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The Healthcare Quality Improvement Partnership 
(HQIP) 
The National Diabetes Audit is commissioned by the 
Healthcare Quality Improvement Partnership (HQIP) 
as part of the National Clinical Audit Programme 
(NCA). HQIP is led by a consortium of the Academy of 
Medical Royal Colleges, the Royal College of Nursing 
and National Voices. Its aim is to promote quality 
improvement, and in particular to increase the impact 
that clinical audit has on healthcare quality in England 
and Wales. HQIP holds the contract to manage and 
develop the NCA Programme, comprising more 
than 30 clinical audits that cover care provided to 
people with a wide range of medical, surgical and 
mental health conditions. The programme is funded 
by NHS England, the Welsh Government and, with 
some individual audits, also funded by the Health 
Department of the Scottish Government, DHSSPS 
Northern Ireland and the Channel Islands.

The National Diabetes Audit is commissioned by

The Health and Social Care Information Centre 
(HSCIC) is the trusted source of authoritative data 
and information relating to health and care. The 
HSCIC managed the publication of the 2012 – 2013 
report. 

 
 

 
 
Diabetes UK is the largest organisation in the 
UK working for people with diabetes, funding 
research, campaigning and helping people live  
with the condition.

The National Diabetes Audit is supported by

The National Diabetes Audit is delivered by

The national cardiovascular intelligence network 
(NCVIN)) is a partnership of leading national 
cardiovascular organisations which analyses 
information and data and turns it into meaningful 
timely health intelligence for commissioners, policy 
makers, clinicians and health professionals to 
improve services and outcomes.
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Foreword

The National Diabetes Audit (NDA) continues to provide 
a comprehensive picture of the extent of diabetic 
complications and their impact on premature mortality 
in England and Wales. There is sound evidence that 
achieving NICE-recommended diabetes treatment targets 
reduces future heart disease, stroke, kidney failure, 
blindness, amputation and premature death, so good 
care for people with diabetes should be a priority, despite 
there often being a long lag time between improvements 
in care and their associated reductions in complications.

The incidence and prevalence of Type 2 diabetes 
continues to increase at an alarming rate in England  
and Wales, increasing the disease and diabetes 
complication burden that the NHS as a whole has to  
deal with. As articulated in the Five Year Forward View1 
that was published in October 2014, there is now, as a 
result, the intention to develop in England a national 
evidence-based Type 2 diabetes prevention programme. 

However, data from this year’s audit paints a more 
positive picture. The relative risk for any individual with 
Type 1 or Type 2 diabetes developing the complication 
of heart failure is significantly reduced, while there are 
also clear trends for reduction in the relative risks for any 
individual with Type 1 or Type 2 diabetes developing 
angina, heart attack, stroke, major amputation and end-
stage kidney disease. Importantly, in the three years 
since 2009-2010 there have been statistically significant 
reductions in premature death for those with Type 2 
diabetes. The introduction of the Quality and Outcomes 
Framework in 2004 in England, as well as the information 
made available through the NDA in England and Wales, 
were associated with marked increases in delivery of 
diabetes care processes as well as marked improvements 
in achievement of NICE recommended treatment targets 
for HbA1c, blood pressure and cholesterol, although 
these improvements have plateaued in the most recent 
years of the audit. These are likely to now be translating 
into the reductions in complications and premature 
mortality that we are realising. 

There is still however much to do, with the relative risk  
of minor amputation increasing over the same period  
of time, and the risk of premature death for young 
women with diabetes particularly high. Most importantly, 
the audit continues to highlight significant geographical 
variations in the complications and in mortality.  
It behoves those health economies that are statistically 
worse to focus their improvement programmes 
accordingly and those that are statistically better  
to share their learning.

So the challenge remains to further reduce diabetic 
complications. We need to be as mindful of the need 
for effective secondary prevention of the complications 
in those with Type 1 and Type 2 diabetes, as we are 
of the need for effective primary prevention of Type 2 
diabetes. Nationally, there is now close collaboration 
between the National Clinical Directors for Obesity and 
Diabetes, Heart Disease, Renal Disease and Stroke within 
NHS England. In all these areas there are opportunities 
for preventing disease and for reducing its impact when 
it occurs.

All those who have contributed so much time and 
expertise to the delivery of this excellent national clinical 
audit deserve congratulations. Knowing what we should 
be doing is one thing, but only by measuring activity 
and outcomes can clinicians, and their patients, know 
whether improved care is being delivered. 
 
 
 
 
 
 
Professor Jonathan Valabhji MD FRCP 
National Clinical Director for Obesity and Diabetes,  
NHS England

Consultant Physician, Diabetologist and Endocrinologist, 
Imperial College Healthcare NHS Trust

Adjunct Professor of Diabetes and Endocrinology, 
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Professor Huon H Gray MD FRCP FESC FACC 
Consultant Cardiologist, University Hospital of 
Southampton, & National Clinical Director for Heart 
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Executive Summary 

This report focuses on the Complications experienced 
by people living with Diabetes; it follows the publication 
of The National Diabetes Audit – 2012-2013: Report 1,
Care Processes and Treatment Targets published in 
October 2014i. For a third consecutive year this report 
highlights the serious impact of diabetes on advanced 
kidney disease, amputations, premature death and the 
‘vascular diseases’ stroke, myocardial infarction (MI) and 
heart failure. Because figures from three years have now 
been combined the larger numbers make it possible to 
detect differences with statistical reliability. Overall there 
are some encouraging trends in vascular complications 
and additional deaths that may be the first signs of 
the effects of huge improvements in diabetes care 
implemented over the last decade. But genuine variation 
is also illustrated in the maps (Figures 3, 4 and 9 and in 
the supporting information) suggesting that even with 
current systems much more could be achieved.

The link between complications and death is graphically 
illustrated by the survival analyses; in those who 
avoid complications life expectancy is good but it is 
severely reduced in those who develop them. Reducing 
premature mortality is a major national NHS priority. 
Reducing the adverse outcomes of vascular disease 
in people with diabetes would make an appreciable 
contribution to realising that goal.

Once again we want to draw attention, particularly, to 
heart failure. It is often overlooked but it is the second 
most common diabetic complication and because of 
the high numbers of people experiencing this and the 
nature of the condition it contributes most to additional 
mortality. It also contributes a striking 44 per cent of the 
combined angina, myocardial infarction, heart failure 
and stroke hospital bed days. Heart failure is common, 
disabling and, in people with diabetes, it is clearly 
very deadly. It is also preventable and treatable (NICE 
CG1082). We believe that every health professional and 
every health economy should note how much more 
common heart failure is among people with diabetes 
and how it impacts on emergency hospital care, 
disability and premature death and plan improvements 
accordingly.

Diabetes is always difficult to live with. But it is 
complications that generate its greatest influence on 
health, wellbeing and health care service use. It is 
concerning that complication rates vary significantly 
geographically. There is now a lot of knowledge 
about how to minimise complications and systems for 
healthcare that maximise achievement of the NICE 
specified care processes and treatment targets detailed 
in Report 1 will be those that reduce the adverse 
outcomes that we are reporting here. 

Recommendations
As in last year’s report, we think that over and above 
reducing variation in care processes and treatment 
targets3 heart failure should be a focus for primary and 
secondary prevention during routine diabetes review 
because it is the second most common complication, 
it accounts for almost 40 per cent of all diabetes 
complication related bed days, there is substantial 
geographic variation and among the complications it 
confers the second highest additional risk of death. 
However, it should be noted that all complications 
cause poor health, disability, hospital admissions and 
premature mortality and that the risks of all complications 
are increased by the same factors that the diabetes care 
processes and treatment targets aim to address (lifestyle, 
blood glucose, blood pressure, blood cholesterol). 

Recommendations for Commissioners

The healthcare cost of diabetes is driven by the cost of 
complications. Complications drive the large numbers of 
hospital admissions for people with diabetes. Review how 
your CCG compares with others. Are there differences 
that merit strategic review of diabetes services?

Recommendations for Service Providers 

The prevention, detection and treatment of heart failure 
should be built into annual care planning including 
systematic review of smoking, exercise, weight, blood 
pressure and cholesterol and where appropriate use of 
ACEI/A2RB (blood pressure drugs), heart failure friendly 
beta blockers, aldosterone antagonists and anti-platelet 
treatment.

Recommendations for Medical Directors

Look to see if there are any 'outlying' results relevant 
to your organisation. If so ensure that a thorough 'root 
cause' investigation is carried out.

Recommendations for Public Health

For every diabetes complication, at every stage of 
prevention (primary, secondary, tertiary) exercise, weight 
management and food composition are key risk factors. 
Whole population public health measures in these areas 
have an important part to play in helping create an 
environment that will reduce diabetic complications and 
premature death. 

i  The National Diabetes Audit - 2012-2013: Report 1, Care Processes and Treatment Targets 
http://www.hscic.gov.uk/searchcatalogue?productid=15512&q=%22National+diabetes+audit%22&sort=Relevance&size=10&page=1#top

http://www.hscic.gov.uk/searchcatalogue?productid=15512&q=%22National+diabetes+audit%22&sort=Relevance&size=10&page=1#top
http://www.hscic.gov.uk/searchcatalogue?productid=15512&q=%22National+diabetes+audit%22&sort=Relevance&size=10&page=1#top
http://www.hscic.gov.uk/searchcatalogue?productid=15512&q=%22National+diabetes+audit%22&sort=Relevance&size=10&page=1#top
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Introduction

Diabetes is a long term condition affecting over  
2 million people in England and Wales. It is caused by 
an inability to use or produce the hormone insulin which 
leads to a rise in blood glucose. If treatment does not 
keep blood glucose within target ranges, people with 
diabetes develop disabling and life threatening long 
term complications.

The National Diabetes Audit (NDA) is considered to be 
the largest annual clinical audit in the world. It provides 
an infrastructure for the collation, analysis, benchmarking 
and feedback of local clinical data to support effective 
clinical audit across the NHS.

The NDA is commissioned by the Healthcare Quality 
Improvement Partnership (HQIP) as part of the National 
Clinical Audit Programme (NCA) on behalf of NHS 
England, and managed by the Health and Social  
Care Information Centre (HSCIC) in partnership with 
Diabetes UK.

The NDA complications has previously reported on 
diabetes specific microvascular and macrovascular disease 
rates and an assessment of additional mortality. This year 
analyses are also included of the impact of these diabetic 
complications on secondary care and of the impact of 
complications on mortality (survival analysis).

This national report, from the tenth year of the NDA, 
presents key findings on complications in 2012-2013 
for all age groups. The care processes and treatment 
target standards as specified in National Institute for 
Health and Care Excellence (NICE) Clinical Guidelines 
(CG)3, including CG154, CG105, CG666 and CG877 and 
the NICE Diabetes in Adults Quality Standards8 were 
reported in October 2014. This report presents statistics 
about diabetes outcomes including diabetic ketoacidosis 
(DKA), chronic kidney disease and treatment of end 
stage kidney disease (renal replacement therapy), lower 
limb amputations, heart disease and stroke. CCGs/LHBs 
will receive individual benchmarked reports which will 
allow them to consider their local diabetes outcome 
rates in comparison with other CCGs/LHBs and England 
and Wales as a whole.

Quality measurement is essential to any organisation 
responsible for implementing the many evidence based 
national diabetes policies such as the Diabetes National 
Service Framework (NSF)9,10, NICE Clinical Guidelines 
for diabetes and the NICE Diabetes in Adults Quality 
Standards. The NDA supports care quality improvement 
by enabling NHS organisations to:

•	 	Compare	the	NICE	specified	processes	and	
outcomes of care with similar NHS organisations

•	 	Provide	a	local	health	economy	view	of	the	care	and	
outcomes delivered jointly by primary and secondary 
care organisations

•	 	Monitor	progress	towards	delivering	evidence	based	
care standards (Diabetes NSF, NICE guidelines and 
NICE Quality Standards)

•	 Identify	and	share	good	practice

•	 Identify	gaps	or	shortfalls	in	commissioned	services.
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NDA Methodology

Participation in the NDA is voluntary; for example  
71.1 per cent of the people diagnosed with diabetes  
in England and 69.3 per cent in Wales are included in  
the 2012-13 audit (when compared with QOF). 

The Quality and Outcomes Framework (QOF) is an 
aggregated return which provides information from 
GP Practices. This information is used within the report 
when discussing coverage. However, the NDA provides  
a more detailed picture of the clinical processes and 
care pathway for those diagnosed with diabetes. 

Clinical Commissioning Groups (CCGs), Local Health 
Boards (LHBs), GP practices and adult outpatient 
secondary care units submit data about the care that 
is being delivered for people with diabetes in their 
organisation. This will include children that have been 
treated in an adult care setting. For the full picture on 
the paediatric care for children with diabetes please 
refer to the National Paediatric Diabetes Audit which  
is conducted by the Royal College of Paediatrics and 
Child Health (RCPCH)11. 

In addition to the data submitted by participating 
organisations, supplementary information relating to 
specific complications and procedures is sourced from 
the Hospital Episodes Statistics (HES) database and the 
Patient Episode Database for Wales (PEDW). The NDA 
data is linked to HES or PEDW data to provide a fuller 
analysis. The majority of the national analysis in this report 
uses the 2011-12 NDA data linked to a one year follow 
up period from the HES/PEDW data, whereas the local 
level CCG/LHB analysis uses 2009-10 audit data with a 
three year follow up period. These longer term follow ups 
provide a greater quantity of data to provide more robust 
analysis at this level. Where a different cohort or follow up 
period is used this is stated in the analysis.

Please note that for time series analysis, results are 
compared with previous years data analysed using NDA 
methodology. Time series data should not be compared 
to other reports where different methodology may have 
been used. 

There has been a change to the methodology for 
calculating the expected number of complications 
which affects the additional risk of complication. 
These changes are documented in a published paper 
which can be located http://www.hscic.gov.uk/pubs/
methchanges 

http://www.hscic.gov.uk/pubs/methchanges
http://www.hscic.gov.uk/pubs/methchanges
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Complications

Diabetes care aims to minimise complications (the acute 
and long term diseases and premature death) caused 
by diabetes. Diabetes complications incur the greatest 
costs of diabetes to the patient and the health service.

Diabetes care is a partnership between people 
with diabetes and their care providers. Successful 
achievement of treatment targets is dependent on 
systems that empower patients with knowledge and 
enable them continuously to set goals, make and 
implement appropriate treatment choices, monitor 
progress and modify tactics when needed. The risk 
of complications is reduced if the appropriate NICE 
recommended care processes are completed and 
treatment targets are achieved. The NDA published 
a report on NICE recommended care processes and 
treatment targets in October 2014ii.

Apart from diabetic ketoacidosis (DKA) in Type 1 
diabetes, which is an immediate consequence of 
treatment failure, the other complications arise only 
after many years of exposure to high blood glucose, 
high blood pressure and high cholesterol compounded 
by age, inactivity, obesity and smoking. They can be 
considered the ‘final outcomes’ of diabetes care.

The NDA complications has previously reported on 
diabetes specific (microvascular) and macrovascular 
disease rates and an assessment of additional mortality. 
This year analyses are also included of the impact of 
these diabetic complications on secondary care and 
of the impact of complications on mortality (survival 
analysis).

Macro-vascular complications occur when the large 
(macro) blood vessels in the body are damaged. They 
are diseases of the arterial blood vessels, including the 
coronary arteries, the aorta, and arteries in the brain and 
in the limbs. Fat builds up in the vessel walls narrowing 
the artery and secondary clots may obstruct it further. 
This occurs in most people to some extent as they 
get older. Diabetes accelerates this disease process 
for which other risk factors are smoking, inactivity and 
unhealthy diet. 

There are four common macro-vascular complications  
in people with diabetes:

Angina – is chest pain due to temporary restriction in 
blood supply to the heart muscle.

Myocardial Infarction – commonly known as a heart 
attack, results from the interruption of blood supply to  
a part of the heart, causing heart cells to die.

Heart Failure – occurs when the heart pump cannot 
maintain blood flow sufficient to meet the needs of  
the body.

Stroke – is the rapid, permanent loss of brain function 
following disturbance in blood supply to the brain.

Micro-vascular complications of diabetes encompass 
long-term complications of diabetes affecting small 
blood vessels. These include retinopathy (reported 
separately by NHS Diabetes Eye Screening), 
nephropathy, and neuropathy. 

Below are common micro-vascular complications in 
people with diabetes:

Major Amputation – surgical removal of the leg above 
the ankle (usually below, through or above the knee).

Minor Amputation – surgical removal of toes or a part 
of the foot below the ankle.

Renal Replacement Therapy (RRT) – is a term used for 
life-supporting treatments (dialysis and transplantation) 
required to treat end stage kidney disease (ESKD); it is 
therefore a marker of the most severe diabetic kidney 
disease.

Separately from vascular complications Diabetic 
Ketoacidosis (DKA) – is a potentially life-threatening 
complication in people with diabetes. DKA results 
from an effective absence of insulin and occurs almost 
exclusively in people with type 1 diabetes.

 

ii  The National Diabetes Audit – 2012-2013: Report 1, Care Processes and Treatment Targets 
http://www.hscic.gov.uk/searchcatalogue?productid=15512&q=%22National+diabetes+audit%22&sort=Relevance&size=10&page=1#top

http://www.hscic.gov.uk/searchcatalogue?productid=15512&q=%22National+diabetes+audit%22&sort=Relevance&size=10&page=1#top
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Prevalence of Complications of 
Diabetes in England and Wales
A total of 2,460,261 people with diabetes included in 
the 2011-2012 NDA were still alive on 31 March 2012 
and therefore included in the analysis of diabetic 
complications, of which 213,193 had Type 1 diabetes  
and 2,206,931 had Type 2. 

Table 1 shows the one year prevalence of vascular 
complications recorded between 1 April 2012 and  
31 March 2013 in Hospital Episodes Statistics (HES)  
and Patient Episode Database for Wales (PEDW) for 
people in the 2011-12 NDA. 

Table 1  
One year prevalencea of complications for England and Wales, 2011-2012 audit

People with Type 1 diabetes Patients with Type 2 diabetes All diabetesb

Complication Number of people 
experiencing the 

complication

Crude prevalencea 
(not adjusted for 
the age and sex 
structure of the 

population) %

Number of people 
experiencing the 

complication

Crude prevalencea

(not adjusted for 
the age and sex 
structure of the 

population) %

Number of people 
experiencing the 

complication

Crude prevalencea 
(not adjusted for 
the age and sex 
structure of the 

population) %

Angina 3,414 1.60 74,669 3.38 79,171 3.22

Myocardial Infarction (heart attack) 1,110 0.52 16,696 0.76 18,110 0.74

Heart Failure 2,448 1.15 53,072 2.40 56,571 2.30

Stroke 1,004 0.47 20,307 0.92 21,712 0.88

Major Amputation (above the ankle) 263 0.12 1,536 0.07 1,834 0.07

Minor Amputation (below the ankle) 616 0.29 3,019 0.14 3,699 0.15

Renal Replacement Therapy (ESKD) 1,765 0.83 8,843 0.40 10,832 0.44

DKAc 7,608 3.57     
a  One year prevalence is the number of people who appeared in the 2011-2012 audit with one or more complication event during the year 1 April 2012 to 31 March 2013 as a 
proportion of the relevant group in the 2011-2012 audit.

b All diabetes includes maturity onset diabetes of the young (MODY), other specified diabetes and not specified diabetes.
c DKA figures are included for those with Type 1 diabetes only.
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Table 2  
Standardised ratios for diabetic complications, comparing people with diabetes to those without diabetesi with a one year follow up period, 
2011-2012 auditb

Complication Country Total expecteda Observed Standardised 
ratioa

95% CI Limitsa Additional risk of 
complication among 

people with diabetes %Lower Upper

Angina England  31,576  75,595  239  238  241 139.4

Wales  1,518  3,424  226  218  233 125.6

England and Wales  33,094  79,019  239  237  240 138.8

Myocardial Infarction (heart attack) England  8,877  17,325  195  192  198 95.2

Wales  430  749  174  162  187 74.1

England and Wales  9,307  18,074  194  191  197 94.2

Heart Failure England  23,652  53,723  227  225  229 127.1

Wales  1,295  2,718  210  202  218 109.9

England and Wales  24,947  56,441  226  224  228 126.2

Stroke England  12,654  20,694  164  161  166 63.5

Wales  670  968  145  136  154 44.5

England and Wales  13,324  21,662  163  160  165 62.6

Major Amputation (above the ankle) England  342  1,708  500  476  524 399.7

Wales  23  117  507  419  607 406.6

England and Wales  365  1,825  500  477  524 400.2

Minor Amputation (below the ankle) England  381  3,529  927  897  958 827.2

Wales  22  162  735  626  857 634.6

England and Wales  403  3,691  917  887  947 816.7

Renal Replacement Therapy (ESKD) England  2,759  10,316  374  367  381 273.9

Wales  142  486  341  312  373 241.3

England and Wales  2,901  10,802  372  365  379 272.3
i   People classed as not having diabetes are those people not identified as having diabetes as part of the National Diabetes Audit and therefore this may contain people 

diagnosed with diabetes that are not participants in the audit.
a For definitions, please refer to the Glossary.
b  These figures are based on the number of people who appeared in the 2011-2012 audit with one or more complication event during the year 1 April 2012 to 

31 March 2013.

Short Term Complication Ratios
These standardised ratios present the additional risk  
due to diabetes. The calculations compare the prevalence 
of each complication for people with diabetes in the audit 
period with the prevalence of each complication that 
affected people in the non NDA population. 

Table 2 shows the standardised ratios for people with 
diabetes in the audit period 2011-2012 with a follow 
up period from 1 April 2012 to 31 March 2013. This 
illustrates that people with diabetes are significantly 
more likely than those without diabetesi to experience 
these complications. Tables 3 and 4 provide this by 
diabetes type.

The risk of a person with diabetes being admitted 
to hospital for heart failure is 126.2 per cent greater 
than among those without diabetesi, whilst the risk for 
myocardial infarction (heart attack) is 94.2 per cent higher 
and the risk for renal replacement therapy is 272.3 per 
cent higher.

i  People classed as not having diabetes are those people not identified as having diabetes as part of the National Diabetes Audit and therefore this may contain people 
diagnosed with diabetes that are not participants in the audit.
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Tables 3 and 4 demonstrate much greater risk of all of the 
complications for people with Type 1 diabetes compared 
to Type 2 diabetes. 

The risk of a person with Type 1 diabetes being admitted 
to hospital for heart failure is 322.7 per cent greater than 
those without diabetesi and for a person with Type 2 
diabetes the risk is 121.1 per cent greater. 

i  People classed as not having diabetes are those people not identified as having diabetes as part of the National Diabetes Audit and therefore this may contain people 
diagnosed with diabetes that are not participants in the audit.

Table 3  
Standardised ratios for diabetic complications, comparing people with Type 1 diabetes to those without diabetesi with a one year follow up period, 
2011-2012 auditb

Complication Country Total expecteda Observed Standardised 
ratioa

95% CI Limitsa Additional risk of 
complication among 

people with diabetes %Lower Upper

Angina England  889  3,251  366  353  379 265.7

Wales  38  148  385  325  452 284.9

England and Wales  927  3,399  367  354  379 266.5

Myocardial Infarction (heart attack) England  283  1,063  375  353  398 275.0

Wales  13  45  347  253  464 246.7

England and Wales  296  1,108  374  352  396 273.8

Heart Failure England  549  2,324  423  406  441 323.0

Wales  28  117  416  344  499 316.4

England and Wales  577  2,441  423  406  440 322.7

Stroke England  329  967  294  276  313 194.0

Wales  15  36  239  168  332 139.5

England and Wales  344  1,003  292  274  310 191.6

Major Amputation (above the ankle) England  11  247  2,165 1,904  2,453 2,065.4

Wales  1  15  2,183 1,222  3,601 2,083.2

England and Wales  12  262  2,166 1,912  2,445 2,066.4

Minor Amputation (below the ankle) England  13  584  4,468 4,113  4,846 4,368.3

Wales  1  29  3,897 2,610  5,596 3,796.6

England and Wales  14  613  4,437 4,093  4,803 4,337.5

Renal Replacement Therapy (ESKD) England  106  1,664  1,563 1,489  1,640 1,463.5

Wales  5  94  1,819 1,470  2,226 1,719.2

England and Wales  112  1,758  1,575 1,503  1,651 1,475.3
i   People classed as not having diabetes are those people not identified as having diabetes as part of the National Diabetes Audit and therefore this may contain people 

diagnosed with diabetes that are not participants in the audit.
a For definitions, please refer to the Glossary.
b  These figures are based on the number of people who appeared in the 2011-2012 audit with one or more complication event during the year 1 April 2012 to 

31 March 2013.
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Figure 1 shows the comparison of the additional risk for 
those with diabetes for each of the complications for the 
latest three audit periods (one year follow up). 

This shows that for the majority of complications this ratio 
is stable or on a downward trend, with the exception of 
minor amputation surgery. For heart failure the decline 
in prevalence over the last two consecutive audit periods 
has been significant.

Table 4  
Standardised ratios for diabetic complications, comparing people with Type 2 diabetes to those without diabetesi with a one year follow up period, 
2011-2012 auditb 

Complication Country Total expected Observed Standardised 
ratio

95% CI Limitsa Additional risk of 
complication among 

people with diabetes %Lower Upper

Angina England  30,248  71,294  236  234  237 135.7

Wales  1,467  3,257  222  214  230 122.0

England and Wales  31,716  74,551  235  233  237 135.1

Myocardial Infarction (heart attack) England  8,473  15,969  188  186  191 88.5

Wales  414  700  169  157  182 69.2

England and Wales  8,886  16,669  188  185  190 87.6

Heart Failure England  22,703  50,395  222  220  224 122.0

Wales  1,256  2,579  205  197  213 105.3

England and Wales  23,959  52,974  221  219  223 121.1

Stroke England  12,094  19,343  160  158  162 59.9

Wales  649  927  143  134  152 42.8

England and Wales  12,743  20,270  159  157  161 59.1

Major Amputation (above the ankle) England  326  1,429  438  416  461 338.1

Wales  22  99  445  362  542 345.2

England and Wales  348  1,528  439  417  461 338.5

Minor Amputation (below the ankle) England  362  2,884  797  768  826 696.8

Wales  21  130  615  514  730 515.0

England and Wales  383  3,014  787  759  815 686.8

Renal Replacement Therapy (ESKD) England  2,613  8,432  323  316  330 222.7

Wales  136  390  286  259  316 186.3

England and Wales  2,749  8,822  321  314  328 220.9
i   People classed as not having diabetes are those people not identified as having diabetes as part of the National Diabetes Audit and therefore this may contain people 

diagnosed with diabetes that are not participants in the audit.
a For definitions, please refer to the Glossary.
b  These figures are based on the number of people who appeared in the 2011-2012 audit with one or more complication event during the year 1 April 2012 to 

31 March 2013.

Figure 1 
Additional risk of complication among people with diabetes, comparing people with diabetes to those without diabetesi with a one year follow up period, 
2009-2010 to 2011-2012 audits
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Figure 2 
Funnel chart showing the spread of CCG/LHB longer term complication standardised ratios for heart failure among people with diabetesi in the 2009-2010 audit 
(three year follow up)ii

 Upper 99.9% Limit Upper 95% Limit Lower 95% Limit Lower 99.9% Limit 
 England and Wales Ratio Higher than expected As expected values Lower than expected
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(Logarithmic Scale)
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Note: Confidence intervals for different population sizes using the national observed rates are shown by the funnels in the plot where a CCG/LHB is outside the funnel 
they are considered to have a significantly different rate to the national rate. The 99.9 per cent confidence interval funnel is shown here to illustrate those CCG/LHBs with 
extreme values.

Complications – Local Variation  
in England and Wales
Standardised ratios enable us to see how much additional 
risk of complications people with diabetes have compared 
to those who do not have diabetesi. Longer term ratios 
allow us to compare between CCGs and LHBs due to 
the greater quantity of data available. These ratios use 
the prevalence of each complication for people with 
diabetes in the audit period 2009-2010 compared with 
the prevalence of each complication in the non-NDA 
population in the same CCG or LHB during the three 
year follow up period from 1 April 2010 to 31 March 
2013, taken from HES and PEDW records. 

The CCG/LHB level analysis has been used to construct a 
series of maps (see supporting information) that illustrate 
how the additional risk rates of diabetic complications 
are distributed geographically i.e. they demonstrate local 
variation between CCGs and LHBs.

 

Figure 2 illustrates how there are statistically significant 
(p<0.05) differences between CCGs/LHBs in the 
complication ratios for heart failure. Most are within 
but some are above or below the expected range 
when compared to the whole of England and Wales 
ratio for heart failure. The distribution is also displayed 
geographically in an accompanying map (Figure 3).

Those with a significantly higher adjusted prevalence are 
shown in dark blue and those with a significantly lower 
prevalence are highlighted in light blue. 

i   People classed as not having diabetes are those people not identified as having diabetes as part of the National Diabetes Audit and therefore this may contain people 
diagnosed with diabetes that are not participants in the audit.

ii  Additional data on all local maps and funnel plots are available in the supporting data provided alongside the report.
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Figure 3 
Variation in long term complication ratios for heart failure in England and Wales compared to local complication rates i 2009-2010 audit (3 year follow up)

© Crown copyright 2015 
Contains Ordnance Survey data and Office for National Statistics (ONS) data © Crown copyright and database right 2015

Higher than national

As national

Lower than national

i  Additional data on all local maps and funnel plots are available in the supporting data provided alongside the report.
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Diabetic Ketoacidosis (DKA)

Diabetic Ketoacidosis (DKA) is a potentially life-
threatening complication in people with diabetes that 
occurs predominantly in people with Type 1 diabetes. 
DKA results from a very severe shortage of insulin.

Between 1 April 2010 and 31 March 2013, 14,240 people 
included in the 2009-2010 NDA were admitted to hospital 
for DKA with type 1 diabetes at least once in the three 
year follow up period. 

Figure 4 shows the pattern of prevalence of DKA in type 1 
diabetes patients across England and Wales broken down 
by CCGs/LHBs. 

These figures have been adjusted to reflect the local 
age, sex and socio-demographic distribution of people 
with Type 1 diabetes. Areas with a significantly (p<0.05) 
higher prevalence of DKA, after adjustment for age, 
sex and Index of Multiple Deprivation (IMD) quintiles of 
the local population than the prevalence for England 
and Wales, are shown in dark blue and those with a 
significantly lower prevalence of DKA after adjustment 
are highlighted in light blue. Areas with a very low 
number of observed complications have been supressed 
and are shown in white.

DKA should be largely preventable. CCGs/LHBs with a 
significantly higher prevalence should make this a priority 
while those with a significantly lower prevalence might 
consider sharing any notably successful interventions.
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Figure 4
Variation in long term complication ratios for DKA in England and Wales compared to local complication ratesi in people with type 1 diabetes for 2009-2010 
audit (three year follow up)

© Crown copyright 2015 
Contains Ordnance Survey data and Office for National Statistics (ONS) data © Crown copyright and database right 2015
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As national
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i  Additional data on all local maps and funnel plots are available in the supporting data provided alongside the report.
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Chronic Kidney Disease

Chronic kidney disease (CKD) is one of the long term 
diabetes complications. CKD has five stages or levels of 
damage and reduced kidney function measured as GFR 
(Glomerular Filtration Rate – normal >=90ml/min/1.73m2). 
The NDA data permits identification of all stages of 
diabetic CKD. 

Table 5 shows the percentage of people with diabetes in 
the 2012-2013 audit at each CKD stage by diabetes type, 
and provides the average age within the groups. 

It is CKD5 (Kidney failure or End Stage Renal Failure, 
ESRF) that will cause death without Renal Replacement 
Therapy (RRT – dialysis or transplantation). But most 
patients with CKD 3 and 4 will require kidney specific 
treatment interventions. 

Table 5  
Chronic Kidney Disease (CKD) Stages for people in the 2012-2013 audit.  

Stage and Description GFR(ml/
min/1.73m²)

People with diabetes experiencing CKD stage

All diabetesa Type 1 Type 2

Number % Average age Number % Average age Number % Average age

No CKD - 266,691 24.5 56.2 24,911 38.0 40.8 239,248 23.6 57.9

CKD1 Kidney damage with normal/
increased GFR

>=90 109,170 10.0 57.5 8,406 12.8 43.1 99,631 9.8 58.7

CKD2 Kidney damage with mild 
reduction GFR

60-89 499,629 45.8 66.4 23,802 36.3 54.2 471,836 46.5 67.0

CKD3a Moderate reduction GFR 45-59 133,223 12.2 74.0 4,756 7.2 64.8 127,409 12.6 74.3

CKD3b Worsening reduction GFR 30-44 61,266 5.6 76.5 2,416 3.7 66.1 58,331 5.7 76.9

CKD4 Severe reduction GFR 15-29 15,810 1.5 75.8 912 1.4 62.9 14,764 1.5 76.6

CKD5 Kidney failure or ESRF <15 3,968 0.4 67.7 437 0.7 55.8 3,479 0.3 69.2
a All diabetes includes maturity onset diabetes of the young (MODY), other specified diabetes and not specified diabetes.
Note: The NDA collects data on serum creatinine (mmol/l), age, sex and ethnicity which permits eGFR (estimated GFR) to be calculated. Only patients in whom all four 
variables were present have been included in this analysis summarised in Table 5.

Figures 5 and 6 show that although most people with 
diabetes have some degree of CKD the only group 
trending upwards is CKD1 while for CKD 2-5 the figures 
are either stable or declining.

The figures for Type 1 and Type 2 diabetes are not 
directly comparable because of their different age 
profile (Type 1 has a younger profile than Type 2) and 
kidney pathology (Type 1 almost exclusively diabetic 
nephropathy but Type 2 has a proportion of other kidney 
pathologies) profiles.
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Figure 6 
Percentage of people with Type 2 diabetes at each CKD stage as well as those with no CKD by audit year
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Note: The NDA collects data on serum creatinine (mmol/l), age, sex and ethnicity which permits eGFR (estimated GFR) to be calculated. Only patients in whom all four 
variables were present have been included in this analysis summarised in Figure 6.

Figure 5 
Percentage of people with Type 1 diabetes at each CKD stage as well as those with no CKD by audit year
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variables were present have been included in this analysis summarised in Figure 5.
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Impact on secondary care 

This is a new section that reports on the burden 
on hospitals of episodes of care attributable to 
complications in people with diabetes. The tables  
below illustrate the sizeable over-representation of 
people with diabetes among episodes for these vascular, 
foot and renal conditions. This is an important area for 
commissioners to review because of the opportunities  
to reduce episodes due to the complications of diabetes. 
In round numbers, for the common conditions of Angina, 
Myocardial Infarction, Heart failure and Stroke, about  
one in five total emergency episodes or bed days are 
diabetes related.

This section uses Finished Consultant Episodes  
(FCE) in 2012-2013 for people in the 2011-2012 audit.  
A Consultant Episode is the time a patient spends in the 
continuous care of one consultant. If a patient transfers 
from one consultant to another within a single Hospital 
Provider Spell, for example moves to a ward with a 
specific speciality and is treated by a new consultant, 
one Consultant Episode will end and another one begin. 
So patients may have more than one finished consultant 
episode during a single hospital stay.

Table 6 shows that nearly a quarter (24.1 per cent) of 
FCE for Heart failure are for patients that appear in the 
diabetes audit.

Table 6  
Total number of Finished Consultant Episodes (FCE) and NDA related FCE in England and Wales, 2012-2013

Complication Number of HES/PEDW FCEa Number of NDA related FCEb NDA related FCE as a  
proportion of HES FCE % 

Angina 750,774 177,133 23.6

Myocardial Infarction (heart attack) 205,199 40,234 19.6

Heart failure 693,831 167,195 24.1

Stroke 277,617 47,503 17.1

Major Amputation (above the ankle) 5,369 1,932 36.0

Minor Amputation (below the ankle) 8,458 4,269 50.5

Renal Replacement Therapy (ESKD) 977,025 298,371 30.5
a HES/PEDW FCE are all episodes for the relevant complication between 1 April 2012 and 31 March 2013. This may include multiple episodes for one patient.
b  NDA episodes are from all patients registered with GP Practices that participated in the audit in the audit period 2011-2012, please bear in mind that participation 

for the 2011-2012 audit was 87.9 per cent of all eligible GP practices and there was a large variation across CCG’s and LHB’s .

Table 7 shows the episodes for people with diabetes 
following an emergency admission compared to all 
emergency episodes. The proportions of diabetes related 
admissions follow a similar pattern to that seen for all 
episodes of care, with the exception of minor amputation, 
where nearly two thirds (61.8 per cent) of all emergency 
minor amputations are for people appearing the NDA.

Table 7 
Total number of emergency hospital FCE and NDA related emergency hospital FCE in England and Wales, 2012-2013   

Complication Number of HES/PEDW 
emergency episodesa

Number of NDA related 
emergency episodesb

NDA related emergency episodes 
as a proportion of HES/PEDW 

emergency episodes %

Angina 486,941 114,599 23.5

Myocardial Infarction (heart attack) 178,284 34,790 19.5

Heart Failure 578,883 136,911 23.7

Stroke 235,333 38,911 16.5

Major Amputation (above the ankle) 3,727 1,385 37.2

Minor Amputation (below the ankle) 4,327 2,672 61.8

Renal Replacement Therapy (ESKD) 72,318 22,831 31.6
a HES/PEDW FCE are all episodes for the relevant complication between 1 April 2012 and 31 March 2013. This may include multiple episodes for one patient.
b  NDA episodes are from all patients registered with GP Practices that participated in the audit in the audit period 2011-2012, please bear in mind that participation for the 

2011-2012 audit was 87.9 per cent of all eligible GP practices and there was a large variation across CCG’s and LHB’s .



Copyright © 2015, Health and Social Care Information Centre, National Diabetes Audit 2012-2013 Report 2: Complications and Mortality. All rights reserved. 22

Table 8 provides information on the number of bed 
days occupied by people with diabetes for each of the 
complications compared with all bed days in HES/PEDW 
by complication.

The figures show that people with diabetes for each of 
the complications with the exception of stroke, contribute 
at least a fifth of all bed occupancies for hospital stays 
both planned and unplanned. This is for all hospital 
admissions; when looking at emergency admissions only, 
similar proportions are seen.

Table 8 
Total number of bed days and NDA related bed days in England and Wales, 2012-2013

Complication Number of HES/PEDW bed daysa Number of bed days  
for NDA patientsb

NDA bed days as a proportion  
of HES/PEDW bed day %

Angina 2,624,693 599,224 22.8

Myocardial Infarction (heart attack) 1,108,800 232,436 21.0

Heart Failure 4,444,764 970,744 21.8

Stroke 2,734,455 424,070 15.5

Major Amputation (above the ankle) 139,920 51,995 37.2

Minor Amputation (below the ankle) 100,035 59,116 59.1

Renal Replacement Therapy (ESKD) 632,711 189,115 29.9
a HES/PEDW bed days are all bed days for the relevant complication between 1 April 2012 and 31 March 2013. 
b  NDA bed days are from all patients registered with GP Practices that participated in the audit in the audit period 2011-2012, please bear in mind that participation for 

the 2011-2012 audit was 87.9 per cent of all eligible GP practices and there was a large variation across CCG’s and LHB’s.
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Mortality

Between 1 January 2013 and 31 December 2013 people 
in the 2011-2012 audit with all types of diabetes were  
34.4 per cent more likely to die than their peers in the 
general population. Among those with Type 1 diabetes, 
mortality was 131.0 per cent greater than would be 
expected if they had the same mortality rates as the 
general population in England and Wales. People with 
Type 2 diabetes were 32.0 per cent more likely to die early. 

The data shown in Table 9 combined with the coverage 
of the audit allows us to estimate that there were around 
22,060 additional deaths in England and 1,926 additional 
deaths in Wales due to diabetes. These additional 
deaths are likely to be due to the high prevalence of 
complications reported above (see the impact of Heart 
failure and End Stage Kidney Disease on survival in the 
analysis below). Overall the annual additional death rates 
continue to fall but there is still a much higher relative risk 
in younger people and in people with Type 1 diabetes. 
Furthermore, there is some significant variation between 
CCGs/LHBs (Figures 9-11).

Table 9  
Mortality in people with diabetes in England and Wales in the 2011-2012 audit

PYaRa Expected 
Deathsa

Observed 
Deaths

SMRa 95% CI Limitsa Additional risk of death 
among people with 

diabetes %Lower Upper

All diabetes typesb Persons 2,397,163 61,321 82,405 134 133 135 34.4

Male 1,332,995 33,905 44,391 131 130 132 30.9

Female 1,063,928 27,416 38,000 139 137 140 38.6

Type 1 diabetes Persons 210,278 1,484 3,428 231 223 239 131.0

Male 119,114 879 1,912 217 208 227 117.4

Female 91,164 604 1,516 251 238 264 150.9

Type 2 diabetes Persons 2,148,806 58,941 77,791 132 131 133 32.0

Male 1,196,314 32,598 41,903 129 127 130 28.5

Female 952,483 26,343 35,888 136 135 138 36.2
a For definitions, please refer to the Glossary.
b  All diabetes includes maturity onset diabetes of the young (MODY), other specified diabetes and not specified diabetes.

Figure 7 shows that the additional risk of mortality among 
people with diabetes during a one year follow up period 
has reduced significantly in people with Type 2 diabetes 
between the 2010-11 and 2011-12 audit periods. 

Further years of data are required to see if this is a 
continuing reduction in additional risk or whether it  
is specific to the cohort in the 2011-2012 audit.

Figure 7 
Additional risk of mortality among people with diabetes during a one year follow up period, 2009-2010 to 2011-2012 audits
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Figure 8 
Age-specific mortality rate ratios by type of diabetes and sex, 2011-2012 audit
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Although diabetes is associated with an additional risk 
of death at all ages and in both sexes the relative risk 
(by comparison to the general population) is greatest 
at the younger ages, in females and in Type 1 diabetes. 
For example females with Type 1 diabetes age 15-34 
are 6.6 times more likely to die than their non-diabetic 
contemporaries.

For more detail about the risk factors for mortality see  
the regression analysis in the Appendix 2.

Mortality – Local Variation in England 
and Wales
Figures 9, 10 and 11 show the mortality in people with 
diabetes in England and Wales in 2009-2012 NDA by 
CCG/LHB. This was calculated using three cohorts of 
people appearing in the NDA and using a one year 
follow up for each cohort for the mortality period. 

Type 1 - Males Type 2 - FemalesType 2 - Males Type 1 - Females
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Figure 9
Additional risk of death among people with diabetes compared to the local population by CCG/LHBi, 2009-2010 to 2011-2012 audits (one year follow up)

© Crown copyright 2015 
Contains Ordnance Survey data and Office for National Statistics (ONS) data © Crown copyright and database right 2015
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i  Additional data on all local maps and funnel plots are available in the supporting data provided alongside the report.
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Figure 10 
Funnel chart showing the spread of CCG/LHB standardised ratios of long-term mortality among people with diabetesi, 2009-2010 to 2011-2012 audits 
(one year follow up)
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Note: Confidence intervals for different population sizes using the national observed rates are shown by the funnels in the plot where a CCG/LHB is outside the funnel they 
are considered to have a significantly different rate to the national rate.

i  Additional data on all local maps and funnel plots are available in the supporting data provided alongside the report.

Survival Analysis
Survival time from diabetes diagnosis 

The earlier part of the report shows that Heart Failure is 
the second most common complication. So it contributes 
a very high proportion of the overall risk of early death in 
people with diabetes. The clearest statistical approach 
to illustrating the impact of Heart Failure is to carry out 
survival analysis.

Survival analysis takes a given population and examines 
the time from an initiating event until a specific 
concluding event occurs. The time from date of diagnosis 
of diabetes to date of death has been modelled for 
people in the NDA (2009-2013). The analysis produces a 
model that predicts the probability of surviving a given 
number of years depending on characteristics of the 
person diagnosed. This has been used to investigate the 
effect experiencing complications has on survival. 

Separate models have been created for Type 1 and Type 
2 diabetes. The personal characteristics we have used for 
the models are: age at diagnosis, sex, ethnicity, whether 
the person has ever been a smoker, and how deprived the 
area they live in is. Other factors may affect the survival of 
people with diabetes but are unavailable for this analysis 
as they are not collected in the data.

Survival times have been compared between two groups 
of people:

•	 	No complications group – these people with diabetes 
have no recorded complications since the earliest 
available HES and PEDW datasets (2009-2010) or after 
diagnosis if later.

•	 	Complications group – these people with diabetes 
have a recorded complication (heart failure in the 
example below) after the diagnosis year in HES/PEDW 
data (2009-2010 onwards). 

All people with a valid diagnosis date (year) who have 
appeared in the NDA since the 2009-2010 audit and 
who were alive at least a year after their latest NDA audit 
record have been included in the analysis where all of the 
characteristics in the model were available in the NDA 
data. People with a complication date before the diabetes 
diagnosis date have been excluded.
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Figures 11 and 12 show survival curves for illustrative 
groups of people with Type 1 and Type 2 respectively 
who were recorded as having had a complication of 
heart failure or having no complication. There were 2,210 
people with Type 1 diabetes that had the complication 
of heart failure and 62,744 people with Type 2 diabetes 
eligible for inclusion.

For both diabetes types, the analysis shows that there 
is a significant higher hazard ratio for those with a 
complication compared with those with no complications 
(see Appendix 1). 

Figure 11 shows the survival curve of people with 
Type 1 diabetes who are white, female, living in a least 
deprived area, have never smoked and were aged 27 at 
diagnosis. This age is the mean for this group and the 
other parameters were those used as reference points 
in deriving the model. Among this group of people 
who have not suffered a complication, 50 per cent are 
expected to have died 69 years after their diagnosis date. 
Whereas for those that have suffered heart failure 50 
per cent are expected to have died 59 years after their 
diagnosis date.

Figure 11 
Survival curvea for an illustrative group of people with Type 1 diabetes experiencing the complication Heart failure 

 No Complications group Heart failure group  
 Probability of survival at 0.5 No complications group at 0.5 probability of survival Heart failure at 0.5 probability of survival
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aPeople who are white, female, living in a least deprived area, have never smoked and were aged 27 at diagnosis
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This report shows the prevalence of complications such 
as heart failure amongst people with diabetesi, how this 
compares to people without diabetes and some of the 
impact this has on secondary care services. The additional 
risk of mortality for people with diabetes has also been 
shown. Survival curves to illustrate the impact in years 
of life lost due to the common and particularly adverse 
complication heart failure are shown for cohorts of similar 
people who developed and did not develop heart failure. 

The characteristics of these cohorts are restricted by the 
statistical methodology and are presented to illustrate 
the influence of complications on life expectancy. 
Where survival analysis has been carried out for other 
complications the results are provided in the supporting 
information accompanying this report.

i  People classed as not having diabetes are those people not identified as having diabetes as part of the National Diabetes Audit and therefore this may contain people 
diagnosed with diabetes that are not participants in the audit.

Figure 12 shows the survival curve of people with 
Type 2 diabetes who are white, female, living in a least 
deprived area, have never smoked and were aged 58  
at diagnosis. This age is the mean for this group and  
the other parameters were those used as reference  
points in deriving the model. 

For those people in this group who have not suffered a 
complication, 50 per cent are expected to have died 37 
years after their diagnosis date. Whereas for those that 
have suffered heart failure 50 per cent are expected to 
have died 28 years after their diagnosis date.

Figure 12 
Survival Curvea for an illustrative group of people with Type 2 diabetes experiencing the complication Heart failure

 No Complications group Heart failure group  
 Probability of survival at 0.5 No complications group at 0.5 probability of survival Heart failure at 0.5 probability of survival
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aPeople who are white, female, living in a least deprived area, have never smoked and were aged 58 at diagnosis
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Further Information

For further information, including NDA methodology  
and national summary reports, please visit the website  
for the National Diabetes Audit.
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Glossary

Confidence Interval (CI)
A confidence interval is a range of values that quantifies 
the imprecision in the estimate of a statistic. Specifically 
it quantifies the imprecision that results from random 
variation in the estimation of the value; it does not include 
imprecision resulting from systematic error (bias). In 
public health many indicators are based on what can be 
considered to be complete data sets and not samples, 
e.g. mortality rates based on death registers. In these 
instances the imprecision arises not as a result of sampling 
variation but of ‘natural’ variation. The indicator is 
considered to be the outcome of a stochastic process, i.e. 
one which can be influenced by the random occurrences 
that are inherent in the world around us. In such instances 
the value actually observed is only one of the set that 
could occur under the same circumstances. Generally 
in public health, it is the underlying circumstances or 
process that is of interest and the actual value observed 
gives only an imprecise estimate of this underlying risk.

The width of the confidence interval depends on three 
things:

•	 	The	sample	or	population	size	from	which	the	estimate	
is derived

•	 	The	degree	of	variability	in	the	phenomenon	being	
measured

•	 	The	required	level	of	confidence	–	this	is	an	arbitrary	
value set to give the desired probability that the 
interval includes the true value. In medicine and public 
health the conventional practice is to use 95 per cent 
confidence.

For a given level of confidence, the wider the confidence 
interval, the greater the uncertainty in the estimate.

Population-years-at-risk (PYaR)
The population-years-at-risk is the total amount of time 
during which the population is exposed to a risk. For 
example, during the one-year mortality follow-up period 
a person who survives the whole year contributes one 
year to the total PYaR; a person who dies after 3 months 
contributes only 0.25 years to the total PYaR.

Standardised mortality ratio (SMR)
The SMR is a form of indirect standardisation. The age 
specific mortality rates of a chosen standard population 
(usually the relevant national or study aggregate 
population) are applied to the age structure of the subject 
population to give an expected number of deaths. The 
observed number of events is then compared to the 
expected and is usually expressed as a ratio (observed/
expected). For presentation purposes, the SMR is usually 
expressed per 100. By definition, the standard population 
will have a SMR of 100. SMRs above 100 indicate that the 
death count observed was greater than that expected 
from the standard mortality rate and SMRs below 100  
that it was lower.

Expected deaths 
The expected death count is that which would occur if the 
observed subject population experienced the standard 
population’s age-specific mortality rates. 

Standardised Ratio
The standardised ratio is a form of indirect 
standardisation. The age and sex specific rates for each 
complication of a chosen population (usually the relevant 
national or study aggregate population) are applied to 
the age and sex structure of the subject population to 
give an expected number of complications. The observed 
number of events is then compared to the expected and 
is usually expressed as ratio (observed/expected). For 
presentation purposes the standardised ratio is usually 
expressed per 100. By definition, the standard population 
will have a standardised ratio of 100. Standardised ratios 
above 100 indicate that the complication count observed 
was greater than that expected from the standardised 
complication rates and for standard ratios below 100 that 
it was lower.

Expected Complications
The expected complication count is that which would 
occur if the observed subject population experienced  
the standard population’s age and sex specific 
complication rates.

Suppression
When the observed number of people with a particular 
complication in a CCG/LHB is between 1 and 5, the 
data for that particular complication for that CCG/LHB 
has been suppressed from publication for reasons of 
statistical and information governance.
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Ethnic Groups
Ethnic groups as defined by the NHS Data Dictionary: 
http://www.datadictionary.nhs.uk/data_dictionary/
attributes/e/end/ethnic_category_code_
de.asp?shownav=1

•	 White 
 A British  
 B Irish  
 C Any other White background 

•	 Mixed 
 D White and Black Caribbean 
 E White and Black African  
 F White and Asian  
 G Any other mixed background 

•	 Asian or Asian British 
 H Indian 
 J Pakistani  
 K Bangladeshi  
 L Any other Asian background 

•	 Black or Black British 
 M  Caribbean 
 N  African  
 P  Any other Black background 

•	 Other Ethnic Groups 
 R  Chinese 
 S  Any other ethnic group  
 Z  Not stated

http://www.datadictionary.nhs.uk/data_dictionary/attributes/e/end/ethnic_category_code_de.asp?shownav=1
http://www.datadictionary.nhs.uk/data_dictionary/attributes/e/end/ethnic_category_code_de.asp?shownav=1
http://www.datadictionary.nhs.uk/data_dictionary/attributes/e/end/ethnic_category_code_de.asp?shownav=1
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Appendix 1: Survival Analysis

Methodology
Cox proportional hazards regression modelling has been 
used as the survival analysis technique for this report.

Survival analysis has been carried out to identify 
differences in survival time between people with diabetes 
who have had no complications and those who have had 
heart failure. There are two models for heart failure; one 
for Type 1 diabetes and one for Type 2 diabetes. 

To determine the complication group, the earliest 
complication recorded after diagnosis since the  
2009-2010 HES and PEDW datasets has been used. 

The choice of which variables to include in the models 
was discussed with the clinical advisory group. The 
variables included in the models were: Age at diagnosis, 
Sex, Ethnic group, Deprivation quintile group (a measure 
of deprivation based on a patient’s postcode), Smoking 
status, Date of death (from Medical Research Information 
Service (MRIS)).

Table 10  
The number of people used for each survival analysis model

Type 1 Type 2

No complications Heart failure No complications Heart failure

Number of observations 105,068 2,210 1,458,440 62,744

Number of deaths 2,451 857 74,745 25,772

Age Average 27.1 45.9 57.5 65.4

 Min 0 0 0 0

 Max 96 92 104 102

Sex Male 60,085 1,263 807,844 35,177

 Female 44,983 947 650,596 27,567

Ethnicity White 92,927 1,890 1,146,315 54,260

 Asian 4,819 172 181,358 4,782

 Black 3,497 88 71,766 1,864

 Mixed 1,116 20 14,950 377

 Other 2,709 40 44,051 1,461

Deprivation Most deprived fifth 20,841 552 364,532 16,308

 2nd deprived fifth 21,786 540 323,969 14,331

 3rd deprived fifth 21,619 451 291,707 12,656

 4th deprived fifth 21,128 380 262,208 11,081

 Least deprived fifth 19,694 287 216,024 8,368

Smoking status Never smokers 53,340 857 691,928 24,372

 Current/ex-smokers 47,042 1,274 746,531 36,836

 Unknown smokers 4686 79 19,981 1,536
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Table 11 shows additional risks of death compared 
with the reference group for Type 1 and Type 2 diabetes. 
For example, for Type 1 diabetes and heart failure,  
the additional risk of death for males vs. females is  
19.2 per cent (11.0 per cent, 28.0 per cent). This means 
that if you have Type 1 diabetes and heart failure being 
male increases your chances of death by 19.2 per cent 
compared to being female.

Table 11  
Additional risk of death for heart failure by diabetes type

Type 1 Type 2

Additional risk % Lower 95% CI % Upper 95% CI % Additional risk % Lower 95% CI % Upper 95% CI %

No complication vs complication -66.5 -69.1 -63.6 -65.4 -65.9 -64.9

Age at diagnosis – every 1 year increase 10.7 10.4 10.9 11.3 11.3 11.4

Male vs Female 19.2 11.0 28.0 17.7 16.2 19.3

Other vs White 5.3 -15.9 32.0 -5.6 -9.2 -1.8

Mixed vs White 16.7 -18.7 67.4 -29.1 -35.0 -22.6

Black vs White -30.9 -44.4 -14.1 -49.4 -51.6 -47.1

Asian vs White -22.0 -35.2 -6.1 -35.2 -37.2 -33.1

Most deprived 5th vs least deprived 5th 86.4 66.2 108.9 37.5 34.7 40.4

2nd deprived 5th vs least deprived 5th 49.3 33.0 67.5 23.9 21.3 26.5

3rd deprived 5th vs least deprived 5th 25.6 11.9 41.0 12.0 9.6 14.3

4th deprived 5th vs least deprived 5th 6.5 -5.6 20.1 6.0 3.7 8.3

Current/ex-smokers vs Never smoked 48.8 38.1 60.3 43.8 41.8 45.7

Unknown smoking vs Never smoked 32.9 12.0 57.6 50.4 44.1 56.8

Text shown in black indicates where there is a significant difference when compared to the reference group (>95% significant).
Text shown in grey indicates where there is not a significant difference when compared to the reference group (>95% significant).

The overall fit of each model has been examined using 
the AIC (Akaike information criterion) score. The lower the 
AIC score the better the model fit. The table below shows 
that the models for Type 1 diabetes were better in fit 
compared to the Type 2 model.

Diabetes type AIC – with covariates

Type 1 54,931.75

Type 2 2,350,066.50

Model limitations
The Cox proportional hazards regression model assumes 
that hazard rates are constant over time. So, for example, 
if a person with Type 1 diabetes and heart failure is 
twice as likely to die after 1 year as a person with Type 
1 diabetes without heart failure then at 10 years after 
diagnosis, the additional risk is of death for the heart 
failure patient is still the same compared to a personwith 
no complications. When assessing age at diagnosis for 
each model for proportional hazards, it was found that 
there could be violation of this assumption. It is likely that 
this is due to the increased risk of death at older ages. 
A transformation of age at diagnosis or interaction with 
another variable may improve the models. However, 
this may also make the results of this more difficult to 
interpret. Therefore, age at diagnosis has been left 
untransformed in the models for ease of interpretation, 
but care in evaluation of the results should be exercised 
accordingly.

The analysis has been limited by the availability of historic 
HES and PEDW data. The earliest available dataset for 
HES and PEDW is 2009-2010. This means that there is 
the possibility of misclassification of people between 
the no complications and complications groups. For 
example, someone diagnosed with diabetes in 2005 who 
had a complication in 2007 and no other complications 
since would be mistakenly classified as having ‘no 
complications’. Similarly, a person may have been 
diagnosed with diabetes in 2011 but may have had a 
complication in 2008. Any person with a complication 
recorded before the diagnosis date for diabetes has  
been excluded.

The number of episodes of hospital care and the number 
of complication types recorded have not been considered 
within this model. For simplicity, the survival analysis has 
only used the one earliest episode to classify a patient as 
having a particular complication type. Further complex 
modelling techniques are needed to evaluate the 
influence of combinations of complication types. 
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Appendix 2: Regression Analysis

Logistic regression modelling has been used as the 
multivariate statistical technique in this report. The results 
of the logistic regression analyses are presented in  
Table 12. 

A logistic regression model was used to explore which 
person and environmental variables were associated 
with mortality between 1st April 2012 to 31 March 2013. 
The model allows each variable to be considered 
independently by controlling for the effects of other, 
sometimes related, factors. The model allows an evaluation 
of the strength of the relationship between each of the 
variables and the probability of the person dying. 

We have limited the analysis to patients from the  
2010-2011 audit who were aged between 35 and 100  
on 31 March 2012 and had known diabetes duration. 

When modelling data in this way the aim is to produce a 
model which both satisfies certain statistical criteria and 
maintains a connection with the real-world understanding 
of the behaviours we are trying to explain. The ability of the 
model to explain the variation seen in our data has been 
presented as the ‘c-statistic’. This statistic is the probability 
that predicting the outcome is better than chance.  
The values for this measure range from 0.5 to 1.0.

A value of 0.5 indicates that the model is no better than 
chance at predicting short term mortality and a value of 
1.0 indicates that the model perfectly identifies those 
who will and those who will not die in the following 
year. Models are typically considered reasonable when 
the c-statistic is higher than 0.7 and strong when the 
c-statistic exceeds 0.8.

The choice of explanatory variables came from 
consultation with our clinical lead and advisory group. 
However not all variables were found to make significant 
improvements to the ability of the model to explain 
observed variation and where this was the case these 
were removed. Variables included in the model were: 

•	 Age	in	years	at	31	March	2012

•	 Ethnic	Group

•	 	IMD	Quintile	group	(a	measure	of	deprivation	 
based on a patients postcode)

•	 Sex

•	 Smoking	status	measured	in	2010-2011	audit

•	 BMI	Group	measured	in	2010-2011	audit

•	 HbA1c	measured	in	2010-2011	audit

•	 Cholesterol	measured	in	2010-2011	audit

•	 	Occurrence	of	DKA	between	1	April	2011	and	 
31 March 2012 (for Type 1 only)

•	 	Occurrence	of	MI	between	1	April	2011	and	 
31 March 2012

•	 	Occurrence	of	RRT	between	1	April	2011	and	 
31 March 2012

•	 	Occurrence	of	Major	amputation	between	1	April	2011	
and 31 March 2012

•	 	Occurrence	of	Minor	amputation	between	1	April	2011	
and 31 March 2012

•	 	Occurrence	of	Stroke	between	1	April	2011	and	 
31 March 2012

•	 	Occurrence	of	Heart	failure	between	1	April	2011	 
and 31 March 2012

•	 	Occurrence	of	Angina	between	1	April	2011	and	 
31 March 2012.

Following initial analysis of the data some of our 
explanatory variables were grouped into categorical 
variables, which group cases into a number of discrete 
categories (for example deprivation is grouped into five 
categories or quintiles). Missing values for explanatory 
variables were included in the models. Excluding missing 
values for explanatory variables can cause significant 
sample attrition, since cases are lost if they have a 
missing value for any one of the relevant variables. Had 
these values been excluded we would have reduced the 
precision of estimates and may have introduced bias.

The model identifies associations, not causes; in other 
words, factors which identify individuals with an increased 
or decreased probability of short term mortality in the 
year following the audit period. These variations in risk 
are expressed as odds ratios and expressed relative to 
a reference category, which is given a value of 1. Odds 
ratios greater than 1 indicate increased probability of 
mortality and odds ratios less than 1 indicate decreased 
probability of mortality. Also provided are the 95 per cent 
confidence intervals for the odds ratio. Where the interval 
does not include 1, the category is significantly different 
(p<0.05) from the reference category.
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Table 12 
Results from multivariate analysis of mortality, 2010-2011 audit.

Type 1 Type 2

Observations used 131,034 Short Term Mortality 3,123 1,883,746 Short Term Mortality 70,115

Intercept Estimate 95% CI Limitsb Estimate 95% CI Limitsb

 -9.25 -9.52 -8.98 -10.04 -10.12 -9.96

c statistica 0.84   0.82   

Point 
Estimate

95% CI Limitsb Point 
Estimate

95% CI Limitsb

Additional age in years (Reference =35) 1.09 1.09 1.09 1.10 1.10 1.10

Ethnic Group Asian vs White 0.62 0.50 0.77 0.59 0.57 0.62

Black vs White 0.60 0.45 0.80 0.58 0.55 0.62

Other vs White 0.85 0.66 1.08 0.78 0.74 0.82

Sex Female vs Male 0.85 0.78 0.92 0.82 0.81 0.83

Body Mass index <18.5 vs 18.5 - 24.9 2.69 2.10 3.45 2.34 2.19 2.50

18.5 - 24.9 reference category       

25 - 29.9 vs 18.5 - 24.9 0.68 0.61 0.76 0.67 0.65 0.68

30 - 34.9 vs 18.5 - 24.9 0.72 0.64 0.81 0.65 0.63 0.66

35 - 39.9 vs 18.5 - 24.9 0.76 0.65 0.90 0.71 0.69 0.73

40+ vs 18.5 - 24.9 1.46 1.20 1.76 0.98 0.94 1.02

Deprivation Most deprived fifth reference category       

2nd most deprived fifth vs Most deprived fifth 0.89 0.79 1.00 0.91 0.89 0.94

3rd most deprived fifth vs Most deprived fifth 0.81 0.72 0.91 0.86 0.84 0.88

2nd least deprived fifth vs Most deprived fifth 0.74 0.66 0.83 0.82 0.80 0.84

Least deprived fifth vs Most deprived fifth 0.65   0.57 0.73 0.78 0.76 0.80

Smoking status Never smoker reference category       

Current smoker vs Never smoker 1.81 1.61 2.04 1.88 1.83 1.94

Ex-smoker vs Never smoker 1.21 1.10 1.34 1.25 1.23 1.28

HbA1c  
(mmol/mol)

<= 50 vs 51-60 1.36 1.20 1.56 0.96 0.93 0.98

51-60 vs 61-70 1.10 0.98 1.24 0.87 0.84 0.89

61-70 reference category       

71-80 vs 61-70 1.19 1.05 1.36 1.20 1.15 1.25

81+ vs 61-70 1.68 1.49 1.89 1.43 1.38 1.49

Cholesterol <= 3.0 vs 3.1 - 4.0 1.41 1.22 1.62 1.26 1.22 1.29

3.1 - 4.0 reference category       

4.1 - 5.0 vs 3.1 - 4.0 0.95 0.86 1.05 0.94 0.92 0.96

5.1 - 6.0 vs 3.1 - 4.0 0.99 0.87 1.13 0.96 0.93 0.99

6.1+ vs 3.1 - 4.0 1.28 1.08 1.53 1.05 1.01 1.09

Occurrence of 
complication

Angina 1.53 1.33 1.77 1.44 1.39 1.48

Myocardial Infarction (heart attack) 1.34 1.04 1.71 1.38 1.30 1.47

Heart Failure 3.22 2.80 3.72 3.52 3.42 3.63

Stroke 2.30 1.84 2.88 2.45 2.34 2.57

Major Amputation (above the ankle) 2.36 1.52 3.65 2.85 2.42 3.36

Minor Amputation (below the ankle) 1.61 1.13 2.29 1.82 1.58 2.10

Renal Replacement Therapy (ESKD) 4.61 3.85 5.52 3.88 3.61 4.17

DKA 3.20 2.68 3.82    

Text shown in black indicates where there is a significant difference when compared to the reference group (>95% significant).
Text shown in grey indicates where there is not a significant difference when compared to the reference group (>95% significant).
Results are presented as odds ratios with 95% confidence intervals in brackets.
a  c statistic: The probability that predicting the outcome is better than chance. Used to compare the goodness of fit of logistic regression models, values for this measure 

range from 0.5 to 1.0. A value of 0.5 indicates that the model is no better than chance at making a prediction of membership in a group and a value of 1.0 indicates that 
the model perfectly identifies those within a group and those not. Models are typically considered reasonable when the c-statistic is higher than 0.7 and strong when the 
c-statistic exceeds 0.8 (Hosmer & Lemeshow, 1989, 2000).

b For definitions, please refer to the Glossary.
c DKA is included for those with Type 1 diabetes only.
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Appendix 3: Understanding  
Funnel Charts

Funnel charts are used in this report to illustrate the 
number of CCGs and LHBs that have higher or lower  
rates of expected complications or mortality. 

The charts plot observed events (complications or 
mortality) against the standardised ratio (the observed 
events divided by the expected events, multiplied 
by 100). The funnel shape is formed from plotting 
the expected range of the standardised ratio at each 
observed value along the horizontal axis. Where the value 
for a CCG or LHB is within the funnel the observed rate  
of events is as expected; where the value is below the 
funnel it is lower than expected; and where it is above  
it is higher than expected. Where the value is higher or 
lower than expected these are referred to as ‘outliers’. 

If a CCG or LHB is identified as an outlier it is 
recommended that the causes of this are investigated. 
The data plotted in the funnel charts are available in the 
supporting information accompanying this report.
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