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Objectives: Traditional economic evaluations for most health technology assessments (HTAs) have previously not included environmental outcomes. With the growing interest in
reducing the environmental impact of human activities, the need to consider how to include environmental outcomes into HTAs has increased. We present a simple method of
doing so.
Methods: We adapted an existing clinical-economic model to include environmental outcomes (carbon dioxide [CO2] emissions) to predict the consequences of adding insulin to an
oral antidiabetic (OAD) regimen for patients with type 2 diabetes mellitus (T2DM) over 30 years, from the United Kingdom payer perspective. Epidemiological, efficacy, healthcare
costs, utility, and carbon emissions data were derived from published literature. A scenario analysis was performed to explore the impact of parameter uncertainty.
Results: The addition of insulin to an OAD regimen increases costs by 2,668 British pounds per patient and is associated with 0.36 additional quality-adjusted life-years per patient.
The insulin-OAD combination regimen generates more treatment and disease management-related CO2 emissions per patient (1,686 kg) than the OAD-only regimen (310 kg), but
generates fewer emissions associated with treating complications (3,019 kg versus 3,337 kg). Overall, adding insulin to OAD therapy generates an extra 1,057 kg of CO2
emissions per patient over 30 years.
Conclusions: The model offers a simple approach for incorporating environmental outcomes into health economic analyses, to support a decision-maker’s objective of reducing the
environmental impact of health care. Further work is required to improve the accuracy of the approach; in particular, the generation of resource-specific environmental impacts.
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Health technology assessment (HTA) agencies have conven-
tionally required manufacturers to demonstrate the value pro-
vided by their products by some form of economic evaluation.
Such agencies typically have had a narrow healthcare-focused
perspective when considering these evaluations. Against this
background, some authors have argued for a broader perspec-
tive (1), including calls for HTAs to account for a technology’s
environmental outcomes in addition to the conventional health
outcomes and costs (2;3). However, HTA agencies have shown
little interest to date in accounting for environmental issues (3).

The idea that environmental outcomes could be usefully in-
corporated into HTAs would be consistent with other attempts
to recognize and account for the environmental impact of pub-
lic policies. For example, many governments have committed to
environmental objectives, like the Kyoto protocol’s targets for
reducing greenhouse gas emissions (4). Environmental objec-
tives are also starting to be adopted by healthcare policy mak-
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ers. For instance, National Health Service (NHS) England in
the United Kingdom (UK) has specific targets to decrease car-
bon dioxide (CO2) emissions generated by the healthcare sec-
tor, from an estimated 20 million metric tons of carbon diox-
ide equivalent (MtCO2e) in 2004 to between 11.20 and 12.20
MtCO2e by 2020 and 6.58 MtCO2e by 2050 (5). The Swedish
government, too, is considering plans that encourage the use of
more environmentally friendly pharmaceuticals by means of an
eco-classification system, and by paying a green premium for
generic drugs (6;7).

These developments invite questions about whether and
how environmental outcomes could also be formally consid-
ered in HTAs (8). There are several reasons why we should take
this possibility seriously. First, environmental impacts already
fall within the scope of the assessment undertaken by some
HTA bodies that take a societal perspective, such as Tandvårds-
Och Läkemedelsförmånsverket. Second, expanding the remit
of other HTA bodies to include environmental impacts would
be consistent with the opinion of healthcare decision makers
who have expressed their interest in maximizing a broader set
of social welfare benefits, including environmental outcomes
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CO2: carbon dioxide; HTA: health technology assessment. 
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Figure 1. Model logic for the environmental adaptation to the health economic model

(9). Third, environmental impacts can interfere with a decision-
maker’s objective to maximize population health (10–13).

If we accept the policy argument for considering envi-
ronmental impacts as part of the HTA process, we still face
the practical challenge of how to do so. We know of no at-
tempts to estimate the environmental impacts of individual
healthcare technologies. However, there have been several at-
tempts to estimate the environmental impacts of health care at
a more aggregate level. For example, a healthcare energy im-
pact calculator has been developed to monetize the environ-
mental impact of healthcare energy use in the United States
(14), and NHS England has used a quantitative, environmen-
tally extended input–output analysis method to assess its carbon
footprint (15;16).

The objective of this study is to describe a model to es-
timate the environmental impacts generated by an individ-
ual health technology, to illustrate how environmental impacts
could be incorporated into HTAs, and to describe the chal-
lenges this approach is likely to pose.

METHODS
An existing health economic model was adapted to incorporate
environmental impacts, and was applied to assess the health
and environmental impacts of insulin treatment for type 2 di-
abetes mellitus (T2DM). Specifically, direct and indirect costs
were combined with carbon intensity data, estimates of the av-
erage CO2 emissions emitted per GBP spent delivering health
services, to estimate the emissions generated as a result of treat-
ment. Figure 1 presents the model logic.

Interventions
Our model considers two treatment regimens: an oral antidi-
abetic (OAD) medication, and the addition of basal insulin
therapy to this OAD regimen. Adding insulin to an OAD
regimen is consistent with the National Institute of Health and
Care Excellence (NICE) guidelines for patients who do not
reach clinical targets when treated with an OAD alone (17).
Based on 2014 prescription data, we assume that patients add
either modern basal insulin (80 percent) or human basal insulin
(20 percent) (18).

Health Economic Model
The IMS CORE diabetes model, a validated and well-
recognized patient-simulation model (19;20). was used to
assess the impact of the treatments on healthcare costs and
health-related quality of life (HRQL) over a 30-year time
horizon. Both costs and HRQL were discounted at an annual
rate of 3.5 percent, according to the NICE reference case
(21). Baseline characteristics of the patients simulated in the
model, such as age, sex, duration of diabetes, body mass in-
dex, ethnicity, and glycated hemoglobin (HbA1c) levels, were
based on the cohort included in a European trial (22). Other
patient characteristics that were unavailable from the European
trial (including T2DM complications, lipid profile, and blood
pressure data), were assumed to be similar to those of patients
in the LEAD 1860 study (23).

The treatment outcome was estimated as improvement in
HbA1c level. This information was extracted from a random-
ized controlled trial of European patients (22), which suggested
that HbA1c levels fell from 9.10 percent following treatment
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Table 1. Carbon Footprints, Costs and Carbon Intensities for Specific Treatmentsa

Complication Treatment
Per capita carbon footprint

(kg CO2e) Per capita cost (GBP)
Calculated carbon intensity

(kgCO2e/GBP)

Cataract Surgery in one eye 181.80 [24] 1,740 [29] 0.104
Renal failure Dialysis (annual) 10,613.95 [25] 26,519 [29] 0.400

aSee Appendix for details.
GBP, British pound.

with OAD to 7.94 percent with the addition of insulin. Treat-
ment costs were computed from UK prescription data (18)
and end-of-trial doses (22); the OAD-only regimen costs 50.51
British pounds (GBP)/year, and the OAD-insulin regimen costs
417.22 GBP/year.

Environmental Inputs
A treatment has both direct and indirect impacts on the envi-
ronment. Direct effects are generated as a consequence of the
raw materials consumed, as well as waste and emissions gen-
erated during the manufacturing, distribution, and use of the
treatment. Indirect effects are generated as a result of a treat-
ment’s health outcomes, which will impact a patient’s need for
other treatments and services, each of which generates envi-
ronmental impacts through its manufacture, distribution, and
use. Both types of environmental impact are considered by the
model.

The environmental impact of treatments is estimated using
data on the environmental impact of delivering health care. We
identified three sources of healthcare-related CO2 emissions.
The first, which we used in our base-case analyses, provided
the carbon-intensity of health care in England that was calcu-
lated from CO2 emissions and budget data provided by UK
NHS. Specifically, the following methods were used to esti-
mate CO2 impacts of treatment: (i) Direct CO2 impact of treat-
ments: we assume that the CO2 intensity of treatment equals
the average annual CO2 intensity of pharmaceutical products
purchased by the NHS of 0.34 kgCO2e/GBP (16) and (ii) the
indirect CO2 impact of treatment: the indirect costs of treat-
ments, due to general disease management and complications,
estimated by the IMS CORE model are converted into CO2

emissions using the NHS estimate of the CO2 intensity of
0.23 kgCO2e/GBP (16).

The other two sources were used in a scenario sensitivity
analysis. These sources estimated the CO2 intensity of cataract
surgery (24) and renal services (25) from estimates of their total
CO2 footprint and costs derived from the literature (see Table 1
and Supplementary Appendix 1). In the scenario analysis, these
CO2 intensity estimates were used to estimate the CO2 impact
of T2DM-related eye and renal complications.

As CO2 intensity estimates are applied to discounted costs,
the model implicitly discounts emissions at the same rate as
health care resource use, 3.5 percent.

Illustration: The Calculation of Treatment-Related Carbon Emission
The carbon intensity estimates for pharmaceutical treatments
were taken from the NHS Sustainable Development Unit (16),
who estimated this by dividing the total CO2 impact of the
pharmaceuticals used by the NHS in England (4,380 m
kgCO2e) by the amount spent on these pharmaceuticals by the
NHS (GBP 12,900 m). This CO2 intensity estimate was applied
to direct cost of pharmaceutical treatments in the model to es-
timate the CO2 emissions generated by use of the treatment.
For instance, if the cost of OAD per patient was GBP 100, then
OAD would be associated with CO2 emissions of 34 kgCO2e
(GBP 100 × 0.34 kgCO2e/GBP).

Model Outputs
The following conventional health economic outcomes were
generated by the model: (i) costs of treating and managing
T2DM; (ii) incidence and costs of treating each of the T2DM-
specific complications; and (iii) estimates of quality-adjusted
life-years (QALYs) lived by the patients. These were used to
estimate the incremental cost-utility ratio (incremental costs
divided by incremental QALYs gained). This model also esti-
mates total and incremental CO2 emissions and the CO2 emis-
sions by type of service.

RESULTS
Adding insulin to the OAD regimen increased direct treatment
costs by 4,032 GBP and reduced the cost of disease manage-
ment and complications by 1,384 GBP, for an overall total in-
crease of 2,668 GBP per person (see Table 2). The improve-
ment in Hb1Ac with the addition of insulin also resulted in al-
most 0.36 additional QALYs per patient. Therefore, each addi-
tional QALY comes at a cost of 7,432 GBP.

The healthcare resources associated with the insulin-OAD
regimen generated 4,704 kg of CO2 emissions per person,
whereas the OAD-only regimen generated 3,647 kg of CO2

emissions per person. The treatment of T2DM with the
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Table 2. Model Results (per Patient) at 30 Yearsa

Model outcomes Insulin-OAD OAD Difference Source

Direct medical costs, discounted GBP Original economic model
Regimen-related 4,563 531 4,032
T2DM management 584 564 20
Complications 13,125 14,509 − 1,384

Direct medical costs, discounted GBP (total) 18,272 15,604 2,668
Quality-adjusted life-years, discounted (total) 7.20 6.84 0.36
Carbon emissions Model adaptation
Regimen-related, kgCO2e 1551.42 180.54 kg 1,370.88 kg
T2DM management, kgCO2e 134.32 129.72 kg 4.60 kg
Complications, kgCO2e 3,018.75 3,337.07 − 318.32

CVD 1336.76 1531.34 − 194.58
Renal 131.56 214.82 − 83.26
Ulcer/amputation/neuropathy 1326.41 1463.72 − 137.31
Eye 96.60 126.27 − 29.67
Hypoglycemia 127.42 0.92 126.50
Keto/lactic acidosis 0.00 0.00 0.00
Anti-depression treatment 0.00 0.00 0.00

Carbon emissions, kgCO2e (Total) 4,704.49 3,647.33 1,057.16

CVD, cardiovascular disease; CO2, carbon dioxide; kg, kilogram; T2DM, type 2 diabetes mellitus; OAD, oral antidiabetic; HbA1c, glycated
hemoglobin; GBP, British pound.
aDiscount rate for costs and effects: 3.5%.

insulin-OAD regimen (including disease management) gener-
ated direct environmental impacts of 1,686 kg of CO2 emis-
sions per person compared with 310 kg of CO2 emissions per
person following treatment with the OAD-only regimen (see
Table 2). However, this was partly offset by fewer CO2 emis-
sions as a result of fewer complications with the insulin-OAD
regimen (3,019 kg compared with 3,337 kg with the OAD-only
regimen).

These results were not sensitive to the sources of CO2 in-
tensity data used. The scenario analysis found a minimal im-
pact on the amount of CO2 emissions generated by the use of
the insulin-OAD regimen (4,749 kg of CO2 emissions per per-
son) compared with the OAD-only regimen (3,737 kg of CO2

emissions per person).

DISCUSSION
We had two objectives. The first was to illustrate how en-
vironmental impacts could be incorporated into HTAs. This
study reports a simple method for incorporating environ-
mental impacts into a health economic analysis. Specifically,
the analysis assesses the impact of treatments for T2DM on
healthcare costs, HRQL, and CO2 emissions. The approach
adopted was to estimate the cost and HRQL outcomes asso-
ciated with the treatments using the IMS CORE model and

to estimate the CO2 emissions generated by the associated
healthcare resources using CO2 intensity estimates. This ap-
proach is not specific to the IMS CORE model, which was
used because it is a validated health economic model; the
same approach could be applied to other health economic
models.

Our second objective was to describe the challenges this
approach is likely to pose. Three challenges were identified: (i)
Data on environmental impact in a form that could be incor-
porated into the model was only available for CO2 emissions;
(ii) CO2 emissions data were not available at a sufficiently dis-
aggregated level to isolate the impact of individual treatments;
and (iii) There is little evidence on how decision makers will
use data on the environmental impact of treatments.

As far as we know, ours is the first attempt at incorporat-
ing environmental impacts into a health economic analysis of a
specific technology. Having done so, we have demonstrated that
there are data available for estimating the environmental impact
of other health technologies. However, those data have several
limitations. CO2 intensity data are available only for top-level
healthcare resource categories, such as acute and primary care
services and pharmaceuticals. Because these categories cannot
yet be directly mapped to the relevant diabetes-related compli-
cations, we used the general healthcare CO2 intensity data to
estimate CO2 emissions. These CO2 intensity data capture only
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a portion of the environmental impacts associated with health-
care resource use (HCRU) and do not reflect the variation in
environmental impact of HCRU for different types of compli-
cations.

We explored this issue in our scenario analysis, in which
we used the CO2 footprint data for renal services and cataract
surgery to generate CO2 intensity estimates specific to these
services. The scenario analysis suggests that, although use of
these service- and complication-specific CO2 intensity values
does not have a significant impact on the overall results of the
analysis, the environmental impact of a particular healthcare
technology, or for a particular disease area, can vary accord-
ing to the types of resources used. For example, we found that
the CO2 intensity of treating renal failure is 74 percent higher
than the NHS average CO2 intensity, and the CO2 intensity of
cataract surgery is 55 percent lower than the NHS average.

Further work is required to generate better estimates of the
CO2 intensity of healthcare resource use that are specific to the
treatment pathways for specific complications, and to gener-
ate measures of environmental impacts beyond just CO2 emis-
sions. Some of this work is already under way. For example,
the NHS carbon hotspots report (16) lists CO2 intensity val-
ues for many types of services related to delivering healthcare
services (such as pharmaceuticals and medical instruments), as
well as a range of more standard spending categories (such as
energy consumption, travel, and administrative services). The
report uses these data to estimate the carbon intensity of expen-
ditures for several healthcare categories (such as hospital ad-
missions, inpatient bed days, and outpatient visits) for different
types/sectors of healthcare services.

Although service-specific CO2 intensity estimates could
improve the accuracy of the model, they would be insufficient
to produce an accurate estimate of the environmental impact
of new technologies for two reasons: (i) either a technology has
yet to be adopted, and so its CO2 emissions will not be reflected
in CO2 intensity data; or (ii) CO2 intensity data are estimated at
too high a level of aggregation to be able to isolate the impact
of individual treatments. It will be necessary to use an alterna-
tive method to accurately estimate the environmental impact of
individual treatments as part of HTA. One option is life cycle
assessment (LCA), a bottom-up approach for collecting data on
the resources consumed and the emissions and waste generated
during each step of the manufacture, distribution, and use of a
technology (26). Although this approach is resource-intensive
and time consuming, it at least produces a comprehensive and
detailed picture of the direct environmental impact of the tech-
nology. Thus, we encourage manufacturers to undertake LCA
for their products and make the data available so they can be
used for HTA purposes.

Another question raised by the approach to including en-
vironmental impacts that we have outlined here is how envi-
ronmental data should be incorporated into healthcare decision
making, and thus, how those data should best be presented to

decision makers. This study simply presents the impact on CO2

emissions alongside one of the outputs conventionally gener-
ated by HTA, the incremental cost-utility ratio. In the example
used here, decision makers are able to see that choosing to in-
vest in the new technology reflects an efficient use of resources
(being below the cost-effectiveness threshold, and so generat-
ing more health than the marginal use of the NHS budget), but
it also results in a higher environmental impact.

One option would be to convert environmental impacts into
monetary units using estimates, for instance, of the social costs
of carbon (SCC), thereby facilitating an “extended” cost-utility
analysis (CUA) that incorporates the environmental impact into
the cost numerator. However, the SCC is subject to much un-
certainty and debate. SCC estimates are influenced by various
factors, including the discount rate; the environmental im-
pacts included in the analysis, with some estimates not includ-
ing nonmarket damages, risk of extreme weather, population
growth, future productivity growth, or socially contingent ef-
fects; and the weights given to impacts in different geographical
regions (27;28). If SCC estimates are to be incorporated into
methods to estimate the environmental impact of health tech-
nologies, further work is required to determine policy-makers’
preferred SCC methods.

Another alternative would be to use multi-criteria decision
analysis (MCDA), an approach that is better established in the
field of environmental economics than in health care. MCDA
is receiving attention in health care for its ability to capture
multiple and conflicting criteria, measured in different units,
within a single overall estimate of value (3). While MCDA is
currently less accepted than CUA by many HTA agencies (3),
further work is warranted to test the feasibility of using these
approaches to capture the environmental impacts of health tech-
nologies, and to assess decision-makers’ preferences for differ-
ent methods.

Yet another option could be to contextualize the emissions
by comparing them with those for the overall healthcare sys-
tem or for some relevant portion, such as all emissions related
to diabetes care. This approach, however, is unlikely to be im-
pactful because the emissions due to any one treatment option,
even if extended to all eligible patients, will be very small com-
pared with the larger system. Perhaps as more data on the envi-
ronmental impacts of health technologies become available and
are compiled in some systematic way, as cost-utility data are in
various league tables (e.g., the Tufts Medical Center CEA Reg-
istry), decision makers will become able to evaluate the trade-
offs between better health outcomes and environmental impacts
associated with new treatments.

Given the large monetary costs and known environmental
impacts associated with health care and the clearly stated goals
of many nations, further research should determine how policy
makers would consider environmental impacts when making
decisions, and then determine the best way to present the envi-
ronmental data to support such decision making.
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CONCLUSIONS
This study presents a simple, feasible option for incorpo-
rating environmental impacts into health economic analy-
sis, and thus offers the opportunity to support decision-
makers’ evaluation of the environmental impact of health tech-
nologies alongside standard HTA criteria. However, further
work is required to increase the amount of data available
on the environmental impact of health care, and to under-
stand how best this data should be used to support decision
makers.

POLICY STATEMENT
Health technology assessment agencies routinely assess phar-
maceutical or health technologies using standard economic
evaluation methods. These evaluations have not included en-
vironmental criteria to date. The article discusses how environ-
mental impacts can be incorporated into economic evaluations,
and suggests a simple and intuitively appealing approach to do-
ing so.
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