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ABSTRACT
Background and Objectives: Climate change is amajor threat to the health of people
worldwide. The health care system deals with the immediate health-related effects
of climate change and, at the same time, is a major emitter of greenhouse gas.
This study aimed to investigate (a) the awareness and perception of climate change
among family medicine residency program directors, and (b) the state of climate
change education in family medicine residency programs.

Methods: The Council of Academic Family Medicine Educational Research Alliance
(CERA) conducted a cross-sectional survey of familymedicine program directors in
the United States in April 2023. We analyzed anonymous data using descriptive and
bivariate statistics.

Results: We analyzed responses from 284 family medicine residency program
directors (response rate 41.1%). Of these, 56.8% indicated not having any lec-
tures/seminars dedicated to climate change and no plans to introduce such
curricula, with considerably higher rates in East South Central United States
(92.8%). A majority considered principles of climate change, carbon emissions
emitted by the health care system, and discussion of climate change with patients
of lesser importance for residency program education.

Conclusions: While climate change is an emerging topic affecting health and the
provision of health care worldwide, our study suggests that many family medicine
residency programs do not teach about it. Family medicine trainees may not always
receive sufficient education about the risks posed to their patients by climate
change, which could lead to them having limited knowledge and skills when
discussing this topic with their patients in the future.

BACKGROUND
Climate change is a pressing global concern, representing one
of the most significant challenges facing humanity in the 21st
century. 1 The consequences of human-induced climate change
already are having a substantial impact on the health and
well-being of millions of people worldwide.2 Primary care
providers already are treating patients with health problems
resulting from the changed climate, such as heat-related ill-
ness 3,4 andmental health problems after experiencing extreme
weather events.5–7 Notably, the health care sector itself is
a significant contributor to the issue, responsible for 8%
to 10% of national greenhouse gas emissions in the United
States.8,9 Greenhouse gas and toxic air pollutants from the US
medical system were responsible for the loss of an estimated
388,000 disability-adjusted life years in 2018. 10 This reality
places a profound moral and social responsibility on the entire

health care sector. 11 Primary care providers can exert influence
through their entrusted status in the communities they serve
by providing education to patients on health concerns related
to climate change. 12 Studies have highlighted that providers
have enormous leverage through prescription and medication
use to reduce the carbon footprint, for example, by reducing the
prescription of particularly harmful metered-dosed inhalers
and the use of inhaled anesthetics. 13–16

Since the late 1980s, the call has been growing for physi-
cians to assume a more proactive role in addressing climate
change. 17,18 Subsequently, several authors have highlighted
the importance of including climate change in medical cur-
ricula. 19–24 Though they differ in magnitude and quality of
teaching programs, many Europeanmedical schools have suc-
cessfully implemented lecture series, seminars, or workshops
on climate change.25–27
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In 2019, the American Medical Association (AMA) urged
the inclusion of climate change inmedical education, affirming
its importance.28 Though a promising step, a standardized
curriculum on climate change in medical education is still
pending. While some medical schools have included such
curricula, widespread adoption remains uncertain.29

A recent study showed that 29% of primary care providers
doubted the existence of global warming, the human influence
on climate change, or the effect of climate change on weather
patterns. 30 Climate change is impacting health care through
increased heat-related illnesses, wildfires, floods, deteriorat-
ing air quality leading to respiratory conditions, and a rise in
infectious diseases due to the Earth’s higher temperature. 31–33

While a proposed framework for a residency curriculum on
climate change exists,29 this study assessed whether climate
change topics already are taught in family medicine residency
programs, which topics are perceived as important, and how
program directors perceive climate change personally. In this
paper,weprovide results froma recurring survey among family
medicine residency programs in the United States. 34

METHODS
This cross-sectional online survey of familymedicine program
directors in the United States was conducted between April 18
and May 12, 2023. This study was part of a larger omnibus
survey of the Council of Academic FamilyMedicine Educational
Research Alliance (CERA). Results are reported following the
consensus-based Checklist for Reporting of Survey Studies. 35

Questionnaire Development
The first survey segment covered demographics of program
directors (gender, race/ethnicity, self-identification as under-
represented inmedicine, years of professional experience) and
organizational details of their programs (residency program
type, affiliation, state, community size, and total resident
count). To ensure privacy, program locations were categorized
into nine regions (Table 1). This segment was predefined by the
CERA Steering Committee. 34,36

The second part of the survey comprised two questions
on program directors’ perception of climate change. These
questions, derived from the questionnaire of the Yale Pro-
gram on Climate Change Communication, included a short
definition of global warming. 37 Subsequently, program direc-
tors were queried about efforts to reduce CO2 emissions in
their programs/clinics and about the inclusion of dedicated
lectures/seminars on climate change. Regardless of whether
a program had a specific curriculum, directors were then
prompted to rate the importance of certain topics (principles
of climate change, heat-related illness, disaster preparedness,
health care system’s impact on carbon emissions, discussion
of climate change with patients). We used a discursive process
to develop questions related to existing literature on climate
change education in medicine. Questions were evaluated and
revised externally through the CERA Steering Committee and
checked for consistency, readability, and existing evidence of
reliability and validity. Pretesting was done on familymedicine

educators who were not part of the target population.
The fielded survey is available online as Appendix A.

Sample and Data Collection
The target population for this survey study was all pro-
gram directors of all family medicine residency programs in
the United States accredited by the Accreditation Council for
Graduate Medical Education (ACGME). The sampling frame of
N=745 program directors was somewhat lower than the overall
number of family medicine residency programs (N=747) in the
UnitedStates. 38 This differencewasdue tobrandnewprograms
not yet included.

The survey invitationwas sent to N=745 program directors
on April 18, 2023, and three follow-up emails reminding
them to participate were sent in the following weeks. The
survey was terminated on May 12, 2023, and anonymized
data were provided to us through CERA. The online program
SurveyMonkey (Momentive Global Inc) was used to administer
the survey. A priori, responses from newer residency programs
(n=48) with less than three resident classes as well as undeliv-
erable invitations (n=6) were excluded, leaving N=691 eligible
program directors.

CERA also provided data on demographic characteristics
of members of the Association of Family Medicine Residency
Directors (AFMRD), which were used to compare with the
sample of respondents.

Statistical Analyses
Anonymized data were provided to us in an Excel file. We used
SPSS version 28 (IBM) to analyze data and plot figures.We used
descriptive statistics (absolute and relative numbers, mean,
standard deviation [SD]) to characterize the sociodemographic
characteristics of respondents. To compare survey respon-
dents’ key demographics with those of AFMRD members, we
used χ2 and Fisher-Freeman-Halton tests.

We displayed the relative frequency of responses to each
question in the climate-change section of the survey using
stacked bar graphs. We used χ2 and Fisher-Freeman-Halton
tests to assess survey responses with sociodemographic and
program characteristics for independence. Previous research
has linked sociodemographic factorswithperceptionof climate
change. 39 For Likert-scaled survey responses, we used Mann-
Whitney U or Kruskal-Wallis tests. We assessed correlations
between two Likert-scaled items with Spearman’s ρ. Signifi-
cance was set at P values <.05.

This study received approval from the American Academy
of Family Physicians Institutional Review Board on April 3,
2023 (#19-366, Amendment #20).

RESULTS
Sample
After applying exclusion criteria, we assessed 284 responses to
our survey (response rate 41.1%; Figure 1).

Most respondents identified themselves as females (n=153,
54.6%) and White (n=214, 75.6%). They had an average of
6.8 years (SD 5.9 years) of experience in the program director
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TABLE 1. Characteristics of Analyzed Sample

Survey respondents
N=284, n (%)

AFMRD programdirectors/US FM
residency programsh

N=545, n (%)

P

Characteristics of residency program directors

Gendera Female/woman 153 (54.6) 231 (49.5) .259

Male/man 124 (44.3) 226 (48.4)

Choose not to disclose 3 (1.1) 10 (2.1)

Race/ethnicity American Indian/Alaska Native/Indigenous 3 (1.1) 3 (0.6) <.001

Asian 26 (9.2) 56 (10.6)

Black/African American 16 (5.7) 24 (4.5)

Hispanic/Latino/of Spanish origin 22 (7.8) 29 (5.5)

Middle Eastern/North African 3 (1.1) 11 (2.1)

White 214 (75.6) 329 (62.2)

Choose not to disclose 9 (3.2) 77 (14.6)

Underrepresented in
medicinec

– 52 (18.6) 72 (15.4) .248

Experience as program
directord

Years, mean (SD) 6.8 (5.9) n/a n/a

Characteristics of residency program

Typee University-based 47 (16.6) 78 (10.4) <.001

Community-based, university-affiliated 163 (57.6) 404 (54.1)

Community-based, nonaffiliated 65 (23.0) 251 (33.6)

Military 1 (0.4) 12 (1.6)

Other 7 (2.5) 2 (0.3)

Locationf New England 8 (2.8) 20 (2.7) .422

Middle Atlantic 40 (14.1) 113 (15.1)

South Atlantic 47 (16.5) 128 (17.1)

East South Central 13 (4.6) 40 (5.4)

East North Central 43 (15.1) 149 (19.9)

West South Central 35 (12.3) 75 (10)

West North Central 29 (10.2) 50 (6.7)

Mountain 27 (9.5) 58 (7.8)

Pacific 42 (14.8) 114 (15.3)

Size of community in
which program is
located

Less than 30,000 33 (11.6) n/a n/a

30,000 to 74,999 39 (13.7)

75,000 to 149,000 56 (19.7)

150,000 to 499,999 72 (25.4)

500,000 to 1 million 35 (12.3)

More than 1 million 49 (17.3)

Total residents
enrolledg

Less than 19 112 (39.6) n/a n/a

19–31 127 (44.9)

More than 31 44 (15.5)

aNonbinary n=0,missing gender/choose not to disclose n=4
bMultipleresponses possible, missing race/ethnicity n=1
cMissing underrepresentedin medicine n=5
dMissing yearsof experience n=1
eMissing typeof residency program n=1
fNew England(NH, MA, ME, VT, RI, or CT), Middle Atlantic (NY, PA, or NJ), South Atlantic(PR, FL, GA, SC, NC, VA, DC, WV, DE, or MD), East South Central
(KY, TN, MS, orAL), East North Central (WI, MI, OH, IN, or IL), West South Central (OK, AR,LA, or TX), West North Central (ND, MN, SD, IA, NE, KS, or MO),
Mountain (MT,ID, WY, NV, UT, AZ, CO, or NM), Pacific (WA, OR, CA, AK, or HI)
gAs of July2022, missing n=1
hComparison ofsociodemographics with members of the AFMRD (n=545) and with all family medicineresidency programs and all family medicine residency
programs as identified byAMA (n=747)
iχ2and Fisher-Freeman-Halton test, where appropriate
Abbreviations: AFMRD, Association of FamilyMedicine ResidencyDirectors; AMA, AmericanMedical Association; SD, standard deviation; FM, familymedicine
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FIGURE 1. Flowchart of Inclusion

role. Compared with program directors that were members of
AFMRD (n=545), respondents did not differ regarding gender
and self-perceived underrepresentation inmedicine. However,
White program directors were overrepresented in our sample
(75.2% vs 62.2% among AFMRD members; Table 1). Similarly,
community-based residency programs nonaffiliated with a
university were underrepresented (P<.001).

Climate Change Beliefs, Risk Perception, and Curricula
Most respondents expressed that global warming is caused by
human activities (n=208, 73.8%; Figure 2). Responding pro-
gram directors who did not attribute global warming to human
activities (n=74, 26.2%)weremore often ofmale gender (n=38,
30.9% vs n=31, 20.4% female; P=.002) and more frequent
in East South Central (n=9, 69.2%) and West South Central
states (n=15, 42.9%; P<.001) and in smaller communities with
less than 30,000 inhabitants (n=15, 46.9% vs n=8, 14.3% in
communities >1 million residents; P=.001). These responding
program directors also had been in this position longer (mean
8.1 yrs [SD 6.4]) than those who expressed that global warming
is caused by humans (mean 6.4 yrs [SD 5.6]; P=.019). Other
characteristics, such as type or size of residency program or
race/ethnicity of the program director, were not associated
with a certain response.

Of all responding program directors, 78.2% (n=219) were
either “very worried” or “somewhat worried” about global
warming, with considerable differences between regions (Fig-
ure 3A). Responding program directors who did not acknowl-
edge the human impact on global warming were much more
likely to feel “not at all worried” or “not very worried” (n=51,
69.9% vs n=22, 30.1% “somewhat worried” or “very worried”;

P<.001). Characteristics of gender, race/ethnicity, and years
of experience as program directors, as well as size or type of
residency program, were not associated with the feeling of
being worried about global warming.

Only a minority (n=67, 23.9%) of responding program
directorshadalready takenmeasures toavoid carbonemissions
in their residency programs/clinics or were planning to apply
measures. Having or planning to take measures was not
associated with program directors’ sociodemographics or the
type and location of the residency program. The majority of
respondents (n=152, 54.1%) did not plan to take any actions.
This proportion was even higher (n=51, 69.9%; P<.001) among
respondingprogramdirectorswhodidnot considermankindas
a driver of global warming. Association with directors’ gender,
race/ethnicity, or years of experience was not apparent.

Most programs in our survey (n=159, 56.8%) currently did
not have any lectures/seminars dedicated to climate change,
and the program directors did not plan to introduce such cur-
ricula.However, 17.5%(n=49)of respondingprogramdirectors
indicated that they planned to introduce curricula in the
upcoming 2 years. A minority (n=72, 25.7%) of responding
programs already taught about climate change, with most
programs providing less than 2 hours per year. Responses to
this question differed considerably amongUS states (Figure 3B;
P=.018). While in New England and Pacific states only aminor-
ity of programs neither had nor planned to set up respective
curricula (n=2, 25.0% and n=17, 40.5%, respectively), this
proportion was particularly higher in East South Central (n=12,
92.3%) and East North Central (n=30, 69.8%) states. This
proportion also was considerably higher among responding
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FIGURE 2. Responses From Family Medicine Residency Program Directors on Personal Beliefs and Risk Perception, and Actions and Education, N=284

directorswhodoubted the impact of humans on climate change
(n=60, 82.2%; P<.001) and among programs in communities
with less than 30,000 inhabitants (n=24, 75.0%vs n=19, 40.4%
in communities >1 million inhabitants; P=.025).

Importance of Climate Change Topics in Current Education
Most respondents considered heat-related illness and disaster
preparedness as “very important” or “moderately important”
(n=171, 60.6% and n=174, 62.2%, respectively). Principles
of climate change (n=78, 27.8%), impact of the health care
system on carbon emissions (n=81, 28.9%), and discussion of
climate change related topics with patients (n=43, 15.3%) were
perceived only by a minority of responding residency program
directors as “very important” or “moderately important”
(Figure 4 ). Those directors who did not acknowledge the
impact of humans on global warming stated significantlymore
often that principles of climate change, impact of the health
care system on carbon emissions, and discussion of climate
change related topics with patients were “not important”
or “slightly important” versus those who did (each P<.001).
However, this was not the case for heat-related illness and
disaster preparedness (P=.846 and P=.622, respectively). Fur-
thermore, responding program directors’ worries about global
warming showed strong positive correlation with perceiving
the principles of climate change (r=0.51, P<.001), impact of
the health care system on carbon emissions (r=0.47, P<.001),
and discussion of climate change related topics with patients
(r=0.38, P<.001) as important.

Barriers to Implementing Climate Change Education
Major barriers mentioned by responding program directors
to implementing seminars/lectures on climate change were
competing priorities (“climate change won’t directly impact
my residents as much as other topics”; n=215, 36.1%), lack
of available curriculum on climate change (n=161, 27.0%),
and lack of knowledge/awareness by faculty (n=134, 22.5%).

Less often mentioned were “negative attitudes with faculty or
residents” on climate change topics (n=53, 8.9%) and other
barriers (n=16, 2.7%). A minority of respondents (n=17, 6%)
stated that no barriers were hindering them from introducing
a climate change education curriculum. None of the barriers
were significantly associated with the existence of or plan
to implement a lecture/seminar on climate change in the
residency program (P>.05).

DISCUSSION
Our results on climate change awareness of family medicine
residency program directors are similar to those of other
surveys among health care professionals, indicating that a vast
majority understand that climate change is occurring, that
human activity is a contributor, and that they are personally
concerned about climate change for themselves and their
patients. 30,40,41 Despite these concerns, more than half of
our survey respondents had no climate change curricular
content and no plans to introduce content in the near future,
particularly in the East South Central states. Only a quarter of
responding residency programs had dedicated lectures/semi-
nars on climate change, and those that did frequently provided
curricular content less than 2 hours per year. This finding
stands contrary to material published by national medical
associations28 and the most cited medical journals, which
repeatedly and jointly have stressed that global warming is a
major issue to health.42 The AMA adopted a policy affirming
that climate change is occurring and that implications of cli-
mate change should be incorporated into medical education,43

and models for integrative curricula for medical schools44

and nursing colleges45,46 have been proposed. Furthermore,
a general framework for climate change resident curricula
has already been published29 as well as specific curricula for
pediatric residencies.47,48
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FIGURE 3. Regional Differences in Responses From Program Directors on Climate Change Perception and Curricula, N=284

However, 27% of program directors in our study perceived
the unavailability of curricula as a barrier to implementation.
Our finding, therefore, indicated a disconnect among beliefs,
knowledge, and action. The data suggested that responding
program directors’ current focus was on the results and direct
impacts of climate change (ie, heat-related illness and disaster
preparedness) rather thanon the root causes of climate change.
Program directors in our study were not taking a proactive
role of entrusted authority in their communities to educate
and raise awareness to the already existing impacts of climate
change on health. The high proportion of responding program
directors with climate change concerns contrasted with a
significant minority of program directors who had considered
how they could reduce carbon emissions at their workplace.
This finding suggests that respondents were struggling to

translate their personal concerns into actions. This inaction
is understandable because of the lack of guidelines, evidence-
based knowledge, and recommendations for action; therefore,
climate change might be perceived as a difficult-to-grasp and
therefore difficult-to-teach topic. In the last decade, scientific
articles began to show how and where carbon emissions in the
health care system occur, for example in diagnostic imaging,49

critical care,50 and hemodialysis;51 still, a comprehensive
repository on carbon emissions on medication, diagnostics,
lab measures, and the like is still lacking. A previous survey
of primary care providers regarding prescribing hypothetical
medications showed that, if providers have a choice, the
clear majority decide to prescribe the more climate-friendly
medication. 30 Thisfinding indicates that if practical knowledge
is available, providers are likely to act. Recent articles have
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FIGURE 4. Importance of Climate Change Related Topics in Current Residency Education, N=284

suggested ways that carbon emissions can be reduced in
primary care, such as by considering climate and environment
harmfulness in drug prescriptions; 14 these recommendations
have only started to be integrated into guidelines.52

In addition to our study revealing an overall gap between
climate changeconcernsandactionable strategies,weobserved
considerable proportions of participants in certain regions
questioning fundamental mechanisms of climate change. For
example, we found that study participants from the East and
West South Central regions, as well as those serving smaller
communities, were significantly more likely to disbelieve that
climate change is due to human activity. Similar regional
findings have been shown among the US population. 37

Program directors’ beliefs and concerns were linked to the
existence of climate change curricular content. In contrast,
programs lacking such content were associated with directors
doubting human impact on climate change. Notably, perceived
implementationbarrierswerenot associatedwith the existence
of curricular content or plans to implement curricular content
on climate change.

Importance of the Findings
Understanding the current state of family medicine residency
curricula, programdirectors’ beliefs, and their plans for change
is a starting point to bridging the current gap in climate change
education. Program location and community size are linked
to climate change perceptions and existing curricula/plans.
Strategies to include climate change in curricula will need to
address individual beliefs andmay require regional approaches
to be successful.

Strengths and Limitations

Strengths of our study were the sampling frame of all ACGME-
accredited US family medicine residency programs and the
relatively high response rate of 41.1% for an online survey.
However, our ability to confirm the representativeness of our
samplewas somewhat limited.Wedidabasic comparisonofour
sample’s key characteristics with those of program directors
affiliated with AFMRD. Although our survey sample closely
resembled AFMRD members concerning program directors’
demographics and the location of the residency programs, our
results do not represent family medicine residency programs
throughout the entire United States. Programdirectorsmaking
the effort to return surveys may have had stronger beliefs—
either positive or negative—introducing a self-selection bias.
Furthermore, participants may have been prone to recall bias
or satisficing.53 We were limited to the number and type of
questions in this survey (eg, no open-ended questions were
allowed). This restriction prevented deeper understanding of
the specific curricular content and program directors’ beliefs
regarding climate change. For example, wewere unable to fully
assess the content of programs with global warming curricula.
Furthermore, we only could determine the perceived barriers
but not explore the reasons for lack of implementation more
deeply.

CONCLUSIONS
Climate change is a pressing topic in society, politics, and the
medical community; and the AMA recently has articulated the
need for more climate change curricula in medical education.
Despite the existence of a framework for resident curricula
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on climate change and the widespread personal concerns of
responding program directors about climate change, more
than half of the family medicine residency programs in our
study did not currently teach their residents about climate
change related topics and did not plan to add climate change
to the curricula in the future. Similarly, they had not taken
measures to reduce carbon emissions in their residency pro-
grams/clinics. Despite climate change’s implications for health
and health care systems, our findings indicated that only a
minority of programdirectors currently viewed it as a pertinent
medical education topic. Without a shift in this perspective,
future family medicine physicians in the United States may
lack preparation for the health challenges associated with a
changing climate and may not be equipped to educate patients
on climate change mechanisms and their impact on health.
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