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Case-mix and variation in specialist
referrals in general practice
Caoimhe O Sullivan, Rumana Z Omar, Gareth Ambler and Azeem Majeed

INTRODUCTION

ABSTRACT
Background
The potential of a comprehensive measure of patient
morbidity to explain variation in referrals to secondary
care has not previously been examined in the UK.

Aim
To examine the relative role of age, sex and morbidity
as defined by the Johns Hopkins ACG Case-Mix
System in explaining variations in specialist referrals in
general practice.

Design of study
Retrospective study of a cohort of patients followed for
1 year.

Setting
Two hundred and two general practices, with a total list
size of 1 161 892, contributing data to the General
Practice Research Database.

Method
Each patient was assigned an ACG and morbidity
group, based on their diagnoses, age and sex. The
variability in referrals explained by these factors was
examined using multilevel logistic regression models
by splitting it into variation between practices and
variation between patients within practices.

Results
The annual median (range) percentage of patients
referred was 14.8% (range = 2.4–24.4%). The
percentage of patients referred increased with age and
morbidity. Morbidity explained 30.4% of the total
variation in referrals (composed of variability between
and within practices). Age and sex only explained
5.3% of the total variation. The variation attributable to
practices was approximately 5%, thus most of the
variation occurred within practices. Morbidity was also
identified as a better predictor of referral compared to
age and sex.

Conclusions
Morbidity explains almost six times more of the
variation in general practice referrals than age and sex,
although about two-thirds of the variation remains
unexplained. Most of the unexplained variation is due
to differences within rather than between practices.
The amount of variability in referrals between practices
may be less than implied by previous studies based on
aggregate information. The implications are that any
investigation of specialist referrals from general
practice should be interpreted cautiously, even after
adjustment for age, sex and morbidity.
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One of the key roles of GPs in the UK’s NHS is to act
as gatekeepers, with responsibility for referring
patients to specialist services. In an ideal situation,
GPs would refer those patients who would benefit
most from specialist care, while retaining the
management of other patients within primary care.
The reality is that many studies have found large
variations in general practice referral rates.1 These
are often poorly explained by factors such as
practice demography or the socioeconomic
characteristics of the areas where practices are
located.1 Variations in referrals have important
implications for NHS spending and patients’ access
to specialist health services. Because the
government is striving for significant improvements
in waiting times to see specialists, GPs are finding
their referral practices coming under increased
monitoring.2
Monitoring practices’ referral rates, or other
aspects of practice activity, runs the risk that
practices that look after less-well populations may
be unfairly scrutinised or penalised for having
‘excessively’ high rates. Hence, understanding the
relationship between patients’ clinical characteristics
and referrals is important. Despite this, few studies in
the UK have examined this association.1,3,4 In
contrast, studies in the US and Canada have used
case-mix systems to adjust for differences in
patients’ clinical characteristics when investigating
primary care referrals.5,6
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How this fits in
Referrals from general practice vary widely and are coming under increasing
scrutiny, both in the UK and elsewhere. Previous studies have shown that
age and sex explain relatively little variation in referrals. The potential of
diagnostic-based morbidity measures to explain variation in general practice
referrals has not been explored in the UK. This paper demonstrates that
diagnostic-based morbidity measures explain more of the variation in
referrals than age and sex alone. Therefore, diagnostic-based case-mix
measurement may have a role in producing adjusted measures of practice
performance, resource utilisation, and practice mortality. Referrals that have
not been adjusted for case-mix should be interpreted cautiously. Even after
adjustment for age, sex and morbidity, the bulk of the variation in referrals
remains unexplained.

The aim of this study was to use the Johns
Hopkins Adjusted Clinical Group (ACG) Case-Mix
System (http://www.acg.jhsph.edu) to investigate
how well patient-level measures of case-mix explain
the variability in referrals and predict referrals by
general practices in the UK. We chose to use the
ACG system because it is the only case-mix system
specifically designed for use in primary care, and has
been widely developed and validated.7,8 It was
developed at Johns Hopkins University, Baltimore,
on the basis of a body of research that found that
clustering of morbidity is a better predictor of
resource use than individual diseases.7,8 The ACG
system assigns all international classification of
diseases, ninth revision, clinical modification (ICD-9CM) codes to one of 32 diagnosis groups, known as
Aggregated Diagnosis Groups (ADGs). Each
diagnosis can be placed in an ADG based on five
clinical criteria: duration; severity; diagnostic
certainty; aetiology; and specialty care.9–11 Each
patient can be assigned to one of about 100 mutually
exclusive ACGs depending on their combination of
diagnoses, age and sex, with the result that
individuals within a given ACG will have experienced
a similar pattern of morbidity over a given year
(http://www.acg.jhsph.edu).9

Method
We used data from the General Practice Research
Database (GPRD) on 1 323 611 patients registered
in 211 general practices across England and Wales
in 1997. 12 The database records include
demographic information, disease incidence and
medical, surgical and psychiatric referrals for each
patient. Several studies have assessed the validity
of these data.13,14
General practices contributing data to the GPRD
follow guidelines for the recording of administrative,
diagnostic, and referral data. Diagnoses were
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recorded using OXMIS or Read codes, and these
were later converted to ICD-9-CM codes. Each
patient was assigned to an ACG group, based on
their combination of diagnoses, age, and sex.9 The
ACGs were ranked according to their morbidity
burden in the US and then grouped into six mutually
exclusive categories, each containing roughly the
same number of ACGs. 4 We refer to these
categories of ACGs as morbidity groups, ranging
from group 1 (healthiest) to group 6 (least healthy).
Age was divided into four groups representing
children, young adults, older adults and the elderly
(0–15, 16–34, 35–64 and ≥65 years respectively).
Patients were excluded from analysis if they were
registered with a practice for less than 180 days.
Practices were excluded if less than 2% of their
registered patients were referred or if their
deprivation code was missing. Since only a small
percentage of patients were referred more than
once, we combined patients with one or more
referrals in a single category and treated referral as
a binary outcome.

Statistical methods
Multilevel logistic regression models with random
intercepts were used, and these take into account
the clustered nature of the data (patients within
practices).15 Four models with different sets of
predictors were considered:
Model
Model
Model
Model

1:
2:
3:
4:

no predictors;
age and sex;
morbidity;
age, sex and morbidity.

These models allow us to split the variation in
referrals into two of its components: variation
between practices and variation between patients
within practices. The percentage of total variation
in referrals explained by each of the models was
estimated using an R2 measure developed for
multilevel models by Snijders and Bosker.16 We
made graphical comparisons of the agreement
between the observed referrals and those
predicted by the models for each practice.
Receiver Operating Characteristic (ROC) areas
were calculated to assess how well the models
were able to discriminate between those patients
who were referred and those who were not.17 A
value of 1 for the ROC area indicates that the
associated model discriminates perfectly between
patients with high and low referrals, while an area
of 0.5 indicates that the model discriminates no
better than chance. MlwiN v1.10 software was
used for multilevel modelling;18 Stata 8.0 was used
for all other analyses.
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RESULTS
After exclusions, the data consisted of 1 161 892
registered patients from 202 practices. The median
practice size was 5055 (range = 1364–14587) and the
median percentage of patients referred by practice
was 14.8% (range = 2.4–24.4%). Overall, 14.7% of
patients were referred to a specialist at least once
during the study period. Twelve per cent of patients
had only one referral, while 2% had two referrals and
only 0.4% had three or more referrals. Table 1
summarises the distribution of patients and referrals
across the 202 practices for each age, sex and
morbidity group. The overall percentage of referrals
increases steadily by age group, with 7.5% of
patients aged 0–15 years referred compared to
21.1% of patients in the ≥65 age group, and was
higher for females (17.1% against 12.2%). There is an
even stronger association between referrals and
morbidity group. Table 2 shows the odds ratios for
referral for Models 2 to 4. The odds of referral
increase significantly with increasing age (Model 2),
and they increase more strongly with increasing
morbidity (Model 3). The odds of referral for the least
healthy patients relative to the healthiest patients is
36.2 (95% CI = 35.3 to 37.1). The results for morbidity
in Model 4 were similar to those for Model 3, but age
was no longer statistically significant. We therefore
focused on comparisons between Models 2 and 3.
Patient morbidity explained considerably more of
the total variability in referrals than patients’ age and
sex alone (30.4% against 5.3%, Table 2). The
variation at the practice level was estimated to be
approximately 5% of the total variation in referrals
(Table 2, Model 1). Of the total variation in referrals,
3.6% remained unexplained at the practice level and
66.1% remained unexplained at the patient level
after adjusting for morbidity. The corresponding
figures are 4.5% and 90.2% when adjusting for age
and sex.
Figures 1 and 2 compare the predicted and
observed percentages referred by practice. If the
model predictions are accurate, the points will lie
close to the line of equality. The range of predicted
practice referrals is narrow for Model 2 (11.6–15.2%)
(Figure 1). Model 3 (Figure 2) is a marked
improvement on Model 2, with predicted referrals
ranging from 6.2–18.8%, closer to those of the
observed range. However, even after adjusting for
morbidity, there remained substantial departures
from the line of equality. The area under the ROC
curve was 0.616 (95% CI = 0.614 to 0.617) for Model
2 and 0.768 (95% CI = 0.766 to 0.769) for Model 3.
This suggests that the morbidity model
discriminates significantly better between patients
who were referred and those who were not than the
model with age and sex alone.
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Table 1. Patient characteristics.a
Patients (%, 90% range)

Referrals (%, 90% range)

Age (years)
0–15
16–34
35–64
≥65

233 984 (20.1, 14.7–28.3)
302 498 (26.0, 20.1–32.8)
442 364 (38.1, 30.7–44.2)
183 136 (15.8, 8.2–23.0)

17 599 (7.5, 2.7–12.5)
40 509 (13.4, 5.6–20.0)
74 179 (16.8, 8.2–24.4)
38 690 (21.1, 9.2–31.4)

Sex
Male
Female

573 677 (49.4, 46.9–52.5)
588 215 (50.6, 47.5–53.1)

70 225 (12.2, 5.3–18.8)
100 752 (17.1, 8.1–24.1)

Morbidity
1 (healthiest)
2
3
4
5
6 (least healthy)

373 298 (32.1, 23.5–42.7)
297 705 (25.6, 21.0–30.3)
216 707 (18.7, 14.6–21.6)
140 89 (12.1, 8.6–14.4)
52 324 (4.5, 2.6–6.8)
81 469 (7.0, 3.7–11.7)

8256 (2.2, 0.7–4.0)
31 688 (10.6, 4.6–16.2)
36 684 (16.9, 7.4–24.9)
39 756 (28.3, 13.4–40.4)
19 255 (36.8, 18.0–53.7)
35 338 (43.4, 20.3–57.9)

1 161 892 (100)

170 977 (14.7, 6.9–21.2)

Total
a

Calculated for 202 practices.

DISCUSSION
Summary of main findings
Even after excluding practices with very low referrals
(less than 2% of patients referred annually), there
was still a wide range in patients referred by practice
(2.4–24.4%). Patient morbidity explains considerably
more of the total variability in referrals than patient
age and sex. We found that about 5% of the total
variation in referrals was occurring at the practice

Table 2. Model odds ratios and percentage of variation
explained.a
Model 1
Model 2
OR (95% CI) OR (95% CI)

Model 3
OR (95% CI)

Model 4
OR (95% CI)

Age (years)
0–15
16–34
35–64
≥65

1.0
1.9 (1.9 to 2.0 )
2.5 (2.5 to 2.5)
3.2 (3.2 to 3.3)

1.0
1.4 (1.4 to 1.4)
1.4 (1.4 to 1.5)
1.2 (1.1 to 1.2)

Sex
Male
Female

1.0
1.5 (1.4 to 1.5)

1.0
1.1 (1.1 to 1.1)

Morbidity
1 (healthiest)
2
3
4
5
6 (least healthy)
Variation

1.0
1.0
5.4 (5.2 to 5.5)
5.4 (5.3 to 5.6)
9.3 (9.0 to 9.5)
9.2 (8.9 to 9.4)
18.2 (17.8 to 18.7) 17.4 (16.9 to 17.8)
27.4 (26.6 to 28.3) 26.3 (25.5 to 27.1)
36.2 (35.3 to 37.1) 35.3 (34.3 to 36.3)
%

Total variance explained
0
Total variance unexplained
at practice level
4.6
at patient level
95.4

%

%

%

5.3

30.4

30.8

4.5
90.2

3.6
66.1

3.6
65.6

OR = Odds ratio.
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unexplained.1 We also found that morbidity was a
better predictor of practice referrals than age and
sex. Thus, morbidity holds promise as a targeting
tool to predict which patient groups are most likely to
require referrals.

Observed percentage referrals in practice
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Figure 1. Observed versus
predicted referrals by
practice for Model 2.

Figure 2. Observed versus
predicted referrals by
practice for Model 3.

level, and this supports research suggesting that the
amount of variability between practices may be less
than implied by previous studies based on aggregate
information.19 However, it may not be straightforward
to understand the significance of the size of
variability with respect to decisions on policy-related
issues.19 Furthermore, the findings suggest that there
is considerable variation in referrals between patients
within practices; and that morbidity explains
substantially more of this (around 24% more) than
age and sex. There are often many factors other than
the diagnostic label that influence whether the
patient is referred or not, and this could explain why
a large proportion of the variability remains

Observed percentage referrals in practice

Comparison with existing literature
Many previous studies have reported wide
variations in general practice referral rates. Studies
that have adjusted for age and sex have typically
found that the observed variation decreased by less
than 10%, in line with our own findings.19 This could
be improved upon by adjusting for other factors,
such as socioeconomic deprivation or practice
characteristics, but most of the variation in referrals
still remains unaccounted for.1 The potential of a
morbidity measure based on each patient’s medical
history to explain general practice referrals has not
previously been investigated in the UK. Studies
from the US suggest that it is better than age and
sex in explaining variation in referrals, again in line
with our own findings.6
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This was a large primary care-based study that
used data from practices contributing to the GPRD,
which has been extensively validated and shown to
be of high quality.12,13 The GPRD practices are
reasonably representative of the age–sex profile of
the UK population, and their referral rates are
similar to national averages.19 However, there is
some under-representation of inner-city practices
and the average size of the practices is greater than
the national average.19 The database provided us
with individual level data, thus avoiding the
‘ecological fallacy’ (that is, associations at the
practice level may not hold at the individual level),
and we incorporated the clustering of patients in
practices in our statistical models. This was the first
large-scale study in the UK to control for
diagnostic-based morbidity groupings specifically
designed for use in primary care when examining
variation in specialist referrals in general practice.
However, the ACG system was derived for use in
the US, and so may need some further adaptation
to maximise its utility in the UK.11 Finally, the system
depends on diagnostic codes recorded by GPs
during consultations and hence, differences in the
way that GPs record similar conditions on their
practice computers could introduce bias.

25

Variation in general practice referrals is an important
issue for clinicians, managers, patients and
politicians. Age and sex seem to explain little of
this. The Johns Hopkins ACG Case-Mix System
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explains substantially more variation, although most
remains unexplained. More research is needed to
assess the cost-effectiveness of implementing and
administrating such a system.
The unexplained variation seems to occur largely
within practices, so that the GP decision of whether
to refer a patient varies, even for patients with a
similar age, sex and morbidity group. This may be
partly due to patient factors that cannot be easily
measured, such as the perceived patient pressure
or their level of confidence in their GP.21,22 The GP’s
perception of medical need, experience in treating
the condition for which the patient was referred and
the local provision of specialist services may also
be important.21,22 Understanding other reasons for
variation in referrals could help to ensure more
efficient use of NHS resources.
The findings suggest that any investigation of
how practices are using specialist services should
be interpreted cautiously even after adjustment for
age and sex. In contrast, measures such as
diagnostic-based morbidity are likely to give more
useful information, but caution should be exercised
even after adjusting for these, as much of the
variability in use of services is likely to remain
unexplained. Similar caveats are likely to apply to
other areas of primary care, such as prescribing
costs, mortality rates and the quality measures in
the new GP contract. The association of these
measures with case-mix should be explored to
ensure that practices that seem to have a high
intensity of resource use, that have high death
rates, or that do not achieve quality targets are not
inappropriately scrutinised or penalised for this.
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