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Abstract

Aim: To quantify the impact of foot complications on mortality outcomes in people

with type 2 diabetes (T2D), and how routinely measured factors might modulate

that risk.

Materials and Methods: Data for individuals with T2D for 2010-2020, from the Sal-

ford Integrated Care Record (Salford, UK), were extracted for laboratory and clinical

data, and deaths. Annual expected deaths were taken from Office of National Statis-

tics mortality data. An index of multiple deprivation (IMD) adjusted the standardized

mortality ratio (SMR_IMD). Life years lost per death (LYLD) was estimated from the

difference between expected and actual deaths.

Results: A total of 11 806 T2D patients were included, with 5583 new diagnoses and

3921 deaths during 2010-2020. The number of expected deaths was 2135; after

IMD adjustment, there were 2595 expected deaths. Therefore, excess deaths num-

bered 1326 (SMR_IMD 1.51). No foot complications were evident in n = 9857. This

group had an SMR_IMD of 1.13 and 2.74 LYLD. In total, 2979 patients had any foot

complication recorded. In this group, the SMD_IMR was 2.29; of these, 2555 (75%)

had only one foot complication. Patients with a foot complication showed little differ-

ence in percentage HbA1c more than 58 mmol/mol. In multivariate analysis, for those

with a foot complication and an albumin-to-creatinine ratio of more than 3 mg/mmol,

the odds ratio (OR) for death was 1.93, and for an estimated glomerular filtration rate of

less than 60 mL/min/1.73m2, the OR for death was 1.92.

Conclusions: Patients with T2D but without a foot complication have an SMR_IMD

that is only slightly higher than that of the general population. Those diagnosed with

a foot complication have a mortality risk that is double that of those without T2D.
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1 | INTRODUCTION

Diabetic foot disease is a commonly encountered condition that

includes foot ulcers, infections and peripheral arterial disease. The life-

time incidence rate of diabetic foot ulceration is 19%-34%, with a

yearly incidence rate of 2%.1 The presence of diabetic foot disease is

strongly correlated with a higher likelihood of cardiovascular compli-

cations, such as coronary artery disease and stroke, which significantly

contribute to the overall mortality rate among people with

diabetes.2–4 The 5-year survival rate following presentation with a

new diabetic foot ulcer (DFU) is 50%-60%,3 and data derived from

a Veterans Health Administration population reported that 1-, 2- and

5-year survival was only 81%, 69% and 29%, respectively.3 The same

underlying factors that contribute to diabetic foot disease, such as

poor glycaemic control and hypertension,5 compounded by socioeco-

nomic disadvantage,6–8 can also lead to the development and progres-

sion of renal disease, ultimately necessitating renal dialysis.9

Thus, the burden of diabetic foot disease extends beyond the

foot itself, encompassing profound implications for cardiovascular

health and renal function in individuals with diabetes.

While the demographic, metabolic, lifestyle, vascular and socio-

economic factors relating to the development of diabetic foot compli-

cations and to mortality in diabetes are known, the relative

contributions of these components are not known. Furthermore, how

does the mortality rate in people with diabetes but no foot complica-

tion differ from that of the wider population?

We report here our latest findings regarding risk factors for death

in relation to those with ‘at risk foot status’ in a cohort of people who

had a confirmed diagnosis of type 2 diabetes (T2D) from January

2010 to January 2020.

We hypothesized that it would be possible to estimate the rela-

tive contributions to the development of foot complications and then

risk of death in those people with foot complications, from different

antecedent risk factors based on those measured routinely as part of

usual care.10

2 | MATERIALS AND METHODS

People living in Salford (Manchester, UK) with T2D are offered annual

heath reviews by their primary care service. Clinical and laboratory

data are automatically entered into the Salford Integrated Record

(SIR).11 Data were then extracted from the SIR for all patients with

previously diagnosed, or new-onset, T2D, from 1 January 2010 to

31 December 2020 (or deceased). The data extract was approved by

the local research governance panel (Reference SIR022 2020).

From the SIR, weight and body mass index (BMI), glycaemic con-

trol (HbA1c), serum lipids (total cholesterol [TC], HDL-cholesterol),

blood pressure (systolic and diastolic), and renal health, represented

by estimated glomerular filtration rate (eGFR) or urine albumin-

to-creatinine ratio (ACR), were acquired. Read coded event data12

were also obtained, including diagnosis with T2D, smoking status and

presence of a diabetic foot complication.

A diabetic foot complication was considered as at least one of: ulcera-

tion, peripheral vascular disease (PVD), neuropathy or amputation

(Table S1). The last available code, including foot complications, was applied

for each patient year, that is, once a patient had a foot complication

recorded that diagnosis remained on their record for the remainder of the

analysis and so subsequent outcomeswere allocated into that category.

The national annual mortality rate and life expectancy by age and

sex for each year were taken from Annual Office of National Statistics

(ONS) annual life tables for England.13 Salford has significantly higher

levels of social deprivation than the national average, as mortality

rates are strongly linked to deprivation. Adjustment was therefore

made to allow results to be compared with national results. ONS Local

Small Area (LSOA) data for recorded deaths14 and population numbers

by age and sex were used to create a standardized mortality ratio

(SMR) for each LSOA. This was then linked to the LSOA Index of Mul-

tiple Deprivation (IMD) 201914 by linear regression. This gave a factor

to bring a SMR (for a given IMD) back to national median IMD. The

patient's GP practice's LSOA provided an IMD, and the patient's

expected mortality rate could be adjusted to take into consideration

their local deprivation, to standardize all practices back to median

IMD to generate the SMR_IMD.

A baseline dataset was assembled where each patient and

year was a single record ‘bucket’ and calculations were consoli-

dated by assembling patient years across classes of different

cohorts. Where multiple datapoints were available in a single

year the average was taken; where data were not given, that

year was excluded from the average. Analyses were repeated per

calendar year.

Life expectancy years lost (LEYL) was calculated by multiplying

expected mortality rate and actual deaths by the life expectancy for

patient's age and sex to give expected LEYL as well as actual LEYL.

The difference could then be divided by the number of deaths to give

how many additional years of life might have been lost by those

patients who have died.

2.1 | Statistics

Simple univariant analysis compared the cohorts with and without

foot complications. The percentage at higher risk was identified by

applying clinically accepted reference values; these included:

1. Smoking status (including ex-smoker).

2. BMI (high % > 30 kg/m2).

3. HbA1c (high % > 58 mmol/mol).

4. Hypertension (high % > 140/90 mmHg).

5. Lipid TC/HDL ratio (high % > 5).

6. Renal eGFR (low % < 60 mL/min/1.73m2).

7. Renal ACR (high % > 3 mg/mmol).

As these factors are not independent of each other and develop

over time, a stepwise multivariate logistic regression was carried out

using Analyse It software, linking the last recorded status of each risk
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factor plus sex and age older than 65 years in each year to the record-

ing of any sort of foot complication. Applying the binary variables for

each risk factor allowed the resulting odds ratio (OR) to be compared

with those of the other risk factors. A further multivariate logistic

regression was applied to link the presence of foot complications plus

presence of metabolic high-risk factors to death within any given year;

again, the OR allowed comparison across risk factors. It is worth not-

ing that as these are not independent, the effect of one risk factor

might contain within it impacts from other factors, that is, foot compli-

cation will include aspects such as BMI.

3 | RESULTS

There were 11 806 patients, of whom 25% had a foot complication at

some point. These patients included those with diabetes at the start

of the observation period (2010) plus, in the years 2010-2020, an

additional 5502 people were diagnosed with T2D. In total there were

78 930 patient years, of which 20% were patients with a foot compli-

cation. There were 3921 deaths, in whom 50% had a foot complica-

tion at the time of death. The number of individuals in each of the

clinically relevant categories used in the analysis are shown (Table 1).

TABLE 1 Chosen demographic and metabolic factors, cut-off points applied and numbers in each group.

n = number in category (% N total cohort)
Category split point Patients N = total datapoints

Sex Males 6622 (56%) 11 806

Age at T2D diagnosis > 65 years 3858 (34%) 11 335

Patient years

Years since T2D diagnosis > 10 years 28 109 (37%) 76 283

Smokers Current and ex-smoker (0.25) Current 15 601 (20%) ex 34 090 (44%) 77 644

BMI Obese ≥ 30 kg/m2 30 099 (54%) 55 985

HbA1c At risk > 58 mmol/mol 21 441 (34%) 63 185

Blood pressure Systolic > 140 mmHg and/or diastolic > 90 mmHg 18 497 (24%) 77 218

Lipid TC > 5 mmol/L and/or TC/HDL > 5 17 157 (25%) 69 215

Renal eGFR < 60 mL/min/1.73m2 15 470 (25%) 62 807

Renal ACR > 3 mg/mmol 10 380 (25%) 42 143

Abbreviations: ACR, albumin-to-creatinine ratio; BMI, body mass index; eGFR, estimated glomerular filtration rate; TC, total cholesterol; T2D, type 2

diabetes.

TABLE 2 Description of cohort in relation to foot problem status.

Basic data No foot problem Foot problem Total Foot problem/total as %

Patient years 63 246 15 684 78 930 19.9%

Patients 9857 2979 11 806 25.2%

New T2D diagnosis 5205 335 5540 6.0%

Average age at T2D diagnosis (years) 56.7 62.1 57.8 107.4%

Actual deaths 1953 1968 3921 50.2%

Lost to observation 531 132 663 19.9%

Years with T2D 8.5 12.4 9.3 133.8%

Average age (years) 64.4 73.7 66.2 111.3%

Average age at death (years) 76.9 79.0 78.0 101.4%

Expected deaths 1434 702 2135 32.9%

SMR 1.36 2.80 1.84 152.7%

Expected deaths including IMD 1736 860 2596 33.1%

SMR_IMD 1.13 2.29 1.51 151.5%

Expected LYL 18 157 6816 24 973 27.3%

Actual LYL 23 502 20 460 43 962 46.5%

LELY/death 2.74 6.93 4.84 143.2%

Abbreviations: IMD, index of multiple deprivation; LELY, life expectancy years lost; LYL, life years lost; SMR, standardized mortality ratio; T2D, type 2

diabetes.
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Of note, 54% of those with follow-up had a BMI of 30 kg/m2 or

higher and 34% had an HbA1c of more than 58 mmol/mol.

From theONS published actual mortality rate by age and sex for each

year, therewould be 2135 expected deaths.When adjusted for local IMD,

the number of expected deaths was 2596. The overall SMR_ID was 1.51

(Table 2). The SMR_IMD was higher in those with a foot complication

(SMR_IMD 2.29) than in those without (SMR_IMD 1.13). The life expec-

tancy years lost was 18 989 years. This could be expressed as 2.7 years

per actual death for patients without a foot complication and 6.9 years

per actual death for peoplewith a foot complication.

The OR for having a ‘high’ HbA1c showed little difference

between groups (Table S2). Those with a foot complication had a

lower proportion with obesity, and a lower proportion with out-

of-range lipids (TC and TC/HDL ratio). Conversely, smoking (OR 1.19)

and high blood pressure (OR 1.12) were higher in those with a foot

complication. Prescriptions of angiotensin-converting enzyme (ACE)

inhibitor were higher in those with a foot complication (OR 1.39).

People with a foot complication were more probable than those with

no foot complication to have an eGFR of less than 60 mL/min/1.73m2

(OR 2.95) and an ACR of more than 3 mg/mmol (OR 2.28) compared

with those without a foot complication (Table S2).

Of those with a foot complication, 78% had a single complication. An

increasing number of complications were associated with progressively

increasing SMR_IMD and increasing life years lost, while also being

associated with a younger age of diagnosis with T2D and a longer dura-

tion of T2D (Table S3). Progressively increasing diabetes foot complica-

tions were associated with a lower eGFR, higher ACR, higher proportion

of people with blood pressure more than 140/90 mmHg and lower TC

(Table S3).

Of those with a single foot complication, 45% had PVD, 37% had

ulcers and 18% had peripheral neuropathy. Foot ulcers (SMR_IMD

2.6) had the highest risk for mortality (Table S4). In those with PVD

alone, the SMR_IMD was 1.8 and in those patients with only periph-

eral neuropathy, SMR_IMD was 1.05. However, those with

F IGURE 1 A, Impact of the duration of T2D
on the numbers of people with a foot
complication. B, Impact of the duration of T2D on
percentage of annual deaths. T2D, type
2 diabetes.

4 STEDMAN ET AL.
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F IGURE 2 Risk factor comparison between T2D patients with a foot complication and those with no foot complication over the duration of
T2D, with A, Smoking; B, BMI; C, HbA1c; D, Blood pressure; E and F, Lipids; and G and H, Renal function. ACR, albumin-to-creatinine ratio; BMI,
body mass index; eGFR, estimated glomerular filtration rate; TC, total cholesterol; T2D, type 2 diabetes.
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combinations of risk factors had significantly elevated SMR_IMD.

Notably, amputation in the presence of other diabetes foot complica-

tions was associated with the highest SMR_IMD and the greatest

number of life years lost.

The proportion of individuals with a foot complication increased

with duration of diabetes (Figure 1A). However, even after 30 years,

more than 50% of individuals did not have a foot complication.

The prevalence of a diabetes foot complication (by total numbers) was

greatest at between 9 and 13 years after diagnosis. The percentage of

people with T2D and a foot complication that died for any given year

was three to four times higher than those without a foot complication

(Figure 1B).

Overall, there was little difference in the attainment of cardiovas-

cular risk thresholds between those with a foot complication and

those without (Figure 2A–F). The exceptions to this were: (i) eGFR

and ACR, where levels for those who develop a foot complication

were approximately 10 years in advance of those without; and (ii) for

lipid profile, where patients with a foot complication had lower cho-

lesterol than those without. A heat map relating age at diagnosis,

years of living with T2D and outcomes (proportion with foot compli-

cations, mortality with foot complication and LEYL) is provided in

Table S5.

3.1 | Multivariate logistic regression analysis

Demographic and metabolic factors are not independent of each

other, so the multivariate linear regression results show which factors

predominate. Figure 3 links these to having history of a foot complica-

tion and then to actual deaths.

For developing foot complications, the duration with diabetes

and age of T2D diagnosis are the major risk factors (both with OR

> 2); although with ORs more than 1.6, renal deterioration and smok-

ing were also significant risk factors.

Having a diagnosed foot complication (OR 3.59) is the largest risk

for mortality. Renal compromise remains the next largest effect with

an OR of 1.93 for elevated ACR, and for an eGFR of less than 60 mL/

min/1.73m2, the OR was 1.92. Lower blood pressure and a lower BMI

in people with a defined foot complication was associated here with a

negative effect. There was no association observed for HbA1c.

4 | DISCUSSION

In this study, we show that people with T2D and with a foot compli-

cation have a significantly elevated SMR_IMD. We confirm that

F IGURE 3 Odds ratio from logistic regression linking demographic and metabolic measures to A, History of foot complications, and then B,
Recorded deaths. ACR, albumin-to-creatinine ratio; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; N,
patient years; TC, total cholesterol; T2D, type 2 diabetes.
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elevated ACR and low eGFR acted as independent risk factors for

mortality. The other key finding was that people without a foot com-

plication had an SMR_IMD that was only 13% greater than that of the

general population.

The relationship between renal dysfunction and the risk of diabe-

tes foot complications is well described.9,15,16 We confirm that the

main differentiating clinical factors between those with and without

foot complications were eGFR and ACR. While a low eGFR is difficult

to reverse, an elevated ACR can be decreased with targeted treat-

ment.17,18 If achieved, this can reduce progression to end stage renal

disease and to reduced mortality.19,20 Our finding that an elevated

urine ACR is associated with a higher rate of death is in keeping with

previous reports.21,22 This highlights the importance of monitoring

ACR as a relevant marker of vascular risk.5 It is apparent from UK data

that the ACR testing rate at the diabetes annual review is substantially

below other routinely measured variables at around 75% in any

year.8,23,24 There is therefore an opportunity to target individuals with

an elevated ACR with a sodium-glucose co-transporter-2 inhibitor, in

addition to treatment with an ACE inhibitor or angiotensin receptor

blocker.25

We found that the mortality rate was significantly higher in youn-

ger versus older people with a foot complication. This contrasts with

the findings of Costa et al. in a clinic study in France,26 where the

study also showed that the presence of a DFU carries high amputa-

tion and mortality rates, particularly in the presence of advancing age.

Our findings support the premise that those diagnosed with T2D at a

younger age are at the greatest risk of having a shortened life

expectancy.

The European Association for the Study of Diabetes and Ameri-

can Diabetes Association guidelines, released in 2022, emphasized

the importance of exercise for glycaemic and cardiovascular risk man-

agement, in addition to the prescribing of targeted pharmacotherapy,

to reduce the rate of progression of renal damage and reduce overall

cardiovascular risk.27 An 8-year prospective study in patients with

T2D and neuropathy has shown that sedentary time was the stron-

gest predictor of DFU development, even after adjustment for HbA1c,

neuropathy, pedal pulses, motor nerve amplitude and physical activ-

ity.28 Typically, patients who spent more than 12 hours per day being

sedentary developed a foot ulcer, whereas those who were sedentary

for less than 9 hours did not develop a foot ulcer. Being less mobile

may contribute to the elevated SMR_IMD seen with diabetes foot

ulceration, as greater recumbency has been shown to have adverse

consequences for cardiovascular health.29 This research is consistent

with the tissue stress theory,30 that prolonged levels of low physical

stress through a sedentary lifestyle reduce the skin tissue tolerance to

loading. This would then predispose patients to high susceptibility

to skin injuries to the feet when weight-bearing physical activity

occurs.

Cardio autonomic neuropathy (CAN) is an under-recognized

complication of diabetes and is more common is those at greater

age, with greater duration of diabetes, worse metabolic control and

the presence of other microvascular complications, hence, shared

risk factors for the presence of the at-risk foot. CAN is a significant

risk for cardiovascular mortality31,32 and may be a mediator of some

of the greater mortality in the at-risk foot population that we

observed. Work is needed to evaluate the incorporation of cardio-

vascular reflex tests in routine practice in the foot clinic. Of inter-

est, the foot complications group was not significantly different in

terms of blood pressure control or HbA1c. This might represent a

tightening of control after the development of foot complications,

but possibly too late to regress cardiovascular risk (the ‘metabolic

memory’ effect).33 BMI was lower in the T2D at-risk foot group.

This ‘obesity paradox’ for diabetes may relate to co-morbidities

such as smoking, or cachexia in co-existent chronic kidney dis-

ease.34 We did not find an association between blood pressure and

mortality. This has been seen in other studies looking at mortality

in individuals with T2D.35–37 Blood pressure has a U-shaped rela-

tionship with mortality in T2D, particularly in those with established

cardiovascular disease (CVD), or in patients with a high-risk profile

(such as patients with foot complications). Given that coronary per-

fusion occurs mainly during diastole, hypotension may directly con-

tribute to coronary insufficiency.38

Regarding the association between a lower BMI and elevated

mortality rate, we and others have found that a lower BMI in individ-

uals with diabetes is a marker of poor health and therefore of elevated

cardiovascular risk, in both a meta-analysis and a retrospective mortal-

ity analysis of individuals with diabetes.39,40

In people with T2D, foot ulceration must be seen as a harbinger

of more adverse outcomes,2,5 with an even greater SMR for those

undergoing an amputation. Tight control of blood glucose and focused

management of cardiovascular and renal parameters remains a prior-

ity, in addition to regular specialist podiatry review and intervention

as appropriate. We have provided further evidence here for the

importance of targeting renal health.25,41

4.1 | Strengths and limitations

This is a retrospective real-world study with inherent bias thereof.

The number of reviews in 2020 was reduced by social restrictions

implemented during the COVID-19 pandemic. Nevertheless, the data-

set is comprehensive in relation to the sampling frame of people diag-

nosed with T2D on or before 1 January 2010 and living in Salford,

UK. The coding of death reflects the recording of death in general

practice. Coding issues in other areas may be imperfect, such as

recoding when patients with T2D are started on insulin to ‘type 1 dia-

betes’.41,42 The diabetes population of Salford (UK) did not include

many people of non-Caucasian ethnicity. There may be disparities of

care in people from ethnic minority backgrounds, which would influ-

ence the development of diabetes complications.8 Furthermore, we

accept that the population of Salford is not necessarily representative

of the UK as a whole.

In conclusion, people with T2D plus a foot complication have a

higher mortality risk compared with those with T2D and no reported

foot complication, who themselves have a mortality risk that is only

13% higher than that of the general population. That the group
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without foot complications had such a small incremental cardiovascu-

lar risk highlights the significant effect of foot complications on the

T2D cohort as a whole.

Traditional cardiovascular risk factor control had comparatively

little impact on the OR for death. This suggests that once foot compli-

cations and renal complications develop, the paradigm changes. We

urgently need prospective studies to determine how best to reduce

the high residual risk of CVD in patients with diabetes foot complica-

tions and/or renal disease.
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