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Abstract
Study design Cross-sectional survey.
Objective Persons with disabilities are disproportionately impacted by extreme weather disasters and climate change.
Individuals with spinal cord injury (SCI) are especially at risk due to inability to control their body temperature and mobility
concerns. We surveyed rehabilitation professionals in the field of SCI to determine their experiences, concerns and edu-
cational needs regarding natural disasters, climate change and sustainability and the effects on their clientele.
Setting Online survey available to an international cohort.
Methods The survey was developed by the authors and conducted in 2019. It was distributed amongst various international
health care organizations whose members care for persons with SCI. Descriptive statistics and chi-square test for association
were performed using Microsoft Excel 2016.
Results Of 125 respondents, 50% were from Europe, 18% from North America, and 18% from Asia; 74% were physicians
and 13% physical therapists. In total 57.6% believed climate change had impacted their client’s health and well-being.
Respondents from North America were significantly less likely to report climate change had an impact on their patient’s
health than those from Asia or Europe (p < 0.01). In total 82.5% of respondents thought professionals should be concerned
with sustainability and 85.5% were interested in further education.
Conclusions Most respondents acknowledged a need for more information related to the disasters, climate change, and
disability. Results underscore the need for further research, professional, and consumer education.

Introduction

Extreme weather events with prolonged exposure to heat or
cold and natural disasters such as hurricanes, floods, wild-
fires, dust storms, and droughts are increasing in frequency
in conjunction with the climate crisis [1]. Disasters affect
communities and the people within them by disrupting the
natural environment, manmade structures, and social
environments. Persons with disabilities are dis-
proportionately impacted by these disasters [2]. Individuals
with spinal cord injury (SCI) are especially at risk due to
relative immobility and potential dependence on others for
self-care. Moreover, individuals with higher level SCI will
have a core temperature that rises or lowers based upon the
ambient temperature, [3] making them more vulnerable to
extreme heat and cold. This will require them to stay
indoors more frequently as climate change accelerates,
likely undermining years of efforts that rehabilitation pro-
fessionals have focused on community reintegration [4].
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Increased morbidity and mortality are associated with
disasters [5]. However, the day-to-day effects of climate
change have been described as the biggest global health
threat of the 21st century [1]. The ongoing general health
effects of climate change include increases in incidence of
infectious diseases such as dengue, malaria, salmonellosis,
and hantavirus [6], as well as increased respiratory disorders
[7], diarrheal illnesses [8], anxiety, and depression [9].

A number of international working groups are con-
sidering the issue of climate and health [1]; however, rela-
tively little attention is paid to the issues of persons with
disabilities and, in particular, persons with SCI. Disability
and Climate Resilience, a recent literature review [10] noted
that a recent Intergovernmental Panel on Climate Change,
failed to mention people with disabilities. Information is
also not being shared in accessible formats [11]. In contrast,
there are a number of excellent papers written about the
impact of earthquakes on persons with SCI [2, 12, 13].

In tandem with considering the impacts of climate
change on persons with SCI, it is important to consider
issues of sustainability and whether professionals consider
sustainability in their practices. Moreover, telemedicine is
promising as a sustainable means of assisting in the care of
persons with SCI due to the ability to reach out to people
living long distances away without adding to the carbon
footprint. Patients have also generally given positive feed-
back on their experiences with telemedicine [14]. Con-
sidering the vulnerability of persons with SCI to natural
disasters and climate change and the lack of information
regarding sustainability practices in SCI, we conducted a
survey assessing the relevant experiences, concerns, and
educational needs of rehabilitation professionals working in
the field of SCI.

Methods

Study design

The authors developed a survey to assess the experiences
and educational needs of health care professionals working
in the field of SCI regarding natural disasters, climate
change, and sustainability. The survey was specifically
designed to focus on determining the perceived changes and
impacts of weather and climate in the professionals’ locale,
the effects of these changes on their clients, the profes-
sionals’ perception of their own and their clients’ abilities to
address future concerns related to climate change and
related educational needs. Once the survey was composed,
it was uploaded online, tested, and then distributed amongst
health care professional networks. This included members
of the International Spinal Cord Society and other national
organizations of professionals working in the field of SCI.

The survey was conducted between January and July
2019. As the primary nature of this survey was to determine
educational needs, we did not obtain IRB approval for this
survey.

Statistics

Descriptive statistics are provided for variables based upon
continent. When comparing results between continents or
climate, chi-square test for association was used. Statistics
were performed using Microsoft Excel 2016. Groups where
n < 9 were not included in statistical analyses.

Results

Participants

Respondents included 125 rehabilitation professionals over
six continents. Demographics are provided in Table 1.

Regarding local climate conditions, 48.0% reported they
lived in a moderate climate, 19.2% reported they lived in a
continental climate, 16.8% lived in a tropical climate, 6.4%
lived in a dry climate, and 4.0% lived in a polar climate.
The remainder of participants (12.8%) were unsure. Most
respondents (59.2%) perceived the climate in their region
had changed while 23.2% perceived it had not changed and
17.6% reported they were unsure. Respondents were asked
whether they believed climate and weather changes influ-
enced their SCI clients’ health and well-being, with 57.6%
responding yes, 24.0% being unsure, and 18.4% saying no.
There was no significant association between type of cli-
mate reported in participants’ locale and participants’ per-
ception of whether the climate had changed over the past
5 years (χ2= 3.023, df= 4, p= 0.55), nor was there a sig-
nificant association between participants’ continent of
practice and their perception of whether the climate over the
past 5 years had changed (χ2= 8.325, df= 4, p= 0.08).

Similarly, there was no relation between type of climate
reported in participants’ locale and whether the climate had an
impact on patients’ health and well-being (χ2= 5.942,
df= 4, p= 0.20). There was, however, a significant associa-
tion with participants’ continent of practice and whether the
respondents reported climate had an impact on their patients’
health and well-being (χ2= 16.33, df= 4, p < 0.01). Fewer
respondents from North America reported that the climate had
an impact on their client’s health (30.4%) in comparison with
participants from Asia (82.6%) or Europe (59.7%).

Most respondents (56.8%) reported that extreme heat
spells had an impact on their clients’ health in the past
5 years while other data is presented in Fig. 1. With regards
to perception of how climate change had impacted their
clients’ health and well-being (Fig. 2), approximately half
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of respondents (47.2%) acknowledged problems with tem-
perature control while 41.6% noted increased fatigue,
40.0% noted breathing problems, and 37.6% acknowledged
issues with dehydration.

The results of which issues respondents usually addres-
sed with their clients are presented in Fig. 3. Most
respondents (64.8%) acknowledged addressing the need to
maintain adequate fluid intake and the need for heat

Table 1 Demographics

Characteristic N Percentage

Age

21–30 10 8.0

31–40 24 19.2

41–50 32 25.6

51–60 45 36.0

61–70 12 9.6

71–80 1 0.8

>80 1 0.8

Continent

Europe 62 49.6

Asia 23 18.4

North America 23 18.4

Oceania 9 7.2

South America 4 3.2

Africa 4 3.2

Profession

Medical Doctor 93 74.4

Physical Therapy 16 12.8

Nursing 4 3.2

Psychology 3 2.4

Researcher 5 4.0

Othera 4 3.2

Years worked in health care

0–10 21 16.8

11–20 34 27.2

21–30 37 29.6

31–40 29 23.2

41–50 3 2.4

51–60 1 0.8

Work setting

Private 39 31.2

Public 54 43.2

Private/public 24 19.2

Otherb 8 6.4

Patient population

Privilegedc 79 63.2

Underprivilegedd 40 32.0

Combined 4 3.2

Other 3 2.4

Work location

City 104 83.2

Country 15 12.0

Suburb 6 4.8

aMedical student= 1, manager= 1, physiotherapist advisor to NGO=
1, government employee= 1
bUniversity hospital= 1, academic= 2, NGO= 3, charity= 1, veter-
ans= 1
cMost patients have access to vehicles, electricity, and adequate
equipment
dMany patients do not have access to vehicles, electricity, or basic
equipment

Fig. 1 Perceptions of respondents on events impacting their clients

Fig. 2 Perceptions of respondents on how climate change impacts their
clients
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protection (60.8%). Interestingly, 15.2% did not routinely
address any of these concerns.

While 50.4% of respondents had not experienced disasters
in their region related to weather/climate, 31.2% reported
they had experienced low impact disasters, 11.2% had
experienced moderate impact disasters, and 7.2% had
experienced high impact disasters. Most professionals
(75.2%) reported they had not taken action to educate patients
regarding disaster preparation while 24.8% reported they had.

With regards to solutions and concerns, respondents were
queried as to whether they had used telemedicine to assist
with access difficulties due to weather or disasters. The vast
majority (72.0%) reported they had not, 17.6% reported they
use telemedicine for emergencies and routine practice, and
10.4% said they use telemedicine for emergencies. Of
respondents, most (76.8%) were interested to learn more
about telemedicine, while 20.8% were not interested.

An overwhelming majority (82.4%) of respondents
thought professionals should be concerned about sustain-
ability; however, 15.2% of respondents were unsure and
2.4% did not think professionals should concern themselves
with sustainability. In total 64.8% of respondents indicated
that they considered sustainability when caring for and
prescribing supplies/equipment for their patients with SCI,
while the rest did not.

On a scale of 0–10 (0= not at all; 10= completely
prepared) respondents were asked how they perceive their
own readiness to address the impact of climate change and

natural disasters on their patient’s health in the future. The
mean response was 3.16 with an SD of 2.19. Moreover,
respondents were queried as to how prepared they perceived
their patients are to respond to the impacts of extreme
weather events and climate change, the mean score was a
2.55 with a SD of 1.94.

Most respondents (85.5%) were interested in learning more
about extreme weather and climate concerns for their clients
with SCI. Specific educational recommendations are presented
in Fig. 4; however, the majority 77.6% recommended devel-
opment of materials related to patient safety in extreme heat
and cold. In addition, over 50% of respondents were interested
in information for their patients on disaster preparation, prac-
ticing sustainability in health care, and on telemedicine.

Respondents were also asked to provide their general
comments at the end of the survey. The common themes
evolved from the comments were “Telemedicine a poten-
tial as intervention”, “Access to information”, “Climate
change and Education: A very important topic”, “This
should be a part of comprehensive management”, and
“Government support”. Some quotes from the respondents
are as below:

“We need the help of the state, political will and
assistance….”

“Need for telemedicine”

“I would like to have more telemedicine information”

“SCI patients have to be well informed regarding the
impact of temperature changes in their body.”

Fig. 3 Percentage of respondents acknowledging addressing specific
climate and health issues with clients with SCIs

Fig. 4 Areas of educational development endorsed by respondents
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Discussion

Our results provide an initial snapshot of the perceptions of
professionals working in SCI regarding the impact of dis-
asters and climate change in their locale on their clients.
Most respondents perceived that the climate in their region
had changed; moreover, this did not differ based on type of
climate or continent. Interestingly, participants from North
America were significantly less likely to perceive that the
climate had an impact on their client’s health than partici-
pants from Europe or Asia and one must wonder whether
this is as a result of a different perception of climate change
in the US, sampling bias or whether other factors are at
play, such as practitioners in cities being less impacted by
disasters and climactic events than practitioners who work
in coastal areas. This difference is important when con-
sidering the development of educational tools as those
providers who already acknowledge the impact of climate
on their clients will be more likely to engage in educational
activities than those who do not acknowledge this concern.

A variety of areas were acknowledged as being clinical
concerns regarding climate change including temperature
imbalances, respiratory issues, and fatigue; and these bear
consideration in clinicians’ regular practice and rehabilita-
tion programming. Moreover, other issues such as reduced
access, less community activity, and mood alterations were
affirmed. These issues are of concern because they have
potential to negatively impact the day-to-day quality of life
of persons with SCI. Climate change has been linked to
depression and anxiety in the general population [9] and we
can anticipate that persons with SCI will experience the
general increase in mood problems. However, the potential
for temperature imbalance and fatigue will lead to an
inability to pursue community activities and ultimately
persons with SCI may become “climate-jailed” and forced
to remain indoors for long periods of time due to weather
extremes, which could lead to even greater morbidity from
depression in persons with SCI.

Education of providers and persons with SCI is important
to ensure concerns regarding climate change are appro-
priately acknowledged and addressed. The area respondents
recommended for development the most is patient education
regarding temperature safety followed by disaster prepara-
tion information for patients. This type of information is
necessary to develop in regional formats and could be
provided in an online format. In addition, greater efforts can
be made to incorporate these activities into inpatient reha-
bilitation. Over 50% of providers were interested in further
information on sustainability and telemedicine, approxi-
mately 40% were interested in information regarding
advocacy and 35% would like more information on climate
change in general. These results underscore the need for
continuing education for rehabilitation professionals to be

comprehensive and not just focused on medical concerns
and demonstrates the critical importance of incorporating
climate change and its effects on health for people with SCI
into conference programming for professionals at the local,
regional, national, and international levels.

Issues of sustainability should be discussed in tandem
with the impact of climate change on persons with SCI.
Daily needs of persons with SCI result in the use of dis-
posable supplies, the need for specialized transportation,
and equipment that may require electricity. While most
respondents reported considering sustainability in routine
practice, 30% of respondents said they did not. One means
of promoting sustainability in the care of persons with SCI
is the use of “telespinalcordinjury” [14]. By its nature, tel-
emedicine results in a decrease in miles a client must travel
to see a practitioner and results in saving of energy, a
decrease in carbon emissions, and time spent traveling to
appointments and is, as a result, cost saving. While only
17.6% of respondents indicated they actively used tele-
medicine to care for their clients, another 10.4% acknowl-
edged use in emergency situations and 76.8% expressed
interest in further education; thus, this is an important area
for development of educational programming.

This survey must be considered as a pilot and has several
limitations. There is potential bias as providers with a
greater interest in climate change may have been more apt
to respond. There were fewer respondents from certain
continents, specifically Oceania, Africa, and South Amer-
ica, including areas with higher incidences of poverty, to
truly compare the issues on all continents. Instead of relying
on standardized data regarding climate change, this survey
relied on providers’ perceptions of the whether their locales
had a change in climate within the past 5 years. Finally, in
this survey we did not ask individuals with SCI about their
own perceptions of how the climate has affected them.
Nevertheless, we believe the information is useful as a
starting point for international educational tools.

This is a preliminary survey addressing a sample of
professionals regarding SCI; nevertheless, the multiple
ways people with SCI can be affected by climate change
make consideration of their concerns a bellwether for the
problem of climate change in the overall population of
people with disabilities. Further research regarding climate
change and disability, in particular SCI, is necessary. Of
note, the United Nations recently passed a resolution
declaring the issues of climate change and disability as a
human rights concern in July 2019 [15]. Thus, we are
optimistic that the importance of addressing this topic will
be acknowledged in more national and international forums.
In sum, issues related to SCI and climate change are
important topics for further discussion and research. Our
results underscore the need for continuing education offer-
ings and accessible consumer education materials.
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