
gests that the differences between mortality rates may not
decrease with time.

We agree with Vincent that the initial resuscitation pe-
riod is critical. However, it is inappropriate to conclude, in
the absence of supporting evidence, that treatment in the
next 24 hours is unlikely to make a difference. The large
prior experience with this therapy must be considered. In a
meta-analysis involving 1425 patients, 786 of 978 patients
received more than 1 polymyxin B treatment.6

We acknowledge Dr Kida’s observation of the prepon-
derance of gram-positive organisms in the polymyxin B
group. It is unlikely that this is a significant confounder. More
than one-third of all patients had multiple organisms. Pa-
tients with gram-positive isolates also had gram-negative or-
ganisms. We agree that, in the absence of endotoxin mea-
surements, the observed effects cannot be directly attributed
to endotoxin removal. However, this hypothesis is logical
in this context and biologically plausible.

Massimo Antonelli, MD
Department of Intensive Care and Anesthesiology
Catholic University of Sacred Heart
Rome, Italy
Francesco Giunta, MD
Division of Anesthesiology and Intensive Care
University of Pisa
Pisa, Italy
Claudio Ronco, MD
cronco@goldnet.it
Department of Nephrology, Dialysis and Transplantation
St Bortolo Hospital
Vicenza, Italy

Financial Disclosure: None reported.

1. Amato MB, Barbas CS, Medeiros DM, et al. Effect of a protective-ventilation
strategy on mortality in the acute respiratory distress syndrome. N Engl J Med.
1998;338(6):347-354.
2. Napolitano LM, Fabian TC, Kelly KM, et al. Improved survival of critically ill
trauma patients treated with recombinant human erythropoietin. J Trauma. 2008;
65(2):285-297.

3. Cantaluppi V, Assenzio B, Pasero D, et al. Polymyxin-B hemoperfusion inacti-
vates circulating proapoptotic factors. Intensive Care Med. 2008;34(9):1638-
1645.
4. Bernard GR, Vincent JL, Laterre PF, et al; Recombinant human protein C World-
wide Evaluation in Severe Sepsis (PROWESS) study group. Efficacy and safety of
recombinant human activated protein C for severe sepsis. N Engl J Med. 2001;
344(10):699-709.
5. Vincent JL, Bernard GR, Beale R, et al. Drotrecogin alfa (activated) treatment
in severe sepsis from the global open-label trial ENHANCE: further evidence for
survival and safety and implications for early treatment. Crit Care Med. 2005;
33(10):2266-2277.
6. Cruz DN, Perazella MA, Bellomo R, et al. Effectiveness of polymyxin B-
immobilized fiber column in sepsis: a systematic review. Crit Care. 2007;11
(2):R47.

RESEARCH LETTER

Estimate of the Carbon Footprint
of the US Health Care Sector

To the Editor: Despite heightened worldwide interest in sus-
tainable health care, the carbon footprint of the US health
care sector has not yet been estimated. Quantifying the en-
vironmental impact of health care is important to deter-
mine the potential value of mitigation efforts and to reduce
harm associated with health care delivery. We estimated the
carbon footprint of the US health care sector, defined as total
greenhouse gas (GHG) emissions attributable to the pro-
duction of health care goods and services.

Methods. Health care GHG emissions were estimated using
2007 data on health expenditures published by the National
Health Accounts Team1 and the Environmental Input-
Output Life-Cycle Assessment (EIOLCA) model developed
by the Carnegie Mellon University Green Design Institute.2

The EIOLCA is based on the 1997 Industry Benchmark Pro-
ducer Price input-output table from the US Bureau of Eco-
nomic Analysis and is a matrix showing the dollar amounts
of commodities that industries purchase from each other to
produce their own commodities. EIOLCA augments input-
output tables with data on pollutants and emissions released
as by-products of each commodity. Category-specific GHG/
dollar coefficients that express the amount of carbon diox-
ide (measured in metric tons) embodied in each dollar of health
care produced were obtained from the EIOLCA. Category-
specific health spending was multiplied by its correspond-
ing coefficient to obtain GHG totals and then summed across
categories to estimate the health care sector carbon footprint.

Carbon dioxide, methane, nitrous oxide, and chlorofluo-
rocarbons were accounted for. Greenhouse gas emissions are
expressed in terms of global warming potential (GWP): the
mass of carbon dioxide producing an equivalent effect on
the balance of incoming and outgoing radiant energy in the
earth’s system over a century, measured in units of million
metric tons of carbon dioxide equivalent (MMTCO2Eq).3

Direct effects of health care activities and indirect effects that
include upstream supply-chain effects were calculated. A de-
tailed methodological appendix is available from the au-
thors on request.

Figure. Estimation of Survival Rate Through 60 Days According
to Treatment Group
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Results. The results are presented in the TABLE. The health
care sector, including upstream supply-chain activities, con-
tributed an estimated total of 546 MMTCO2Eq, of which
254 MMTCO2Eq (46%) was attributable to direct activi-
ties. The largest contributors were the hospital and pre-
scription drug sectors (39% and 14%, respectively). Ap-
proximately 80% of total global warming potential was due
to carbon dioxide emissions.

Comment. In 2007, the health care sector accounted for
16% of US gross domestic product2; total effects of health
care activities contributed 8% of total US GHG (7150
MMTCO2Eq) and 7% of total carbon dioxide emissions
(6103 MMTCO2Eq).4 For comparison, the National Health
Service accounted for 3% of total UK carbon dioxide in 2004
in a similar EIOLCA analysis.5

Study limitations include the inability to account for un-
certainty, which may be introduced in any cell of the EIOLCA
matrix and propagate throughout the model. The high di-

mensionality of sector-wide models poses data and compu-
tational challenges in estimating uncertainty but should be
addressed in future research. There was a lag between 1997
industry accounts data forming the basis for the EIOLCA
model and the 2007 health expenditure figures that were
used. Although the 1997 model is the most recent avail-
able, it does not reflect improvements in production pro-
cesses since 1997 that may have affected environmental im-
pact.6 This data limitation is difficult to surmount: detailed
input-output tables are updated every 5 years, and updat-
ing environmental data and merging them with input-
output data have been accomplished by the Green Design
Institute and made publicly available.

Measuring and reducing the environmental impact of
health care may be considered an extension of efforts to
improve health care quality and efficiency and to reduce
unintended consequences. These results suggest that key
points along the health care supply chain should be iden-

Table. EIOLCA Estimates of Greenhouse Gas Emissions From the US Health Care Sector Based on National Expenditures, 2007a

Health Spending Categoryb

Expenditures,
Millions of 1997

US Dollarsa

Carbon
Dioxide,

MMTCO2Eqc
Methane,

MMTCO2Eqc

Nitrous
Oxide,

MMTCO2Eqc

Chlorofluoro-
carbons,

MMTCO2Eqc

Global
Warming
Potential,

MMTCO2Eqc

Direct effectsd

Hospital 536 305 80.47 7.69 1.41 10.11 99.68

Physician/dental services 441 980 28.49 2.12 0.27 1.97 32.85

Other professional 98 714 15.92 0.83 0.25 1.42 18.43

Home health care 45 430 3.56 0.16 0.05 0.33 4.10

Nursing home care 101 101 20.58 2.29 0.20 0.31 23.38

Prescription drugs 175 175 32.95 2.16 0.89 1.69 37.69

Nondurable and durable equipment 47 663 5.37 0.29 0.02 0.08 5.76

Administrative/insurance 119 889 1.33 0.29 0.01 0.00 1.63

Scientific research 32 648 4.06 0.21 0.06 0.18 4.51

Structures/equipment 77 539 24.80 0.59 0.21 0.03 25.63

Total 1 676 444 217.52 16.63 3.37 16.13 253.65

Total effectse

Hospital 536 305 162.54 29.02 10.83 12.26 214.65

Physician/dental services 441 980 61.02 8.57 1.86 3.33 74.78

Other professional 98 714 30.61 3.79 1.04 1.92 37.36

Home health care 45 430 7.37 0.85 0.22 0.43 8.88

Nursing home care 101 101 34.32 6.90 3.00 0.60 44.82

Prescription drugs 175 175 64.56 8.11 3.14 2.79 78.60

Nondurable and durable equipment 47 663 16.31 2.49 1.38 0.48 20.66

Administrative/insurance 119 889 8.30 1.50 0.20 0.11 10.10

Scientific research 32 648 7.79 0.93 0.26 0.29 9.28

Structures/equipment 77 539 41.73 3.20 0.74 0.74 46.41

Total 1 676 444 434.55 65.37 22.68 22.94 545.54
Abbreviations: EIOLCA, Environmental Input-Output Life-Cycle Assessment; MMTCO2Eq, million metric tons of carbon dioxide equivalent.
aExpenditure data from the National Health Expenditure Accounts Team,1 deflated to 1997 real US dollars using the Consumer Price Index ($1.002007=$0.771997). Spending on

government public health activities was excluded because a corresponding industrial sector in the 1997 Industry Benchmark EIOLCA model was not available. Numbers may not
sum to totals due to rounding.

bHealth care expenditure categories and corresponding North American Industrial Classification System sectors are in the technical appendix, available on request from the au-
thors.

cEmissions of greenhouse gases expressed in terms of global warming potentials, defined as the effect of 1-kg emission of a gas on the balance of incoming radiant energy ab-
sorbed by the earth system and outgoing radiant energy reflected back out into space, relative to 1 kg of carbon dioxide over a 100-year period. Emissions of greenhouse gases
other than carbon dioxide are expressed in terms of the amount of carbon dioxide that would produce an equivalent radiative potential effect over a 100-year period.3

dAccounting for emissions from purchases by the corresponding health care subsector alone.
eAccounting for direct effects plus emissions from all upstream purchases among suppliers to create the inputs purchased by the health care sector to produce its final output.
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tified where environmental mitigation efforts may achieve
greatest net health and net environmental benefits.
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CORRECTIONS

Incorrect Label for Sex in Table: In the Original Contribution entitled “Effective-
ness of Home Blood Pressure Monitoring, Web Communication, and Pharmacist
Care on Hypertension Control: A Randomized Controlled Trial” published in the
June 25, 2008, issue of JAMA (2008;299[24]:2857-2867), an incorrect label for
sex appeared on page 2861, in Table 1. The second row of the table that reads
“Female sex” should have read “Male sex.”

Incorrect Percentage and Number: In the Commentary entitled “The Journal Im-
pact Factor Denominator: Defining Citable (Counted) Items” published in the Sep-
tember 9, 2009, issue of JAMA (2009;302[10]:1107-1109), an incorrect percent-
age and number appeared on page 1108, in the Table. Under the column 1
subheading, “Total citations by end of 2007,” row 4 for “JAMA,” column 4 that
reads “4916 (22.9)” should have read “4916 (11.9).” In the same section of the
table, row 6 for “NEJM,” column 4 that reads “75 984 (9.2)” should have read
“6963 (9.2).”

Incorrect Wording: In the Commentary entitled “Bending the Cost Curve: A Criti-
cal Component of Health Care Reform” published in the September 16, 2009,
issue of JAMA (2009;302[11]:1223-1224), an incorrect statement appeared on
page 1223, right column, first full paragraph. The sentence that reads “The Medi-
care Payment Review Commission (MEDPAC) could also recalibrate the Relative
Value Scale formulas to provide increased payment for more time-intensive pa-
tient interaction and primary disease prevention services” should have read “The
Medicare Payment Review Commission (MEDPAC) could recommend to Con-
gress increased payment for more time-intensive patient interaction and primary
disease prevention services.” On pages 1223 and 1224, in the sentence that reads
“In the long run, physicians not participating in such accountable incentive pay-
ment systems might be subject to reductions or penalties in updates of the MEDPAC
fee schedule,” “MEDPAC fee schedule” should have read “Medicare fee schedule.”

Incorrect Total Shown for Number of Tested Offspring: In the Brief Report en-
titled “Implications of Hypertrophic Cardiomyopathy Transmitted by Sperm Do-
nation” published in the October 21, 2009, issue of JAMA (2009;302[15]:1681-
1684), an incorrect total was shown for the number of offspring who were known
to have been products of fertilization via sperm donation and who were also ge-
netically tested for the Arg169Gly mutation. On page 1682, “Of these, 18 have
been tested for the Arg169Gly mutation, and 8 were positive (Figure 1)” should
have read, “Of these, 16 have been tested for the Arg169Gly mutation, and 8
were positive (Figure 1).”
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