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This article will highlight recent efforts published in the medical literature to promote environmental sustainability in the outpatient 
clinic setting, which are likely to be feasible for health professionals to implement in their own practices. These potential efforts are 
divided into 3 broad categories: (1) reducing travel to the clinic when feasible, (2) reducing waste production in the clinic, and 
(3) optimizing the use of high-value diagnostics and therapeutics. As research specifically related to interventions to promote 
environmental sustainability in outpatient clinics is relatively limited, health professionals are encouraged to continue sharing 
success stories from their own practice.
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A child born in 2019 is likely to experience a world that is more 
than 4°C warmer than the average preindustrial temperature [1]. 
In addition to the myriad of environmental and sociopolitical 
ramifications, increases in global temperatures have a direct im
pact on human health, and a marked impact on the field of infec
tious diseases (ID), with more than half of known pathogenic 
diseases estimated to be aggravated by climate change [2]. The 
healthcare industry itself is responsible for 2 billion tons of green
house gas emissions (GHGe) annually, accounting for between 
4.4%–4.6% of total global emissions [3]. Outpatient visits per cap
ita have increased by more than 25% over the past 20 years, and 
ambulatory care is now the second-fastest growing component of 
the healthcare industry, surpassed only by home health services 
[4]. Consequently, it is now estimated that outpatient offices 
are now responsible for nearly as many emissions as inpatient fa
cilities [5]. Despite the growth of outpatient healthcare in recent 
years, efforts at promoting environmental sustainability have pri
marily focused on inpatient facilities.

Nearly 80% of more than 1000 US health professionals sur
veyed by the Commonwealth Fund in late 2023 reported that it 
is important to them that their employers play a role in address
ing climate change [6]. Similarly, in a multinational survey of 
nearly 4000 health professionals, 75% of respondents indicated 
that the issue of climate change is very or extremely important 
to them [7]. At the same time, most respondents in this survey 
identified significant barriers to acting on their concerns about 
climate change, most notably lack of time, lack of knowledge, 
and the perception that their actions would not make a differ
ence. The primary aim of this article is to address the mismatch 
between what health professionals believe is important, and 
what they feel empowered to accomplish.

This article will review the recent literature on efforts to de
crease the climate impacts in outpatient healthcare settings. 
With the assistance of a medical librarian, we identified articles 
published within the past 5 years via keyword search of Embase, 
and supplemented our narrative reviewing with the references 
in those articles. We focused on areas for which there is a crit
ical mass of literature supporting beneficial climate impact, and 
in many cases, also improve the quality of patient care. This 
study did not include factors necessitating patient consent.

We divided possible interventions into 3 broad categories: 
reducing transportation burden, reducing clinic waste, and op
timizing the use of high-value diagnostics and therapeutics. 
Many of these interventions are practical (Box 1) and can be 
implemented by readers in a variety of clinic settings. When ap
propriate, we have highlighted efforts that apply specifically to 
adult and pediatric ID clinics. However, we believe it is impor
tant not to silo sustainability interventions, and we encourage 
the ID community to learn from efforts made by our colleagues 
in other specialties, and vice versa. The goal of this article is to 
motivate and empower individuals practicing in outpatient 
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healthcare settings to engage in sustainability work in their own 
clinics and to share the results of their efforts.

Box 1. Strategies to Reduce Greenhouse Gas Emissions in Outpatient 
Healthcare

Reducing travel to clinic when feasible
• Implement telemedicine visits, especially for patients who would travel 

longer distances for their appointment
• Perform same-day procedures
• Space out recurring visits as appropriate
• Group visits with multiple subspecialty providers on the same day
Reducing waste in the clinic
• Transition from single-use to reusable products when possible
• Reduce reliance on paper products
• Conduct a waste audit in the clinic to identify opportunities to reduce 

and properly segregate waste
• Identify opportunities to reduce energy consumption

Optimizing the use of high-value diagnostics and therapeutics
• Prescribe oral antibiotics over outpatient parenteral antibiotics when 

feasible
• Order outpatient laboratory tests and imaging only when they are likely 

to change patient management
• Prescribe no more than the amount necessary of a medication (espe

cially antibiotics) to achieve the intended clinical response.
• Prescribe dry-powder inhalers instead of metered-dose inhalers when 

able and clinically appropriate  

REDUCING TRANSPORTATION BURDEN

Transportation energy consumption is the second-largest user 
of energy in the United States. Initially, there was a 15.6% de
cline in transportation energy use during the early part of the 
coronavirus disease 2019 (COVID-19) pandemic, providing 
proof of principle of what is achievable. Unfortunately, trans
portation energy use has since rebounded to near-prepandemic 
levels [8]. The use of telemedicine has been one of the main 
methods by which the healthcare sector has reduced patient 
travel-related energy costs, especially since the start of the 
COVID-19 pandemic. Although telemedicine was largely im
plemented to facilitate social distancing measures, its wide
spread use nonetheless presented an opportunity to study its 
environmental impact compared with traditional in-person 
clinic visits [9].

Patients traveling from rural areas have longer commutes, 
which has been exacerbated by hospital closures. Between 
January 2013 and February 2020, 101 rural hospitals closed, re
sulting in patients driving approximately 20 miles farther for 
common services (eg, inpatient care) or approximately 40 addi
tional miles for less common services (eg, alcohol or drug abuse 
treatment) [10]. Telemedicine offers a solution for patients fac
ing these long drives, especially for visits that require minimal 
patient-provider interaction, which both reduces patient bur
den in seeking care and has a beneficial climate impact. 
However, it is worth noting that 22.3% of rural households 
lack access to broadband internet, compared with 1.5% of those 
living in urban areas [11]. Access to adequate internet services 
or other additional patient preferences and limitations should 
be considered when offering a telemedicine option.

Despite potential challenges, telemedicine has tremendous 
potential in terms of climate impact. Over a period of 2 years 
at 5 university hospital centers, investigators found that more 
than 200 years of person-time, 53 million miles worth of travel, 
$33 million, and 21 000 metric tons of GHGe were saved by 
telemedicine use [12]. A survey of patients attending an adult 
ID clinic found that the potential per-person savings enabled 
by offering telemedicine included a reduction in round-trip 
travel distance of 227 miles, a reduction in travel time of 
3.6–4.5 hours, a decrease in travel costs of $131, and a 91-kg de
crease in GHGe [13]. This illustrates the importance of incor
porating patient distance from a clinic when calculating 
potential telemedicine-related savings. Importantly, another 
study estimated that telemedicine is only likely to reduce 
GHGe compared with in-person visits if a patient would have 
to travel a distance of at least 3.6–7.2 km (2.2–4.7 miles) via 
car to reach the appointment [14], although this is less than 
the average distance patients travel for visits [9]. Studies con
ducted outside of the United States have found similar environ
mental benefits [15, 16].

Telemedicine may also provide value when used between 
healthcare professionals. For example, the use of smartphones 
for pediatric ID consultation in children with a rash demon
strated >96% compatibility with the final diagnosis, potentially 
reducing the need for separate emergency department or sub
specialty clinic visits [17]. Importantly, telemedicine can also 
prevent disease transmission, such as in cases of measles and 
varicella. Unfortunately, despite its effectiveness in a variety 
of settings, issues related to reimbursement currently limit 
widespread implementation of telemedicine for this purpose 
[18, 19].

The Infectious Diseases Society of America (IDSA) supports 
the use of telemedicine, highlighting its utility in managing in
fections such as human immunodeficiency virus (HIV) and tu
berculosis and in implementing antimicrobial stewardship 
programs in community settings. The use of telemedicine 
and mobile device interventions for HIV has shown improved 
antiretroviral therapy adherence and virologic suppression [20,   
21]. A randomized control trial, funded by the Centers for 
Disease Control and Prevention, found that electronic directly 
observed therapy for active tuberculosis disease was equivalent 
to an in-person model when evaluating the percentage of com
pleted doses and issues affecting medication observation, with 
84% of participants preferring to continue treatment with elec
tronic directly observed therapy [22]. Similarly, the use of tele
medicine antimicrobial stewardship consultation in a 
community hospital demonstrated a reduction in antimicrobial 
consumption, cost, and isolation of multidrug-resistant organ
isms [23].

Across a variety of outpatient settings, telemedicine appears 
to be an effective means for reducing GHGe. Two systematic 
reviews have affirmed this finding, with one quantifying the 
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savings of 0.70–372 kg carbon dioxide (CO2) per consultation 
when compared with traditional outpatient care models, with 
the most dramatic reductions seen when patients would other
wise need to travel to the clinic via personal vehicle or air travel 
[24, 25]. These savings are not only important for the environ
ment, but they may also be preferred by patients if they save ei
ther time or money. The Pediatric Infectious Diseases Society 
(PIDS) has a toolkit that may be of use to healthcare profession
als seeking to increase their use of telemedicine [26].

Nontelemedicine methods for reducing travel to clinics have 
also been studied, such as performing same-day procedures 
rather than scheduling patients to return for them on a later 
date. Same-day surgery for patients with skin cancer was asso
ciated with an average savings of approximately 15 kg CO2 

equivalents (CO2e) per patient encounter, for an overall savings 
of 6020 kg CO2e for 389 patients who underwent same-day sur
geries during a 1-year period [27]. Clinics that perform outpa
tient procedures should evaluate whether there are patients 
who can realistically have procedures performed on the same 
day as their initial evaluation. These findings may be extrapo
lated to ID clinics, where patients are often followed up by oth
er subspecialty services. If feasible, visits in the ID clinic can be 
coordinated with other services to reduce the need for separate 
visits. Many patients and families are likely to appreciate this 
change from a time management perspective as well.

Similarly, travel-related emissions can be reduced by de
creasing in-person visit frequency when considered safe. For 
example, among patients receiving injectable long-acting anti
psychotics, investigators found most patients were receiving in
jections more frequently and at higher doses than available 
evidence suggests is necessary for optimal therapeutic effect 
[28]. It was estimated that reducing the frequency of visits 
and the total dose administered at each visit, in alignment 
with evidence-based recommendations, would result in a net 
carbon savings of up to 170 000 kg CO2e annually if applied 
across England and could potentially result in improved patient 
safety on lower doses of medication. Put in perspective, the 
impact of this intervention alone is equivalent to removing 
37.8 gasoline-powered passenger vehicles from the road [29].

REDUCING CLINIC WASTE

Waste audits have been used as a starting point to identify key 
waste generators in the healthcare system, categorizing waste 
into either solid, regulated medical, recyclable, or pharmaceu
tical waste. As solid waste (defined as discarded materials 
such as paper, plastics, glass, and food waste) contributes to a 
substantial percentage of the waste identified in audits, it is a 
tangible starting point for waste reduction in the outpatient set
ting [30]. This section will also identify means to reduce excess 
energy consumption.

One study in a physical medicine and rehabilitation clinic 
identified that health professionals who performed in-clinic 
procedures using prepackaged procedure kits produced almost 
twice as much waste as those who selected individual sterile 
components for their procedures [4]. Over the course of a 
year, this reflected an excess of 819.5 kg of waste and an esti
mated 1550 kg GHGe each year [30]. This study highlights 
how waste audits both identify sources of waste and sustainable 
practices already in place that should be expanded. My Green 
Doctor (a free, nonprofit, online model designed to improve 
environmental sustainability in outpatient practice) provides 
an excellent starting point for conducting a waste audit and 
also provides a variety of other practical tips [31].

Many medical devices are now single-use, disposable prod
ucts, driven largely by infection control policies. However, de
vices such as blood pressure (BP) cuffs, stethoscopes, and toys 
are categorized as noncritical portable medical devices, mean
ing that only low- or intermediate-level disinfection is neces
sary if devices are shared between patients [32, 33]. In one 
study, the use of reusable BP cuffs cleaned after each encounter 
and disposed of by incineration when no longer usable was as
sociated with 40-fold reduction in GHGe as compared with 
single-use BP cuffs [34]. Similarly, reusable cystoscopes were 
associated with approximately one-fifth of the GHGe of single- 
use cystoscopes even when accounting for the energy con
sumed reprocessing reusable scopes [35]. The use of reusable 
cloth patient gowns, as opposed to disposable paper gowns, 
should be considered as another method for reducing solid 
waste. Online waste calculators such as the M+WasteCare 
Calculator can help quantify the waste produced by medical 
devices in a particular outpatient setting [36]. Calculating 
waste data and the associated cost may provide the necessary 
financial incentive for change. Appropriate segregation of 
medical waste can also yield cost savings, as regulated medical 
waste costs 5–10 times more to dispose of than solid waste [37]. 
Organizations such as Practice Greenhealth provide toolkits 
and protocols to assist clinics in appropriate waste segregation, 
as a significant portion of what is currently processed as regu
lated medical waste can be safely disposed of as solid waste.

Paper products also contribute to the waste produced in the 
ambulatory setting, especially in pediatric clinics, where vac
cine information sheets are typically provided to families at 
each well-child visit. One practice replaced individual vaccine 
information sheets with a single sheet including quick response 
(QR) codes linking to the information provided by the Centers 
for Disease Control and Prevention. Ultimately, the authors re
placed their handout with a single laminated sheet in every ex
amination room, with paper copies provided only on parental 
request [38]. The authors estimate that this change resulted in 
the use of nearly 80 000 fewer sheets of paper. This initiative led 
to increased awareness for sustainability practices and inspired 
employees to advocate for additional measures in the clinic 
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such as use of recycling bins and reusable water bottles. Paper 
reduction in particular may be attractive to ID clinics that pro
vide travel medicine services, typically requiring a variety of 
vaccines, but it can also be applied to routine printing of poten
tially lengthy after-visit summaries. In addition, patient docu
mentation and charts can be safely and digitally faxed using 
smartphones and tablets, reducing paper waste and also elimi
nating the electric waste produced by powering fax machines, 
fax servers, and the server rooms supporting them.

Reducing energy consumption is another way to reduce 
waste in the clinic. A critical step is purchasing products 
with lower environmental impact. The Electronic Product 
Environmental Assessment Tool (EPEAT) helps identify envi
ronmentally preferable electronic products needed for clinics 
such as desktops, televisions and printers [39]. This list can 
be cross-referenced when purchasing new equipment, and re
sources such as Earth911 can be used to identify local facilities 
for recycling old equipment [40].

However, in many cases it is preferable to optimize the use of 
existing functioning technology rather than purchase new 
equipment. The American Medical Association has identified 
several ways to reduce electricity consumption, including turn
ing off electronics at the end of each day, using energy-efficient 
thermostat set points and upgrading lightbulbs [41]. These 
“demand-side” management interventions are easy solutions 
that can be implemented in any clinic and that typically result 
in cost savings [42].

Finally, some clinics may seek to reduce their reliance on fos
sil fuels and either purchase their energy from renewable sourc
es (eg, wind, hydroelectric, etc), or generate their own energy 
onsite (eg, solar energy). These changes may be federally subsi
dized and supported by legislation, such as the 2022 Inflation 
Reduction Act [43].

OPTIMIZING THE USE OF HIGH-VALUE DIAGNOSTICS 
AND THERAPEUTICS

Studies indicate that children routinely receive low-value inter
ventions, including medications, such as antibiotics and ste
roids, as well as procedures such as radiographs and blood 
sampling [44], suggesting that clinicians should consider re
ducing low-value interventions. Similar to telemedicine, reduc
ing low-value interventions has the potential for reducing 
environmental impact and improving the quality of patient 
care.

Acute hematogenous osteomyelitis (AHO), a condition 
commonly seen in pediatric ID clinics, provides an excellent 
case study for how GHGe can be reduced by limiting the use 
of low-value interventions. PIDS and IDSA published guide
lines on the management of AHO in 2021, which recommend 
an early transition from parenteral to oral antibiotics in most 
children with uncomplicated AHO [45]. This differs from the 

historical management of patients with osteomyelitis, in which 
patients tended to receive outpatient parenteral antibiotic ther
apy (OPAT); this is especially true in adults, although studies in 
recent years have called this practice into question [46]. The use 
of OPAT typically requires more frequent laboratory assess
ments than oral antibiotic therapy and often requires more fre
quent clinic visits, both of which are important drivers of 
healthcare-associated GHGe. In addition, the placement of in
dwelling lines is associated with a complication rate of nearly 
20% in outpatients, most of which complications require pa
tients to present for unplanned healthcare visits, generating ad
ditional GHGe [47]. Telemedicine has been identified as a safe 
option for patients in whom the use of OPAT is deemed appro
priate [48]. Additional research will be helpful at identifying sit
uations where OPAT is commonly used that can be managed 
safely with oral antibiotics.

Most pediatric ID providers managing AHO will typically 
obtain laboratory studies such as a complete cell blood count 
and a C-reactive protein level to monitor response to therapy 
and to monitor for toxic effects related to therapy in the outpa
tient setting. However, as the PIDS/IDSA AHO guidelines 
identify, the evidence supporting this practice is of relatively 
low quality; additional research is necessary to define the opti
mal use of these studies [45]. Diagnostic stewardship is an area 
of growing interest within the field of ID, which, in addition to 
its many other benefits, offers the opportunity to reduce labo
ratory waste and decrease GHGe. The Society for Healthcare 
Epidemiology of America has developed a free online course 
on the benefits of diagnostic stewardship which may be of inter
est to some [49]. Other articles in this supplement will discuss 
opportunities to reduce laboratory waste further.

The impact of excessive radiologic studies on the environ
ment is becoming increasingly recognized [50]. Magnetic reso
nance imaging is identified as an especially large contributor to 
GHGe resulting from the radiology department, due both to its 
electricity consumption and to challenges related to the dis
posal of gadolinium used for contrast material [51]. Imaging 
procedures such as plain radiography and especially magnetic 
resonance imaging are key to the diagnosis of AHO in children. 
However, the value of repeated imaging at the end of therapy is 
less evident. The PIDS/IDSA AHO guidelines recommend per
forming end-of-therapy imaging only when disease involves 
the physis, although the evidence supporting this practice is 
limited, and in practice, radiographs are often obtained rou
tinely at many orthopedic follow-up visits regardless of the ex
tent of disease [45]. Given the potentially large environmental 
impact, we encourage outpatient ID health professionals to re
flect on the added clinical value of follow-up imaging.

Conversations around the duration of therapy related to 
AHO provide an opportunity to focus on the potential environ
mental benefits of shorter antibiotic courses, in addition to the 
many other benefits of the “shorter is better” approach [52]. 
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The PIDS/IDSA AHO guidelines recommend a duration of 
therapy of 3–4 weeks for most cases of uncomplicated AHO, 
a departure from the previous typical practice of 4–6 weeks 
of therapy [45]. While climate change is known to be accelerat
ing antimicrobial resistance (AMR) worldwide, the One Health 
approach has illustrated that AMR may in and of itself have a 
deleterious environmental impact [53–55]. As the appropriate 
use of shorter courses of antibiotics is less likely to drive AMR, 
such courses may also have a smaller environmental impact. 
This is especially important when considering that the pre
scription of longer courses of any therapy often leads to unused 
medication remaining in patients’ homes. In one study from 
Hong Kong, <1% of leftover medications were returned to 
pharmacies to be disposed of properly, with the majority being 
placed in general waste bins, which can lead to contamination 
of wastewater and unintended consequences on various ecosys
tems [56, 57]. Additional studies are needed evaluating oppor
tunities to safely reduce the duration of therapy prescribed in 
other conditions.

Finally, when possible, health professionals should take the 
opportunity to prescribe medications which are known to 
have a smaller environmental impact. A prime example of 
this in outpatient medicine is the use of inhaled medications. 
Metered dose inhalers (MDIs) contain hydrofluorocarbon pro
pellants and are a significant source of GHGe in the outpatient 
setting, having a climate impact 10–40 times that of dry- 
powder inhalers (DPIs). One study estimated that if 75% of 
all German patients with asthma or chronic obstructive pulmo
nary disease had their prescriptions for MDIs exchanged for 
prescriptions for DPIs. This change would result in a reduction 
of 46 million kg of CO2e annually [58]. In one survey, 59% of 
patients with asthma or chronic obstructive pulmonary disease 
identified that using an inhaler with a lower climate impact is 
either important or very important to them, indicating that 
this change would be well received [59]. That being said, there 
are important limitations to the widespread adoption of DPIs: 
many American health insurance plans do not currently include 
DPIs on their preferred drug lists, few generic DPIs are available 
in the United States and DPIs may not be appropriate for all pa
tients. Importantly, patients with well-controlled asthma have 
been found to have one-third of the climate impact of patients 
with poorly controlled asthma because of less frequent use of 
short-acting albuterol MDIs, highlighting that improved patient 
and environmental outcomes often go hand in hand [60].

CONCLUSIONS

Climate change is an urgent health threat affecting both our pa
tients and our planet. It directly affects human health, for ex
ample through increasing severe weather events, but it is also 
increasing strain and burden on healthcare systems as more in
dividuals suffer from its effects [61]. Addressing the 

contribution of healthcare systems to climate change is a criti
cal avenue to avoid this dynamic problem. Although most rec
ognize that it is our responsibility as healthcare professionals to 
lead the way in reducing GHGe in our day-to-day clinical prac
tice, limited knowledge about best practices for promoting sus
tainability in the outpatient setting can make this task feel 
daunting, and at times insurmountable. This review of 
evidence-based strategies demonstrates that there are a variety 
of actions that individual providers and clinics can take to mean
ingfully reduce their GHGe, whether they practice in an ID clinic 
or in another environment. Resources such as My Green Doctor, 
Practice Greenhealth, and the BMJ interactive sustainable prac
tice tool can provide additional support [31, 37, 62]. We encour
age readers who have championed GHGe-reducing initiatives in 
their own offices to share their successes, contribute to the small 
but growing literature on outpatient sustainability, and empower 
others to take the next step toward a more sustainable future.
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