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Aims. To compare different packages of care across care providers in Scotland on foot-related outcomes.Methods. A retrospective
cohort study with primary and secondary care electronic health records from the Scottish Diabetes Registry, including 6,845
people with type 2 diabetes and a first foot ulcer occurring between 2013 and 2017. We assessed the association between
exposure to care processes and major lower extremity amputation and death. Proportional hazards were used for time-to-event
univariate and multivariate analyses, adjusting for case-mix characteristics and care processes. Results were expressed in terms
of hazard ratios with 95% confidence intervals. Results. 2,243 (32.7%) subjects had a major amputation or death. Exposure to
all nine care processes at all ages (HR = 0:63; 95% CI: 0.58-0.69; p < :001) and higher foot care attendance in people aged >70
years (HR = 0:88; 0.78-0.99; p = :03) were associated with longer major amputation-free survival. Waiting time ≥ 12 weeks
between ulceration and clinic attendance was associated with worse outcomes (HR = 1:59; 1.37-1.84; p < :001). In people > 70
years, minor amputations were associated with improved major amputation-free survival (HR = 0:69; 0.52-0.92; p = :01).
Conclusions. Strict adherence to a standardised package of general diabetes care before foot ulceration, timely foot care after
ulceration, and specific treatment pathways were associated with longer major amputation-free survival among a large cohort
of people with type 2 diabetes in Scotland, with a larger impact on older age groups.

1. Introduction

Diabetic foot ulcers (DFUs) are an important and costly
complication [1], affecting nearly 2.2% of the people with
type 2 diabetes annually [2]. People with DFU are at a
greater risk of major lower extremity amputations (LEAs)
and have a 40% 5-year mortality rate [3].

Monitoring healthcare providers’ outcomes and value-
based payment schemes improve quality and control costs

in the care of patients with type 2 diabetes and DFU, as
widely promoted by the International Consortium for
Health Outcomes Measurement (ICHOM) [4]. Process indi-
cators allow monitoring adherence to guidelines in type 2
diabetes across different settings, through the continuous
use of reliable measures [5]. For example, an increased level
of adherence to individual process measures, e.g., HbA1c
and glucose monitoring, is associated with better intermedi-
ate outcomes and may prevent cardiovascular and foot
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complications [6–9]. In the United Kingdom, specific pack-
ages of multiple process measures, e.g., the nine care pro-
cesses, have been developed for the personalised care of
people with type 2 diabetes in primary care settings [10,
11]. However, to the best of our knowledge, the impact of
the delivery of these packages of care processes for DFU as
an index condition and LEA or death as outcomes has not
been investigated. This is a relevant research gap, given that
people with DFU require specific attention to monitor their
prognosis [12].

Access to specific organizational arrangements, e.g., mul-
tidisciplinary teams, may decrease the risk of LEA among
subjects with type 2 diabetes, once a DFU is diagnosed
[13]. Vascular surgery is one key element for the manage-
ment of critical ischaemia. Podiatry and orthopaedics are
also key to inspecting suspicious lesions, treating neuro-
pathic foot infections, managing plantar pressure, and per-
forming minor LEAs (amputations below the ankle) [14].
These specialized therapeutic interventions include the aim
of preventing major LEAs (amputations above the ankle)
and death. Outpatient visits to lower extremity specialists,
cardiovascular specialist, and foot inspection at primary care
are process measures currently indicated in clinical guide-
lines [15]. The effect of timely access to these specialty ser-
vices after a DFU diagnosis has not been thoroughly
investigated from a primary care perspective away from spe-
cialist foot clinics, although it has been reported with paucity
in national data [16].

Although another study has reported on the progression
of DFU [17], the use of longitudinal cohorts extracted from
population-based diabetes registries has not been attempted.
Until now, the heterogeneity of data sources has hampered
the application of standardised definitions to the analysis of
major amputations in type 2 diabetes at a global level [18, 19].

In this study, we aimed to use the population-based
Scottish Diabetes Registry (SCI-DC) [20] to answer the
following research question: Which standards of care are
associated with higher rates of major amputation-free sur-
vival times in people with type 2 diabetes and foot ulcers
adjusting for relevant sociodemographic and clinical covari-
ates, according to routinely collected data?

2. Material and Methods

2.1. Data Sources. We used data from SCI-DC, a clinically-
led framework created in 2002 to improve care in diabetes,
including data from all nationwide primary and secondary
care units in Scotland [20]. The system feeds national
reports and scientific publications extensively used for qual-
ity of care monitoring in type 2 diabetes [21, 22]. Data access
was approved with the scope of conducting collaborative
research between the HEALTHPROS Consortium [23] and
the Scottish Diabetes Research Network (SDRN) [24]. Ethi-
cal clearance was obtained from the NHS Research Ethic
Committee (REC) on September 2019. Research on General
Data Protection Regulation (GDPR) and confidentiality
training was completed prior to accessing the data safe
haven. Anonymized electronic health records were accessi-
ble for research purposes following approvals through the

SDRN Epidemiology Group: Scottish Government Public
Benefit and Privacy Panel for Health and Social Care
Approval: 1617-0147.

2.2. Study Design and Population. We performed a time-to-
event analysis using a retrospective cohort design. The study
population was extracted from patient level data in the SCI-
DC registry in August 2020, applying the following criteria:
(1) including people over 18 years of age diagnosed with
type 2 diabetes at 1st January 2013 (start of the study); (2)
followed up until 31st December 2017, with a first active foot
ulcer recorded between 1st January 2013-31st December
2017 as an index condition; and (3) excluding people with
LEA recorded prior to the first recorded active ulcer.

Outcomes were major lower extremity amputation or
death. Major LEA was investigated independently. Major
LEA and death together were investigated as a combined
outcome, which is commonly referred in the scientific liter-
ature as “amputation-free survival” [17, 25].

Optimal processes of care received by patients were con-
sidered as the main exposure of interest.

2.3. Data Definitions. Data definitions were based on the
ICHOM Standard Set for Diabetes [26, 27]. It specifies 84
variables, including clinical processes and case-mix charac-
teristics, to be routinely recorded in baseline or spaced inter-
vals to ensure adequate care standards. We mapped the
variables in the SCI-DC registry to their equivalent ontolog-
ical concept in the ICHOM guide for identification and
homogenization. Process measures were defined using the
SIGN guidelines [15], the Scottish Diabetes Survey [11],
the ICHOM and NICE recommendations on care standards
[10, 27, 28], and scientific reports [5, 16]. Overlaps between
definitions were resolved prior to the extraction of all key
columns from the SCI-DC registry.

2.4. Data Extraction. LEA and vital status (date of death)
were extracted as outcomes for all included patients. Cen-
sored observations included patients lost to follow-up prior
to 31st December 2017 or without events at that date.

Case-mix variables considered as potential predictors,
included lifestyle, demographic, clinical, and comorbidity
characteristics, measured according to the ICHOM defini-
tions at the date closest to baseline.

Age and gender were used as the main demographic char-
acteristics, along with a history of 11-comorbid conditions:
deprivation score, smoking status, body mass index (BMI),
estimated glomerular filtration rate (eGFR), total cholesterol,
peripheral vascular disease, claudication, acute myocardial
infarction (AMI), cerebrovascular event (CVD), hypertension
treatment, and retinopathy. All characteristics were recorded
as part of routine clinical practice in Scotland. Deprivation
was obtained from the Scottish Index of Multiple Deprivation
(SIMD) score as recorded at baseline [29]. Patients were strat-
ified into the most deprived quintiles (SIMD < 3) and the least
deprived quintiles (SIMD ≥ 4) for comparisons.

The history of comorbid conditions was obtained from the
diagnostic records in the SCI-DC registry. Diagnoses were
independently recorded by clinicians during consultations.
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We did not develop ad hoc diagnostic criteria at the data
extraction level.

The following process measures were considered for
their relevance to outpatient care: the nine care processes
in the six months prior to DFU, the number of foot care
visits in the six months prior to DFU, the waiting time
between a diagnosis of DFU and foot specialist care, cardio-
vascular specialty visits after DFU, cardiovascular quality of
care score after DFU, and a minor lower extremity amputa-
tion after DFU.

Process measures were defined as follows:

(i) The Nine Care Processes. It is defined based on the
algorithm used in the annual report of the Scottish
Diabetes Survey, according to the best standard of
care for people with type 2 diabetes defined by the
SIGN guidelines, consistently with the ICHOM
and NICE recommendations. They involve the
monitoring of HbA1c, BMI, blood pressure, smok-
ing status, retinopathy screening, urinary albumin
test, creatinine, total cholesterol, and previous foot
risk. Patients were stratified in two categories:
receiving all or less than 9 processes during the six
months prior to the first DFU

(ii) Foot Care Visits before DFU. We calculated the
annual rate of visits per patient from the time of first
ulceration to the end of study to lower extremity
specialists. This included outpatient visits to podia-
try, vascular surgery, or orthopaedic outpatient spe-
cialist services

(iii) Cardiovascular Visits after DFU. We calculated the
annual rate of visits per patient from the time of first
ulceration to the end of study to cardiovascular spe-
cialists. This included outpatient visits to cardiol-
ogy, cardiovascular surgery, cardiothoracic surgery,
or diabetology/endocrinology

(iv) Foot Care Checks after DFU. We calculated the rate
of the five foot-checks received annually in outpa-
tient care per patient from the time of first ulcera-
tion to the end of study. This included the
following: monofilament test, pulses, vibration,
structural abnormalities, and foot risk scoring, as
according to the SIGN guidelines

(v) Waiting Time. We calculated the time from DFU
diagnosis to the first appointment with a specialist
in the categories ii and iii above. Values were cate-
gorized as less or equal greater than 12 weeks to spe-
cialist attention. The 12-week cut-off date was
defined as a pragmatic time duration for booking
routine clinical follow-up considering time-tabling
complexities. It is aimed at representing a typical
time to schedule an appointment, accommodating
for variation in practice. The approach was outlined
with the input from local foot specialists

(vi) Overall Care Scores. We used the number of visits
corresponding to criteria ii and iii combined and

their respective waiting time (v), to stratify patients
according to two categories with three levels: foot
care quality after DFU (low, standard, and high)
and cardiovascular-care quality after DFU (low,
standard, and high). A high level of care implied
at least one or more visits with a waiting time
below 12 weeks; a low level of care implied no
visits; all other combinations were classified as
standard care. These were defined as quality scores
considering the dimensions of integration, timeli-
ness, and efficiency (e.g., specialties type, waiting
time, and frequency), following the World Health
Organization’s guidance [30], and considering their
alignment with the intended purpose of use as
quality indicators [31].

2.5. Statistical Analysis. Descriptive analysis included the
mean and standard deviation for continuous variables and
absolute and relative frequencies for categorical variables.
Survival analysis was used to investigate outcomes by taking
into account all potential predictors, using censored obser-
vations. For LEA events, we defined time-to-event as the dif-
ference between the date of first major amputation and the
date of DFU diagnosis. For fatal events, we defined time-
to-event as the difference between the date of death and
the date of DFU diagnosis. For event-free survival, we used
as censoring the lag between the date of DFU diagnosis
and the date of study closure (31st December 2017).

Different models were separately fit for subjects aged up
to 70 and above. In this way, we avoided the potential bias
introduced by competing risk for cases deceased before
undergoing a major amputation.

Cox proportional hazards was used to calculate univari-
ate and multivariate hazard ratios in time-to-event models.
An alpha level of 0.05 was used to report hazard ratios
(HRs), their 95% confidence intervals, and p values. Forest
plots were used to visualize results.

Predictive factors were selected for all multivariate
regressions, using a fully automated four-step backward
elimination process, with age and gender forced in all
models. All other variables were sequentially excluded in
three consecutive rounds, using a p value ≥ 0.20, ≥0.10,
and ≥0.05. General measurable collinearity was tested with
variance inflation factors.

All statistical analyses were carried out by developing ad
hoc software in the R language [32].

3. Results

3.1. Descriptive and Univariate Analysis. A total of 6,845 sub-
jects (2.13%) experienced a DFU between 2013 and 2017 out
of 321,671 people recorded with type 2 diabetes in Scotland.
The median age was of 69.6 years (IQR = 59‐78), and the
majority were males (62%). The median duration of follow-
up was 79.1 weeks from DFU diagnosis (IQR = 31‐149). The
most frequent comorbidities were hypertension (71.6%),
retinopathy (41.5%), history of AMI (11.2%), and peripheral
vascular disease (10.9%). The variables found most frequently
abnormal were eGFR ≤ 59ml/min (30.1%) and total
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cholesterol > 5mmol/L (23%). The process measures with
higher adherence were five foot-checks (80.7%) and all the
nine care processes in the six months prior to DFU (55.5%).
The mean time from DFU diagnosis to the first appointment
with a specialist was of 5.7 weeks. Relative frequencies did
not differ among target age groups.

In the reference population, 199 subjects (2.9%) reported
a major LEA following a diagnosis of DFU during the study
period. The results of univariate analyses using LEA as an
outcome, for all age groups and stratified up to 70 years
and above, are shown in Table 1. A higher proportion of
LEA was found among those aged ≤70 years (3.7% vs.
2.0%). An additional year of age was significantly associated
with a 2% decreased risk of major LEA (HR = 0:98; 0.97-
0.99; p < :01). The risk was over four times increased for
high foot care quality after DFU (4.74; 3.33-6.77; p < :001),
foot-checks after DFU (4.40; 2.64-7.35; p < :001), minor
LEA after DFU (HR = 4:68; 3.35-6.53; p < :001), and periph-
eral vascular disease (HR = 4:05; 3.02-5.43; p < :001).
Among patients > 70 years, protective factors included foot
care visits before DFU (HR = 0:58; 0.3-1.11; p = :079) and
waiting time > 12 weeks (HR = 0:38; 0.18-0.84; p < :01).

All univariate analyses using amputation-free survival
(LEA/death) as an outcome, for all age groups and stratified
up to 70 years and above, are shown in Table 2.

In the reference population, 2,243 subjects (32.7%) either
died or suffered a major LEA in the specified timeframe,
with higher rates reported among those aged >70 years
(N = 1,582; 47.2%), as compared to the younger subgroup
(N = 661; 18.9%). Moderate increased risk was found for
peripheral vascular disease, hypertension, and claudication.
The risk of LEA or death was decreased for the following:
BMI < 25 (HR = 0:59; 0.53-0.65; p < :001), receiving all
the nine care processes prior to DFU (HR = 0:66; 0.61-
0.72; p < :001), foot care visits before DFU (HR = 0:88;
0.8-0.97; p < :01), cardiovascular visits after DFU
(HR = 0:79; 0.73-0.87; p < :001), and total cholesterol > 5
mmol/L (HR = 0:82; 0.73-0.91; p < :001). Among those
aged ≤70 years, the following characteristics were at
increased risk of LEA or death: smoking (HR = 1:7; 1.44-
2.01; p < :001), deprivation (HR = 1:23; 1.05-1.44; p < :01),
and minor LEA (HR = 1:31; 1.01-1.69; p = :046), as opposed
to a waiting time > 12 weeks (HR = 0:71; 0.58-0.87; p < :001).
Among those aged >70 years, we found a moderately
increased risk for smoking (HR = 1:21; 1.04-1.42; p = :019)
and retinopathy (HR = 1:13; 1.02-1.25; p = :02).

3.2. Multivariate Analysis. The results of multivariate analy-
sis using LEA as an outcome are shown in Figure 1.

Among demographic characteristics, only gender (male)
was associated with a higher risk of LEA in all age groups
(HR = 1:66; 1.18-2.32; p = :01), with higher impact among
those aged >70 years (HR = 2:97; 1.61-5.48; p < :001). Clini-
cal characteristics associated with an increased risk of LEA
in all age groups included peripheral vascular disease
(HR = 2:87; 2.12-3.9; p < :001), AMI (HR = 2; 1.43-2.8; p <
:001), minor LEA (HR = 2:27; 1.59-3.22; p < :001), and total
cholesterol > 5mmol/L (HR = 1:71; 1.26-2.32; p < :001).
CVD was associated with a higher risk among those aged

≤70 years (HR = 1:96; 1.19-3.22; p = :01), while retinopathy
was at increased risk among those >70 (HR = 1:7; 1.05-2.76;
p = :03). Among process measures, a higher risk of LEA
was noted for high foot care quality after DFU at all ages
(HR = 3:85; 2.69-5.51; p < :001), with a higher risk among
those ≤70 years (HR = 6:07; 3.06-12.03; p < :001). Among
patients aged ≤70 years, we found an increased risk of LEA
for a waiting time > 12 weeks (HR = 2:46; 1.07-5.63; p = :03),
while in those >70 years, high cardiovascular-care quality
after DFU (HR = 2:64; 1.51-4.63; p < :001) was also associ-
ated to LEA.

The results of multivariate amputation-free survival
(LEA/death) analysis are shown in Figure 2.

Among sociodemographic and lifestyle characteristics, age
(HR = 1:06; 1.05-1.06; p < :001), male gender (HR = 1:16;
1.07-1.27; p < :001), higher deprivation (HR = 1:17; 1.07-
1.27; p < :001), and smoking (HR = 1:61; 1.43-1.18; p < :001)
were associated with a higher risk of death or LEA in all
age groups, as opposed to a BMI ≥ 25kg/m2, which was
found to be protective (HR = 0:8; 0.72-0.87; p < :001). Clini-
cal characteristics associated with an increased risk of death
or LEA in all age groups were as follows: eGFR ≤ 59ml/
min (HR = 1:44; 1.32-1.57; p < :001), AMI (HR = 1:41;
1.25-1.58; p < :001), CVD (HR = 1:29; 1.13-1.47; p < :001),
and hypertension (HR = 1:13; 1.02-1.24; p = :001). Among
those aged >70 years, a higher risk was also found for reti-
nopathy (HR = 1:14; 1.03-1.27; p = :01), while minor LEA
(HR = 0:69; 0.52-0.92; p = :01) and BMI ≥ 25 (HR = 0:79;
0.71-0.88) were associated to a lower risk. Concerning pro-
cess measures, protective factors included receiving all nine
care processes prior to DFU at all age groups (HR = 0:63;
0.58-0.69; p < :001) and foot care visits before DFU among
those aged >70 (HR = 0:88; 0.78-0.99; p = :03). Risk factors
of LEA and death across the whole population included age
and waiting time > 12 weeks (HR = 1:59; 1.37-1.84; p < :001),
high foot care quality after DFU (2.08; 1.79-2.41; p < :001),
and foot care checks after DFU (HR = 1:42; 1.23-1.65; p <
:001). The risk associated to waiting time > 12 weeks was
higher in those >70 years (HR = 1:72; 1.45-2.04; p < :001) than
in the younger subgroup. In contrast, the lower risk associated
to all nine care processes prior to DFU was similar between
age groups.

Results for general measurable collinearity for both
models were below the threshold for collinearity (<10).

4. Discussion

Routinely recorded data from the SCI-DC registry was suc-
cessfully extracted to obtain the following key findings.

Firstly, targeted process measures were associated with
improved major amputation-free survival. They include
receiving all nine care processes during the six months
prior to the DFU regardless of age (HR = 0:63; 0.58-0.69;
p < :001), and, for patients > 70 years of age, a higher
number of foot care visits before DFU (HR = 0:88; 0.78-
0.99; p = :03). This shows that timely involvement of
patients in routine primary/foot care before foot ulceration
arises may in fact predict outcomes following diagnosis.
To the best of our knowledge, these endpoints have not
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been previously reported, although they are consistent
with similar reports where primary care processes are
associated to better outcomes [7, 8]. A practical implica-

tion is that not having recently completed the nine care
processes before a diagnosis of DFU provides clinicians
with an immediate flag associated with poor outcomes,

LEA all ages − N = 6845; N Ev. = 199

Age

Gender (male)

Total cholesterol > 5 mmol

Peripheral vasc. disease

AMI

Footcare quality after DFU (high)

Minor LEA

HR [95%CI]

0.99 [0.98 − 1]

1.66 [1.18 − 2.32]

1.71 [1.26 − 2.32]

2.87 [2.12 − 3.9]

2 [1.43 − 2.8]

3.85 [2.69 − 5.51]

2.27 [1.59 − 3.22]

p > Chi2

0.07

<0.01

<0.001

<0.001

<0.001

<0.001

<0.001

0.50 0.75 1.0 1.5 2.0 3.0 4.0 5.0 6.0
Hazard ratio

LEA <=70 − N=3496; N Ev.=132

Age

Gender (male)

Total cholesterol > 5 mmol

Peripheral vasc. disease

AMI

CVD

Waiting time > 12 wks

Footcare quality after DFU (high)

Minor LEA

HR [95%CI]

1 [0.97 − 1.02]

1.22 [0.82 − 1.82]

1.59 [1.11 − 2.29]

2.85 [1.95 − 4.16]

2.22 [1.48 − 3.35]

1.96 [1.19 − 3.22]

2.46 [1.07 − 5.63]

6.07 [3.06 − 12.03]

2.47 [1.64 − 3.72]

p > Chi2

0.65

0.33

0.01

<0.001

<0.001

<0.01

0.03

<0.001

<0.001

0.50 0.75 1.0 1.5 2.0 3.0 4.0 5.0 6.0
Hazard ratio

LEA > 70 − N = 3349; N Ev. = 67

Age

Gender (male)

Peripheral vasc. disease

Retinopathy

Footcare quality after DFU (high)

CV care quality after DFU (high)

HR [95%CI]

1.02 [0.97 − 1.07]

2.97 [1.61 − 5.48]

3.1 [1.87 − 5.16]

1.7 [1.05 − 2.76]

3.67 [2.03 − 6.66]

2.64 [1.51 − 4.63]

p > Chi2

0.45

<0.001

<0.001

0.03

<0.001

<0.001

0.50 0.75 1.0 1.5 2.0 3.0 4.0 5.0 6.0
Hazard ratio

Figure 1: Multivariate analysis for LEA as an outcome.

9Journal of Diabetes Research



which can be directly assessed using electronic health
records. As a clinical indicator, it can trigger alerts for spe-
cialist assistance, well before the occurrence of complica-

tions. Further research is needed to highlight which type
of care would benefit patients with a low involvement in
primary care prior to their first DFU.

LEA/Death all ages − N = 6845; N Ev. = 2243

Age
Gender (male)

Most deprived tertile*
Current smoker

BMI > = 25*
eGFR < 59

AMI
CVD

Hypertension treatment
All Nine Care Processes before DFU

Waiting time >12 wks
Footcare quality after DFU (high)

Footcare checks after DFU (yes)

HR [95%CI]
1.06 [1.05 − 1.06]
1.16 [1.07 − 1.27]
1.17 [1.07 − 1.27]

1.61 [1.43 − 1.8]
0.8 [0.72 − 0.87]

1.44 [1.32 − 1.57]
1.41 [1.25 − 1.58]
1.29 [1.13 − 1.47]
1.13 [1.02 − 1.24]
0.63 [0.58 − 0.69]
1.59 [1.37 − 1.84]
2.08 [1.79 − 2.41]
1.42 [1.23 − 1.65]

p > Chi2
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.01
<0.001
<0.001
<0.001
<0.001

0.25 0.50 0.75 1.0 1.5 2.0 3.0
Hazard ratio

LEA/Death < = 70 − N = 3496; N Ev. = 661

Age
Gender (male)

Most deprived tertile*
Current smoker

eGFR < 59
Peripheral vasc. disease

AMI
CVD

All nine care processes before DFU
Waiting time > 12 wks

Footcare quality after DFU (high)
Footcare checks after DFU (yes)

HR [95%CI]
1.05 [1.04 − 1.06]

0.9 [0.77 − 1.06]
1.21 [1.03 − 1.41]
1.89 [1.59 − 2.24]
1.96 [1.64 − 2.34]
1.33 [1.09 − 1.63]
1.73 [1.42 − 2.11]
1.59 [1.24 − 2.03]
0.65 [0.56 − 0.76]

1.33 [1 − 1.76]
1.91 [1.45 − 2.53]

1.4 [1.05 − 1.86]

p > Chi2

<0.001
0.22
0.02

<0.001
<0.001

<0.01
<0.001
<0.001
<0.001

0.05
<0.001

0.02

0.25 0.50 0.75 1.0 1.5 2.0 3.0
Hazard ratio

LEA/Death >70 − N = 3349; N Ev. = 1582

Age
Gender (male)

Most deprived tertile*
Current smoker

BMI >= 25*
eGFR < 59

AMI
CVD

Retinopathy
All nine care processes before DFU

Footcare visits before DFU (>= 1)
Waiting time > 12 wks

Footcare quality after DFU (high)
Footcare checks after DFU (yes)

Minor LEA

HR [95%CI]
1.07 [1.06 − 1.08]
1.29 [1.17 − 1.44]
1.16 [1.04 − 1.29]
1.43 [1.21 − 1.68]
0.79 [0.71 − 0.88]
1.32 [1.19 − 1.46]
1.28 [1.11 − 1.48]
1.18 [1.01 − 1.38]
1.14 [1.03 − 1.27]

0.63 [0.57 − 0.7]
0.88 [0.78 − 0.99]
1.72 [1.45 − 2.04]
2.16 [1.81 − 2.57]
1.47 [1.24 − 1.74]
0.69 [0.52 − 0.92]

p > Chi2
<0.001
<0.001

<0.01
<0.001
<0.001
<0.001
<0.001

0.04
0.01

<0.001
0.03

<0.001
<0.001
<0.001

0.01

0.25 0.50 0.75 1.0 1.5 2.0 3.0
Hazard ratio

Figure 2: Multivariate analysis for amputation-free survival (LEA/death).
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Secondly, patients with a DFU who wait longer for out-
patient care provided by a podiatrist, vascular or orthopaedic
specialist, are exposed to 50% combined increased risk of
LEA or death, while those aged ≤70 years are additionally
exposed to a 2.5 times higher risk of undergoing a major
amputation. This highlights the importance of a prompt
evaluation of patients by foot specialists, immediately fol-
lowing DFU diagnosis. It may also highlight potential dis-
parities in the timely access to health services across
populations, similarly to what has been reported for other
complications in diabetes [33, 34]. A practical implication
of this finding is that healthcare planning should focus on
developing pathways of care to reduce waiting times and
fast-track patients diagnosed with foot ulcer to key special-
ists. Future research should identify the hindering factors
that impair timely access to these services, e.g., deprivation,
sociodemographic, and health system characteristics.

Thirdly, patients undergoing a minor LEA after DFU
show an increased risk of a subsequent major LEA when
aged ≤70 years, but a longer amputation-free survival when
aged >70 years. While previous studies also report high
reamputation rates in patients undergoing LEAs [35], we
found that there are differences in reamputation risk influ-
enced by the type of LEA (minor vs. major) and the age of
the patient. Our results show that minor LEAs were associ-
ated with improved outcomes among older patients. This
may be due to accelerated wound healing times, reducing
sepsis-related risk of death. A practical implication around
this finding is that through the methodology employed in
this study, we showed how routine data from electronic
health records could be used to monitor the incident cases
of minor and major LEAs in longitudinal cohorts. Given
the rise in minor LEAs and decrease in major LEAs found
in OECD countries [19, 36], further research is needed to
investigate the relation between LEA types and their long
term outcomes, the interpretation of international trends
in terms of quality of care, and the subgroups of patients that
can best benefit from different treatments.

Fourthly, deprivation was associated with 17% increased
risk of major LEA or death. This adds to previous reports in
the literature showing that the most deprived segments are
associated with poorer outcomes of foot care in diabetes
[37, 38]. Further research is needed to disentangle the indi-
vidual component of deprivation from service-related char-
acteristics at population level, e.g., ambulatory care
provided by services located in deprived areas [39]. Such
information is paramount to address deprivation by
strengthening targeted actions, e.g., reducing waiting times
to specialist foot care after DFU and/or improving patient
engagement in the use of currently accessible community
services [37, 39].

As a final point, other independent risk factors were
found to be associated with major LEA or death, consistently
with the relevant literature [8]. High-risk factors include
male gender, smoking, peripheral vascular disease, AMI,
CVD, hypertension, and elevated total cholesterol. The
results highlight the importance of high-risk comorbidities,
confirming the validity of our approach. Similarly, we found
that BMI ≥ 25 is protective against major LEA or death

among patients over 70. Although apparently counterintui-
tive, the result confirms the higher risks of a low BMI in
elderly patients, when it can be associated with higher risks
of sarcopenia, frailty, and death [40].

A high quality of care provided after DFU was also at
increased risk. The result should be taken as an indicator
of the targeted profile of care assigned by a highly standar-
dised service, e.g., the one provided to people with diabetes
in Scotland, where diabetes care is stratified according to
an agreed set of clinical guidelines. Therefore, it should not
surprise that patients in need of more services do actually
use the National Health Service increasingly, until they expe-
rience the most severe complications.

4.1. Limitations and Strengths. The study population was
limited by the inclusion of DFU recording as a strict require-
ment, leading to LEA rates that were reportedly lower than
those of other studies [37]. However, this allowed focusing
on a population that can be clearly defined as a clinical target
of primary care services. The practical utility lies in its direct
eligibility for assigned pathways at different levels of primary
and secondary care.

The ethnic composition of the sample was homogenous,
limiting the generalisation of our findings. However, given
the existence of a national registry, the sample is clearly rep-
resentative of the Scottish population. Care processes are
consistent with those adopted in European guidelines;
hence, our findings can be compared to a large group of
international healthcare systems with similar structures
and processes. Similarly, the characterisation of deprivation
within the population did not explicitly stratify persons liv-
ing in nursing homes, which may constitute a significant
part of the population with DFUs [41].

Finally, the retrospective observational study design
does not allow interpreting our associations in terms of
causes and effects. However, our methodology can be
reliably applied to other large-scale national registries,
enabling international comparisons of the same type of
outcomes. This can enhance the reproducibility of our
results, while orienting further research, where causality can
be explored.

4.2. Conclusions. Strict adherence to a standardised package
of general diabetes care before foot ulceration and timely
foot care visits after ulceration can significantly reduce
LEA and death in people with type 2 diabetes. The result
calls on clinicians and health systems to target and engage
high-risk patients at an early stage. Further research is
needed to design pathways of specialist care for those not
receiving adequate assistance prior to foot ulceration.

Electronic health records should be considered, when-
ever available, to assess the level of adherence to optimal care
packages, as it can be used to identify high-risk patients. The
approach here presented can be adopted by diabetes regis-
tries and data sources from different health systems [42,
43] to extract comparable longitudinal cohorts and safely
share essential information [44–46] to compare care pack-
ages under varying conditions.
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