a growing body of literature to suggest that the presence of chimneys or
hoods when using unclean cooking fuel may mitigate against some of the detrimental health
outcomes. For example, in one study including a large representative sample of older adults from
six low- and middle-income countries, unclean cooking fuel (vs. clean cooking fuel) was
associated with a significant 1.48 (95% CI=1.08, 2.03) times higher odds for mild cognitive
impairment (MCI). However, when investigating cooking ventilation, the absence of chimney or
hood (compared to having a chimney or hood) was associated with significantly higher odds for
MCI (OR=1.88; 95% CI=1.25, 2.84) (10). Thus the installation of appropriate cooking
ventilation devices (i.e., chimney or hood) should be considered among those using solid fuels for

cooking as this can remove a greater quantity of pollutants (70).

Limitations of the existing literature

While existing literature has significantly advanced knowledge on the association between unclean
cooking fuel use and health outcomes, several limitations of this literature need to be addressed in
future research. First, the vast majority of the literature on this topic is of a cross-sectional nature.
Thus, it is often not confirmed whether unclean cooking fuel use is associated with poor health
outcomes or vice versa. For example, it is well known that chronic conditions are associated with
unemployment (71) and thus may drive poverty and subsequently unclean cooking fuel use. Future
research of a longitudinal cohort nature is needed on unclean cooking fuel use and health outcomes.
Second, the majority of literature on this topic has relied on self-reported measures of cooking fuel
use and has not directly measured levels of pollutants in relation to unclean cooking fuel use in the
home environment and its impact on health outcomes; such studies would allow for a more

accurate understanding of observed associations and provide the development of robust
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hypothesises on the mechanistic pathways between unclean cooking fuel use and health outcomes
that could be further studied in experimental lab based trials. Finally, there is an uneven
distribution between number of studies looking at varying health outcomes. For example, very few
studies exist on the relationship between cooking fuel use and gait speed, a key criterion in
epidemiology to strive towards cause and effect is consistency in associations between different
populations. Thus, we encourage more epidemiological investigation into the relationship between

unclean cooking fuel use and all health outcomes.

Conclusion and future directions

There is now a relatively large and expanding body of literature to demonstrate the association
between unclean cooking fuel use and a plethora of mental and physical health outcomes in older
adults. Several plausible mechanisms exist that likely explain such associations with key
mechanisms likely being inflammation and oxidative stress. Considering that inflammation and
oxidative stress have been implicated in multiple other mental and physical health conditions in
addition to those investigated to date on this topic, such as, arthritis, osteoporosis, and psychotic
episodes, it would be prudent to continue investigation of unclean cooking fuel use and with yet
to be studied health outcomes. Future research is indeed now required to identify plausible
pathways to eliminating unclean cooking fuel globally to better the health of an aging global

population and to support the implementation of SDG7.
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