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Pay for performance (P4P) funding schemes are increasingly being used to stimulate 

healthcare providers’ service quality and safety (Lindenauer, Remus et al. 2007, Rosenthal, 

Landon et al. 2007, Buetow 2008, Gross, Elhaynay et al. 2008, Roland and Campbell 

2014). So far however, the evidence on P4P effectiveness remains inconclusive and flaws 

in program design may have contributed to this limited success (Emmert, Eijkenaar et al. 

2012, Eijkenaar 2013). Design issues include questions related to dimensions and 

measurements of performance, whether to use reward or penalty, the size of the 

reward/penalty, and so on.  

  One of the design issues that have received increasing attention is risk adjustment 

(Hofer, Hayward et al. 1999). Risk adjustment becomes important since patients are not 

randomly distributed across providers. The providers’ score on performance targets can 

therefore be heavily dependent upon the patient case mix. As a consequence, inadequate 

risk adjustment may lead to rewarding the wrong providers and in the next steps, selection 

problems related to creaming and dumping (Ellis 1998).  

  Adequate risk adjustment mechanisms are more important in P4P systems based on 

outcome measures than in systems based on process targets mainly because of the selection 

problems that may arise in the former case. Mortality is an outcome measure that is used to 

an increasing degree (Mason and Street 2006, Smith and Street 2013). The main aim of 

this article is therefore to illustrate how various types of risk adjusters may affect expected 

mortality across health trusts. After a section on methods, we present raw data on 30 days 

mortality variation across hospital trusts for patients discharged with acute myocardial 

infarction (AMI). Following this, we gradually include more risk adjusters in a regression 

model and observe how the more comprehensive risk adjustment affect predicted mortality 

variations. We end out by discussing how a P4P system should be designed if the intention 

is to stimulate healthcare providers’ service quality and safety and not reward the health 

trusts their score on confounding variables.   

 

Methods 

Definitions and data 

The data set included patients ≥ 18 years discharged from Norwegian hospital trusts with 

acute heart infarction (AMI) as the main diagnosis (ICD 10 I21 and I22) in 2009. Our 

quality indicator was 30 days all-cause mortality.  



2 

 

 

 

  We excluded the patients if they had a known hospital admission with a main 

diagnosis of AMI within 365 days prior to the index admission or if they had no national 

ID number or known place of residence in Norway. We linked variables describing the 

patient’s risk profile on individual level. In addition to age and gender, the following 

variables were included in the risk adjustment:  

- Comorbidities: We used the hospital admissions and purchase of prescribed 

medicines 365 days prior to the index admission in assessing the presence of 

comorbid diseases among the patients. 

- Socio economic status (SES): Four variables were included – income, fortune, 

disability pension and education. Income was described as average gross income in 

NOK over the years 2000-2008, fortune as the average gross fortune in NOK over 

the same years and disability pension by a dummy variable (1 if the patient had 

received disability pension in 2008 or formerly, 0 otherwise). Education was 

categorized into primary education (references category), secondary education and 

collage/university education. 

- Type of infarction: We defined three variables for describing the seriousness of the 

infarction. Unspecified infarction included I21.9, STEMI (reference category) 

included I21.0, I21.1, I21.2, I21.3 and I22 (recurrent infarction) and non-STEMI 

included I21.4. The hospitals’ classifications of patients are in general based on 

elements of judgments. The models were therefore estimated with and without 

these variables.  

- Travel distances: The distance from the center of the patient home municipalities to 

the nearest PCI center. We assumed non-linearity because car and boat ambulances 

were substituted by helicopters as traveling distances became large, approximately 

1 hour. 

 

AMI patients were primarily treated with PCI. A few patients were treated with open heart 

surgery (Coronary Artery Bypass Surgery or CABG). PCI (and CABG) treatment will be 

parts of the hospitals’ quality strategy and will have an endogenous element. An instrument 

variable approach will be developed to handle the problem. In the current version of the 

paper we run the regressions with and without the variable describing PCI. 

 Data was acquired from four national registers (register owner in parenthesis): Data 

on hospital admittances (i.e. index day and date of discharge, main and secondary 
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diagnoses, comorbidities and use of procedures) was acquired from the Norwegian patient 

register (Directorate of Health), data on mortality from the Death Cause Register (National 

Institute of Public Health) and data on medications from the Prescription Register 

(National Institute of Public Health). The historical event database FD-Trygd (Statistics 

Norway) supported us with data on income, fortune, education and disability pension. Data 

on travel distances was made from Google Map (Ozimek and Miles 2011). 

 

Statistical analyses 

Descriptive statistics are presented on the level of health trusts as means for continuous 

variables and as fractions for categorical variables. We used logistic regression of 30 days 

mortality in or final analyses. To avoid non-linear effects on log-scale, all continuous 

variables were categorized. The categories for age was 18–49 years, then 5 years intervals 

until 90 years and with >90 as a separate group. Income and fortune were categorized into 

NOK 0-150k, 150-300k, 300-500k, and >500k. Travel time was categorized into 0-60 min, 

60–120 minutes, 120–180 minutes, and >180 minutes. The choice of categorizes had only 

minor effects on the results. 

  We present three different models: 1) No risk adjustments, 2) adjustment for age and 

gender, 2) adjustment for age, gender, comorbidities, socioeconomic variables and travel 

time. Additionally we did analyses with and without variables describing the seriousness of 

the heart attack and with and without variables describing use of PCI. 

  We estimated risk adjusted fractions of dead across health trusts with 95% 

confidence intervals. Selected AUC-values (Area Under the Curve) are reported in the text 

to describe the models goodness of fit (AUC = 0.5 means that the model is as good a as 

coin toss). Data was analyzed by Stata version 12.1. 

 

Others 

The hospital trusts are responsible for the population of a specific catchment area. We did 

all analyzes based on the structure of the hospital trusts’ catchment areas as it was 

organized the first half of 2009.  

  The project was approved by the Regional Ethics Committee South-East and The 

Norwegian Data Inspectorate. 
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Results 
Descriptive statistics 

After exclusion of patient that was treated for AMI the last 365 days ahead of the index 

admission (1718 patients), the data set consisted of 10717 patients (table 1). The incidence 

(patients per 100 000 inhabitants) varied between 16.9 in Asker and Bærum (suburban 

Oslo) to 39.8 in Finnmark (the most northern hospital trust). 30 days mortality was highest 

in Førde (west coast) and lowest in Asker and Bærum. The average number of comor-

bidities varied little between the hospitals trusts but with high variation within the trusts 

(with standard deviation typically on the level of the average value). 

 Mean income, fortune, disability pension and travel time varied significantly 

between the trusts (table 2). The average age of the patients were 71.6 years, highest in 

Asker and Bærum (75.3 years) and lowest in Stavanger (69.3 years).  

 

Logistic regressions 

Table 3 shows risk adjusted 30 days mortality rates compared with the unadjusted 

estimates. Results with and without the inclusion of variables describing the seriousness of 

the infarction was similar so only results were adjustment for seriousness is shown. In 

general there are few confidence intervals that not cover the country average of 8.6 

percentages. The exceptions are the patients in the catchment area of Asker and Bærum in 

all analyses and the patients in the catchment areas of Nordmøre/Romsdal and Sunnmøre 

when we have risk adjusted for all variables. 

  A model with only health trust included as covariates have an AUC of 0.53 (close to 

tossing a coin). Including age and gender raise the AUC value to 0.70, further including 

seriousness and comorbidities raise the RUC to 0.79 and including socioeconomic 

variables additionally increases the RUC to 0.80.  

  Table 4 shows PCI and PCI/CABG treatment after 2 and 14 days, after age and 

hospital trust. The figures for PCI and PCI/CABG are similar indicating that CABG is used 

at a low and diminishing degree for the treatment of AMI. The use of PCI is higher in the 

hospital trusts with a PCI center than in those without such a center. We observe that the 

Stavanger patients utilize PCI to a higher degree than patients from other hospital trusts 

despite a low degree of STEMI-patients and not a specific low mortality. Adjusting for the 

use of PCI gives us the estimates in table 5. The confidence interval of Stavanger is outside 

the country average for 30 days mortality. AUC for this model is 0.81. 
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Conclusions 

The main aim of the article was to illustrate how various types of risk adjusters affected 

expected mortality across health trusts and to discuss which risk adjusters that are of 

relevance to control for when mortality data is used in a P4P-system. Lack of risk adjusters 

may lead to incorrect allocation of resources between the hospitals and incentives for 

patient election. This may lead to lack of treatment for high risk patients as showed by 

Dranove, Kessler et al. (2003) and economic deficits for the hospitals that decide to treat 

them. 

  The analyses indicated that age, gender, comorbidities, type of infarction and travel 

time were relevant risk adjusters for AMI patients. The socioeconomic factors added little 

to the analyses following the inclusion of age, gender comorbidities and type of infarction. 

Although the power of the analysis is limited, the predicted mortality for the hospital trust 

changed significantly as more risk adjusters was included. Without risk adjusting, a P4P 

model would have reallocated resources from hospital trust with high risk patients and with 

long travel time to the PCI facilities to trust with low risk patients. After proper risk 

adjustments the mortality differences between the hospital trusts almost disappear. Hence, 

our main conclusion is that a broad specter of risk adjusters must be included when 

mortality is used as quality measure in a P4P system. We expect the risk adjusters to vary 

between diseases. 

  The only variable we included that describes the hospitals’ treatment practice was 

use of PCI. PCI had strong effects on 30-days mortality at the individual level and small 

effect on aggregated level (trust) after control for travel time and other relevant risk 

adjusters. Relevant treatments that can be included in the analyses comprise rehabilitations 

and follow up controls. A stepwise analysis as this one can be used to analyze the effect of 

internal hospital strategies on mortality. It is however not clear that the use of PCI should 

be included as an element in a P4P-system. Reimbursing PCI may lead to overtreatment 

and lead to geographic inequity in the use of the service. 
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Table 1 Description of the patient population after catchment area (hospital trust), 2009. 

Com.=comorbidities. 

Trust # patients 

Inci-

dence 

% dead, 

30 days 

# com. 

(mean) 

% 

STEMI 

% non-

STEMI 

AHUS 600 33.5 9.0% 1.6 49.5% 25.0% 

Asker og Bærum 210 16.9 5.2% 1.5 46.2% 14.3% 

Bergen 864 27.6 9.3% 1.5 55.8% 32.9% 

Buskerud 616 30.8 8.6% 1.5 46.4% 18.0% 

Finnmark 222 39.8 8.1% 1.4 47.3% 27.0% 

Fonna 474 36.9 6.9% 1.5 52.1% 24.1% 

Førde 254 31.2 12.6% 1.6 55.5% 19.3% 

Helgeland 175 29.3 9.1% 1.4 45.7% 26.9% 

Innlandet 1034 33.2 9.2% 1.6 49.7% 27.8% 

Nord-Trøndelag 330 32.3 7.9% 1.4 50.3% 39.4% 

Nordland 346 33.6 8.1% 1.6 44.5% 34.1% 

Nordmøre 290 32.2 7.6% 1.4 50.3% 25.9% 

Oslo 1149 20.7 8.1% 1.7 49.6% 26.9% 

Stavanger 552 22.7 8.5% 1.3 53.4% 38.6% 

Sunnmøre 339 33.3 8.3% 1.7 49.0% 21.8% 

Sør-Trøndelag 631 28.0 8.6% 1.5 55.8% 29.8% 

Sørlandet 429 20.2 9.3% 1.4 43.4% 34.3% 

UNN 466 33.0 8.6% 1.4 53.0% 27.9% 

Vestfold-Telemark 999 32.1 8.5% 1.5 45.7% 25.6% 

Østfold 737 35.0 9.1% 1.7 48.0% 22.8% 

Country 10717 28.6 8.6% 1.5 49.9% 27.4% 
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Table 2 Description of the patient population after catchment area (hospital trust), 2009. Income 

and fortune in NOK100000, and distance to PCI-center in minutes. 

Trust 

Income

(mean) 

Fortune 

(mean) 

% dis-

abled 

% sec. 

school 

% univ/ 

college % men 

Age 

(mean) 

Distance 

PCI min 

(snitt) 

AHUS 283 516 16.0% 41.9% 12.9% 61.5% 69.7 24 

Asker og Bærum 342 1004 10.0% 44.8% 37.4% 56.7% 75.3 16 

Bergen 279 574 12.7% 45.2% 13.8% 64.7% 71.2 24 

Buskerud 275 590 13.3% 45.8% 10.0% 65.7% 70.2 63 

Finnmark 245 403 21.2% 36.8% 9.1% 66.7% 69.7 476 

Fonna 253 576 16.0% 48.3% 10.0% 61.6% 72.0 136 

Førde 225 562 13.4% 48.8% 9.6% 60.6% 75.4 229 

Helgeland 217 390 22.2% 34.5% 8.0% 59.4% 72.6 370 

Innlandet 238 494 16.0% 39.9% 8.7% 62.9% 72.3 87 

Nord-Trøndelag 240 443 19.1% 47.9% 7.9% 66.1% 71.4 120 

Nordland 227 433 19.1% 39.4% 7.3% 58.4% 73.4 412 

Nordmøre 243 640 15.5% 44.7% 8.2% 55.9% 74.0 201 

Oslo 297 697 11.8% 45.9% 21.1% 56.9% 73.6 14 

Stavanger 289 548 13.2% 48.2% 11.5% 65.4% 69.3 25 

Sunnmøre 235 518 12.7% 46.6% 7.4% 61.1% 74.7 337 

Sør-Trøndelag 246 489 17.3% 42.5% 12.9% 60.4% 71.6 38 

Sørlandet 251 498 22.1% 50.7% 14.5% 62.0% 70.5 54 

UNN 249 396 19.3% 43.2% 11.3% 66.5% 70.7 141 

Vestfold-Telemark 260 532 18.1% 47.7% 11.6% 61.2% 71.1 90 

Østfold 240 476 19.9% 45.7% 7.8% 61.2% 71.0 65 

Country 260 542 16.0% 44.8% 12.2% 61.8% 71.8 102 
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Table 3 Percentage dead after 30 days (95% KI), unadjusted, adjusted for age and gender, adjusted 

for all covariates (age, gender comorbidities, distance and socioeconomic variables). 

Trust 

Un-

adjusted 95% KI 

Adj. age, 

gender 95% KI 

Adj. for 

all cov. 95% KI 

AHUS 9.0% (6.7-11.3%) 9.9% (7.5-12.3%) 10.7% (7.8-13.5%) 

Asker og Bærum 5.2% (2.2-8.3%) 4.3% (1.9-6.8%) 5.0% (2.1-7.9%) 

Bergen 9.3% (7.3-11.2%) 9.2% (7.3-11.0%) 9.8% (7.6-12.0%) 

Buskerud 8.6% (6.4-10.8%) 9.3% (7.0-11.6%) 9.6% (7.1-12.0%) 

Finnmark 8.1% (4.5-11.7%) 9.7% (5.7-13.7%) 8.4% (4.2-12.6%) 

Fonna 6.9% (4.6-9.3%) 6.8% (4.6-9.0%) 6.7% (4.3-9.1%) 

Førde 12.5% (8.5-16.7%) 10.2% (7.0-13.5%) 7.8% (4.8-10.9%) 

Helgeland 9.1% (4.9-13.4%) 9.2% (5.1-13.4%) 7.8% (3.7-11.9%) 

Innlandet 9.2% (7.4-10.9%) 9.0% (7.4-10.7%) 9.4% (7.6-11.2%) 

Nord-Trøndelag 7.9% (5.0-10.8%) 8.3% (5.3-11.1%) 8.5% (5.4-11.5%) 

Nordland 8.1% (5.2-11.0%) 7.8% (5.1-10.5%) 6.7% (3.8-9.7%) 

Nordmøre 7.6% (4.5-10.6%) 6.8% (4.1-9.4%) 5.5% (2.9-8.0%) 

Oslo 8.1% (6.5-9.7%) 7.2% (5.8-8.6%) 7.4% (5.7-9.1%) 

Stavanger 8.5% (6.2-10.8%) 9.7% (7.2-12.2%) 10.9% (7.9-13.9%) 

Sunnmøre 8.3% (5.3-11.1%) 7.0% (4.6-9.4%) 5.5% (3.0-8.0%) 

Sør-Trøndelag 8.6% (6.3-10.7%) 8.8% (6.6-10.9%) 9.2% (6.9-11.6%) 

Sørlandet 9.3% (6.6-12.1%) 10.0% (7.2-12.8%) 10.8% (7.7-13.9%) 

UNN 8.6% (6.0-11.1%) 9.1% (6.5-11.6%) 8.1% (5.5-10.7%) 

Vestfold-Telemark 8.5% (6.8-10.2%) 9.0% (7.3-10.8%) 9.9% (7.8-12.1%) 

Østfold 9.1% (7.0-11.1%) 9.6% (7.5-11.7%) 9.3% (7.0-11.5%) 

Country 8.6% (8.1-9.1%) 
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Table 4 PCI treatment after 2 and 14 days, PCA=PCI and/or CABG after 2 and 14 days by age 

groups 18-79 year/80+ years and hospital trust. 

Trust 

%PCI  

2 days  

18-79 

%PCI  

2 days 

80+ 

%PCI 

14 days  

18-79 

%PCI 

14 days 

80+ 

%PCA 

2 days 

18-79 

%PCA 

2 days 

80+ 

%PCA

14 days 

18-79 

%PCA 

14 days 

80+ 

AHUS 46.1% 8.7% 54.3% 13.8% 46.1% 9.2% 60.7% 14.9% 

Asker og Bærum 45.2% 11.6% 48.7% 20.0% 46.1% 11.6% 59.1% 20.0% 

Bergen 50.4% 13.1% 68.5% 24.5% 51.6% 13.1% 73.3% 24.8% 

Buskerud 43.7% 8.1% 52.5% 10.2% 45.3% 8.1% 59.9% 12.6% 

Finnmark 27.2% 11.7% 45.1% 18.3% 30.2% 11.7% 56.8% 23.3% 

Fonna 37.0% 12.9% 54.5% 19.9% 38.3% 12.9% 60.4% 20.5% 

Førde 33.6% 8.1% 55.0% 10.6% 34.4% 8.1% 60.3% 10.6% 

Helgeland 23.5% 0.0% 54.6% 10.7% 26.9% 0.0% 75.6% 16.1% 

Innlandet 32.6% 4.4% 47.8% 9.7% 34.3% 4.6% 54.0% 10.8% 

Nord-Trøndelag 30.9% 5.3% 48.4% 8.0% 32.7% 5.3% 58.1% 8.8% 

Nordland 16.3% 2.3% 44.7% 9.1% 18.1% 2.3% 57.7% 11.5% 

Nordmøre 30.1% 3.4% 53.5% 7.6% 32.0% 3.4% 55.8% 9.3% 

Oslo 44.4% 10.7% 51.8% 13.2% 45.3% 10.7% 55.7% 13.4% 

Stavanger 71.7% 32.3% 73.5% 32.9% 72.5% 32.3% 75.8% 32.9% 

Sunnmøre 18.9% 1.9% 40.0% 4.5% 22.7% 1.9% 48.6% 5.8% 

Sør-Trøndelag 59.4% 7.4% 66.1% 8.8% 61.0% 7.4% 69.7% 9.3% 

Sørlandet 61.0% 12.2% 67.2% 17.3% 64.1% 12.2% 74.1% 19.4% 

UNN 49.8% 15.9% 64.4% 23.6% 55.0% 16.6% 76.7% 28.0% 

Vestfold-Telemark 43.3% 10.8% 51.6% 17.6% 44.4% 10.8% 61.2% 18.5% 

Østfold 43.6% 4.1% 57.2% 11.8% 46.8% 4.1% 64.4% 14.6% 

Country 43.4% 9.5% 56.0% 14.7% 45.2% 9.6% 63.0% 16.0% 
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Table 5 Percentage dead after 30 days (95% KI), adjusted for all covariates (age, gender, type of 

infarction, comorbidities, distance, socioeconomic factors) and PCI after 14 days. 

Trust 30 days 95% KI 

AHUS 10.3% (7.6-13.0%) 

Asker og Bærum 4.9% (2.1-7.8%) 

Bergen 10.3% (8.0-12.6%) 

Buskerud 9.2% (6.9-11.5%) 

Finnmark 8.4% (4.2-12.6%) 

Fonna 7.1% (4.6-9.6%) 

Førde 7.8% (4.8-10.9%) 

Helgeland 8.2% (3.9-12.5%) 

Innlandet 8.9% (7.2-10.6%) 

Nord-Trøndelag 8.1% (5.1-11.0%) 

Nordland 6.7% (3.7-9.7%) 

Nordmøre 5.5% (2.9-8.1%) 

Oslo 7.2% (5.5-8.9%) 

Stavanger 12.4% (9.1-15.7%) 

Sunnmøre 5.4% (2.9-7.8%) 

Sør-Trøndelag 8.9% (6.6-11.2%) 

Sørlandet 11.1% (7.9-14.2%) 

UNN 8.8% (5.9-11.6%) 

Vestfold-Telemark 10.1% (7.9-12.3%) 

Østfold 9.3% (7.0-11.5%) 

Country 8.6% (8.1-9.1%) 

 

 

 


