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Background: The use of laboratory resources has seen a substantial increase in recent years, driven by 
automation and emerging technologies. However, inappropriate use of laboratory testing, encompassing both 
overuse and underuse, poses significant challenges.
Content: This review explores the complex interplay between patient safety, economic, and environmental 
factors―known as the “triple bottom line” or “3Ps” for people, profit, and planet―associated with 
inappropriate use of laboratory resources. The first part of the review outlines the impact of inappropriate 
laboratory testing on patient safety and economic outcomes. Then the review examines the available literature 
on the environmental impact of laboratory activities. Several practical solutions for mitigating the 
environmental impact of laboratories are discussed. Finally, this review emphasizes how decreasing 
unnecessary laboratory testing results in cost savings and environmental benefits, as evidenced by 
interventional studies, without compromising patient safety.
Summary: The implementation of sustainable practices in laboratories can create a virtuous circle in which 
reduced testing enhances cost-efficiency, reduces the environmental footprint, and ensures patient safety, 
thereby benefiting the 3Ps. This review highlights the critical need for appropriate laboratory resource 
utilization in achieving sustainability in healthcare.
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INTRODUCTION

The use of laboratory resources has considerably 
increased in recent years, mainly due to the advent of 
automation and emerging technologies (1, 2). 
Laboratory testing has been deployed for a range 
of purposes, such as screening, diagnosis, thera
peutic drug monitoring, prognostication, and more 
(3). With healthcare professionals increasingly relying 
on clinical laboratory interventions, laboratory medi
cine has become an essential tool in healthcare (4, 5).

Laboratory medicine can be susceptible to in
appropriate usage, encompassing both overuse (a 
test that should not be ordered is performed) and 
underuse (a test that should be performed is not or
dered). While the exact extent of inappropriate 
usage is difficult to determine (6), the estimates sug
gest that overuse and underuse occurs in 20% and 
40% of cases, respectively (7). Additionally, a signifi
cant proportion of routine tests performed in high- 
throughput laboratories may be requested for ques
tionable clinical significance. This concerns around 
60% of coagulation tests and around 70% of bio
chemistry tests (8). Current economic constraints, a 
growing emphasis on the added value of laboratory 
medicine and quality of care, as well as the increased 
awareness of healthcare’s environmental impact 
have led to an increased focus on this issue (9–13).

The consequences of inappropriate laboratory 
testing can be divided into 3 major categories: 

patient safety, financial implications, and environ
mental impact. In the literature, these categories 
are frequently referred to as the “triple bottom line” 
or “3Ps,” which stands for People, Profit, and Planet. 
Due to their interdependence, it is often difficult to 
distinguish between them. For example, an inappro
priate laboratory test can result in an unexpected 
positive result or incidental finding, which may neces
sitate follow-up tests or interventions. Such actions 
can increase costs and environmental impact, as 
well as anxiety and inconvenience for the patient.

This review highlights the intricate interplay be
tween the 3Ps in addressing first the primary impacts 
of inappropriate testing on patient safety and eco
nomic outcomes. Subsequently, this review reports 
the environmental repercussions of clinical labora
tory operations and outlines practical solutions to fa
cilitate a shift toward a more sustainable (i.e., “green”) 
laboratory. Finally, this review shows how environ
mental, economic, and patient safety outcomes sup
port each other in a “virtuous circle” when actions 
aimed at reducing them are implemented.

THE VICIOUS CIRCLE OF INAPPROPRIATE 
LABORATORY TESTING

Inappropriate use of laboratory testing may have 
adverse outcomes that can compound each other, 
leading to a vicious circle (Fig. 1). Owing to excessive 
usage, recurrent phlebotomy may result in 
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hospital-acquired (or iatrogenic) anemia, which is 
associated with increased mortality and prolonged 
length of stay (14–16). In the intensive care unit 
(ICU), a simulation integrating a clinical context of 
reduced erythropoiesis, lower limit of initial hemo
globin concentration (110 g/L), low body weight, 
and increased phlebotomy showed that the trans
fusion threshold for hemoglobin (around 70 g/L) 
can be reached within only 9 to 14 days of admis
sion (17). The need for transfusion translates into 
its own risks, side effects, and increased costs (18, 
19). Particularly, excessive collection of blood sam
ples can be detrimental for frail patients, such as 
neonates and children, who are highly susceptible 
to changes in blood volume (20). Moreover, the 
overuse of laboratory tests burdens phlebotomy 
and laboratory staff, thus increasing the risk of er
rors, enhancing the overall costs and waste; causes 
patient discomfort and stress; increases the risk of 
nosocomial infections; and yields incidental find
ings (i.e., “laboratory incidentalomas”) that may 
lead to further unnecessary tests or interventions 
and may result in diagnostic errors and inappropri
ate therapeutic choices (7, 8, 15, 16, 21–26).

Conversely, it is important to consider the long- 
term advantages of testing. A test that can prevent 
potential complications and the subsequent re
quirement for further diagnostic investigations, in
terventions, or treatments should be regarded as 
valuable and appropriate (27). For example, an 
Argentinian study showed that the implementation 
of a procalcitonin-guided algorithm resulted in 
734 500 fewer antibiotic treatment days, 7900 few
er antibiotic-resistance cases, and 5100 C. difficile 
infection cases avoided, resulting in potential an
nual savings of US$83 million for the Argentinian 
healthcare system (28). Underuse of such tests 
can also lead to missed or delayed diagnosis and 
compromise patient safety. For example, a study 
(29) found that malpractice claims in the ambula
tory setting were caused by failure to order an ap
propriate diagnostic test (imaging and laboratory) 
or its incorrect interpretation in 55% and 37% of 
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cases, respectively. Overall, 59% of the cases re
sulted in serious harm for the patient and 30% in 
death. More recently, Cadamuro et al. (30) retro
spectively analyzed the records of 2244 patients 
with microcytic anemia and showed that 40% of pa
tients were not appropriately followed up, leading 
to potential incorrect or absent treatment or 
missed diagnosis (e.g., thalassemia). A large 
meta-analysis estimated that underuse is about 
twice as frequent as overuse (7). However, under
use is less represented in the literature (31), per
haps because its consequences are more 
challenging to assess than its counterpart overuse 
(30).

Lastly, improper use of laboratory resources 
also has economic consequences (32). For ex
ample, a 1536-bed university hospital in Italy cal
culated avoidable expenses of €86 000 monthly 
due to unnecessary examinations (33). Similarly, 
in a study conducted in Canada, redundant repeti
tion tests in adults were found to cost an esti
mated CAN$13.9 to 35.9 million yearly (34).

Altogether, these data indicate that inappropri
ate laboratory testing, encompassing both over- 
and underuse, is frequent and results in potential 
patient harm, lower quality of care, greater work
load on staff, and increased economic impact. 
However, another impact of inappropriate labora
tory use that has received less attention is the en
vironmental impact of unnecessary testing.

THE ENVIRONMENTAL IMPACT OF 
LABORATORY MEDICINE

Climate change has a significant impact on health 
and is considered as one of the “biggest global health 
threats” of the 21st century (35). However, it is para
doxical that the healthcare sector is a significant con
tributor to global warming. Greenhouse gas (GHGs) 
emissions from the healthcare sector constitute 3% 
to 10% of total national emissions, depending on the 
country of reference (36–41). At the Organization for 
Economic Cooperation and Development level, 

these emissions are similar to those generated by 
the food sector (41).

Inappropriate Laboratory Use Contributes to 
the Global Healthcare Footprint and Raises 
Costs

The extent of laboratory medicine’s role in the glo
bal environmental impact of healthcare system is 
not precisely known (42). Nevertheless, several re
cent studies have provided an estimate. A survey 
of the environmental impact of Australia’s largest 
health service revealed that pathology and diagnos
tic services are responsible for 12% of water usage, 
8% of waste production, and 9% of carbon dioxide 
equivalent (CO2e) emissions (43). Additionally, there 
are indications that inappropriate laboratory testing 
results in significant GHG emissions. McAlister et al. 
(44) estimated the amount of CO2e produced by 
some laboratory tests performed regularly [full 
blood count, coagulation screening (activated partial 
thromboplastin time and international normalized 
ratio), electrolytes (sodium, potassium, chloride, 
calcium, phosphate) and urea, C-reactive protein, 
and arterial blood gas]. Using an International 
Organization for Standardization (ISO) 14040- 
compliant life cycle assessment (LCA) method (see 
later discussion), the authors estimated that a full 
blood count was responsible for emitting 116 g 
CO2e, corresponding to a 770 m drive in a standard 
car (44). At the CHU UCL Namur (936-bed Belgian 
academic center), an average of 620 full blood 
counts are performed daily, and similar usage is evi
denced in other centers. Owing to McAlister et al.’s 
estimations—and if the Australian estimates corres
pond to the Belgian situation (see later discussion)— 
this represents a 477-km commute each day only for 
this one test. When combining the 5 panels of tests 
discussed in McAlister et al.’s study, the 936-bed fa
cility has generated a total distance of 359 705 km 
traveled by car in the year 2022. This is equivalent to 
9 times the earth’s circumference (Fig. 2). Recently, 
Spoyalo et al. (45) conducted an evaluation of labora
tory testing inappropriateness in the acute care 

REVIEW                                                                                                                                                    

4 JALM | 1–17 | 00:0 | 2024

D
ow

nloaded from
 https://academ

ic.oup.com
/jalm

/advance-article/doi/10.1093/jalm
/jfae087/7808806 by U

C
L U

nite d Epidem
iologie user on 14 O

ctober 2024



surgical setting of a 700-bed hospital over a 1-year 
period (n = 304 patients included). Their analysis 
suggested that 76% of the tests performed were in
appropriate, resulting in unnecessary emissions of 
112 kg CO2e. The annual cost savings for the 21 se
lected tests would have amounted to CAN$10 000. 
Another Australian study (46) evaluated the impact 
of inappropriate vitamin D prescription nationwide 
over the year 2020. The study estimated that 
76.5% of tests were ordered with no net health 
benefit, resulting in 3 410 000 inappropriate tests 
that cost Medicare AUS$87 million. In addition to 
the financial costs, the vitamin D testing also emitted 
between 28 000 and 42 000 kg CO2e for the plastic 

and energy used to run the tests (i.e., no assessment 
of the “cascade” impacts).

Single-Use Consumables Are Responsible  
for the Greatest Proportion of Laboratory 
Environmental Footprint

Currently, it is estimated that the most environ
mentally damaging aspect of laboratory testing is 
its use of consumables (44). Among the consum
ables used in clinical laboratories, those associated 
with specimen collection (i.e., needle holder and col
lection tube, nitrile gloves and swabs, and ziploc 
bags) have the greatest environmental impact, esti
mated at approximately 50% for this phase alone 

Fig. 2. Annual CO2e emissions of 5 routine pathology tests performed in CHU UCL Namur (1000-bed hos
pital). Estimates are given in kilometers driven by a standard car and corresponding equivalent in 
terms of earth’s circumference (40 000 km), using estimations from McAlister et al. (44). Electrolytes 
and urea: blood urea nitrogen, sodium, potassium, chloride, calcium, magnesium, phosphate. 
Coagulation profile: activated partial thromboplastin time and international normalized ratio. 
Created with BioRender.com.
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(44, 45). It appears that the environmental impact of 
these items is mainly due to their single-use nature 
rather than to the materials from which they are 
made. Farley et al. (42) conducted a comparison be
tween disposable plastic materials and reusable 
glass materials in a basic research laboratory setting. 
The study focused on petri dishes, Pasteur pipettes, 
conical cubes, and conical culture flasks. The results 
showed that reusing glass materials has a lower car
bon footprint than using single-use plastic materials, 
despite the higher energy consumption that is re
quired for cleaning, washing, and drying reusable 
consumables. This study evaluated a basic research 
facility, which differs from a clinical laboratory in sev
eral aspects. The literature lacks data on the environ
mental impact of clinical laboratory activities. 
Therefore, it is crucial to gather such data to gain a 
better understanding of the issue, make evidence- 
based decisions, and monitor changes more effect
ively. However, these results align with estimations 
for clinical facilities, which suggest that sampling ma
terials are the primary contributors to the environ
mental impact of clinical laboratories (44).

Precise Evaluation of the Environmental 
Impact of Clinical Laboratories Is Challenging

Assessing and monitoring the environmental im
pact of clinical laboratories is a multifaceted task. 
Potential indicators to observe include CO2e and 
GHG emissions (often used interchangeably in stud
ies, which add to the complexity), water and air pollu
tion, and the volume of plastic waste generated. 
However, generalization of results is challenged by 
the lack of standardization between indicators 
used in different studies. Multiple methods for asses
sing the environmental impact of a given component 
exist. The most commonly utilized approach is the 
LCA method (47). The LCA method is based on the 
ISO14040:2006 international standard (48). Briefly, 
the method evaluates the life cycle of a given func
tional unit throughout 6 major steps (Fig. 3). An im
portant aspect of LCA is that it assesses the 
environmental impact of a functional rather than a 

physical unit, thus making it possible, for example, 
to calculate the carbon impact of procedures and 
not solely objects (48). Another important aspect to 
consider is evaluating the entire life cycle of a 
product, rather than analyzing it at a single point in 
time. However, it is important to set arbitrary limits 
on this life cycle. This is because cycles are self- 
perpetuating. For instance, the energy needed to 
produce one functional unit often comes from an
other functional unit, which would also need to be 
evaluated, and so on. Additionally, some functional 
units may have subsequent cycles, such as through 
recycling. These limitations are called boundaries, 
within which LCA operates (48). It includes items 
that will be part of the analysis and excludes those 
that will not be considered. For example, the LCA of 
pathology testing conducted by McAlister et al. (44) 
included ore, agricultural, and oil and gas production 
but excluded mining, agriculture, and oil and gas in
frastructures in their system boundary. It is reason
able to assume that each different boundary 
system can lead to varying conclusions about the en
vironmental impact of a functional unit. Another 

Fig. 3. Schematic representation of the 6 main 
steps of a LCA method. Created with 
BioRender.com.
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complexity is that the LCA is based on components 
that may vary from one country to another. For ex
ample, energy consumption may vary between 2 
countries, depending on which energy is most 
abundant in each respective country.

Moreover, the choice of the indicator is crucial. 
An intervention may improve one indicator while 
worsening another. Failure to choose the right in
dicators may result in a misleading conclusion that 
there has been an improvement in environmental 
impact when, in fact, there has been a deterior
ation at another level. For example, the use of re
usable laboratory materials may reduce energy 
consumption and waste, but it may also lead to in
creased wastewater due to the cleaning process. 
Therefore, focusing solely on 1 indicator should 
be avoided as much as possible. Tools and stan
dards outlined in the following section can assist 
in navigating through these complexities.

The complexity of the causal chain of operations 
involved (i.e., “cascade” impacts) also contributes to 
the difficulty of evaluation (44). The impact of a la
boratory test conducted in 2 different labs with the 
same reagent may differ. Indeed, much of the 
environmental impact of testing is the logistics of 
transporting dilute reagents from one country or 
site to another. This impact will then vary depending 
on whether the reagent was imported from a distant 
country or purchased from a local manufacturer. 
Moreover, assessing downstream consequences 
such as waste management and air or water pollu
tion is challenging. Therefore, environmental impact 
estimations of laboratory testing are limited and 
could be undervalued.

Finally, it is sometimes difficult to distinguish the 
environmental impact of a particular test without as
sessing the influence of the sampling procedure. 
Indeed, one may question whether removing a la
boratory test from a blood sample significantly alters 
the overall environmental impact, considering that 
the same equipment (e.g., sampling consumables) 
will be used regardless. For example, McAlister 
et al. (44) found that the environmental impact of 

C-reactive protein, excluding the impact of the sam
pling procedure, was 100 times less than that of 
other chemistry and hematology tests. Currently, 
there is insufficient data to provide a definite answer 
to this question. Nonetheless, due to the widespread 
use of laboratory tests globally, even a small reduc
tion in their use could have a significant positive im
pact on the environment. Additional research is 
necessary to fully address this issue.

SOLUTIONS FOR THE MITIGATION OF 
LABORATORIES’ ENVIRONMENTAL 
IMPACT

Inappropriate, Low-Value Care Can Be 
Managed

Low-value or inappropriate care is a significant 
cause of both financial and resource waste (9). The 
World Health Organization has identified appropri
ateness of care as a crucial principle in developing 
low-carbon healthcare systems (45). To date, efforts 
to assess the impact of measures to reduce the en
vironmental impact of healthcare have focused 
mainly on volatile anesthetics [e.g., fluorinated gases 
(49)] emitted during surgery (50). For clinical labora
tories, we mentioned that the most efficient way to 
reduce the environmental footprint is to reduce 
the number of tests prescribed or performed (44). 
There is significant literature on interventions aimed 
at reducing inappropriate laboratory testing. 
Nonetheless, there are few published examples as
sessing the impact of this reduction on environmen
tal outcomes (Table 1).

Multimodality blood conservation strategies can 
be implemented to reduce iatrogenic anemia in 
the ICU setting. These include outside behavioral 
modifications to reduce test ordering, the use of 
point-of-care testing (such as arterial blood gas, 
which consumes less blood than conventional 
tubes to measure hemoglobin levels and electro
lytes), the use of closed blood sampling systems, 
and the use of small-volume collection tubes to re
duce diagnostic blood loss (53). The STRATUS 
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randomized clinical trial (54), a recent Canadian 
study, analyzed the transition from standard- 
volume to small-volume tubes for blood collection 
in 25 adult medical-surgical ICUs. The study only in
cluded patients who had been in the ICU for more 
than 48 hours. The results showed that the transi
tion to small-volume tubes did not affect laboratory 
analysis. Additionally, the study found a reduction 
in red blood cell transfusions in ICU patients, par
ticularly those admitted during the early corona
virus disease 2019 pandemic (as shown in the 
prespecified secondary analysis). Although the ef
fect of reducing hospital-acquired anemia with 
small-volume tubes has mainly been studied and 
observed in ICU patients, their use can be extended 
to other healthcare units. This has been demon
strated in a 304-bed tertiary care teaching hospital 
in Florida (55). The utilization of small-volume tubes 
instead of standard-sized tubes resulted in a signifi
cant reduction of diagnostic blood loss for routine 
testing (hematology, basic metabolic panel, and co
agulation testing) by 25%. This approach also led to 
a decrease in the number of transfusions across 
units and to an increase in mean hemoglobin levels, 
particularly in transplant and critical care units. 
Furthermore, there was no increase in the number 
of redraws for diagnostic testing. Assessing the po
tential reduction in carbon footprint in the life-cycle 
assessment of small-volume tubes compared to 
standardized collection tubes, especially at a large 
scale, would be of interest.

Practical Solutions for Reducing the 
Environmental Impact of Laboratories

There are numerous practical solutions proposed 
for mitigating the environmental impact of laborator
ies (56–67). An overview of frequently cited solutions 
is provided in Table 2. The appointment of a labora
tory environmental manager and implementation of 
an environmental management system (EMS) are 
crucial steps toward promoting a more sustainable 
laboratory. International guidance, such as the “ISO 
14000 family” (56) of standards, should be applied 

for environmental management, and regular reviews 
in the form of “sustainability audits” are required to 
monitor progress toward these standards. 
Education of both laboratory staff regarding the en
vironmental impact of laboratories and healthcare 
professionals regarding the appropriateness of 
laboratory testing is crucial for mitigating the environ
mental impact of laboratory medicine. The imple
mentation of stewardship interventions may be a 
viable solution. These interventions can employ mul
tiple strategies to reduce the inappropriate use of la
boratory tests. Two studies were found that 
specifically estimated the amount of CO2e that could 
be avoided by reducing inappropriate laboratory 
testing (Table 1). Regular assessments of equipment, 
reagents, chemicals, and furniture usage should be 
carried out prior to any purchase through the imple
mentation of a “sustainable procurement policy” 
(sometimes referred to as “green purchasing policy”). 
Despite certain challenges (57), there are existing fra
meworks for incorporating LCA in health technology 
assessments (48). Particular attention should be gi
ven to the transportation of both samples and la
boratory staff. The implementation of smaller and/ 
or more environmentally friendly vehicles, or even in
novative transportation methods [e.g., drones (58, 
59)], should be explored. Several strategies to con
serve energy and water have been suggested, which 
include the use of light-emitting diodes, fostering a 
“switching off” and “think twice” culture, regularly as
sessing water management, incorporating a rain
water collection system for nonpotable water use, 
and utilizing low-consumption or waterless sanitary 
facilities. Although possibilities for reusing and recyc
ling waste in medical laboratories are increasing (60), 
limitations still persist due to concerns around bio
safety and cross-contamination risks. Therefore, 
the immediate priority should be focused on 
reducing waste (44), which ultimately results in the 
reduction of consumption. Waste management 
should also be regularly reviewed to ensure the la
boratory reuses or recycles as much as possible 
(61). Tools provided by nonprofit, national, or 
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international organizations and societies can aid in 
this effort (see later discussion). Another solution is 
to batch tests, or to centralize nonurgent, routinely 
prescribed tests in a central laboratory (“hub”) 
(62, 63). Consolidation of low-volume testing per
formed in smaller laboratories into high-throughput 
facilities represents a significant opportunity for 
savings—both economic and environmental—that 
extend beyond the purchase of equipment to in
clude reagents, controls, and calibrators (63). 

Table 2. Common proposed actions in the 
literature to mitigate environmental impact 
of laboratories (61–63, 65, 67–74).

Education and stewardship solutions

• Raise awareness on laboratory’s environmental 
impact (70, 71)

• Provide training for laboratory staff (70, 73, 74)
• Educate about appropriate laboratory tests’ request 

and promote interventions to reduce inappropriate 
laboratory testing (63)

• Reduce sampling volume and collection tubes used (67)

Material solutions

• Remove chemicals wherever possible and utilize 
green chemistry to be replaced with less toxic 
alternatives (61, 73)

• Track the chemical inventory to avoid overpurchasing (73)
• Adopt a green purchasing policy for material and 

reagents (energy-efficient equipment; local reagents to 
reduce transport impact, reduce or recycle packaging, 
etc.) (61, 71)

• Save paper and/or use recycled paper (61, 63, 67, 70–72)
• Purchase environmentally friendly furniture (71, 72)
• Remove vacuum aspirators and replace them with 

vacuum pumps (61)
• Use alternatives for sample transportation (hybrid or 

electric vehicles, bicycles, small cars, drones, etc.)  
(61, 63, 71)

• Utilize reusable material and recycle whenever possible 
(62, 68–71)

• Batch tests (62)
• Share unused kits or equipment when possible  

(61, 67, 72, 73)

Energy and water-saving solutions

• Use renewable energy when possible (61, 62, 67, 69)
• Use light-emitting diodes and sensors, and use natural 

light as much as possible for lighting (61–63, 71, 72)
• Install a “switch-off” culture (lights, computers, 

nonessential equipment, etc.) and ensure sleep mode 
on devices, e.g., by conducting an “end of day” 
walkthrough daily (61, 69–72)

• Install a “think twice” culture (emails, printed papers, 
etc.) (61, 70)

• Shut down the sash on fume hoods when not in use 
(61, 63, 71)

• Adopt regular assessment of freezers content and 
defrost freezers on a regular basis (63)

(continued) 

Table 2. Continued  

• Ensure windows and doors are closed when using air 
conditioning (61)

• Set thermostat to a reasonable level according to the 
season (70)

• Reuse warmth from equipment during winter (62)
• Use low-consumption or waterless toilets and urinals 

(62, 72)
• Use rainwater as a source for nonpotable water use
• Use timers for water use and check for faucet leaks (61)
• Monitor the management of water chemistry (61)
• Run autoclaves at full capacity (61)
• Use chiller bath instead of continuous water flow (72)

Organizational solutions

• Appoint a laboratory environmental manager 
(71,73)

• Adopt an environmental management strategy and 
indicators of sustainability (61, 63, 67, 70–73)

• Follow international recommendations such as 
ISO14001:2015 (63, 71)

• Use organizational tools or resources such as GES 
1point5 tool or Laboratory Efficiency Assessment 
Framework (63)

• Promote “sustainability audits” to monitor impact and 
progress of policies (70–73)

• Provide feedback to employees (73)
• Centralize testing for nonurgent tests (63)
• Use LEED-accredited architects for new buildings or 

renovations (71, 72)
• Encourage car-pooling or alternative transportation for 

staff (62, 71)
• Promote innovation and initiative (67, 73)

Technological solutions

• Use artificial intelligence wisely (63)
• Use drones to transport samples (as listed before) (61, 63)
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Point-of-care testing is also mentioned as a solution 
to reduce the environmental impact of laboratory 
testing, but views on this topic are controversial. 
While point-of-care testing could eliminate sample 
transport, it is still hampered by issues of analytical 
quality, throughput, and cost and represents a sig
nificant source of unsustainable plastic consumption 
(64). Technological advancements could play a 
future role in laboratories, for example by using 
artificial intelligence algorithms to optimize labora
tory processes and reduce inappropriate utilization 
of resources or by expanding the use of telemedi
cine devices (61, 63, 65–67). An evaluation of “envir
onmental effectiveness” and ethical aspects of such 
technologies would be necessary to ensure their ef
ficiency and reasonable utilization (75–77). Clinical 
decision support systems can also be used in inte
gration with computerized physician order entry 
and laboratory information systems (78). These sys
tems can generate alerts for clinicians regarding 
guidelines for testing, appropriate retesting inter
vals, or redundancy of prescribed tests. Integrated 
with electronic health records, these types of soft
ware could provide useful information on the appro
priateness of a test in each clinical context (79).

Organizational Standards and Tools  
to Support Healthcare Transition

Numerous international or national organizations 
offer valuable educational materials, tools, and guid
ance to reduce the environmental footprint of la
boratories. The ISO offers the “ISO 14000 family” 
standards for EMS development and implementa
tion (56). The Sustainable Healthcare Coalition in 
the UK provides valuable data and expert guidance 
“to inspire sustainable practices” within the health
care sector (80). The University College London has 
developed the Laboratory Efficiency Assessment 
Framework, which includes helpful tools, calculators, 
and resources, with the aim of improving the sustain
ability and efficiency of laboratories (81). My Green 
Lab, a nonprofit organization, provides educational 
resources, certification for green labs, and the 

ACT® Environmental Impact Factor label (82). 
International scientific societies have task forces to 
address the transition to green laboratories, such 
as the International Federation of Clinical Chemistry 
and Laboratory Medicine Task Force Environmental 
Impact of Laboratory Medicine (83) or its European 
counterpart (EFLM) Task Force: Green and 
Sustainable Laboratories (84), that has produced 
valuable resources including an EFLM Guidelines 
for Green and Sustainable Medical Laboratories (61).

There are several other strategies to help control 
inappropriate test utilization, including the various 
worldwide “choosing wisely” campaigns to educate 
on wise choices for pathology testing (85). This initia
tive began in 2012 with 9 national specialty societies 
(representing 375 000 clinicians) offering 45 exam
ples of tests or treatments that were commonly 
used in their fields but lacked strong supporting evi
dence. Between 2012 and 2023, more than 80 spe
cialty societies highlighted additional examples (86). 
Several recommendations appear in various 
“choose wisely” lists, including “Do not repeat Hb 
A1c testing in stable patients within 3 months of a 
previous result,” “Do not order antinuclear anti
bodies and extractable nuclear antigens unless the 
patient is suspected to have a connective tissue dis
ease,” “Do not measure the INR (international nor
malized ratio) in patients who are taking an anti-Xa 
inhibitor,” and “Do not employ a specific direct oral 
anticoagulant reversal agent without identifying the 
DOAC and estimating its plasma concentration” (85).

To facilitate wise test selection, electronic order
ing systems can also be designed to either stop 
unnecessary testing or to gather important clinical 
information to help explain downstream test re
sults. Some examples from hematology are (1) 
querying the need for routine coagulation tests, 
or other hemostasis tests, when an order for 
that test has already (or recently) been made (to 
avoid duplicate orders); (2) requesting information 
about patient anticoagulation (all possibilities); (3) 
requesting completion of a 4T score ahead of 
heparin-induced thrombocytopenia testing or a 
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PLASMIC (Platelet count; combined hemoLysis 
variable; absence of Active cancer; absence of 
Stem-cell or solid-organ transplant; MCV; INR; 
Creatinine) score ahead of ADAMTS13 (a disinte
grin and metalloprotease with thrombospondin 
type 1 repeats, member 13) activity testing.

THE VIRTUOUS CIRCLE OF 
APPROPRIATENESS

The Implementation of an Environmental 
Management System and the Reduction of 
Inappropriate Testing Reduce Laboratory 
Costs

One positive consequence of EMS implementa
tion is the reduction of costs (68). A dermatopathol
ogy laboratory saved US$43 000 per year through 
recycling procedures for plastic, alcohol and xylene 
reagents, formalin, and paper, as well as applying 
an electricity reduction plan (69). The Royal College 
of Pathologists of Australia Quality Assurance 
Programs have also integrated an EMS into their fa
cilities. The focus was on reducing environmental im
pact through sustainable practices such as printing 
(cutting down on the number of printers, double- 
sided printing, user authentication, etc.), reducing 
electricity consumption (utilizing light-emitting diode 
lights and light sensors, implementing a switch-off 
policy, etc.), responsible waste management (using 
certified contractors for waste removal and regular 
waste container audits), recycling (supplies, batter
ies, paper, printer cartridges, etc.), and upholding a 
green purchasing policy. The improved environmen
tal outcomes resulted in estimated savings of AUS$ 
800 000 over a 3-year period (70). While the impact 
of individual tests or measures to mitigate them 
may seem insignificant, their accumulation can 
lead to significant large-scale results, particularly on 
a national scale (44). Furthermore, as laboratory 
tests incur costs, any unnecessary test results in 
avoidable expenses. For example, a military medical 
425-bed inpatients center estimated that a program 
concentrating on eliminating superfluous thyroid 

function tests alone could result in cost savings of 
$120 000 per year (87).

There are multiple illustrations of interventions’ 
impact in curbing improper laboratory testing lead
ing to favorable financial outcomes. Tamburrano 
et al. (33) provided an assessment of the overuse 
of laboratory testing and associated costs in 
an Italian university hospital. They scrutinized 
5 716 370 requests, of which 809 245 (14%) did not 
conform to predefined requesting rules. The avoid
able expenditures were estimated to be €1 719 337 
during a 20-month period (i.e., €85 967 per month). 
Vegting et al. (88) conducted a multifaceted interven
tion (education, guidelines, feedback) in the internal 
medicine department of an academic center to re
duce inappropriate diagnostic testing for both in- 
and outpatients. The authors recorded a savings of 
€230 000 (21% of total costs) in 1 year. In a previous 
review focusing on interventions to improve the ap
propriateness of laboratory testing conducted in the 
ICU, 50% (n = 22) of interventions retrieved evalu
ated economic outcomes, all of which reported sig
nificant cost savings (89). The amount varied based 
on the specific tests, interventions, settings, and 
time periods. Collectively, these data show that redu
cing inappropriate laboratory test requests has a 
dual positive effect of decreasing both the environ
mental impact and unnecessary costs associated 
with these tests.

Reducing Inappropriate Laboratory Testing 
Mitigates Environmental Impacts

To the best of our knowledge (50), there are 2 
interventional studies that have assessed the impact 
of a laboratory demand management strategy on en
vironmental outcomes (Table 1). Both studies 
demonstrated a decrease in carbon footprint, ac
companied by cost savings. McAlister et al. (52) con
ducted an interventional study designed to reduce 
the economic and environmental impact of inappro
priate laboratory testing in the department of medi
cine of a 653-bed Australian hospital. This study 
evaluated an education-based, 6-month-long 
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intervention resulting in a 10% decrease in pathology 
test orders. Estimations indicated that achieving a 
10% decrease in pathology test orders across the en
tire hospital could have resulted in savings of 1300 kg 
CO2e and AUS$ 500 000. On a nationwide scale, the 
authors estimated that a 10% decrease in pathology 
testing could have led to a reduction of 135 000 kg 
CO2e emissions, equivalent to driving 620 000 km 
(or 15.5 times the circumference of the earth) by 
car, and an annual cost reduction of AUS$ 56 million. 
Regan et al. (51) carried out a 32-month intervention, 
combining education-based (posters, stickers) and 
feedback-based (communication of results) strat
egies to reduce the overuse of unnecessary com
bined biochemistry tests in a 26-bed pediatric 
cardiology ward. The results showed a 13.5% reduc
tion of clinical biochemistry tests throughout the 
course of intervention, leading to estimated savings 
of £11,300 and a reduction of 17 800 kg of CO2e 
emissions.

Reducing Inappropriate Laboratory Testing 
Does Not Jeopardize Patient Safety

Efforts to mitigate inappropriate laboratory use 
and carbon footprint often encounter the challenge 
of ensuring patient safety. The primum non nocere 
(i.e., “first, do no harm”) principle serves as the guiding 
framework for healthcare delivery, which entails 
that such initiatives and any resulting behavioral 
alterations must not jeopardize patient safety. 
Nevertheless, as previously stated, unsuitable testing 
practices can lead to adverse effects on patient 
safety (32) and should be minimized. Data show 
that the balance is in favor of reducing inappropriate 
tests. Generally, implementing interventions to 
reduce inappropriate tests does not lead to an 
increase in adverse clinical events. A review on inter
ventions to improve laboratory testing in the ICU re
vealed that 60% of interventional studies monitored 
patient safety (with an average of 3 outcomes per 
study), and none of these reported any deterioration 
of safety outcomes in the postintervention period 
(89). A systematic review of interventions to reduce 

routine diagnostic tests (pathology and chest X-rays 
mixed) in the ICU analyzed 26 studies including a 
total of 40 000 patients and showed no significant 
disparities in safety outcomes, i.e., mortality, length 
of stay, or adverse events, between preintervention 
and postintervention periods, despite an overall 
low quality of studies (90). These data indicate feas
ible implementation of measures to decrease un
necessary laboratory testing while safeguarding 
patient safety.

CONCLUSIONS

At least one out of every 3 tests is impacted by in
appropriateness, resulting in negative conse
quences on the 3Ps: People (hospital-acquired 
anemia and transfusion risks, risks of error, inciden
tal findings and subsequent unnecessary interven
tions, patient discomfort and stress, staff overload), 
Profit (direct and indirect costs), and Planet (GHG 
emissions, water and air pollution, waste). These 
negative outcomes are part of a vicious circle.

Fortunately, many examples of interventions are 
published to improve the appropriate use of labora
tory tests. Resources, tools, and support are increas
ingly available to aid the transition toward sustainable 
laboratories and healthcare. Implementing an envir
onmental management system in (clinical) laborator
ies not only will contribute to more environment 
friendly practices but can also associate with signifi
cant net cost savings. These positive outcomes are 
mutually reinforcing in a virtuous circle.

Decreasing inappropriate laboratory testing de
creases GHG emissions and reduces expenses while 
safeguarding patient safety. It is our responsibility, as 
citizens and healthcare professionals, to rethink our 
work habits and to drive and embrace change that 
will bring us toward a more sustainable healthcare 
system. There is a “win-win” opportunity for labora
tory services all around the world to adopt appropri
ateness and environmentally friendly policies, 
leading them to become virtuous clinical diagnostic 
facilities.
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Nonstandard Abbreviations: ICU, intensive care unit; GHG, greenhouse gas; CO2e, carbon dioxide equivalent emissions; ISO, 
International Organization for Standardization; LCA, life cycle assessment; EMS, environmental management system.
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