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Problem & Background

Significant variations in medical practice and 
outcomes have been documented 
internationally

Example: Stroke in Germany

Corallo et al. 2014

Belau et al. 2023
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Overarching research question

What contribution can a population-based classification system 
(PopGrouper) make to the analysis of regional variation in health 
care? 

Initial study objective

To use the PopGrouper to analyze the regional variation in length of 
stay in hospital and costs for stroke patients in Germany
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Development of the PopGrouper (V0.1)

The PopGrouper is a population-based 
classification system that assigns 
individuals with similar medical needs and 
costs to mutually exclusive PopGroups
based on their diagnoses and 
characteristics. 

The PopGrouper development drew 
inspiration from the Clinical Risk Groups 
(CRGs)1, Adjusted Clinical Groups (ACGs)2, 
and Canadian health profile groups3.

Macro Base PopGroup
No. of Base 
PopGroups
(N = 410)

No. of 
PopGroups
(N = 1,176)

1  Newborns 13 24

2 Pregnancy, childbirth and puerperium 12 24

3 Severe, high-cost cases 29 98

4 Acutely treated malignant tumors 37 121

5 Severe diseases from 3 or more MDGs* 47 119

6 Severe diseases from 2 MDGs* 58 149

7 Severe disease(s) from 1 MDG* 78 246

8 At least one moderate disease 53 168

9 At least one minor disease 52 155

10 At least one very mild disease 29 68

11 Healthy users 1 3

12 Non-users 1 1

*MDG: Macro Disease Group

1:  (3M 2022)
2: (Johns Hopkins University 2015)
3: (CIHI 2023)
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Description of study population

Source: claims data from BARMER sickness fund (approx. 9 million 
insured) (2019)

Stroke patients (N=21,114):
• Principal diagnosis of cerebral infarction (I63), intracerebral hemorrhage

(I61) or unspecified stroke (I64) in 2019

• Age > 30 years

• No hospitalization due to stroke in the previous year

• 226 PopGroups, Top 3 PopGroups: 

N %

Gender

Male 9,612 45.52

Female 11,502 54.48

Type of stroke

I61 2,108 9.98

I63 18,873 89.39

I64 133 0.63

Age category

31-64 4,140 19.61

65-74 4,276 20.25

≥ 75 12,698 60.14

Care level

0 11,556 54.73

1 819 3.88

2 3,036 14.38

3 2,747 13.01

4 1,847 8.75

5 1,109 5.25

PopGroup PopGroup Name N %

P0707E
Severe disease(s) from one MDG, including: Cerebral hemorrhage or 
cerebral infarction – with a care level ≤ 2 and without complex intensive 
care treatment

8,821 41.78

P0507D
Severe diseases from 3 or more MDGs, including: Cerebral hemorrhage or
cerebral infarction – with mechanical ventilation ≤ 24 h

2,869 13.59

P0606E
Severe diseases from 2 MDGs, including: Cerebral hemorrhage or cerebral 
infarction – without mechanical ventilation, without central paralysis and 
without complex intensive care

2,686 12.72

Total 68.09

Patient characteristics
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Description of outcome variables

Length of stay (LOS, in days)
Cumulative somatic inpatient days over 1 year

Costs (in EUR)
Total costs (incl. ambulatory, inpatient, rehab, 
pharmaceutical)

Mean 17.5

SD 21.9

Min 0

Max 330

Mean 28,749

SD 104,025

Min 0

Max 6,606,475

Fig: LOS/Costs relative to national mean,    
by region, standardized by age and sex
Stroke patients, Germany (2019)

Over -30 % of national mean
From -30 % to -20 % of national mean
From -20 % to -10 % of national mean
From -10 % to +10 % of national mean
From +10 % to +20 % of national mean
From +20 % to +30 % of national mean
Over +30 % of national mean



PopGroup
WIC Fall Meeting 2023
14.09.2023

7

Methods
Multilevel regression model to explain the outcome variables (LOS and costs)

Model for patient i in region j :

𝑦𝑖𝑗 = 𝛼 + 𝛿𝑃𝐺𝑖𝑗 + σ𝑛=1
𝑁 𝛽𝑛𝑋𝑖𝑗 + 𝑢𝑗 + 휀𝑖𝑗

Vector of patient 
characteristics

Regional effect

PopGroup
variable

1) Log LOS
2) Log Costs

Vector of regional 
characteristics

𝑢𝑗 = 𝛼0 +σ𝑚=1
𝑀 𝛾𝑚𝑍𝑗 + 𝜇𝑗

Patient-level factors (X)

Gender

Type of stroke

Age (grouped)

Care level

Deceased

Intensive care

Complex stroke care

Number of MDGs

Regional-level factors (Z)

Urbanization status

German Index of Socioeconomic Deprivation

Hospital beds per 1,000 inhabitants

Physicians per 1,000 inhabitants

Long-term care patients per 100 inhabitants
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Results
Intraclass correlations & residual difference for length of stay and costs

Covariance Parameter Estimates – Length of stay

Cov.  
Param. Subject Estimate SD Z-score Pr>Z

Intra-
class
corr.*

Residual 
Diff.**

Not including any determinants

Intercept Region 0.0089 0.002 4.88 <.0001
1.2 % -

Residual 0.7442 0.007 101.88 <.0001

Stage 1: Including PopGroup variable

Intercept Region 0.0085 0.001 5.78 <.0001
1.6 % 29.0 %

Residual 0.5287 0.005 101.33 <.0001

Stage 2: Including PopGroup and patient-level predictors

Intercept Region 0.0090 0.001 6.40 <.0001
2.0 % 39.7 %

Residual 0.4491 0.004 101.27 <.0001

Stage 3: Including PopGroup, patient and regional-level predictors (DEPRIVATION ONLY)

Intercept Region 0.0084 0.001 6.13 <.0001
1.8 % 39.7 %

Residual 0.4491 0.004 101.28 <.0001

Covariance Parameter Estimates - Costs

Cov.  
Param. Subject Estimate SD Z-score Pr>Z

Intra-
class
corr.*

Residual 
Diff.**

Not including any determinants

Intercept Region 0.0033 0.001 2.91 0.0018
0.4 % -

Residual 0.7569 0.007 102.14 <.0001

Stage 1: Including PopGroup variable

Intercept Region 0.0035 0.001 4.02 <.0001
0.8 % 41.6 %

Residual 0.4424 0.004 101.45 <.0001

Stage 2: Including PopGroup and patient-level predictors

Intercept Region 0.0035 0.001 4.30 <.0001
0.9 % 50.2 %

Residual 0.3770 0.004 101.36 <.0001

Stage 3: Including PopGroup, patient and regional-level predictors (DEPRIVATION ONLY)

Intercept Region 0.0036 0.001 4.40 0.0010
0.9 % 50.2 %

Residual 0.3769 0.004 101.37 <.0001

*Intraclass correlation = intercept / (intercept + residual)
**Residual difference = 1 – (residualstage x / residualbase)
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Results
Predicted values for length of stay and costs, by region
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Summary & next steps

• Regional variation in length of stay and costs observed 
• PopGroups can explain large proportion of variance, higher explanatory power for costs 

than length of stay
• Regional variations remain significant, even after controlling for PopGroups and patient 

characteristics

Next steps
1. Control for additional patient-level risk factors

2. Add fourth stage with provider-level factors

3. Additional quality outcomes: 
a. Mortality after 30 or 365 days
b. Treatment on a stroke unit

4. Describe and analyze outlier regions

5. Perform analyses for further diseases

6. Discuss results in workshops with experts
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Thank you for your attention!
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