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TESTING A
PREDICTION MODEL
FOR IDENTIFYING
HIGH-RISK DIABETES
INPATIENTS

42

42-45_MD_SA6.indd 42

D I A B E T E S U P D AT E W I N T E R 2 01 8

13/11/2018 12:06

Audit data show that the care of people with
diabetes in hospital is often suboptimal. The
presence of an inpatient diabetes specialist team
can help, but which patients should be referred?
A new study describes the temporal and external
validation of a prediction model that identifies
those people with diabetes most at risk of
adverse outcomes during a hospital stay.
This is a novel tool, simple to apply, which
could be used to improve care pathways for
people with diabetes admitted to hospital

D

iabetes is the most common
comorbidity among hospital
inpatients, affecting 17%
of all adult admissions.
Inpatients with diabetes
have high infection rates and they also
have a one to three days longer length
of stay and a 6.4% higher mortality rate
than those without diabetes. The reasons
for these poor outcomes are not well
understood, although poor glycaemic
control and diabetic foot disease
appear to be contributing factors.
People with diabetes accounted for
11% (£2.5bn) of NHS expenditure
on inpatient care in 2009/2010.
Inpatients with diabetes often do
not receive optimal care. Only 30% have
their feet examined in the first 24 hours
and only 60% of those admitted with
active foot disease are referred to
multidisciplinary footcare teams within
24 hours – even though both are
NICE recommendations. Moreover,
antidiabetes medication errors occur in
21% of admissions, which may lead to
patient harm and even death. There is
also evidence of incorrect medications,
patient disempowerment, poor meal
timing and choice, and inadequate

specialist team input into diabetes care.
The presence of specialist teams
may improve diabetes inpatient
outcomes. But an increase in the
incidence of diabetes means more
admissions. So there is a need to
upskill ward staff to help them manage
the generic needs of inpatients with
diabetes, while reserving the attention
of specialists for those with more
complex needs.
The ‘ThinkGlucose’ campaign
recommends criteria for such specialist
referrals. However, despite widespread
attempts to spread awareness, only
69% of those meeting these criteria are
actually seen by the diabetes specialist
team. It is not known whether these
referrals were timely or whether the
reason for referral may not have arisen
if better care had been implemented at
an earlier stage. Thus, it is important to
develop tools which can identify those
patients who are most at risk and in
need of review by the diabetes specialist
team early on in their admission – before
they experience an adverse outcome.
These tools could be integrated in
the electronic medical records (EMR).
Such a tool is described in a

Predicting adverse
outcomes

Previously, the researchers had
developed and internally validated a
model that predicts patients most at
risk of an adverse outcome (mortality
or excessive length of stay) following
hospital admission, using data from
University Hospitals Birmingham NHS
Foundation Trust (UHB). These are
the patients who could most benefit
from referral to the diabetes inpatient
specialist team.
One unique feature of this prediction
model is that it uses routinely available
data, such as blood test results, to
predict risk and does not need the
reason for admission or information
on comorbidities. The model identifies
those at risk within the first 24 hours
of admission, so they are referred
promptly to specialist support.
The aim of the new paper was
to temporally and externally validate
the prediction model to see if it works
equally well with more recent data and
in other hospital settings. If so, it could
be trialled for actual clinical practice.

Model validation

The prediction model was originally
developed using UHB inpatient data
from 2007 to 2010. Temporal validation
was carried out using UHB data drawn
from 1 January to 31 December 2014.
External validation was carried out using
data from the same period in 2014 from
the Heart of England NHS Foundation
Trust (HEFT) and from Ipswich Hospital.
UHB is a tertiary hospital in the West
Midlands, with over 1,200 beds, serving
an ethnically diverse population. HEFT is
a large hospital trust, comprising several
hospitals across the West Midlands.
It has a total of more than 1,550 beds
and serves an ethnically and socioeconomically diverse range of
communities. Ipswich Hospital is in
the East of England and is a district
hospital with around 800 beds. It
provides secondary care to a slightly
older, less deprived and less ethnically
diverse population.
All inpatients with diabetes aged
16 years or more were included in the
analysis. However, data were only
available for people aged 18 years
or more at HEFT.
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So there is a need to upskill ward staff
to help them manage the generic needs
of inpatients with diabetes, while reserving
the attention of specialists for those with
more complex needs

new study from researchers based
in Birmingham and Ipswich.
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The model
identifies those at risk
within the first 24
hours of admission,
so they are referred
promptly to
specialist support
Patient variables

The following variables were included
in the model:
• age
• sex
• ethnicity
• admission type (elective or emergency)
• intensive care unit admission (yes/no)
• insulin therapy (yes/no)
• foot disease (yes/no).
The following clinical pathology
results were also included:
• albumin
• sodium
• potassium
• haemoglobin
• C-reactive protein
• estimated GFR
• neutrophil count.

Temporal validation

PHOTOS: JAMIE GARBUTT/DIABETES UK

Statistical analysis was carried out to
compare the 2014 patient data from
UHB with that from the original model
development dataset. A total of 6,533
inpatients with diabetes were included
in the temporal validation, from a total
of 11,019 hospital admissions at UHB.
Of these, 27.5% (1,797) experienced an
adverse outcome, of whom 1,529 had
an excessive length of stay, 164 died
and 104 had an excessive length of stay
ending in death. Patient characteristics
were similar for both time periods,
except that the proportion of those
prescribed insulin decreased from
2007–2010 to 2014 in those both
with, and without, adverse outcomes.

External validation

A similar statistical analysis was carried
out to compare data between the
three hospitals:10,690 inpatients with
diabetes out of 16,568 total admissions
at HEFT, and 1,885 inpatients with
diabetes from a total of 2,554
admissions at Ipswich Hospital,
were included in the external
validation analyses.
In the HEFT data set, 27.8% of
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patients (2,973) had an adverse
outcome, of whom 2,423 had an
excessive length of stay, 301 died and
249 had an excessive length of stay
ending in death. In the Ipswich data set,
27.4% (517) of patients had an adverse
outcome, of whom 425 had an excessive
length of stay, 46 died and 46 had an
excessive length of stay ending in death.
In both the HEFT and Ipswich data
sets, there were more emergency
admissions and fewer intensive care unit
admissions than in UHB. Fewer HEFT
patients had foot disease and insulin
treatment rates were lower in Ipswich.

Prediction model
performance

The previously published prediction
model performed well in the UHB, HEFT
and Ipswich data sets. It could identify
two-thirds to three-quarters of patients
at high risk of adverse outcomes (63%
at Ipswich Hospital, 70% at UHB and
73% at HEFT). Among those who were
predicted to have an adverse outcome,
44% in Ipswich Hospital, 45% in HEFT
and 51% at UHB went on to have an
adverse outcome.
Change in population demography,
better linkage of data systems, better
therapeutic options and care pathways,
and improvement in data recording can
all cause prediction models to become
outdated. But this study found that
model performance at UHB was
similar after five years.
In the external validation, model
performance at Ipswich Hospital was
slightly inferior – maybe because only
data from the first six months of the
calendar year were available, the
population was less ethnically diverse
and the definition of insulin use differed.
However, performance measures at the
three hospitals were still comparable to
many prediction models used in clinical
practice, such as the Rockall score for
outcomes of upper gastrointestinal bleed.

Implications for
improving care of
inpatients with diabetes
Overall, the findings of this new study
show that the prediction model for
inpatients with diabetes at risk of
adverse outcomes is both temporally
and externally valid. It performed well
with both more recent data from the
original hospital where it was developed
and in other hospitals with sociodemographically different inpatient
populations. Thus, the model appears

to be applicable to diverse and
varying hospital populations in the UK.
Strengths of the study include the
use of data sets with large numbers
of patients and events, robust
methodology, and external validation
across two distinctly different hospital
settings. This is the first study to derive
and validate a prediction model which
identifies adverse events in inpatients
with diabetes using routinely collected
data close to the time of admission.
While there are two other algorithms
which identify diabetes inpatients at
risk of hypoglycaemia, these have
not been externally validated.
However, validation of this prediction
model is limited to UK hospitals.
Moreover, data from Ipswich Hospital
had limitations that prevented optimal
demonstration of its performance
in the district hospital setting.
One key feature of the model is
how it uses routinely collected data on
admission and so could be integrated
into the EMR. But, currently only one
third of UK hospitals are fully utilising
EMR, with a further 31% making partial
use of EMR. However, the UK
Government has encouraged hospitals
to procure EMR and replace their
paper-based medical records over the
next few years. This is, therefore, the
right time to be developing models
like this, which could improve clinical
outcomes and healthcare efficiency.
In summary, this model has potential
clinical utility and could help shape
the care pathway for inpatients with
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diabetes. The researchers intend to
develop electronic care pathways and
test a number of direct and indirect
triggers that could alert diabetes
specialist teams to those patients most
at risk. Direct triggers include alerts
for recurrent or severe hypoglycaemia,
insulin infusion over 48 hours and
persistent hyperglycaemia. The
prediction model acts as an indirect
trigger that identifies those at high risk
of adverse events. If implemented in
its current form, around half of those
identified by the model would

In summary, this
model has potential
clinical utility and
could help shape
the care pathway
for inpatients with
diabetes

experience an adverse outcome.
Conversely, most of those who would go
on to experience an adverse outcome
would be ﬂagged up by application
of the model.
Therefore, the model could identify
those patients who may need specialist
clinical input. Clinical judgement would
need to be applied to further identify
those who would most benefit from this
input. However, there is a lack of hard
evidence on the impact such specialist
input has on mortality. This is an area
requiring more research.
One criticism of the model is that it
might identify patients who have nothing
to gain from being reviewed by the
specialist diabetes team. Another is that
most of the covariates and outcomes
of the model are not actually diabetes
specific. The model may thus perform
well in other chronic conditions to
predict length of stay and mortality.
However, the variables in the model
can predict hypoglycaemia. So it can
be hypothesised that a care pathway

based upon risk stratification can lead
to harm reduction and better clinical
outcomes for inpatients with diabetes.
For instance, an algorithm for
hypoglycaemia developed and
implemented in a hospital in the USA
resulted in a 68% reduction in severe
hypoglycaemic episodes. The model
now needs to be tested for clinical
utility in diabetes inpatients in England.
If of clinical benefit, it should then
be further externally validated in
other countries with EMR before
implementation elsewhere.
This is a digested version of
Adderley NJ, Mallett S, Marshall
T et al (2018). Temporal and
external validation of a
prediction model for adverse
outcomes among inpatients
with diabetes. Diabetic
Medicine 35 (6); 798–806. To
download, go to https://doi.
org/10.1111/dme.13612
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