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Abstract
Aims/hypothesis It is well established that diabetes mellitus
increases the risk of cardiovascular disease (CVD) and all-
cause mortality. Observational studies suggest that a history
of diabetic foot ulceration (DFU) may increase this risk
further still. We sought to determine to what extent DFU is
associated with excess risk over and above diabetes.
Methods We identified studies reporting on associations of
DFU with CVD and all-cause mortality. We obtained data on
incident events of all-cause mortality, fatal myocardial infarc-
tion and fatal stroke. Study-specific estimates were pooled
using a random-effects meta-analysis and the statistical hetero-
geneity of included studies was assessed using the I2 statistic.
Results The eight studies included reported on 3,619 events
of all-cause mortality during 81,116 person-years of follow-
up. DFU was associated with an increased risk of all-cause
mortality (RR 1.89, 95% CI 1.60, 2.23), fatal myocardial
infarction (2.22, 95% CI 1.09, 4.53) and fatal stroke (1.41,
95% CI 0.61, 3.24). CVD mortality accounted for a similar
proportion of deaths in DFU and non-DFU patients.

Conclusions/interpretation Patients with DFU have an ex-
cess risk of all-cause mortality, compared with patients with
diabetes without a history of DFU. This risk is attributable,
in part, to a greater burden of CVD. If this result is validated
in other studies, strategies should evaluate the role of further
aggressive CVD risk modification and ulcer prevention in
those with DFU.

Keywords Cardiovascular mortality . Diabetes . Diabetic
foot ulcer . Meta-analysis . Mortality

Abbreviations
CAD Coronary artery disease
CAN Cardiovascular autonomic neuropathy
CVA Cerebrovascular accident
CVD Cardiovascular disease
DFU Diabetic foot ulceration
MI Myocardial infarction
PAD Peripheral arterial disease

Introduction

Cardiovascular disease (CVD) and all-cause mortality
among individuals with diabetes mellitus remains approxi-
mately twofold higher compared with individuals without
diabetes [1]. Several observational studies have suggested
an even higher mortality rate in patients with diabetic foot
ulceration (DFU), yet the size of this excess risk has not
been well quantified. In addition, it remains unclear whether
any excess mortality observed in patients with DFU reflects
an increased burden of cardiovascular risk factors in patients
or relates to potential sequelae of the ulcer. Importantly,
increased duration of diabetes is also associated with greater
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risk of DFU [2], and strongly correlates with adverse out-
comes, including CVD and all-cause mortality [3, 4].

Prior studies have been underpowered to provide reliable
evidence of any potential impact of DFU on mortality. Such
evidence would inform future strategies to assess whether
prevention and/or better management of ulceration impact
on CVD risk. More robust data regarding the relationship
between DFU and mortality may justify a role for DFU in
stratifying CVD risk among patients with diabetes and em-
phasise a need for aggressive treatment of CVD risk factors.
We conducted a systematic review and meta-analysis of stud-
ies that reported information on both diabetes and DFU to
assess more reliably than hitherto possible the extent to which
DFU is associated with excess risk over and above diabetes.

Methods

Study selection We sought studies that reported on associa-
tions of DFU with all-cause mortality. We also sought, where
available, cause-specific mortality data on fatal CVD out-
comes (defined as fatal myocardial infarction [MI] and fatal
cerebrovascular accident [CVA]). Our pre-specified inclusion
criteria required studies with at least 1 year of follow-up that
had simultaneously collected information on the presence or
absence of DFU in a population of individuals with diabetes
mellitus. Studies that selected only patients with lower-limb
arterial-occlusive disease were excluded as these were unlike-
ly to reflect more general diabetic populations. We searched
electronic databases (PubMed, Embase, Cochrane Library)
from their inception to August 2011 using both medical sub-
ject heading (MeSH) and keyword search terms; using ‘dia-
betes’, ‘foot ulcer’, ‘cardiovascular’, and ‘mortality’ retrieved
237 studies (Fig. 1). Following screening for the above inclu-
sion criteria, the remaining studies were supplemented by

examining reference lists and by correspondence with study
investigators to obtain additional unpublished data.

Information on the following variables was independent-
ly obtained by two investigators (JRWB and PJH) for both
groups: study design; study size; various patient character-
istics at baseline (age, time since diagnosis of diabetes, type
of diabetes, the proportion of male patients; the presence of
cardiovascular risk factors (hypertension, dyslipidaemia,
coronary artery disease [CAD], cerebrovascular disease,
smoking status); and the absolute number of events (fatal
MI, fatal CVA, all-cause mortality). Any conflicts were
resolved by discussion with a third investigator (RJH).
Where studies reported on more than one occasion, the most
recent data from the same cohort were used to reflect con-
temporary practice and to increase power.

Statistical analysis Investigators of the included studies
were asked to provide missing data wherever possible.
Summary characteristics of participants with and without
DFU are presented as mean values weighted by study size.
Differences in baseline characteristics between the groups
were assessed using a combination of the χ2 test and unpaired
t tests for categorical and continuous data, respectively. We
calculated the RRs and 95% CIs for cardiovascular and all-
cause mortality based on observed data from individual stud-
ies. Study-specific estimates were pooled using a random-
effects meta-analysis, which accounts for heterogeneity in
effect size among studies, using the method of DerSimonian
and Laird [5]. Statistical heterogeneity of included studies was
assessed using the I2 statistic. The I2 statistic is derived from
Cochran’s Q statistic and measures the proportion of overall
variation in effect estimates that is attributable to between-
study heterogeneity. Crude event rates were calculated by
dividing the absolute number of events by the total person-
years of follow-up. To assess publication bias, we produced a
funnel plot with its statistical analogue, the Begg-adjusted
rank correlation test [6], and performed Egger’s regression
asymmetry test [7]. All statistical analyses were two-sided
with a significance level of 0.05; calculations were performed
with Stata release 11 (Stata corp, College Station, TX, USA).

Results

Eight studies published between 2006 and 2011 reporting on
17,830 patients and 81,116 person-years of follow-up were
included (Fig. 1) [8–15]. Four studies were based in America,
two in Europe, one in Australasia and one in South-East Asia.
Individuals included were predominantly from clinic popula-
tions (Table 1). All studies reported included cohorts with both
type 1 and type 2 diabetes, with the exception of one study
[12], in which all participants had type 2 diabetes. The mean
age in both groups was in the sixth decade, with a longer mean

237 Potentially relevant 
publications identified

31 Full-text screened for inclusion 
criteria

8 Articles included in the meta-analysis

8 Reported on all-cause mortality
4 Reported on fatal CVA and MI

121 Excluded on the basis of 
title and/or abstract

41 No DM group for comparison
19 Inappropriate baseline 
population
• 13 PAD
• 3 End-stage renal disease
• 2 Amputees
• 1 Hypertension
43 Guidelines, reviews,               
editorials, case reports
18 No mortality outcome data

23 Excluded

15 No DM group for comparison 
8 No relevant outcome

85 Duplicates removed

Fig. 1 Study selection. DM, diabetes only
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duration of diabetes in the DFU group (12.72 vs 7.19 years,
p<0.005). The prevalence of CAD, cerebrovascular disease,
hypertension and hypercholesterolaemia was also significantly
higher in the DFU group (all p values <0.001) (Table 2).

All-cause mortality During a total of 81,116 person-years of
follow-up, there were 3,619 deaths from any cause. DFU
was associated with an increased risk of all-cause mortality
(pooled RR, 1.89 [95% CI 1.60, 2.23]) (Fig. 2). Crude event
rates for all-cause mortality were 99.9 per 1,000 person-
years in the DFU population and 41.6 in the diabetes-only
population. There was evidence of statistical heterogeneity
in the effect estimate among studies (I2064.2%, p00.01).

In subgroup analysis stratified according to duration of
follow-up, we did not observe any material differences in
RR between studies reporting mean duration of follow-up as
≤3 and >3 years (2.01 [95% CI 1.85, 2.19] and 1.62 [95% CI
1.40, 1.88], respectively). There was greater heterogeneity
between studies with a mean follow-up duration of >3 years
compared with studies reporting ≤3 years follow-up
(I2069.8%, p00.02 and I2010.4%, p00.34, respectively)
(Table 3). Funnel plot inspection (Fig. 3), Egger’s test
(p00.95) and Begg’s test (p00.90) demonstrated no sig-
nificant publication bias among studies included in this
meta-analysis.

Fatal CVA and MI Information on cardiovascular mortality
was available for a total of 3,138 patients across four stud-
ies. There were 113 deaths from CVA and 359 deaths from
MI during 28,189 person-years of follow-up. Cardiovascu-
lar deaths accounted for 51 of 117 (43.6%) deaths in patients
with DFU and 421 of 952 (44.2%) deaths in patients with
diabetes only. The RRs for MI and CVAwere 2.22 (95% CI
1.09, 4.53) and 1.41 (95% CI 0.61, 3.24), respectively.
There was no evidence of significant heterogeneity between
studies for these outcomes (fatal MI I2048.1%, p00.12;
fatal CVA I2016.2%, p00.31). Crude event rates per 1,000
person-years were 16.8 and 11.8 for fatal MI in the DFU and
diabetes-only populations, respectively; 4.6 and 3.8 fatal

CVAs occurred per 1,000 person-years in the DFU and
diabetes-only groups, respectively.

Discussion

We provide the largest scale evidence to date that patients
with DFU have a higher risk of all-cause mortality com-
pared with patients with diabetes but without a history of
foot ulceration. We observed an association for increased
risk of fatal MI and a trend towards an increased risk of
CVA in patients with DFU, although data on combined
incident CVD deaths were not consistently available across
the studies included.

While the number of CVD deaths is greater in a DFU
population, our data demonstrate that equal proportions of
overall deaths in both DFU and diabetes-only patients are
attributable to cardiovascular causes. In studies reporting on
cardiovascular and all-cause mortality, fatal MI and CVA
accounted for 44% of total deaths in both DFU and diabetes-
only groups. These findings imply that the excess CVD risk
observed in DFU patients only partly accounts for the in-
creased mortality rate. Excess mortality in patients with
DFU may equally reflect a more advanced stage of diabetes
with greater disease burden and non-cardiovascular compli-
cations of foot ulceration such as sepsis. Our data support
the hypothesis that, in order to attenuate the excess mortality
associated with DFU, strategies focusing on both more
aggressive modification of CVD risk factors and ulcer pre-
vention might be required.

Potential explanations for the association of DFU and
mortality Evidence suggests that mortality is higher with
ischaemic ulcers than with neuropathic ulcers [16]. Accord-
ingly, peripheral arterial disease (PAD) is a consistent inde-
pendent predictor of CVD and all-cause mortality. In
addition to the association of macrovascular disease and
mortality, a complex interplay of factors related to both
sequelae of ulceration and the longer duration of disease

Table 2 Comparisons of base-
line demographics and
cardiovascular risk factors

Values are presented as means
or numbers (%)
aχ2 compared categorical
variables; continuous variables
were compared using
independent t tests

Characteristics DFU Diabetes only p valuea

Age (years) 63.7 66.2 <0.005

Time since diagnosis of diabetes (years) 12.7 7.2 <0.001

Type 2 diabetes 273/330 (82.7) 1,379/1,637 (84.2) 0.494

Men 2,542/3,007 (84.5) 8,198/14,098 (58.2) <0.001

CAD 921/2,934 (31.4) 2,041/13,923 (14.7) <0.001

CVA 411/2,934 (14.0) 1,131/13,923 (8.1) <0.001

Current smokers 66/320 (20.6) (497/2,918) 17.0 0.107

Hypertension 480/834 (57.6) 4,223/11,823 (35.7) <0.001

Hypercholesterolaemia 30/63 (47.6) 162/1,456 (11.1) <0.001

Diabetologia (2012) 55:2906–2912 2909



seen in patients with DFU are likely to contribute to the
observed independent association of DFU and all-cause
mortality. Active ulceration has been shown to elicit numerous
adverse biological responses, most notably chronic inflamma-
tion, which has an established role in the development and
progression of atherosclerosis.

Peripheral neuropathy is present in a significant proportion
of patients at the time of diagnosis of type 2 diabetes [17], and
progresses with duration of disease. Cardiovascular autonom-
ic neuropathy (CAN) is an often-overlooked complication of
diabetes that frequently co-exists with distal polyneuropathy,
microangiopathy and macroangiopathy, all important risk fac-
tors for the development of DFU. CAN is associated with
increased mortality and silent myocardial ischaemia, a pooled
estimate of RR derived from 15 studies involving 2,900
participants was 2.14 (95% CI 2.66, 4.47, p<0.0001) [18].
Somatic neuropathy has been implicated in the development
of medial arterial calcification; indeed, it has been suggested
that neuropathy explains the distal distribution of arterial
calcification in individuals with diabetes [19].

We observed a greater heterogeneity of effect size be-
tween studies reporting a longer duration of follow-up,
which may reflect a variable burden of disease seen in
individuals with a similar duration of diabetes. A significant
determinant of mortality in patients with diabetes at an
advanced stage is the increased presence of renal disease,
which is itself strongly linked with accelerated CVD and
mortality. Diabetic nephropathy is the leading cause of renal
failure in developed countries and an independent predictor

of all-cause and CVD mortality. In a report from the Early
Treatment Diabetic Retinopathy Study, high serum creati-
nine among patients with type 2 diabetes was associated
with the highest hazard ratio for mortality (2.46 [95% CI
1.83, 3.32]) of all the complications of diabetes [20].

Implications for clinical care Despite stratification of ulcer
risk in primary care in patients with diabetes, the effective-
ness of screening programmes in both reducing the risk of
foot ulceration and mortality is unclear [21]. Foot examina-
tion focusing on the presence of peripheral neuropathy, PAD
and abnormal foot anatomy can predict patients at high risk
of developing DFU [22]; however, the evidence for an
intervention strategy in these patients is not well defined.

The benefit of aggressive cardiovascular risk manage-
ment in diabetes has been clearly demonstrated in the ex-
tension of the Steno-2 study [23]. Patients with type 2
diabetes and persistent microalbuminuria were randomly
assigned to receive conventional therapy or intensive thera-
py incorporating tight glucose regulation and the use of
renin–angiotensin system blockers, aspirin and statins. In-
tensive therapy corresponded to an absolute risk reduction
for all-cause mortality of 20% after a mean follow-up of
13.3 years (7.8 years of multifactorial intervention and an
additional 5.5 years of follow-up). If we extrapolate this risk
reduction to the present study, multifactorial intervention
would result in 20 fewer deaths per 1,000 years in a DFU
population, potentially halving the excess risk in DFU pop-
ulations. It is recognised that participants in the Steno-2
study were selected for the presence of microalbuminuria

Overall  
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Fig. 2 RR for all-cause mortality by DFU vs diabetes only. I2064.2%;
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Table 3 Subgroup analysis according to duration of follow-up

Mean follow-up n Studies Number of events RR (95% CI) I2

DFU Diabetes only DFU group Diabetes-only group

≤3 years 2,775 11,817 4 939/2,775 1,620/11,817 2.01 (1.85, 2.19) 10.4

>3 years 320 2,918 4 117/320 943/2,918 1.62 (1.40, 1.88) 69.8

All 3,095 14,735 8 1,056/3,095 2,563/14,735 1.89 (1.60, 2.23) 64.2
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Fig. 3 Funnel-plot analysis, with pseudo 95% CIs for all included
studies
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which is itself a strong predictor of cardiovascular events
[24, 25]. In addition, microalbuminuria is associated with
microvascular disease and therefore neuropathy and
ulceration.

In the setting of patients with DFU, Young et al reported
improved survival of patients treated with aggressive car-
diovascular risk management [26]. In a foot-clinic popula-
tion, 5 year mortality fell from 48% to 27% following
introduction of a protocol incorporating CVD-risk-factor
screening and modification with an antiplatelet agent, a
statin and an ACE inhibitor ± β-blocker in those with
hypertension.

Strengths and limitations As with all meta-analyses, there
are limitations that are, in part, related to the data available.
In particular, the studies included are observational reports
and therefore we cannot exclude the potential impact of
confounding. Specifically for the present study the duration
of diabetes was inconsistently reported across included stud-
ies; where this information was available, the mean duration
of disease varied from 6 to 16 years. Patients with a longer
duration of disease may have a greater burden of diabetes
complications, and potential confounding of mortality is
possible. Patient populations also differed with respect to
the duration of follow-up and the prevalence of CVD risk
factors. Subgroup analysis showed that follow-up duration
did not make a substantial difference in all-cause mortality,
however; greater heterogeneity was observed in studies
reporting a mean follow-up duration >3 years. The impact
of confounding could have been reduced via the availability
of individual participant data or adjusted tabular data to
establish the impact of CVD risk factors on all-cause mor-
tality. This was only available in two out of the eight studies
despite our best efforts to supplement published findings
with additional information. We do hope that the present
findings encourage the collaborative, systematic and de-
tailed use of published and unpublished individual partici-
pant data from cohorts around the world to examine with
greater precision the associations reported here.

Although our study has over 80,000 person-years of
follow-up, the studies included reported on a total of only
472 incident CVD deaths; more data on the cause-specific
mortality would have provided insights into the relative
influence of ulcer-related factors on mortality in DFU. Suf-
ficient data on the timing of ulceration and subsequent
events were lacking and we were therefore unable to pro-
duce hazard ratios to evaluate the relationship between
active ulceration and mortality.

Implications for future studies Within the limitations of the
present study design our findings suggest that patients
with diabetes and ulceration of the foot may be at
considerably higher risk of all-cause mortality compared

with those patients with diabetes but no history of foot
ulceration. This may in part be explained by a greater
burden of CVD risk factors and subsequent excess risk
of fatal cardiovascular events. Further investigation is
warranted to clarify the relative roles of ulcer sequelae
and CVD to inform strategies that may further attenuate
the significant morbidity and mortality in this group of
patients. Randomised trials are needed to address whether
greater control of risk factors or screening impact on cause-
specific mortality.
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