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ABSTRACT

BACKGROUND

Pay-for-performance programs are being adopted internationally despite little evi-
dence that they improve patient outcomes. In 2008, a program called Advancing
Quality, based on the Hospital Quality Incentive Demonstration in the United
States, was introduced in all National Health Service (NHS) hospitals in the north-
west region of England (population, 6.8 million).

METHODS

We analyzed 30-day in-hospital mortality among 134,435 patients admitted for
pneumonia, heart failure, or acute myocardial infarction to 24 hospitals covered by
the pay-for-performance program. We used difference-in-differences regression
analysis to compare mortality 18 months before and 18 months after the introduc-
tion of the program with mortality in two comparators: 722,139 patients admitted
for the same three conditions to the 132 other hospitals in England and 241,009
patients admitted for six other conditions to both groups of hospitals.

RESULTS

Risk-adjusted, absolute mortality for the conditions included in the pay-for-perfor-
mance program decreased significantly, with an absolute reduction of 1.3 percent-
age points (95% confidence interval [CI], 0.4 to 2.1; P=0.006) and a relative reduc-
tion of 6%, equivalent to 890 fewer deaths (95% CI, 260 to 1500) during the
18-month period. The largest reduction, for pneumonia, was significant (1.9 per-
centage points; 95% CI, 0.9 to 3.0; P<0.001), with nonsignificant reductions for
acute myocardial infarction (0.6 percentage points; 95% CI, —0.4 to 1.7; P=0.23)
and heart failure (0.6 percentage points; 95% CI, —0.6 to 1.8; P=0.30).

CONCLUSIONS
The introduction of pay for performance in all NHS hospitals in one region of Eng-
land was associated with a clinically significant reduction in mortality. As com-
pared with a similar U.S. program, the U.K. program had larger bonuses and a
greater investment by hospitals in quality-improvement activities. Further research
is needed on how implementation of pay-for-performance programs influences
their effects. (Funded by the NHS National Institute for Health Research.)
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WIDE VARIETY OF PAY-FOR-PERFORMANCE

programs have been developed for health

care providers, and such programs are be-
ing increasingly adopted internationally with the
aim of improving the quality of care.r Medicare
is scheduled to introduce pay for performance in
hospitals across the United States in 2013 under
its Value-Based Purchasing Program.? Increased
adoption of pay for performance is occurring de-
spite a scant evidence base. According to a re-
view? published in 2009, only three hospital pay-
for-performance programs had been evaluated,
and good evidence was available for only one, the
Hospital Quality Incentive Demonstration (HQID)
adopted by the Centers for Medicare and Medic-
aid Services in 2003 and supported by Premier.
These evaluations*® and later articles”® show at
best modest and short-term effects on hospital
processes of care. Evidence of an effect on pa-
tient outcomes is even weaker: the HQID has
been shown to have no effect on patient mortal-
ity,’>11 and a 2011 Cochrane review found no
evidence that financial incentives improve pa-
tient outcomes.*?

Design choices for pay-for-performance pro-
grams encompass goals, measures, incentives,
and implementation as well as the context in
which they are introduced. These may have an
important bearing on the effects they have.! It is
rare for similar programs to be introduced in
substantially different contexts, but in October
2008, Advancing Quality, a program very similar
to the HQID, was introduced in all 24 National
Health Service (NHS) hospitals in the northwest
region of England (population, 6.8 million) that
provided emergency care. Like the HQID, this
was a “tournament” system in which only the
top performers received a bonus. The program
was designed and supported by Premier and in-
cluded the same indicators and conditions as the
HQID. Using patient-level data from all hospitals
across England for three conditions included in
the program and six conditions not included in
the program for 18 months before and 18 months
after the introduction of the program, we ana-
lyzed the association of this program with pa-
tient mortality.

METHODS

THE INCENTIVE PROGRAM
The Advancing Quality program was the first
hospital-based pay-for-performance program to

be introduced in England. Hospitals were re-
quired to collect and submit data on 28 quality
measures covering five clinical areas: acute myo-
cardial infarction, coronary-artery bypass graft-
ing, heart failure, hip and knee surgery, and
pneumonia.

Like the HQID, Advancing Quality began as a
pure tournament system. At the end of the first
year, hospitals that reported quality scores in the
top quartile received a bonus payment equal to
4% of the revenue that they received under the
national tariff for the associated activity. For
hospitals in the second quartile, the bonus was
2%. For the next 6 months, the reward system
changed so that bonuses could be earned on the
basis of three criteria. Hospitals were awarded
an “attainment” bonus if their achievement in
the second year exceeded the median achieve-
ment level from the first year, an “improvement”
bonus if their increase in achievement from the
first year was in the top quartile of increases in
achievement from the first year, and an “achieve-
ment” bonus if their level of achievement in the
second year was in the top or second quartile of
achievement levels in the second year. Hospitals
could earn all three bonuses and had to achieve
the “attainment” bonus to be eligible for the “im-
provement” and “achievement” bonuses. There
were no penalties for poor performers at any
stage.

Bonuses totaling $5 million (£3.2 million)
were paid to hospitals at the end of the first year.
Bonuses totaling $2.5 million (£1.6 million) were
paid 6 months later. Thereafter, the program
was absorbed into a new pay-for-performance
program that applied across the whole of En-
gland. This was not organized as a tournament,
and the new program involved withholding of
payments rather than bonuses. We therefore focus
in this article on the first 18 months of the pro-
gram, before these changes were implemented.

At the outset of the program, the chief execu-
tive officers of the 24 hospitals collectively agreed
that bonuses would be allocated internally to
clinical teams whose performance had earned
the bonus. This could not be taken as personal
income but would be invested in improved clini-
cal care. Quality improvement was supported by
other mechanisms, including feedback of data
from Premier on performance, centralized sup-
port to ensure standardization of data collection,
and a range of quality-improvement activities
within hospitals. In addition, despite the com-
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petitive nature of the program, there were regular
shared-learning events for hospitals involved in
the program. Composite results were publicly
reported on a dedicated website.!3

DATA
We obtained patient-level data from national
Hospital Episode Statistics'* from the NHS In-
formation Centre for Health and Social Care for
all patients in England treated for one of three
conditions included in the program: acute myo-
cardial infarction, heart failure, and pneumonia.
We did not include hip and knee surgery because
mortality after elective joint replacement is less
than 1%. We also did not consider coronary-ar-
tery bypass grafting because this procedure was
performed in only 4 of the 24 hospitals in the
northwest region of England.

Hospital Episode Statistics in England include
deaths that occur in any hospital. We focused on
all deaths that occurred within 30 days after
admission. Published national statistics> show
that more than 90% of deaths within 30 days
after admission for one of the conditions included
in the program occur in a hospital. To check
that there were no changes in discharge policies
that might have led to more deaths outside of
hospitals, we also analyzed changes in the pro-
portions of patients discharged to care institu-
tions rather than their own homes.

We obtained equivalent data for patients ad-
mitted for six primary diagnoses that were not
included in the program. These conditions were
chosen by the first, fourth, and last authors on
the basis of published statistics at a national
level* to meet the following criteria: no clinical
linkage to any condition included in the pro-
gram, sufficient volume (more than 9000 admis-
sions in England per year), 30-day mortality of
more than 6%, and more than 80% of deaths
within 30 days after admission occurring in a
hospital.

Six diagnoses met these four criteria and were
treated as reference conditions: acute renal fail-
ure (International Classification of Diseases, 10th Revi-
sion [ICD-10] codes beginning with N17), alco-
holic liver disease (K70), intracranial injury (S06),
paralytic ileus and intestinal obstruction without
hernia (K56), pulmonary embolism (I126), and
duodenal ulcer (K26). We excluded from the
reference group all patients who had a condition
included in the program at the time of any of
their admissions during the 3-year study period.

Our comparators included two mutually exclu-
sive sets of patients — one set with a diagnosis
covered by the program who were admitted to
hospitals not included in the program and one
set with an admission for a reference condition
and no diagnosis covered by the program on any
admission during the 3-year period.

Data were obtained for patients admitted dur-
ing a 3-year period: April 1, 2007, through
March 31, 2010. This period includes 18 months
before the introduction of the program and the
first 18 months of its operation. The data set
included patients treated at the 24 NHS hospitals
in the northwest region and the 132 NHS hospi-
tals in all other regions of England. For each
condition, the analysis was restricted to hospi-
tals that admitted more than 100 patients for the
condition during the 3-year period. The final
sample included 410,384 patients with pneumo-
nia (admitted to 154 hospitals; mean number of
patients per hospital, 2665 [interquartile range,
1734 to 3353]), 201,003 patients with heart fail-
ure (154 hospitals; mean number of patients per
hospital, 1305 [interquartile range, 839 to 1680]),
245,187 patients with acute myocardial infarc-
tion (154 hospitals; mean number of patients
per hospital, 1592 [interquartile range, 951 to
2146]), and 241,009 patients with conditions not
included in the program (153 hospitals; mean
number of patients per hospital, 1575 [1035 to
1896]). Hospital characteristics were obtained
from the websites of national regulators'®'” and
the NHS Information Centre.'®

STATISTICAL ANALYSIS
We calculated expected risks of death, using a
logistic-regression model at the patient level that
included sex and age; the primary ICD-10 diag-
nosis code; 31 coexisting conditions included in
the Elixhauser algorithm, with data derived from
secondary ICD-10 diagnosis codes'?; the type of
admission (emergency or transfer from another
hospital); and the location from which the pa-
tient was admitted (own home or institution).
The analysis of risk-adjusted mortality was per-
formed on data aggregated by the quarter of the
year and by admitting hospital.

We tested whether the incentives had an ef-
fect on mortality in three ways: a between-region
difference-in-differences analysis that compared
the changes in mortality over time between the
northwest region and the rest of England for con-
ditions included in the program, a within-region
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difference-in-differences analysis that compared
the changes in mortality over time between the
conditions included in the program and those
not included in the program in the northwest
region of England, and a triple-difference analy-
sis that compared the changes over time in
mortality between the conditions included in the
program in the northwest region and those in
the rest of England and between the conditions
included in the program and those not included
in the program. The triple-difference analysis
captured the effect of the program on mortality
for the conditions included in the program in
the northwest region, controlling for the effects
of changes over time in mortality for the condi-
tions included in the program owing to factors
other than the initiative itself, in addition to
changes over time in overall mortality in the
northwest region and differences in mortality
between the conditions included in the program
and those not included in the program between
the northwest region and the rest of England.

We estimated the effects of all three included
conditions combined and then of each condition
separately. Each analysis very flexibly allowed
for time trends with the use of a binary variable
for each of the 12 quarter years and also al-
lowed for hospital differences with the use of
a binary variable for each hospital. Each analy-
sis included an interaction term between the
intervention group and the postimplementation
period.

RESULTS

The characteristics of the patient populations in
the northwest region and the rest of England be-
fore and after the introduction of the program
are shown in Table 1. For all conditions, patients
in the northwest region were slightly younger but
had more coexisting conditions. Similar changes
over time in patient volumes and patient charac-
teristics were observed in both areas. The profile
of hospitals in the northwest region was similar
to that in the rest of England (Table 2), with a
slight tendency for a smaller percentage of hospi-
tals in the northwest region to have received the
lowest ratings by the national regulators for over-
all care quality and financial management in 2007.

Risk-adjusted mortality for all the conditions
that we studied decreased during the study pe-
riod in both the northwest region and the rest of
England. The reduction in mortality for condi-

tions included in the program was greater in the
northwest region than in the rest of England,
decreasing from 21.9% to 20.1% in the north-
west region and from 20.2% to 19.3% in the rest
of England (Table 3). As compared with overall
mortality for conditions not included in the pro-
gram within the northwest region (within-region
difference-in-differences analysis) (Table 3),
there was a significantly greater reduction in
overall mortality for conditions included in the
program of 0.9 percentage points (95% confi-
dence interval [CI], 0.1 to 1.7), with a significant
reduction for pneumonia and a nonsignificant
reduction for the other two conditions. In a
comparison of mortality for the conditions in-
cluded in the program in the northwest region
with mortality for the same conditions in other
regions (between-region difference-in-differenc-
es analysis) (Table 3), there was again a signifi-
cantly greater reduction in overall mortality in
the northwest region of 0.9 percentage points
(95% CI, 0.4 to 1.4), again with individually sig-
nificant reductions for pneumonia and nonsig-
nificant reductions for the other two conditions.

Combining these two methods (triple-differ-
ence analysis) (Table 3) suggested a greater over-
all reduction in mortality of 1.3 percentage points
in the northwest region (95% CI, 0.4 to 2.1;
P=0.006). This represents a substantial relative
rate reduction of 6% and, during the 18-month
period that we studied, equates to a reduction of
890 deaths (95% CI, 260 to 1500) in the total
population of 70,644 patients with these condi-
tions in the northwest region of England. There
was a significant reduction in mortality for pneu-
monia (P<0.001), and there were nonsignificant
reductions for acute myocardial infarction (P=0.23)
and heart failure (P=0.30). The reduction in
mortality for conditions not included in the pro-
gram during the period studied was not signifi-
cantly different between the northwest region
and the rest of England (P=0.36).

Our finding that risk-adjusted mortality for
the conditions not included in the program de-
creased by similar amounts in the northwest
region and the rest of England suggests that our
findings are not explained by higher preinter-
vention mortality or by a general improvement in
the quality of care or a reduction in case-mix
complexity in the study region. Nonetheless, we
performed a wide range of further analyses to
test the robustness of our findings (see the
Supplementary Appendix, available with the full
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Table 1. Characteristics of Patients before and after Introduction of Pay for Performance in the Northwest Region of England (Intervention
Region), as Compared with Patients in the Rest of England (Control Region).
Difference
Characteristic Northwest Region Rest of England in Differences
Before After Before After
Introduction Introduction Difference Introduction Introduction Difference

Acute myocardial infarction
Patients

Total no. 20,079 18,744 -1335 104,895 101,469 -3426

Percent difference -6.6 -3.3 -34
Age

Mean (yr) 70.2 70.2 0.1 70.3 70.7 0.4 -0.4

=75 Yr (%) 43.2 433 0.1 44.1 449 0.9 -0.8
Transferred from another hospital (%) 6.9 5.9 -1.0 10.8 8.2 -2.6 1.6
Coexisting conditions (average no.)* 1.60 1.73 0.13 151 1.68 0.17 -0.04
Discharged to care institution (%) 2.9 2.7 -0.2 1.7 1.7 0.0 -0.2
Unadjusted mortality in 30 days (%) 12.4 11.0 -1.4 11.0 10.7 -0.3 -1.1
Heart failure
Patients

Total no. 15,446 15,472 26 83,540 86,545 3005

Percent difference 0.2 3.6 -34
Age

Mean (yr) 75.9 76.6 0.7 77.5 78.1 0.6 0.1

=75 Yr (%) 61.5 64.0 2.6 67.2 68.8 1.6 0.9
Transferred from another hospital (%) 13 11 -0.2 1.7 15 -0.2 0.0
Coexisting conditions (average no.)* 2.28 2.43 0.15 2.17 2.40 0.23 -0.08
Discharged to care institution (%) 4.0 4.1 0.1 33 3.2 -0.2 0.2
Unadjusted mortality in 30 days (%) 17.9 16.6 -1.3 16.6 16.1 -0.6 -0.7
Pneumonia
Patients

Total no. 28,266 36,428 8162 150,516 195,174 44,658

Percent difference 28.9 29.7 -0.8
Age

Mean (yr) 71.8 724 0.6 724 73.1 0.7 -0.1

=75 Yr (%) 54.0 55.6 1.6 56.5 58.0 1.5 0.1
Transferred from another hospital (%) 0.8 0.7 -0.1 12 1.0 -0.2 0.1
Coexisting conditions (average no.)* 1.84 1.99 0.15 1.69 1.91 0.21 -0.06
Discharged to care institution (%) 6.5 6.6 0.2 49 49 0.0 0.1
Unadjusted mortality in 30 days (%) 28.0 25.9 -2.2 27.2 26.3 -0.9 -1.3
Conditions not included in the pay-for-performance program
Patients

Total no. 16,997 18,408 1711 98,338 107,566 9228

Percent difference 10.2 9.4 0.9
Age

Mean (yr) 61.8 62.6 0.7 63.4 64.2 0.8 -0.1

=75 Yr (%) 30.6 32.6 2.0 34.4 35.9 1.5 0.4
Transferred from another hospital (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coexisting conditions (average no.)* 1.48 1.63 0.15 131 1.49 0.18 -0.03
Discharged to care institution (%) 3.8 3.8 -0.1 2.8 2.8 -0.1 0.0
Unadjusted mortality in 30 days (%) 13.3 13.0 -0.3 11.7 11.0 -0.7 0.3

* Counted were 31 coexisting conditions that are predictive of mortality and that are included in the Elixhauser algorithm. Data were derived
from secondary International Classification of Diseases, 10th Revision, diagnosis codes.*®
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Table 2. Characteristics of Hospitals in the Intervention and Control Regions.

Characteristic

Scale and scope of hospital

Northwest Region

Rest of England

number (percent)

Teaching or specialist 5(21) 23 (17)

Large general 7 (29) 38 (29)

Medium general 8 (33) 44 (33)

Small general 4 (17) 27 (20)
Foundation Trust status*

Non-Foundation Trust 17 (71) 98 (74)

Foundation Trust 7 (29) 34 (26)
Rating of overall quality of care in 20077

Excellent 7 (29) 39 (30)

Good 13 (54) 62 (47)

Fair or weak 4 (17) 31 (23)
Rating of financial management in 20073

Excellent 11 (46) 47 (36)

Good 7 (29) 31 (23)

Fair or weak 6 (25) 54 (41)

* Foundation Trusts are hospitals that have been approved by the national reg-

ulator to have additional managerial and financial freedoms.>®> We classified

hospitals according to their status in 2007.

T The rating represents the composite rating of performance in 2007 by the na-
tional regulator (the Healthcare Commission) against core standards, existing

national targets, and new national targets for quality.

I The rating represents the composite rating of performance in 2007 by the na-

tional regulators (the Healthcare Commission and Monitor) on financial

standing, management, and control.

text of this article at NEJM.org). There were no
significant changes in the proportion of patients
discharged to care institutions, and all differ-
ences were smaller than 0.3 percentage points.
We verified that the trends in mortality were
similar in the two areas before the introduction
of the program. We also checked that our find-
ings were unaffected when we controlled for
changes in patient volumes and baseline mortal-
ity and when we compared the northwest region
with a subset of similar English regions.
Further examination of the additional mor-
tality reductions in the northwest region showed
few differences according to hospital type (see
the Supplementary Appendix). Small hospitals
and hospitals rated as having “excellent” or
“good” quality services by the national regulator
before the program showed the largest mortality
reductions. Hospitals in the northwest region
that were rated as having “weak” or “fair” qual-

N ENGL ) MED 367;19
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ity services before the program did not reduce
mortality more than did similar hospitals in
other regions.

DISCUSSION

Currently, there is little evidence that pay for per-
formance has an effect on patient outcomes,*?
but reviews of published studies stress the im-
portance of the design of the measures and in-
centives, approaches to implementation, and the
context in which they are introduced.* We took
advantage of a unique initiative in which a hospi-
tal quality-improvement program that was devel-
oped in the United States (the HQID) was intro-
duced in England. We used as a natural
experiment the fact that this program was intro-
duced in only one region and found that the in-
troduction of pay for performance was associated
with a reduction in mortality of 1.3 percentage
points in the combined mortality for the three
conditions studied.

Performance reported by the participating
hospitals improved on all the quality measures
— particularly heart failure and pneumonia —
during the first 18 months of the program (see
the Supplementary Appendix). However, previ-
ous studies?*?* have shown weak links between
these process measures and mortality. No data
are available regarding the performance of hos-
pitals on these measures before the introduction
of the program or on the performance of hospi-
tals outside the study region. However, we think
that it is very unlikely that improved perfor-
mance on the process measures alone could ex-
plain the reduced mortality that we observed.

Key questions are how and why this program
was associated with reduced mortality when
previous studies have found little evidence of an
effect of pay for performance on outcomes,!?
including studies of the HQID in the United
States.’>'1 The quantitative analysis reported
here was part of a mixed-methods evaluation in
which we observed meetings and interviewed
more than 250 clinicians and managers over a
period of 18 months, and we draw on this work
to interpret our findings. Participating hospitals
adopted a range of quality-improvement strate-
gies in response to the program, including the
use of specialist nurses and the development of
new or improved data-collection systems linked
to regular feedback about performance to clini-

NOVEMBER &, 2012

The New England Journal of Medicine

Downloaded from nejm.org by NICOLETTA TORTOLONE on November 7, 2012. For persona use only. No other uses without permission.

Copyright © 2012 Massachusetts Medical Society. All rights reserved.



MORTALITY AND HOSPITAL PAY FOR PERFORMANCE

cal teams. Despite the “tournament” style of the
program, staff from all participating hospitals
met face to face at regular intervals to share
problems and learning, particularly in relation to
pneumonia, for which compliance with clinical
pathways presented particular challenges and
for which we found the largest reduction in mor-
tality. Face-to-face communication, pan-regional
participation, and the smaller size of the pro-
gram in England may have made interaction at
these events more productive than interaction at
the similar shared-learning events that were run
as “webinars” in the HQID. Other design differ-
ences may also be important. In particular, the
larger size of the bonuses and the greater prob-
ability of earning bonuses in this program as
compared with the HQID may explain why hos-
pitals made substantial investments in quality
improvement. The largest bonuses were 4%, as
compared with 2% in the HQID, and the propor-
tion of hospitals that earned the highest bonuses
was 25%, as compared with 10% in the HQID.

In addition, the participation process may be
important. To participate in the HQID, hospitals
had to be subscribers to the Premier quality-
benchmarking database and agree to participate
and not withdraw from the program within 30
days after the results were announced. The 255
hospitals that participated represented just 5%
of the 4691 acute care hospitals across the United
States.> In contrast, the English program was a
geographically defined initiative with participa-
tion of all NHS hospitals in the region. This
eliminated the possibility of participation by a
self-selected group that might already be high
performers or whose staff might be more moti-
vated to improve. Further research would be re-
quired to identify whether pay-for-performance
programs are more effective when participation
is universal.

Our finding that a program that appeared
similar to a U.S. initiative was associated with
different results in England reinforces the mes-
sage from previous research? that details of the
implementation of incentive programs and the
context in which they are introduced may have an
important bearing on their outcome. We cannot
be certain from these results what caused the
reduced mortality associated with the introduc-
tion of financial incentives for hospitals in En-
gland, but the possibility of a substantial effect
of the incentives on mortality cannot be excluded.

Table 3. Risk-Adjusted Mortality for the Conditions Included in the Pay-for-Performance Program and Those Not Included in the Program, before and after Introduction of the Program
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Acute myocardial infarction

Heart failure

Pneumonia
the conditions included in the program in the rest of England) minus (the change over time in mortality from the conditions not included in the program in the northwest region minus

§ The triple difference represents (the change over time in mortality from the conditions included in the program in the northwest region minus the change over time in mortality from
the change over time in mortality from the conditions not included in the program in the rest of England).

T The within-region difference in differences represents the change over time in mortality from the conditions included in the program minus the change over time in mortality from the

conditions not included in the program in the northwest region of England.
i The between-region difference in differences for each condition represents the change over time in the northwest region minus the change over time in the rest of England.

* Values are regression estimates from weighted least-squares models including indicator variables for quarter of admission and admitting hospital.
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