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Abstract

COVID-19 may increase the risk of heat-related symptoms during hot weather since vulnerable populations, including the elderly
and those with neurological disabilities, must continue to self-isolate, often indoors. Within the chronic neurological patient
population, indoor conditions in summer months present a hazard because of impaired and/or altered thermoregulation, including
poor hydration status due to both autonomic and behavioral dysfunction(s). To address this increased risk, telemedicine protocols
should include an assessment of the patient’s environmental parameters, and when combined with physiological data from
wearable devices, identify those with neurological diseases who are at higher risk of heat illness. Personalized medicine during
times of self-isolation must be encouraged, and using smart technology in ambient assisted living solutions, including e-health to
monitor physiological parameters are highly recommended, not only during extreme weather conditions but also during times of

increased isolation and vulnerability.
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Patients with neurological conditions are often at risk for suf-
fering a variety of heat-related illnesses, especially when am-
bient temperatures are high. A recent World Meteorological
Organization (WMO) and World Health Organization
(WHO) promoted joint network (https://www.ghhin.org/
heat-and-covid-19) has determined that the indirect effect of
extreme heat events will exacerbate patients’ underlying
conditions, especially considering the context of physical
distancing and self-isolation measures imposed because of
the ongoing COVID-19 pandemic. Indeed, isolation and
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dependency are key factors associated with a higher risk of
suffering heat-related illnesses during heatwaves (Belmin
et al. 2007). Current directives to prevent the spread of
COVID-19 may further restrict access to cooling spaces and/
or limit the use of air conditioning in public areas. A recent
WHO technical report suggests that the most vulnerable pop-
ulations include the elderly, those in self-isolation, and those
with disabilities or pre-existing medical conditions such as
cardiovascular, pulmonary, kidney, and metabolic diseases.
Surprisingly, the report does not explicitly include those with
neurological disorders in their list of pre-existing medical con-
ditions. The COVID-19 global pandemic has already had a
clear impact on the health of individuals diagnosed with neu-
rological issues, requiring a reorganization of neurology units
(Berardelli et al. 2020). This reorganization includes the use of
digital technologies that allow for more remote clinical eval-
uations and follow-up for patients. However, there has not
been enough emphasis placed on the unique, detrimental ef-
fects that additional heat, physical and social isolation, and a
lack of access to quality medical care will have on those with
chronic neurological conditions.

Amongst clinical populations, people with chronic neurolog-
ical conditions are particularly vulnerable to hot weather because
of well-documented autonomic and behavioral dysfunction(s),
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Fig. 1 Proposed protocol for heat symptoms prevention. Physiological
(body temperature, heart rate, electrocardiography and respiratory rate,
blood pressure, etc.) and environmental (temperature and humidity) data
are collected and remotely accessible from the health service operators at
the clinical center. If environmental conditions suggest a risk of heat
symptoms, teleassistance protocol is activated and the operator or

impaired thermal sensation, cognitive/behavioral deficits, drugs
consumption, or any combination thereof (Stollberger et al.
2009). Considering this, each disease state is unique in the par-
ticular manifestation of their thermoregulatory deficiencies. For
example, in Parkinson disease, altered central and peripheral
thermoregulatory mechanisms, including deficits in sweating
and vasomotor tone, and may contribute to the “parkinsonism-
hyperpyrexia syndrome” (Coon and Low 2018). Passive heat
stress increases risk of orthostatic hypotension as tissues
vasodilate, shunting blood from the core to periphery to cool
the body (Lucas et al. 2012). Heat sensitivity is especially prev-
alent in those with multiple sclerosis, where 60 to 80% of people
report worsening neurological symptoms as body temperature
rises. Elevated body temperature typically occurs via a combina-
tion of warm environments (passive) and physical activity (ac-
tive), which may predispose neurology patients to greater nega-
tive effects on overall health; excess heat also exacerbates fatigue,
cognitive impairment, and balance loss (Christogianni et al.
2018). Motor neuron diseases, such as amyotrophic lateral scle-
rosis, are also at increased risk of heat-related illness due to a
combination of altered thermoregulatory capacity in the severely
disabled, and cognitive deficit (Dupuis et al. 2018). Stroke-in-
duced deficits may predispose those to a higher risk of altered
thermoregulation, especially in those with significant intra-
extracranial stenosis, and heat may influence cardio and cerebro-
vascular responses (Gostimirovic et al. 2020). The association of
high ambient temperature and other neurological issues, like
headache or seizures, should be further investigated since data
on this topic are scarce. To compound the issue of overt heat
illness, underhydration is a common feature in people with neu-
rological conditions, both because of increased sweating rates
during heat exposure and reduced fluid intake because of urinary
incontinence or altered thirst sensation, further impairing patient
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physician can contact the patient, monitor physiological parameters, and
according to heat risk prediction models, can activate the emergency
system or suggest countermeasures to lower core temperature as (i) using
a fan, (ii) wetting the skin, (iii) drinking cold water, and (iv) using cooling
vests/garments

thermoregulation and increasing their heat-related symptoms. As
such, close monitoring of fluid intake and hydration status should
be encouraged in these special populations, especially during hot
weather spells.

Heat symptoms prevention protocol
for neurologically impaired patients

To reduce the risk of heat-related symptoms in patients with
neurological disease, a novel protocol is proposed using
teleassistance and telemonitoring programs with the support
of wearable devices, as described in detail elsewhere (Furlanis
et al. 2020). The protocol includes monitoring a trifecta of
physiological parameters (heart rate, respiratory rate, and
blood pressure) in addition to skin temperature, which have
been more successful in determining whether people are suf-
fering fever compared to models using only one physiological
parameter (Sun et al. 2017; Jensen et al. 2019; Negishi et al.
2020; Buoite Stella et al. 2020a). Indeed, cardiorespiratory
parameters have been used to develop prediction models of
heat risk (Ravanelli et al. 2015; Tsuji et al. 2016;
Laxminarayan et al. 2018) including for use in army person-
nel, which may yet be integrated to wearable technology
(Buller et al. 2013; Chen et al. 2017). Home environmental
parameters, such as temperature and humidity, would also be
recorded and remotely monitored with a smart weather sta-
tion. By setting alarms for environmental conditions based on
known temperature thresholds (e.g., Pascal et al. 2013) and
validated scales and models like the Universal Thermal
Climate Index (UTCI) or the Heat Index (HI) (Katavoutas
and Founda 2019), it would be possible to identify indoor
environmental conditions which may predispose to a higher
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risk of heat stress. A further refinement would also include
heat balance models, such as the Predictive Heat Strain (PHS;
ISO 7933:2004) (Malchaire et al. 2001). These models are
designed to assess hyperthermia risk in the general population,
using input parameters like personal characteristics, physical
activity, and environmental variables; the models can be ap-
plied (adapted, optimized) for neurological patients to prevent
heat-related events from occurring in this population. Then,
when a greater thermal challenge is identified by the net heat
transfer capacity between human and environment, the patient
would be contacted by their health service (Notley et al.
2018), and upon the discretion of the telemedicine physicians,
countermeasures could be proposed to immediately lower
body temperature. For example, in the absence of air condi-
tioning, electric fan use under defined conditions and self-
application of water to the skin surface have been shown to
effectively lower cardiovascular strain, thermal discomfort,
and sweating in healthy individuals exposed to extreme heat
stress (Morris et al. 2019). Indeed, there are many viable
cooling strategies available for individuals who present with
altered thermoregulatory capacity. For example, in people
with multiple sclerosis, drinking cold water (Chaseling et al.
2018) or wearing cooling garments (Buoite Stella et al. 2020b)
does improve quality of life, exercise capacity, and reduces
heat gain. The data collected from the project will serve as the
foundation for at-home risk assessment for vulnerable popu-
lations and improve the delivery of telemedicine by obtaining
a more complete physiological assessment (Fig. 1).

In summary, the COVID-19 pandemic has created a situa-
tion where there is an increased risk of heat illness, where
patients with neurological conditions may be at greater risk.
Since there is an urgent need to scale-up telemedicine prac-
tices and e-health solutions, specific protocols are needed to
ensure all vulnerable populations remain at low risk for overt
heat illness. In the absence of precise and validated non-
invasive solutions to predict heat illness, the combination of
physiological (cardiorespiratory, skin temperature) and envi-
ronmental parameters may help to detect conditions predis-
posing to a heat risk, and promptly alert the telemedicine ser-
vice. As such, “keeping a cool head and brain” during this
pandemic, and in general during heatwaves, will be key to
protecting people with neurological diseases from suffering
further heat-related events, especially when this population
has a demonstrated history of specific thermoregulatory needs
compared to other high-risk health groups.
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