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Abstract
Background  Frontline clinics - primary care clinics that predominantly serve low-income and socially disadvantaged 
communities - are facing increasing impacts from climate-related extreme events. This study evaluated staff 
perspectives at frontline clinics on the health risks of climate change, the impacts of extreme events on their clinics 
and patients, and their motivators to improve climate resiliency.

Methods  A national, cross-sectional survey was conducted of staff working at frontline clinics including 
administrators, case workers, and providers across the United States. Survey questions assessed clinic and respondent 
attributes, knowledge of health risks of climate change, preferences for climate change educational and operational 
resources, and clinic and patient climate impacts and resilience. The survey was distributed electronically to a 
convenience sample of primary care clinics and to the National Association of Community Health Centers (NACHC) 
and National Association of Free and Charitable Clinics (NAFC) listservs. Data was collected from September to 
November of 2021. Respondents were current staff who consented to the survey. Responses were collected via 
Qualtrics, and the statistical analysis was completed using Stata.

Results  A total of 430 surveys were completed representing clinics in 43 states. Most (82.0%) respondents reported 
human activities were causing climate change. Over half (52.8%) of respondents reported an operational disruption 
to their clinic from extreme events in the past 3 years, and another 54.4% had plans in place to address risks from 
extreme events. The most useful resources identified to improve operational resilience were checklists and planning 
guidance. Over half (52.0%) of respondents reported they were motivated to use these resources to improve clinic 
preparedness. Most (84.4%) providers and case workers reported that climate change impacted patient health, 
however only 36.2% discussed health risks with patients, with barriers including more pressing topics and time 
available. Another 55.7% of respondents reported they were motivated to learn ways to help patients prepare for 
extreme events.
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Background
Climate change is contributing to a greater intensity 
of extreme events, including heat, hurricanes, floods, 
droughts, and wildfires [1]. All of these events have direct 
and indirect impacts on health, contributing to excess 
morbidity and mortality [1, 2]. Climate change impacts 
everyone’s health, however certain populations – such as 
low-wealth individuals, those with chronic medical con-
ditions, and racial and ethnic minorities – are dispropor-
tionately affected [3–5]. Moreover, climate change related 
extreme events are contributing to disruptions in health-
care access and delivery, magnifying existing health ineq-
uities [4–7]. Improving the climate resilience of health 
care – and in particular, frontline clinics, that provide 
care for communities most at-risk – has become increas-
ingly urgent as climate hazards intensify. To that end, 
this study aims to identify frontline clinic staff knowl-
edge on climate and human health, the impacts and resil-
ience of their clinics and their patients to extreme events, 
and motivators to improve clinic and patient climate 
resilience.

Health care resilience to climate change is often con-
sidered in the context of cascading impacts to operations, 
such as providing continuity of care through supply chain 
shortages, power outages, or facility damage. Many orga-
nizations have released climate resilient healthcare guid-
ance, from the World Health Organization’s Operational 
Frameworks [8, 9] to the United States (U.S.) Department 
of Health and Human Services’ Sustainable and Climate-
Resilient Health Care Facilities Toolkit and Compen-
dium [10, 11], and Health Care Without Harm’s Report 
on Strategies and Case Studies [12]. These tools provide 
essential administrative support and guidance but lack 
the individual perspectives of the staff who work in the 
healthcare facilities, and often focus on hospitals rather 
than primary care clinics, where the most at-risk popula-
tions frequently receive their care.

This survey elucidated perspectives of staff working at 
frontline clinics; here, we refer to frontline clinics as pri-
mary care clinics that predominantly serve low-income 
and socially disadvantaged communities, including Fed-
erally Qualified Health Centers (FQHCs), Free and Chari-
table Clinics (FCCs), and community-based primary care 
health clinics. Frontline clinics form an essential compo-
nent of healthcare, providing safety net care to those who 
otherwise may have limited access to health care, regard-
less of their ability to pay [13–16]. FQHCs and FCCs 

together care for more than 35  million people annually 
in the United States [17, 18]. While approximately 59% 
of patients receiving care at FQHCs are publicly insured 
[17], FCCs often do not take federal insurance, and there-
fore are not included under Center for Medicare and 
Medicaid Services (CMS) regulations for emergency pre-
paredness planning [19]. These clinics form the frontlines 
of health care, serving the populations most at risk from 
climate change.

Given frontline clinics facilitate access to health care 
for at-risk communities, the resilience of these clinics in 
the face of climate change is essential to providing con-
sistent, affordable, and accessible health care. Not just in 
the United States, but globally, primary care clinics form 
the frontlines of climate resilience by ensuring access to 
health care for at-risk communities [20–22]. Frontline 
workers often refer to those who provide direct services 
to consumers, and comprise a multitude of professions, 
from police officers to janitors and maintenance workers 
[23]. Within health care, frontline workers often refers to 
those directly caring for patients – doctors and nurses 
as well as nursing assistants and home health aides [23]. 
We refer here to frontline clinics as the primary care 
clinics that directly care for those communities most at-
risk. However, we evaluated all staff working at the clin-
ics – not just the providers and case workers directly 
interacting with patients, but also the administrators 
and managers who play different yet critical roles in the 
functioning of these clinics. The entire staff who work 
in frontline clinics have rarely been included in research 
to understand their views on climate change, the health 
impacts of climate change on the patients they serve, and 
how to best prepare their clinics for extreme events.

Previous studies have evaluated the knowledge and atti-
tudes of medical providers, typically focusing on whether 
humans were causing climate change and whether cli-
mate change affects health [24–28]. Predictors of phy-
sician communication and engagement about climate 
change are also beginning to be investigated; physician 
knowledge of effects of climate on health and personal 
beliefs have been associated with communicating about 
climate change with patients and with policy engagement 
[27–29]. Studies have also underscored the need to better 
understand what healthcare systems can do to improve 
their resilience to climate change [24, 27, 28]. However, 
we still do not fully understand what motivates the full 
range of staff working in frontline clinics to communicate 
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climate risks with patients or what motivates them to 
improve clinic climate resilience.

Here, we report results from a national survey of all 
staff working at frontline clinics to address this research 
gap. The survey evaluated staff knowledge and attitudes 
on climate change and health risks, the impacts and resil-
ience of extreme events on their patients and clinics, how 
best to communicate climate risks, and motivation to use 
climate resilience resources.

Methods
Survey methodology
A cross-sectional observational survey was conducted 
in collaboration between Harvard T.H. Chan School 
of Public Health’s Center for Climate, Health, and the 
Global Environment (C-CHANGE) and Americares, a 
501(c)3 relief and development nonprofit organization 
that improves health for people affected by poverty or 
disaster.

Survey design
The overarching goal of the survey was to inform future 
development of resources for frontline clinic staff by the 
partner organizations to improve clinic resilience and 
communication of climate-related risks with patients. 
To this end, the survey was conceived to elicit, among all 
staff at frontline clinics, their knowledge on climate and 
human health, the impacts and resilience of their clinics 
to extreme events, and their motivators to improve clinic 
resilience. An additional subset of questions for only 
patient-facing staff asked about patient climate impacts, 
resilience, and how to best communicate climate risks 
with patients.

Survey questions were drafted by three subject matter 
experts as part of a pilot study in 2021 and then itera-
tively refined through three cycles of review by a team of 
six staff from Harvard C-CHANGE and Americares with 
expertise in health systems, disaster response, climate 
change, and survey design for the current study.

Survey distribution
The survey was distributed via emails addressed to clin-
ics rather than individuals, with the goal of reaching all 
staff rather than specific individuals or roles. A conve-
nience sample of clinics was reached using snow-ball 
sampling. The survey email invitation was sent to the 
Americares, the National Association of Community 
Health Centers (NACHC) and the National Association 
of Free and Charitable Clinics (NAFC) clinic networks 
listservs, that in total represent over 3,500 clinics and 
450,000 healthcare workers nationwide [17, 18]. The sur-
vey was administered electronically from September 15, 
2021, to November 15, 2021. Responses were collected 
via a secured Qualtrics survey. Responses were reviewed 

for duplicates based upon unique Internet Protocol (IP) 
address.

Survey content
The survey questions were divided into three sections 
for all respondents. The first section asked about clinic 
and respondent demographic characteristics. The clinic 
demographic characteristics included: clinic location, 
clinic type, clinic staff size and if the clinic was part of a 
larger network. The respondent demographics included: 
years in practice, years at the clinic, and role at the clinic. 
The self-selected roles were: (1) administrator, (2) case 
worker, (3) provider, and (4) “other”. The administrator 
category included all types of self-selected administra-
tors. The case worker category included case workers, 
social workers, and case managers. The provider cat-
egory included physicians, physician assistants, nurse 
practitioners, registered nurses, licensed practical nurses, 
pharmacists, and physical and occupational therapists. 
The “other” category was self-selected, and respondent’s 
own job descriptions included: dental staff, pharmacy 
staff, medical assistants and clinic support staff, patient 
representatives, advocates and access coordinators, clinic 
and nurse managers, facility and operations managers, 
program evaluators, safety officers, risk managers, emer-
gency managers, and volunteers.

The second section covered staff knowledge and atti-
tudes on climate change and human health impacts. This 
included: if human activities are causing climate change, 
knowledge of climate impacts on health and medical 
conditions, and concern for impacts of extreme events on 
their jobs.

The final section asked questions about clinic resilience 
to climate change-associated extreme events and motiva-
tion to use resilience resources. This included: if and how 
extreme events disrupted clinical care, plans to address 
these disruptions, clinic’s greatest needs during extreme 
events, potential resources to improve clinic resilience, 
and motivation to use these resources.

An additional subset of questions was asked only to 
self-identified providers and case workers. These ques-
tions covered climate impacts and resilience of patients 
and communication of climate risks with patients. This 
included: if and how extreme events harmed patient 
health, patients’ needs during extreme events, confidence 
in plans to protect patients from extreme events, if and 
what climate risks were discussed with patients, and bar-
riers to communication. Additionally, these questions 
included preferred climate and health subjects, tools to 
educate patients and staff, and motivation to use these 
tools and prepare patients for extreme events.

All but the first section (which included only cat-
egorical questions) included both nominal categorical 
questions with a range of 2–18 categories and ordinal 
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Likert scale questions, which were coded 1–5. The sur-
vey instrument is available as Additional File 2: Survey 
Questionnaire.

Survey measures
Outcome variables: The three outcome variables were 
motivation of staff to use clinic resilience resources, moti-
vation of providers and case workers to use resources to 
help patients prepare for extreme events, and if providers 
and case workers discuss climate change with patients. 
These outcomes were selected based upon the previously 
determined need to identify ways to improve clinic resil-
ience, motivation to use resources, and communication 
about climate change with patients [24, 27, 28]. Motiva-
tion was dichotomized with reported categories of 1–3 
(not at all, a little, and somewhat motivated) considered 
“not motivated” and categories 4–5 (fairly and very moti-
vated) considered “motivated.” Discussion of climate 
change was a binary outcome variable.

Independent variables: Belief that humans are causing 
climate change was a binary variable. The other indepen-
dent variables (knowledge of climate effects on health, 
concern for extreme weather impacting job, belief that 
climate impacts patient health and confidence in devel-
oping disease management plans) were interval Likert 
scale responses from 1 to 5. Years of experience was a 
categorical variable divided into 5 categories. The odds 
ratios presented represent changes based upon a 1-unit 
change in the Likert scale [30]. Independent variables 
were based on subject matter expertise and prior studies 
[27–29].

Statistical analysis
Descriptive statistics were used to describe health center 
and respondent attributes, their climate change percep-
tions, and resilience of clinics for all respondents. Addi-
tionally, descriptive statistics were used for the subset of 
questions asking providers and case workers to identify 
preferred resource types for communicating and educat-
ing about climate resilience for their clinics.

All responses were cleaned for missingness, and only 
complete responses were used in the predictive analysis. 
Logistic regression was performed to determine the odds 
of the identified outcomes based on independent vari-
ables. All analysis was performed using Stata version 18.0 
(College Station, Texas) [31].

Results
Survey response information
A total of 495 respondents consented to complete the 
survey. Respondents who only completed the intro-
ductory clinic and respondent demographic questions 
(approximately 20% of the survey) were excluded from 
analysis, leaving 430 survey responses included in the 
analysis.

The respondents’ roles included Administrators 
(39.8%), Case Workers (3.9%), Providers (30.0%) and 
Other (26.3%). The respondents’ clinics were from 43 
states, with the highest proportions in California, New 
York, and Florida; 418 unique zip codes were repre-
sented. States representing 3% or more of respondents 
are listed in Table 1; the Other State category includes all 
of the remaining states with the full list provided in Addi-
tional File 1: Appendix. Of the clinics, 59.8% were Fed-
erally Qualified Health Centers (FQHCs) or Community 
Health Centers (CHCs), and 45.8% were Free and Chari-
table Clinics (FCCs); respondents could choose more 
than one option. Respondent characteristics are summa-
rized in Table 1.

Climate change and health knowledge and perceptions
Most  (82.0%)  respondents reported they believe that 
human activities are causing climate change, with similar 
responses across roles at clinics. Only 21.3% of respon-
dents reported they knew “a good deal” or “a lot” about 
climate change effects on health, with one quarter (24.8%) 
reporting knowing “nothing at all” or “hardly anything.” 
Respondents identified specific medical conditions con-
nected to climate change including chronic respiratory 
illnesses (92.2%), heat stroke (72.8%), skin cancer (62.2%), 
anxiety disorders (61.9%), and hay fever (51.3%). The full 
response list is available in Additional File 1: Appendix.

Approximately one quarter  (25.4%) of respondents 
reported moderate or extreme concern about the effects 
of extreme weather on their ability to perform their 
job, a little less than a quarter (22.0%) reported they 

Table 1  Demographic characteristics of respondents and clinics
Characteristics of 
respondents

n (%) Characteristics of 
clinics

n (%)

Respondent role Clinic location
Administrators 171 (39.8) California 98 (23.4)
Case Workers 17 (3.9) New York 63 (15.1)
Providers 129 (30.0) Florida 59 (14.1)
Other 113 (26.3) North Carolina 33 (7.9)
Years in practice Massachusetts 27 (6.5)
Less than 5 76 (17.7) Texas 13 (3.1)
5–10 78 (18.1) Other State 125 (29.9)
10–15 74 (17.2) Clinic type
Greater than 15 202 (47.0) FQHC/CHC 257 (59.8)
Years at clinic FCC 197 (45.8)
Less than 5 171 (39.8) Clinic Staff Size 

(mean +/- SD)
65.8 

+/- 35.1
5–10 121 (28.1) Part of larger 

clinic network
10–15 62 (14.4) Yes 233 (54.2)
Greater than 15 76 (17.7) No 197 (45.8)
Legend Response total (n) and percentage (%). For clinic staff size, all clinics with 
over 100 staff were counted as 100. FQHC refers to Federally Qualified Health 
Centers, CHC to Community Health Centers and FCC to Free and Charitable 
Clinics
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were somewhat concerned, and a little over half (52.6%) 
reported they were not at all or only slightly concerned.

Clinic climate resilience
In the past three years, respondents reported their clin-
ics experienced extreme events that caused disruptions 
in care. This question asked about both care delivery dis-
ruptions directly from extreme events (i.e., hurricanes 
and floods) as well as secondarily from cascading events 
(i.e., power outages and road damage). Clinics reported 
experiencing events including power failures (52.1%), 
hurricanes (28.0%), and floods (23.1%). An additional 
question elucidated just the cascading impacts of 
the extreme events on clinic operations. Participants 

reported disruptions from the extreme events including 
operational disruptions such as power outages (52.8%), 
closures of clinics (52.3%), problems with access to the 
clinic (42.5%), and staff shortages (40.2%); full results in 
Fig. 1.

Respondents also noted that extreme weather contrib-
uted to loss or spoilage of vaccines (15.8%), medications 
(11.8%), and shortages of personal protective equipment 
(18.5%).

Just over half (54.4%)  of respondents reported they 
have plans in place to address risks to healthcare access 
and delivery during extreme weather. Over half (57.4%) 
of respondents identifying that they work at a FQHC or 
CHC, and nearly half (49.6%) of respondents identifying 

Fig. 1  Types of extreme events reported by respondents to impair clinic care delivery (including both direct impacts from extreme events and cascading 
impacts) and reported disruptions in clinic care delivery after extreme events. Legend Respondents could select multiple events and disruptions, total 
percentages presented, events occurred over the past 3 years
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that they work at a FCC, reported having plans in place 
for healthcare access and delivery during extreme events, 
although many were unsure (24.5% and 32.4%, respec-
tively). The greatest need of clinics before, during, and 
after extreme weather events identified by respondents 
was emergency power, with additional clinic needs 
reported during these events including real-time infor-
mation related to the impacts of the event, access to 
emergency services and financial assistance; full results 
in Fig. 2.

Clinic resources to improve resilience
Respondents identified checklists (60.2%), planning 
guidance (56.0%), plan or policy templates (54.0%), 
brief information sheets (51.0%), direct training of staff 
(50.2%), discussion-based exercise scenarios (36.6%), 
short videos (32.1%) and train-the-trainer guidance 
(31.3%) as resources that would be useful to improve 
clinic operational resilience.

Approximately half (52.2%) of respondents reported 
they would be fairly or very motivated to use resources to 
improve climate change clinical preparedness.

Patient climate impacts and resilience
A subset of survey questions was asked solely to provid-
ers and case workers who directly interact with patients 
(N = 141). In the past three years, respondents stated 
that extreme heat (63.4%), power outages (45.0%), and 
extreme cold (32.8%), among other events, had harmed 
their patients’ health (Additional File 1: Appendix). 
Respondents stated their patients’ needs during extreme 

events included shelter (80.5%), food (60.3%), transpor-
tation assistance (58.0%), medications (56.3%), financial 
assistance (50.0%), medical supplies (39.7%) and real time 
information (36.2%). Needs disaggregated by extreme 
event type are outlined in Additional File 1: Appendix.

Of all providers and case workers, approximately one 
quarter (25.5%) reported they were at least fairly confi-
dent in their ability to develop disease management plans 
to protect their patients from extreme weather, another 
third (29.8%) reported they were somewhat confident, 
and 44.7% reported they were not confident in develop-
ing disease management plans to protect patients.

Communicating climate health risks with patients
Most providers and case workers (84.4%) reported that 
they believe that climate change affects patient health, 
with 5.7% stating it does not. About one-third (36.2%) 
reported discussing health risks of climate change with 
patients. The most discussed risks were extreme heat 
(78.4%), worsening allergy seasons (66.7%), and air pol-
lution (60.8%); full risks in Additional File 1: Appendix. 
The greatest barriers identified to patient communica-
tion included more pressing topics (81.3%), time available 
in the clinical encounters (67.9%), and knowledge about 
climate change and health (61.2%). Fewer respondents 
reported the barriers of controversy/politicization of cli-
mate change (33.6%), not part of the clinical encounter 
(26.9%), not part of my responsibility (23.9%), perception 
of peers (18.7%), and personal/professional risk (17.9%).

Respondents stated they were most interested in the 
climate and health subjects of air quality (70.7%), health 

Fig. 2  Clinics reported greatest needs during all extreme weather events. Legend Respondents could choose more than one event; percentages for all 
types of events combined (% at right of bar graph) are presented, as well as disaggregated into response counts for each extreme event type (#s overlying 
bar sections; total responses varied by event type). “Priority access to emergency services” refers to priority restoration of critical utilities (i.e., restoration 
of electricity)

 



Page 7 of 11Wiskel et al. BMC Primary Care          (2024) 25:399 

care access (63.9%), health equity (59.4%), mental health 
(59.4%) and heat exposure (58.6%); full list is available 
in Additional File 1: Appendix. Preferred patient educa-
tional tools included brief information sheets, pamphlets 
and ready to use social media content. Preferred clinic 
staff educational tools also included brief information 
sheets as well as short informational videos and online 
learning modules (Table 2).

Over half (55.7%) of respondents reported that they 
were extremely or very motivated to learn ways to help 
patients prepare for extreme weather, 47.3% reported 
they were extremely or very motivated to learn about cli-
mate change and health, and another 41.0% reported they 
were extremely or very motivated to help their patients 
learn more about climate change and health.

For emergency communication with patients during 
extreme weather events, respondents reported the most 
often used techniques were phone calls and secure text 
messaging; the same techniques were reported as the 

most effective ways of communicating in an emergency. 
The full list is available in Additional File 1: Appendix.

Predictors of motivation to use clinic resilience resources 
and to discuss climate change
Respondents who reported that they believed humans 
are causing climate change had 4.39 times greater odds 
of reporting motivation to use clinic resilience resources 
than those who did not report the belief that humans are 
causing climate change. Conversely, reporting the belief 
that humans are not causing climate change reduced the 
odds by 77% of reported motivation to use clinic resil-
ience resources. For each interval increase in reported 
concern about the impacts of extreme weather on their 
work, staff had nearly twice the odds (1.96) of report-
ing motivation to use clinic resilience resources. Staff 
had 1.55 times the odds of reporting motivation to use 
clinic resilience resources with each interval increase in 
reported knowledge about the effects of climate change 
on health. Years of experience was not a significant pre-
dictor of reported motivation to use resources (Table 3).

Direct patient care staff (providers and case workers) 
reported they were more likely to discuss climate change 
with patients (OR 1.67) and reported they were more 
motivated to use resilience resources to help patients 
prepare for extreme events (OR 1.85) for each interval 
increase of reported belief that climate change affects 
patient health. The additional variables of reported belief 
that humans are causing climate change, knowledge of 
climate effects on health, years of experience, concern 
that extreme weather is affecting job, and confidence in 
developing management plans were not significant pre-
dictors in this analysis; sample size was smaller of provid-
ers and case workers compared to all staff (Table 3).

Discussion
This study reveals novel perspectives on climate change 
and health impacts and clinic and patient climate resil-
ience from a geographically diverse sample of staff at 

Table 2  Climate and health educational tools reported by 
providers and case workers to be of interest for patients and 
clinical staff
Patient tools N % Clinical staff tools N %
Brief information 
sheets

107 81.1% Brief information 
sheets

88 66.7%

Pamphlets 63 47.7% Short informational 
videos

64 48.5%

Ready to use social 
media content

51 38.6% Online learning 
modules

63 47.7%

Short videos 50 37.9% Electronic record 
checklists or templates

60 45.4%

Group session 
guides

21 15.9% Written checklists 59 44.7%

Other 8 6.1% Clinical encounter 
discussion prompts

52 39.4%

In-person workshops 36 27.3%
Other 5 3.8%

Legend Respondents could select multiple educational tools

Table 3  Predictors of reported motivation to use clinic and patient resilience resources and discuss climate change
All staff Providers & case workers
Motivation to use clinic resil-
ience resources

Discussion of climate 
change with patients

Motivation to 
use patient 
resources to 
help prepare

OR (95% CI) OR (95% CI) OR (95% CI)
Belief that humans are causing climate change 4.39 (1.56, 12.36)* 0.38 (0.80, 1.76) 1.71 (0.37, 7.98)
Knowledge of climate effects on health 1.55 (1.21, 1.99)** 1.03 (0.68, 1.59) 1.14 (0.76, 1.72)
Years of experience doing current job 1.02 (0.85, 1.22) 1.11 (0.81, 1.53) 1.07 (0.80, 1.44)
Concern that extreme weather is affecting job 1.96 (1.60, 2.39)*** 0.89 (0.67, 1.18) 1.06 (0.81, 1.39)
Belief that climate change affects patient health 1.67 (1.02, 2.75)* 1.85 (1.19, 2.87)**
Confidence in developing disease management plans 1.30 (0.96, 1.78) 1.10 (0.82, 1.47)
Legend Unadjusted Odds Ratios (OR) with 95% Confidence Intervals (CI). Results presented of questions asked to all staff (N = 365) and questions asked only to 
providers & case workers (N = 121). Starred results are statistically significant; * represents α < 0.05, ** represents α < 0.01, and *** represents α < 0.001
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frontline clinics who serve populations particularly vul-
nerable to a changing climate. Respondents overwhelm-
ingly reported the belief that humans are causing climate 
change, although less than a quarter reported they were 
confident of the health effects associated with climate 
change, which is consistent with prior studies [24–28]. 
Respiratory disease and heat stroke were most commonly 
reported to be connected to climate change, which is 
supported by prior evidence, even if these may not con-
stitute the majority of disease burden in the United States 
from climate change [2, 32, 33].

Despite approximately half of respondents reporting 
they were not concerned about the effects of extreme 
events on their jobs, an equivalent number reported 
these same events disrupted care delivery. The discon-
nect between reported level of concern and reported 
disruptions may indicate a cognitive dissonance regard-
ing abstract compared to directly observed features of 
climate change [34]. In addition, this disconnect may sig-
nify a gap in knowledge about direct impacts of extreme 
events compared to their cascading impacts such as 
power failures and road closures that have significantly 
impaired care delivery [35, 36]. The underlying reason for 
these disconnects is not fully elucidated in this study and 
warrants further investigation.

Climate change-related extreme events were reported 
to disrupt clinical operations, impede access to care, and 
prompt clinic shutdowns. The greatest need reported 
during extreme events was emergency power, with over 
half of respondents stating prior power outages had 
interrupted care. Across the United States, extreme 
events are increasingly contributing to power outages 
that harm health and disrupt clinical care [5, 7, 37]. Given 
the need for emergency power reported across extreme 
events, and the potential disruptions without power, it is 
imperative to prioritize both funding for clinics to obtain 
back-up power systems as well as developing guidelines 
for emergency power across all frontline clinics.

Although there are federal regulations for healthcare 
facilities receiving Medicare and Medicaid funds requir-
ing back-up power for critical services such as operating 
rooms and critical care units, these regulations often do 
not apply to primary care services offered at frontline 
clinics, or for facilities not receiving federal funding [38]. 
The prospect of more frequent and persistent interrup-
tions to care delivery at frontline clinics [37, 39] – clinics 
that often provide safety net care for those most at-risk 
to climate extremes – underscores the need to ensure 
federal policies cover all frontline clinics, and that there 
is operational and financial support to enact these poli-
cies. This survey was conducted prior to the passage of 
the Inflation Reduction Act, representing an essential 
step in federal support for climate resilience, particu-
larly for healthcare organizations serving the most at-risk 

populations [40, 41]. Frontline clinics form an integral 
component of the greater healthcare ecosystem and have 
identified the resources needed to improve resilience to 
extreme events, the foremost being back-up power; we 
now need to ensure they have the fundamental and ongo-
ing support to initiate these improvements for climate 
resilience.

The Emergency Preparedness Rule from Centers for 
Medicare and Medicaid Services (CMS) established in 
2016 requires all providers accepting CMS payments to 
follow “national emergency preparedness requirements 
to ensure adequate planning for both natural and man-
made disasters [19].” Despite the reported interrup-
tions in clinical care from extreme events and the CMS 
requirement for disaster planning, only 54.4% of respon-
dents reported they have plans in place to address care 
interruptions from extreme events. Compliance with the 
requirement for disaster planning depends on receipt of 
CMS payments, and 45.8% of clinic respondents were 
from free and charitable clinics (FCCs) that may provide 
care without CMS reimbursement. Current policy leaves 
out an essential component of the healthcare ecosystem, 
FCCs, which may benefit from guidelines, but only with 
concurrent financial and operational support to enact 
these emergency preparedness measures. Although 
more clinics that identified as Federally Qualified Health 
Centers reported having plans in place for extreme 
events than FCCs (57.4% v. 49.6%), both may benefit 
from increased awareness, support, and development of 
these preparedness plans. Healthcare professionals are 
increasingly calling for improved healthcare resilience to 
extreme events; this study delineates what clinics need 
and the ongoing gaps in preparedness that can be incor-
porated into improved climate resilience guidance [36, 
42, 43].

Despite the increased need for healthcare resilience to 
climate change – as indicated by reported health disrup-
tions during extreme events in this study and others [4, 
6, 44, 45] – few studies have evaluated how to improve 
frontline clinic resilience at a staff level. Results from this 
survey suggest that staff at frontline clinics prefer suc-
cinct, algorithmic materials such as checklists and plans 
as well as direct training of staff to improve clinic resil-
ience. Not surprisingly, concurrence with the scientific 
consensus that humans are causing climate change, as 
well as knowledge of health effects from climate change, 
were associated with greater motivation to use resiliency 
resources. This supports the need for education on cli-
mate change and health for all staff at frontline clinics to 
improve their utilization of climate resilience resources.

Provider and case worker perspectives on climate & health
Providers and case workers tended to believe that cli-
mate change impacts patient health (84.4%), and those 
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that did were more likely to discuss climate change 
with their patients and be motivated to prepare them 
for extreme events. However, many identified barriers 
that limited their ability to discuss climate change with 
patients, including other pressing issues, limited time, 
and lack of knowledge. These results are similar to prior 
studies, also identifying time and knowledge as barri-
ers to engagement in clinical settings [24]. These barri-
ers may provide insight for future interventions, such as 
by providing patient education in pamphlets or through 
automated electronic medical record messaging that do 
not take time away from the clinical encounter or other 
issues. Engaging allied health professionals who may 
have more time with patients, such as community health 
workers, health educators, or patient navigators may 
also help overcome these reported barriers. For instance, 
allied health professionals have effectively used targeted 
interventions to facilitate access to care and address 
social determinants of health, skills that can also be used 
to address climate impacts on health [46, 47].

Healthcare providers, medical journals, and public 
health associations are increasingly recognizing the need 
to engage in climate and health education and advo-
cacy [24, 28, 36, 48, 49]. Consistent with this increasing 
engagement, providers in this study expressed motiva-
tion to learn more about climate change and help prepare 
their patients. Brief information sheets, pamphlets, and 
videos or online modules were among the educational 
modalities most of interest to respondents – and repre-
sent potential ways to improve knowledge and prepared-
ness for climate impacts.

Limitations
There are several limitations to this study. First, this was 
a convenience sample of clinics with certain regions over-
represented across the United States (including the West 
and Northeast); responses may not be representative of 
other regions. For instance, 38.5% of respondent clinics 
were from California and New York, and although these 
are two of the most populous states, they are also pre-
dominantly liberal states, and opinions on climate change 
vary by political leanings of states [50, 51]. This over-
representation could lead to a potential response bias, 
particularly for questions concerning climate change 
knowledge and attitudes. This is partially limited as the 
next most respondents were from Florida and North 
Carolina, more conservative states with views on climate 
change in line with national average, and respondents 
represented a total of 43 states [50, 51].

An analysis of rural compared to urban community 
health centers was not performed as the rurality of clinic 
location was not asked and may warrant further investi-
gation. This study was completed by staff at frontline clin-
ics (predominantly FQHCs and FCCs), and therefore may 

not be generalizable to other outpatient clinic settings or 
populations. Although all staff were invited to participate 
in the survey and many distinct roles were represented 
in the responses, approximately 70% were providers and 
administrators, potentially leading to a response bias in 
favor of those roles.

In addition, we are unable to know the total number of 
individuals who received the survey given the snowball-
ing sampling methodology, and as a result, the overall 
response rate. Given this non-random sampling method, 
the results may not be generalizable to the entire popula-
tion. Response bias may have occurred as those complet-
ing the survey may have been most interested in climate 
change resilience a priori. Notably, 18% of respondents 
did not agree with the scientific consensus that human 
activities are driving climate change which suggests a 
diversity of respondents.

This survey was administered during the COVID-19 
pandemic, in the fall of 2021; given the significant impact 
of the pandemic on frontline clinic care delivery [52, 53], 
this may result in bias of the results towards other pri-
orities (i.e. COVID-19), and may have reduced the over-
all response rate. A minority of respondents only filled 
out the initial demographic characteristics but did not 
respond to the rest of the substantive questions (hence 
the threshold of 20% of responses completed for inclu-
sion into the study analysis). This survey was adminis-
tered electronically via email to clinics; the electronic 
administration may limit the reliability of the responses 
[54]. Additionally, results are now over two years old, 
leading to potential secular threat.

The statistical analysis did not include confounders or 
effect modification for the associations evaluated, partly 
due to limitations on the survey length and types of 
questions asked; this represents an area for future study. 
Limitations of the predictive analysis include the smaller 
sample size for providers and case workers, and therefore 
although some variables were not significantly predictive, 
it may be due to inadequate sample size and conclusions 
should not be drawn based on this study alone.

Despite these limitations, this study is the first to our 
knowledge to assess the views of all types of frontline 
clinic staff, including administrators, case workers, and 
providers, with a focus on clinic resilience and resources, 
providing valuable insight from a critical component of 
the healthcare system.

Conclusions
Frontline clinics care for communities particularly sensi-
tive to climate risks [55], making them an integral facet 
of climate resilience and health protection. In this study, 
extreme events have already disrupted clinic operations, 
and frontline clinics identified emergency power as their 
greatest need for preparedness. Improving identified gaps 
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in preparedness planning may also improve clinic cli-
mate resilience. Staff at frontline clinics were motivated 
to learn about climate and health and to prepare their 
patients and clinics for the present and growing threat of 
climate-related extreme events.
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