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DANGER!

A diabetic foot ulcer is a common complication in diabetes and one which 
may lead to lower limb amputation, as well as increased mortality. A new 
study fi nds that the presence of a diabetic foot ulcer is a marker for reduced 
life expectancy, independent of other diabetes complications. As such, 
healthcare professionals should treat all diabetic foot ulcers 
as a medical priority

P
eople with diabetes are 
prone to a wide range of 
musculoskeletal, neuropathic 
and circulatory disorders of 
the foot. Diabetic foot ulcers 

(DFU) are among the most common 
of these complications and can lead 
to lower limb amputation, ranging 
in severity from removal of a toe to 
amputation of the entire lower limb. 

Diabetic foot ulcers are most often 
found in association with arterial 
vasculopathy and/or neuropathy. This 
means that even a minor injury can lead to 
a chronic wound in a person with diabetes, 
with potentially devastating consequences.

And it is not just the impact on the 
individual and their families. The fi nancial 

implications of DFUs are huge. In 2012, 
it is estimated that the NHS spent 
between £639 million and £662 million 
on foot ulcers and lower limb 
amputation, representing £1 in every 
£150 of its spend. In the United States, 
the total cost of DFUs to Medicare was 
around $25 billion in 2008. 

But perhaps what should concern 
us most is the strong link between the 
presence of a DFU and an increased risk 
of death. People with a DFU often also 
have diabetes-related cardiovascular 
or kidney disease. Thus, it is widely 
believed that it is the presence of 
these factors which accounts for the 
enhanced mortality risk seen with DFU. 
But there is a lack of hard evidence.

This is why David Margolis and his team, 
of the Universities of Pennsylvania and 
Delaware, USA, have carried out a study 
which aims to better understand the link 
between DFU and mortality, and to 
determine whether or not a history of 
cardiovascular disease and renal failure 
really is a contributory factor.

The Health Improvement 
Network & data collection
The researchers drew their study 
population from The Health Improvement 
Network (THIN), which contains 
anonymised data from general practices 
from England, Scotland, Wales and 
Northern Ireland. The Network is 
thought to be representative of the 
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UK population, which is an important 
aspect of this study.

Data were collected for 414,523 
patients who had contributed to THIN 
between 2003 and 2012. All had 
diabetes, at least one year of follow-up 
and were at least 25 years old at the 
time of diagnosis. Thus, this study 
focuses mainly on those with adult-
onset Type 2 diabetes. 

The researchers' primary focus was 
on the occurrence of new onset DFU 
and the outcome of interest was death. 
They also looked for risk factors known 
to be associated with both the most 
frequent causes of death in diabetes 
and also with increased risk of DFU, 
to see how their presence affects 
the relationship between DFU and 
mortality. These risk factors were:
•  a history of cardiovascular disease,

including myocardial infarction,
cerebrovascular accident and peripheral
vascular disease-arterial insuffi ciency

•  the Charlson Comorbidity Index
(an index that predicts mortality)

•  a history of chronic kidney disease.

The researchers also took history 
of malignancy and cigarette smoking, 
HbA1c and age over 65 years at point 
of diagnosis into account, as well 
as regional variation.

Analysis
All variables were evaluated with respect 
to the total THIN diabetes cohort, among 
those with DFU and among those who 
died. Explanatory models were created to 
estimate the impact of DFU on the risk 
of death. These relied on proportional 
hazards models allowing the presence 
of DFU to time vary. Time was accrued 
from the diabetes diagnosis until a 

patient left the practice, died 
or until DFU diagnosis. When 
DFU was diagnosed, time 
was accrued separately 
from DFU onset until 
the patient either 
left the practice 
or died.

Risk factor 
variables were 
added to the 
models to 
determine 
whether they 
reduced the link 
between DFU 
and mortality. 
It was expected 
that when these 
were added in, the 
link between DFU 
and death would go 
down. The researchers 
point out that this approach 
follows the concept of 
confounding, but also includes the 
idea of a surrogate. So, for instance, 
if the causal association between 
DFU and death is actually myocardial 
infarction, which is linked to both,
then including this factor in the 
statistical model should reveal no 
statistical association between DFU and 
death. In other words, the model would 
unmask the fact that DFU is acting as 
a surrogate for myocardial infarction, 
the true cause of death. This approach 
to the analysis of the data allows 
researchers to penetrate more deeply 
into the relationship between DFU and 
mortality. Further statistical analyses 
were carried out to explore the link 
between each risk factor, the presence 
of DFU and mortality. 

Overall, an 
individual with 
diabetes and a 

diabetic foot ulcer was 
three times more likely 

to die at any time 
compared with an 

individual with diabetes 
who did not have 

a diabetic foot 
ulcer

Study fi ndings
Of those with a new-onset DFU, 8.1 
per cent died within 12 months of their 
initial GP DFU visit. In comparison, 
1.8 per cent of those without DFU died 
within 12 months of their fi rst GP visit for 
diabetes. The fi ve-year death rate for 
those with DFU was found to be as high 
as 42.2 per cent. There were some 
regional variations in death rate in the 
fi rst year – from 2.8 per cent to 12 per 
cent. Overall, an individual with diabetes 
and a DFU was three times more likely 
to die at any time compared with an 
individual with diabetes who did not 
have a DFU. Only age (more than 65 
years) had a bigger impact on the 
death rate. 

After adjusting for all the risk factor 
variables listed above, the hazard ratio 
of DFU with death reduced by 28 per 
cent to 2.48. The authors say that this 
decrease does show a signifi cant amount 
of confounding, but they were actually 
expecting this adjustment to result in a 
hazard ratio of nearly 1. The risk factors 
that had the biggest individual effect 
on the link between DFU and death 
were age greater than 65 years and 
the Charlson Comorbidity Index. 

Why are DFUs deadly?
This new study set out to discover 
whether the presence of complications 
associated with an increased risk of 

While awaiting further 
research and insights into 
why diabetic foot ulcers are 
so deadly, it is imperative that 
healthcare providers maximise 
the care given to those people 
with diabetes presenting 
with this complication
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The 
association 

between diabetic 
foot ulcer and death 

cannot be fully 
explained by other 

known complications  
of diabetes that are  

also associated  
with increased 

mortality
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death in diabetes, like cardiovascular 
and kidney disease, can fully explain 
why those with a DFU face increased 
mortality compared with those people 
with diabetes who do not have a DFU. 
After all, these factors commonly 
co-exist with a DFU.

However, the researchers did not find 
that myocardial infarction, congestive 
heart failure, peripheral vascular disease/
arterial insufficiency, cerebrovascular 
accident, chronic kidney disease or the 
Charlson Comorbidity Index were enough 
to account for the high association between 
DFU and death. In fact, when a fully 
adjusted model was applied, these 
complications accounted for less than 30 
per cent of the link between DFU and death.

Putting these new findings into 
context, there have been many studies 
that look at the outcomes for those  
with a DFU. But few have examined why 
outcomes are so poor. A 1996 study of  
a US Veterans’ Administration cohort 
found a two-fold increased risk of death 
among those with DFU compared with 
those with diabetes alone. Adjusting for 
cardiovascular disease and other risk 
factors did not remove this effect. 

Meanwhile, a 2003 study in Liverpool 
found DFU increased the risk of death 
independent of factors linked to DFU, 
except age, and found a five-year death 
rate of 44 per cent. The Norwegian 
Nord-Trøndelag Health Study found that 
49 per cent of those with a DFU died over 
10 years compared with 35.2 per cent 
of those without DFU. The presence  

of cardiovascular disease, and other 
confounding factors, could only partially 
account for these findings. 

Another study, carried out in Portugal 
in 2014 and covering 644 patients from 
a diabetic foot clinic followed for three 
years, found that DFU increased 
morbidity and mortality, independent of 
other complications. A UK study, carried 
out in the same year, found that people 
with diabetes who had a DFU died, on 
average, three years younger than those 
without DFU. A systematic review in 2015 
echoed the above findings by concluding 
that the 5-year mortality rate with DFU  
is about 40 per cent (but said nothing 
about it being an independent risk 
factor). Finally, a 2012 meta-analysis 
confirmed the increased risk of death 
with DFU and concluded that this might 
be partially due to the increased risk of 
cardiovascular disease found with DFU. 
This new study is the largest conducted 
to date and the first one to examine  
a population-based cohort to look  
at the link between DFU and death.

Study limitations
The authors point out several possible 
limitations in this study.
•  Some people with a DFU could have 

been excluded from the study, which is 
confined to those seeking care for DFU.

•  The study focuses on those with 
adult-onset Type 2 diabetes, as it  
was confined to those diagnosed  
over the age of 25 years.

•  It is possible that THIN GPs 

underdiagnose DFU (although this 
source of data has been found 
accurate in previous studies). 

•  The study adjusts for factors available 
in THIN, but does not include other 
important factors, like duration  
of diabetes.

•  There have been changes to the 
administration of the NHS since  
the data for the study was collected, 
which may affect the generalisability  
of the findings to the UK population.

Take home message
A DFU is a ‘red flag’ symptom, whatever 
the underlying cause. This new study 
strongly confirms that people with a DFU 
have a higher risk of dying at any given 
time than someone who has diabetes 
but not a DFU. However, the association 
between DFU and death cannot be fully 
explained by other known complications 
of diabetes that are also associated with 
increased mortality. A DFU on its own is 
unlikely to be the sole cause of death. 
Additional factors must exist. For 
instance, a DFU could be a marker of 
increased medical frailty which requires 
increased vigilance on the part of  
the team caring for the individual.

While awaiting further research  
and insights into why DFUs are so 
deadly, it is imperative that healthcare 
providers maximise the care given to 
those people with diabetes presenting 
with this complication. In short, a DFU  
is a ‘red flag’ symptom which calls for 
close medical supervision in all cases.
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Diabetes UK says…
Foot ulcers and amputations 
have a devastating effect on both 
people with diabetes and the NHS. 
They have a life-changing impact, 
hugely reducing quality of life 
and increasing risk of death. 
Treating diabetes foot ulcers, 
and amputations is also very 
costly to the NHS.

This is why we launched the 
Putting Feet First campaign fi ve 
years ago. Since the launch, 
we’ve seen positive steps 
forward with more specialist 
footcare teams, higher numbers 
getting their foot checks and 
recently announced national 
funding for foot care. 

But with 20 amputations a 
day, we all still need to do more. 
We need to ensure that everyone 
with diabetes knows the importance 
of looking after their feet and 
understands how to do this and 
what problems to look out for. 
Diabetes UK has launched 
updated information for people 
with diabetes at www.diabetes.
org.uk/putting-feet-fi rst

Healthcare professionals 
conducting the annual foot review 
should tell people about their 
risk for foot problems and where 
to go if they have a problem. They 
should also refer to appropriate 
local foot care services. This year 
we’ll be helping professionals 
make the case for investment 
preventative foot care services 
to prevent ulcers and ultimately 
costly amputations. 

We have a number of resources 
for healthcare professionals 
providing footcare to people 
with diabetes and to support 
improvements in diabetes foot- 
care. With these tools, we can 
work together to fi ght against the 
increasing number of amputations. 
Go to www.diabetes.org.uk/
shared-practice-footcare

This is a digested version of Walsh 
JW, Hoffstad OJ, Sullivan MO et al 

(2016). Association of diabetic foot 
ulcer and death in a population-based 
cohort from the United Kingdom. 
Diabetic Medicine 33 (11); 1493–1498. 
To download this paper, go to 
http://onlinelibrary.wiley.com/
doi/10.1111/dme.13054/pdf
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