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Using population profiling and risk stratification
methodologies to gain an insight into morbidity patterns
with the Slough population, identifying cohorts of patients
for intervention and the development of a primary care
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Executive Summary
As our population ages and the prevalence of long term conditions increases,
the case for managing our multi-morbid population in a different and more
holistic way emerges. As a result, the need for information that describes our
populations and the individual people in it has never been greater.
There are a number of policy areas that promote the identification and
management of high risk patients, with a belief that those most at risk of
emergency admission are the highest cost patients, that they tend to have
particular high impact diseases like COPD and heart failure, are elderly and are
frail. While this is the case with some of the high risk and high cost individuals,
this is not true of all of them.
In fact the top 2% of people most at risk of an emergency admission are a very
heterogeneous group. There are several discrete types of patients whose care
needs are different and each needs a different type of intervention to prevent
avoidable emergency admissions. There is also an increasing recognition that
many of these cohorts of patients cannot have their needs met by a traditional
community matron type service.
This case study provides an overview of a series of analyses undertaken in Slough
Clinical Commissioning Group using data from the Johns Hopkins Adjusted Clinical
Groups® (ACG®) System to improve the CCG’s understanding of its population, to
better understand the factors that drive cost and create risk, and to illustrate the
relationship between population profiling techniques and case finding activities.
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A number of important findings emerged that have shaped thinking and
commissioning decisions within the CCG, including:
• Multi-morbidity is the norm — it is more common for people to have multiple
chronic conditions that to have just one.
• Multi-morbidity is not distributed evenly across a population and case-mix
varies quite significantly between GP practices.
• Multi-morbidity, more than age, is a key driver of cost, activity and future risk.
• Multi-morbidity occurs in the whole of the adult population, particularly in
those aged 45 and over.
This analytical piece of work was an iterative process and involved GP clinical
leaders and commissioners at several points during the project. As a result of the
analyses and the new insights, the CCG are undertaking a pilot project aimed at
primary care based support of patients with multi-morbidity, which they are calling
the ‘Complex Case Management Service.’ While not a new approach necessarily,
the focus on a primary care based service with multi-morbidity as a dimension for
identifying patients is fairly unique.
The pilot will focus on a cohort of about 750 patients (0.5% of the population),
who each have multi-morbidity with a base disease that is unstable in nature and
prone to exacerbation (such as COPD and heart failure). It is felt that this cohort
would be amenable to using a different model of care predicated on a holistic
approach to the needs of the individual, education of the patient and their carers,
improving the co-ordination of care already being provided by health and social
care professionals, and by involving third sector organisations.
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Introduction
Over the last few years in the UK, the term ‘risk stratification’ has become
synonymous with the task of identifying individuals most at risk of an emergency
admission. While the task of reducing the number of avoidable emergency
admissions will continue to be an important area of work, the National Health
Service (NHS) faces other significant challenges, the majority of which come from
an ageing population and an increase in the prevalence of long‑term conditions.
In 2014 there were 15.4 million people in England with at least one long-term
condition, consuming about £77bn (70%) of the NHS’s £110bn budget as well as
£10.9bn of the £15.5bn spent on social care in England (McShane 2014).
Research by Professor Andrew Street, a health
economist at York University, has found that while a
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healthy patient costs the NHS about £288 a year, those
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with one long-term condition cost an estimated £783,
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those with two cost £1,521 and those with three cost
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this small minority cost £5,512 a year, and those with six
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conditions about £8,083 (see figure 1).
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While the total number of people with long-term
Figure 1 — Relationship between number of long-term
conditions people have and average cost

conditions is expected to stay at around 15 million, the
number with three or more conditions is expected to rise
from 1.9 million to 2.9 million by 2018.
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Yet despite this, many parts of the NHS in England continue to develop schemes
and provide incentives for general practitioners (GPs) and Clinical Commissioning
Groups (CCGs) to focus on:
• Reducing unplanned hospital admissions
• Supporting the elderly
• Supporting the frail elderly
• Monitoring and treating individual long-term conditions
This paper provides data and analysis from work undertaken in Slough CCG to
improve its understanding of its population, to better understand the factors that
drive cost and create risk, and to illustrate the relationship between population
profiling techniques and case finding activities.
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The Analytical Approach
Slough CCG is a group of 16 GP practices in the Borough of Slough, Berkshire.
The CCG is responsible for commissioning and managing the majority of hospital
and community health care services. It has a responsibility for approximately
150,000 registered patients and has an allocated budget of about £150m to
commission health services.
The CCG has had access to the Johns Hopkins ACG System (Starfield & Kinder
2012) for 3 years but its use had been limited to identifying the top 2% of
individuals most at risk of an emergency (unplanned) admission. The CCG was
keen to explore how the ACG System could be used more effectively and to
replicate some of the population profiling work that was being undertaken in other
parts of the region. They wanted to improve their understanding of what factors
are the key drivers of cost and hospital activity, and to explore the overlap between
patients at risk of different adverse outcomes. Anonymised patient data covering a
population of approximately 150,000 was used to undertake this analysis.
The data set that was used included key outputs of the
Chronic Condition Count % of Population

ACG System that describe the morbidity and diagnostic

0

64.4

profile of each individual, predictive modelling risk

1

19.8

scores and activity and cost data. The ACG System uses

2-3

11.0

encounter, diagnostic and pharmacy data in the form of

4-6

3.7

Read codes from GP practice IT systems and activity and

7+

1.1

diagnostic data from the hospital activity record.

Table 1 — Cut points used to determine
multi-morbidity groups
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Segment

To make the analysis easier to

Number

%

undertake, the population was divided

0A

0 Chronic Conditions, Aged 0-17

34374

22.8

into 22 segments based on the

0B

0 Chronic Conditions, Aged 18-44

45840

30.4

two dimensions of age and multi-

0C

0 Chronic Conditions, Aged 45-64

13183

8.8

morbidity. The multi-morbidity groups

0D

0 Chronic Conditions, Aged 65-79

1668

1.1

were based on the chronic condition

0E

0 Chronic Conditions, Aged 80+

362

0.2

count within the ACG System. The

1A

1 Chronic Conditions, Aged 0-17

4513

3.0

ACG System creates a count of

1B

1 Chronic Conditions, Aged 18-44

14217

9.4

the number of chronic conditions

1C

1 Chronic Conditions, Aged 45-64

8905

5.9

recorded in a patient’s record. The

1D

1 Chronic Conditions, Aged 65-79

2245

1.5

definition of a chronic condition in

1E

1 Chronic Conditions, Aged 80+

582

0.4

this context is ‘an alteration in the

2A

2 Chronic Conditions, Aged 0-17

691

0.5

structures or functions of the body

2B

2 Chronic Conditions, Aged 18-44

4868

3.2

that is likely to last longer than 12

2C

2 Chronic Conditions, Aged 45-64

7449

4.9

months and is likely to have a negative

2D

2 Chronic Conditions, Aged 65-79

3655

2.4

impact on health or functional status.’

2E

2 Chronic Conditions, Aged 80+

1257

0.8

4B

4 Chronic Conditions, Aged 18-44

1395

0.9

The multi-morbidity groups were

4C

4 Chronic Conditions, Aged 45-64

1956

1.3

determined using the cut points in

4D

4 Chronic Conditions, Aged 65-79

937

0.6

table 1. For example, the group of

4E

4 Chronic Conditions, Aged 80+

1062

0.7

people with seven or more chronic

7B

7 Chronic Conditions, Aged 18-44

44

0.0

conditions contains just over 1% of

7C

7 Chronic Conditions, Aged 45-64

362

0.2

the population.

7D

7 Chronic Conditions, Aged 65-79

621

0.4

7E

7 Chronic Conditions, Aged 80+

450

0.3

Age bands were also created to
effectively reflect children (0-17),

Table 2 — Split of population between different segments

adults of working age (split into two
groups of 18-44 and 45-64), people of retirement age (65-79) and the elderly (80+).
The percentages of the population in each of these segments is given in table 2.
Note that because there are so few children with 4 or more chronic conditions,
they have been included in segment 2A.
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Results of the Analysis

Risk Pyramid and Chronic Condition Costs
The initial set of analyses were to quantify known phenomena for the CCG. For
example, a so-called ‘Kaiser-Pyramid’ analysis illustrates that the top 1% and 5%
of the population — in terms of morbidity burden — account for a disproportionate
amount of resource use in the previous 12 months (see figure 2). This echoes
results from numerous studies, such as an Israeli study showing people with
multi-morbidity consume a disproportionately large share of healthcare resources
(Shadmi et al 2014).
An analysis of the relationship between cost and multi-morbidity reveals a similar
picture to analysis in other CCGs (see figure 3).
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Figure 2 — Risk and cost distribution in the Slough CCG
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Figure 3 — Relationship between chronic condition
count and cost in Slough CCG
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Co-morbidity Counts
The data was also used to highlight
and quantify the degree of co-morbidity
and multi-morbidity that exists within
the population. Figure 4 illustrates that
multi-morbidity is the norm. People
with common chronic conditions, like
asthma, chronic obstructive pulmonary
disease (COPD) and diabetes, rarely
just have that chronic condition in
isolation. In Slough, for example, only
21% of people with diabetes have that
chronic condition and no other. For
the people with COPD, over half have

Figure 4 — Common chronic conditions and co-morbidity count

COPD and three other chronic conditions
to manage.

Case-mix Variation
The ACG System automatically assigns a six-level (low to very high) simplified
morbidity category termed a Resource Utilisation Band, or RUB. The RUBs are
formed by collapsing the ACG mutually exclusive cells that measure overall
morbidity burden into six distinct groups.
Figure 5 demonstrates how a simple
RUB based analysis highlights
differences in the distribution of
morbidity across the 16 GP practices.
The practices on the right hand side
of the chart have relatively sicker
populations compared to those on

100%

80%

60%

40%

the left and the CCG average. The
phenomenon of case-mix variation
between GP practices is often cited by

20%

0%

GPs, but in Slough this has now not
only been confirmed but quantified.
Figure 5 — Resource Utilisation Band (RUB) distribution across the
16 GP practices in Slough
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Segmentation Analysis
Figure 6 is the first of the analyses undertaken using the segmentation approach.
This was one of the most revealing and insightful of the analyses — it challenged a
long held belief that expenditure increased with age. The analysis illustrates that
multi-morbidity rather than age is the key driver of cost. People with the highest
costs are those with seven or more chronic conditions. The numbers in segment
7B are relatively small (n = 44) but in the other adult groups the numbers are of the
same order (mean = 477). Segment 2A is skewed by a small number of children with
very high costs (24 of 650 children accounting for 33% of spend in this segment).
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Figure 6 — Average cost of people in each segment

The same pattern of multi-morbidity rather than age driving cost and activity is seen
in the graphs in figure 7, which looks at pharmacy cost, emergency admissions
and emergency department attendances. The graph in the bottom-right displays
information about future risk rather than past activity, but again the same pattern
appears — those people with deven or more chronic conditions have a significantly
higher risk of emergency admission than those with fewer chronic conditions.
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Figure 7 — Average cost, activity and future risk by each segment

Risk and Individual Chronic Conditions
Clinicians were keen to understand what
conditions had the most significant impact

Condition

No.

Mean Risk of

on future risk. Table 3 lists the number of

Emergency

people with each of nine common chronic

Admission (%)

conditions and the mean probability of an

Congestive Heart Failure (CHF)

emergency admission for people with that

918

31.3

Chronic Renal Failure

2325

21.1

disease. However, to illustrate that risk

COPD

1743

19.3

increases with co-morbidity rather than a

Ischaemic Heart Disease

3805

18.7

single condition, the bottom risk scores for

Rheumatoid Arthritis

667

13.3

patients with two combinations of diseases

Diabetes

8922

11.4

were given. This proved to be a seminal

Hypertension

16292

10.2

moment in the CCG’s appreciation that they

Depression

11040

7.8

perhaps should be focussing on the support

Persistent Asthma

14370

5.6

of patients with multi-morbidity rather than

CHF and CRF

340

42.8

just managing single diseases.

CHF and COPD

179

44.2

Table 3 — Probability of emergency admission by single disease and two
co-morbidities
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Commonality in Different Risk Groups
The final set of analyses look at the commonality
between cohorts of people most at risk of an emergency
admission and those predicted to be the highest cost
patients in the coming year. The upper Venn diagram in
figure 8 shows the degree of overlap for people in the
top 0.5% in each group. The lower Venn diagram shows
the overlap for those in the top 1%, 2% and 5%, which
were all very similar and are therefore displayed as one
figure. Managers and clinicians in the CCG were slightly
surprised at this finding as they had assumed there was
a higher degree of overlap.
The analysis became even more interesting when the
overlap between three cohorts of people was examined.
Figure 9 shows the relationship between those people
in the top 1% most at risk of an emergency admission,
Figure 8 — Commonality between high cost and emergency
admission risk groups

the 1% predicted to have the highest cost, and a slightly
smaller cohort of people over the age of 75 who have a
condition that has turned on the frailty flag in the ACG
System. Here the degree of overlap is much lower than
expected with only 10% of patients featuring in all three
categories. There are significant numbers of people who
only feature in one of the three cohorts.

Figure 9 — Commonality between high cost and emergency
admission risk groups and frail elderly patients
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Outcome of Analysis
There has been a focus within the NHS on preventing unplanned admissions to
hospital and the principle use of risk stratification tools and case finding techniques
has been to identify people at risk of this adverse outcome. However, the analysis
undertaken in Slough CCG raises a number of interesting issues, which include:
• People who have an emergency admission do incur high costs but 40% of
high cost patients do not have an emergency admission.
• Older people are associated with high cost but high cost individuals occur
across all of the adult population, particularly in people over the age of 45.
• Frail elderly patients are an increasing focus of policy making but the frail
elderly only represent a small proportion of those who are going to be high
cost or are at risk on an emergency admission.
• People with certain diseases are more expensive to treat than others and
there is more future risk associated with high impact diseases such as
chronic renal failure and congestive heart failure. However, costs and risk
increase significantly in people with certain co-morbidity combinations.
The analysis has also quantified the degree of known phenomena that exist
within populations, such as small percentages of individuals consuming a
disproportionate amount of resources. However, the analysis has also revealed
new insights for the CCG (and in some cases for the NHS), including:
• Multi-morbidity is the norm — it is more common for people to have multiple
chronic conditions that to have just one.
• Multi-morbidity is not distributed evenly across a population and case-mix
varies quite significantly between GP practices.
• Multi-morbidity, more than age, is a key driver of cost, activity and future risk.
• Multi-morbidity occurs in the whole of the adult population, particularly in
those aged 45 and over.
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The policy of reducing emergency admissions will continue in the NHS for the
foreseeable future. It will, therefore, remain important to have robust predictive
models that can identify people most at risk of this outcome. The policy and
incentive schemes associated with the management of individual diseases will
also continue, and GPs will need to be able to identify people with key chronic
conditions. Other policy imperatives have emerged more recently that include
schemes to more proactively manage those aged 75 and over and to support the
‘frail elderly.’
However, whereas there is a perception that people in these different categories
are the same people, the analysis undertaken in Slough CCG demonstrates a lack
of commonality between these different groups.
The commissioners and clinicians in Slough CCG have recognised this and as
a result are undertaking a pilot project aimed at primary care based support
of patients with multi-morbidity, which they are calling the ‘Complex Case
Management Service.’ While not a new approach necessarily, the focus on a
primary care based service with multi-morbidity as a dimension for identifying
patients is fairly unique.
The project will support people with one of four combinations of disease:
• Congestive heart failure (CHF) and chronic renal failure (CRF)
• CHF and COPD
• Diabetes, CHF and CRF
• Diabetes, Ischaemic Heart Disease and CRF
Each patient will have an initial review by their GP and then a series of regular
consultations aimed at proactively managing them in a holistic way. Input and
support will be sought from community based services, hospital based specialists
and from the voluntary sector.
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GPs will also be asked to evaluate whether the patient can be effectively managed
with existing resources and services, can only be effectively treated by a hospital
based service or could be managed within a primary care setting, if a new service
was commissioned.
This project was borne from an analysis of their population, the new insights from
this analysis, and the iteration of population level analysis and the clinical input
in relation to individuals in a cohort thought to be of interest. Up until that point
population profiling and case finding were treated as two separate activities. One
of the key learning points from this piece of work is that the two activities are both
sides of the same coin and need to be undertaken together.
To support this approach,
traditional case finding techniques
centred on (for example)

Proﬁle the
population

identifying people most at risk
of an emergency admission
or people with a particular
disease need to become more
sophisticated. They need to be
able to identify people that fit
multiple criteria, including certain
co-morbidity combinations

Commission
additional or
new services as
appropriate.

Deﬁne
programmes
of care and agree
admission and
discharge
criteria

Decommission
services, if
necessary

(Murphy et al 2011). Even more
importantly, there needs to be
an alignment of case finding
techniques with the types of care
programmes that exist within
a health community, and case
finding techniques need to be
based on the admission criteria to

Identify gaps in
provision and / or
over-provision

these programmes. The process

Populate
programmes with
right patients and
discharge those
who don’t ﬁt
the criteria

is summarised in Figure 10.
Figure 10 — A model for linking population profiling,
case finding and commissioning of services
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