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OBJECTIVE

To investigate the relationship between social deprivation and incident diabetes-
related foot disease (DFD) in newly diagnosed patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS

Apopulation-basedopen retrospective cohort studyusingTheHealth Improvement
Network (1 January 2005 to31December 2019)was conducted. Patientswith type2
diabetes freeofDFDat baselinewere stratifiedby Townsenddeprivation index, and
risk of developing DFDwas calculated. DFDwas defined as a composite of foot ulcer
(FU), Charcot arthropathy, lower-limb amputation (LLA), peripheral neuropathy
(PN), peripheral vascular disease (PVD), and gangrene.

RESULTS

Atotalof176,359patientswereeligible (56%men;meanage62.9 [SD13.1]years).After
excluding 26,094 patients with DFD before/within 15 months of type 2 diabetes
diagnosis, DFD incidentally developed in 12.1% of the study population over 3.27 years
(interquartile range 1.41–5.96). Patients in the most deprived Townsend quintile had
increased risk of DFD comparedwith those in the least deprived (adjusted hazard ratio
[aHR] 1.22; 95% CI 1.16–1.29) after adjusting for sex, age at type 2 diabetes diagnosis,
ethnicity, smoking, BMI, HbA1c, cardiovascular disease, hypertension, retinopathy,
estimated glomerular filtration rate, insulin, glucose/lipid-lowering medication, and
baseline foot risk.Patients in themostdeprivedTownsendquintilehadhigher riskofPN
(aHR 1.18; 95% CI 1.11–1.25), FU (aHR 1.44; 95% CI 1.17–1.77), PVD (aHR 1.40; 95% CI
1.28–1.53), LLA (aHR 1.75; 95% CI 1.08–2.83), and gangrene (aHR 8.49; 95% CI 1.01–
71.58) compared with those in the least.

CONCLUSIONS

Social deprivation is an independent risk factor for the development of DFD, PN, FU,
PVD, LLA, and gangrene in newly diagnosed patients with type 2 diabetes. Considering
thehighindividualandeconomicburdensofDFD,strategiestargetingpatients insocially
deprived areas are needed to reduce health inequalities.

Diabetes is a major public health challenge, affecting.400million people worldwide
(1). In the U.K., an estimated £14 billion is spent per year on treating diabetes, driven
by the cost of treating diabetes-related complications (2).
The global prevalence of diabetes-related foot disease (DFD) is estimated to be

6.3%, and it is one of the most expensive complications of diabetes (3,4). Lifetime
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incidence of diabetes-related foot ulcera-
tion (DFU) is 19–34%; lower-limb ampu-
tation (LLA) incidence rate in diabetes is
2.51 per 1,000 person-years, and preva-
lence of diabetes peripheral neuropathy
(DPN) is 50% (5–8). DFU and LLA are
associated with significant disability (9)
and increased mortality (5-year mortality
risk 70% after LLA and 50%after DFU) (10).
DPN and peripheral vascular disease

(PVD) are major contributors to the de-
velopment of DFD, DFU, and LLA (11).
Current preventive strategies are fo-
cused on preventing PVD and DPN by
improving glycemic control and cardio-
vascular (CV) risk factors and providing
appropriate education and footwear to
patients (12). These have resulted in
reduction in risk of LLA (12), but DFD
remains common, and therefore better
understanding of the risk factors is
needed.
Social deprivation is a potential contrib-

utor to risk of DFD because it is associated
with obesity and CV risk and development
of type 2 diabetes (13). Therefore, we
hypothesized that social deprivation is a
risk factor for DFD in patients with type 2
diabetes.
To examine our hypothesis, we con-

ducted a large population-based cohort
study using a U.K. nationally represen-
tative primary care database aimed at
examining the relationship between so-
cial deprivation and incidence of DFD.

RESEARCH DESIGN AND METHODS

Study Design
A population-based open retrospective
cohort study using routinely collected
data from The Health Improvement Net-
work (THIN) database between 1 January
2005 and 31 December 2019 was
conducted.

Data Source: THIN
THIN consists of anonymized primary
care records taken from.800 U.K. gen-
eral practices. The database is largely
representative of the U.K. population in
terms of demographics and morbidity
prevalence (14). The data set consists of
symptoms, examinations, anddiagnoses,
which are recorded using a hierarchical
coding system called Read codes (15,16).

Study Population and Inclusion and
Exclusion Criteria in Exposed Cohort
Allpatientswere recruited frompractices
that had been using the vision electronic

system for 1 year and had acceptable
mortality reporting. Patients were eligible
to join the exposed cohort if they had
developed type 2 diabetes (based on Read
codes) during follow-up (Supplementary
File 1). Patients with a coded diagnosis of
type 1 diabetes were excluded. Further-
more, patients whose age at diagnosis
was ,30 years with a record of insulin
prescription and no prescription record
of any oral diabetes medication in their
medical history were excluded, because
they were considered to have been po-
tentially misclassified as having type 2
diabetes. Patients who already had one
of the outcomes of interest at baseline
and thosewhodeveloped thembetween
diagnosis date and index date (i.e.,
15 months after type 2 diabetes diagnosis)
were excluded from incident analysis. La-
tency period provided a 15-month window
of opportunity for assessment of baseline
foot risk and documentation of diabetes-
related covariates.

The exposed cohort was subcatego-
rized by Townsend deprivation score,
which is the independent exposure vari-
able in this study. Townsend score is a
measure of material deprivation devel-
oped in 1988 from census tables (17). It
includes unemployment, overcrowding,
car ownership, and home ownership for
small geographies, which are z-scored to
produce an overall score. This is the
deprivation marker included in the pri-
mary care record, derived from a pa-
tient’s postcode. Townsend score is
already recorded in THIN database as
quintiles, with quintile 1 as the lowest
(least deprived) and 5, the highest.

Outcomes and Covariates
Primary outcomeof the studywas incident
diagnosis of DFD (composite outcome of
DFU, PVD, DPN, Charcot arthropathy, LLA,
and gangrene).

Covariates included age at type 2 di-
abetes diagnosis, sex, ethnicity, BMI,
smoking, glucose-lowering treatment,
lipid-lowering medication, insulin treat-
ment as proxy for diabetes disease se-
verity, estimated glomerular filtration
rate (eGFR), hemoglobin A1c (HbA1c),
retinopathy, hypertension, CV disease,
andbaseline foot risk score. Baseline foot
risk coded from the relevant Read codes
was categorized as 1) low risk (normal
sensation, palpablepulses),2) increased/
moderate risk (neuropathy or absent
pulses), 3) high risk (neuropathy or

absent pulses plus deformity or skin
changes in previous ulcer), 4) nonatten-
dance of foot examination, or 5) miss-
ing foot risk data (18) (Supplementary
File 1). Primary care practitioners insert
foot risk scores as per their contractual
agreement into the electronic system
in the form of Read codes.

Follow-up Period
Follow-up period began from the index
date (15 months after type 2 diabetes
diagnosis) until the patient exit date
(earliest date of either the outcome of
interest, patient transfer toanotherprac-
tice, final data collection date from gen-
eral practice, or death).

Ethical Approval
THIN data collection scheme received multi-
center research ethics committee approval
in 2003 (Birmingham, U.K.), and for this
particular study, scientific reviewcommittee
approval (reference number 18THIN090)
was obtained in December 2018.

Statistical Analysis
Continuous variables are presented as
mean and SD or median and interquar-
tile range (IQR) depending on their
distribution. Binary and categorical
variables are presented as frequencies
and percentages.

Data cleaning and analysis were per-
formed using Stata 16. Cox proportional
hazardsmodelwas used to calculate crude
and adjusted hazard ratios (aHRs) of the
compositeDFDand individual components
of the composite outcome among patients
in each Townsend deprivation quintile
compared with those in quintile 1 (i.e.,
least deprived). Proportional hazards as-
sumption was checked using log-log plots.
At cohort entry, using a logistic regression
model,wecalculated theodds ratio (OR)of
DFD diagnosis before or within 15 months
of diabetes diagnosis among patients from
each Townsend deprivation quintile com-
pared with those in quintile 1.

All effect sizes (HRs and ORs) were
calculated along with 95% CIs. A P
value,0.05 was considered statistically
significant.

RESULTS

Study Population Characteristics
Baseline characteristics of patients with
a coded diagnosis of type 2 diabetes
after exclusion of those considered as
potentially misclassified are summarized
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in Table 1, stratified by Townsend quin-
tile. Of the 176,359 patients included in
ourstudy,31,732 (18.0%), 30,655 (17.4%),
32,021 (18.2%), 29,984 (17.0%), and
22,881 (13.0%) patients stratified
among Townsend quintiles 1–5, re-
spectively; 29,086 (10.8%) patients
had a missing record of Townsend
deprivation quintile.
Men comprised 56.0% of the total

cohort, and mean age at cohort entry
was 62.9 (SD 13.1) years. Patients from
the most deprived quintile were youn-
ger at study entry compared with those
in the least deprived (mean 60.64 (SD
13.58) vs. 64.52 [SD 12.26] years). A
majority of included patients were obese
(53.1%) and ex- (36.2%) or nonsmokers
(47.3%). Patients from themost deprived
quintile were more likely to have obesity
at baseline and more likely to be current
smokers compared with those from the
least deprived (obesity 58.94%vs. 46.7%;
current smokers 25.7% vs. 9.8%). HbA1c
was recorded for 96.0% of study partic-
ipants, with mean HbA1c value of 59.43
(SD 22.4) mmol/mol. Patients from the
most deprived quintile were more likely
to have a record of HbA1c .69.4 mmol/
mol at baseline compared with those
from the least deprived (23.4% vs.
20.5%). Ethnic minority patients were
more likely to be from the highest dep-
rivation quintile compared with the low-
est (8.9% vs. 2.9%). Nearly half of
participants had hypertension (54.6%)
and a quarter had CV disease (23.3%)
at baseline.
Patients in the most deprived quin-

tile had higher percentages of high foot
risk score (2.0% vs. 1.2%), insulin treat-
ment (2.9% vs. 2.0%), and end-stage
kidney disease (0.9% vs. 0.7%) at base-
line compared with those from the least
deprived.

Social Deprivation and Baseline Odds
of DFD
A total of 26,094 (14.8%) patients had a
recording of DFD before the index date
(either before diabetes diagnosis or
during 15-month latency between di-
agnosis and index dates). The greatest
percentage of patients with preexisting
DFD was in the most deprived quintile:
quintile 1 (14.0%), 2 (14.9%), 3 (15.3%),
4 (15.7%), 5 (16.7%), and missing Town-
send data (12.5%).

After adjustment of variables high-
lighted in the RESEARCH DESIGN AND METHODS

section (except baseline foot risk score
because of potential collinearity with
baseline foot disease), all Townsend
quintiles were associated with higher
adjusted OR of having DFD at index
date, when compared with those in
the least deprived quintile (i.e., Town-
send deprivation quintile 1). Results
show increasing odds of DFD at baseline
with increased deprivation score: quin-
tile 2 (aOR 1.04; 95% CI 1.00–1.09; P 5
0.064), 3 (aOR 1.14; 95% CI 1.09–1.19;
P , 0.001), 4 (aOR 1.18; 95% CI 1.13–
1.24; P, 0.001), and 5 (aOR 1.34; 95% CI
1.28–1.41; P , 0.001). There were
slightly lower adjusted odds of DFD re-
corded at baseline among those with a
missing recording of Townsend (aOR
0.95; 95% CI 0.91–1.00; P 5 0.054).

Social Deprivation and Incident Risk of
DFD
Patients with preexisting DFD at baseline
(14.8%) were then excluded from inci-
dent analysis. Of the 150,265 patients
followed up, 18,153 (12.1%) developed
DFD during median follow-up of 3.27
(IQR 1.41–5.96) years. Incidence rate
(per 1,000 person-years) of developing
DFD increased with increasing depriva-
tion: quintile 1 (29.8; 95% CI 28.8–30.8),

2 (31.2; 95%CI30.1–32.3), 3 (30.5; 95%CI
29.4–31.5), 4 (31.7; 95% CI 30.6–32.8),
and 5 (34.9; 95% CI 33.5–36.2). After
adjustment, this translated into statisti-
cally significant increased risk of devel-
opingDFD inquintiles 4 (aHR1.10; 95%CI
1.04–1.15) and 5 (aHR 1.22; 95% CI 1.16–
1.29). Additional details are listed in
Table 2.

Of types of DFD, the most common
outcome during follow-up was DPN
(8.9%). Incidence of individual compo-
nents of composite DFD outcomes (DPN,
DFU, PVD, LLA, Charcot arthropathy, and
gangrene) in different quintiles of Town-
send score is summarized in Table 3 and
Supplementary File 2.

Most notably, patients in the most
deprived Townsend quintile (5) went
on to have statistically significant in-
creased risk of developing DPN (aHR
1.18; 95%CI 1.11–1.25), DFU (aHR 1.44;
95% CI 1.17–1.77), PVD (aHR 1.40; 95%
CI 1.28–1.53), LLA (aHR 1.75; 95% CI
1.08–2.83), and gangrene (aHR 8.49;
95% CI 1.01–71.58) compared with
patients in the least deprived. Inci-
dence of Charcot arthropathy was
higher among those in the most de-
prived Townsend quintile, but the in-
crease in risk was not statistically
significant (aHR 1.65; 95% CI 0.78–
3.49).

RiskFactorsofDFDFromFullyAdjusted
Model
Details on aHRs of exposure Townsend
deprivation quintile and included cova-
riates in the fully adjusted Cox regression
model are presented in Table 4. In the
final adjusted model for incident risk of
DFD, the following covariates emerged
as risk factors in addition to social dep-
rivation: older age (aHR 1.03; 95% CI
1.03–1.04), male sex (aHR 0.86; 95%

Table 2—Townsend deprivation quintiles and incidence of DFD as composite outcome

Townsend quintile
Composite DFD,

n (%)*
Median (IQR)

follow-up, years
Incidence rate per 1,000
person-years (95% CI) aHR (95% CI)† P

1 3,267 (11.97) 3.33 (1.42–6.03) 29.77 (28.77–30.81) Ref

2 3,238 (12.41) 3.29 (1.42–5.96) 31.17 (30.11–32.26) 1.04 (0.99–1.09) 0.110

3 3,278 (12.09) 3.25 (1.43–5.95) 30.45 (29.42–31.51) 1.04 (0.99–1.09) 0.092

4 3,133 (12.40) 3.17 (1.38–5.81) 31.69 (30.60–32.82) 1.10 (1.04–1.15) ,0.001

5 2,557 (13.42) 3.15 (1.34–5.72) 34.86 (33.54–36.24) 1.22 (1.16–1.29) ,0.001

Missing 2,680 (10.53) 3.38 (1.45–6.21) 25.32 (24.38–26.30) 0.94 (0.90–0.99) 0.028

*In case of multiple DFD events at follow-up, censoring occurred at first event. †Adjustment model included sex, age at type 2 diabetes diagnosis,
ethnicity, smoking, BMI, HbA1c, CV disease, retinopathy, renal function analyzed as eGFR, insulin treatment, glucose-loweringmedication, and baseline
foot risk.
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CI 0.84–0.89 [for women compared with
men]), Caucasian ethnicity (aHR 0.78, 95%
CI 0.62–0.97 formixed race; aHR 0.84, 95%
CI 0.59–1.19 for Chinese/Middle East-
ern/other; aHR0.63,95%CI0.53–0.74 for
Black Afro-Caribbean; and aHR 0.71, 95%
CI 0.64–0.79 for South Asian [compared
with Caucasian ethnicity]), obesity (aHR
1.17; 95% CI 1.11–1.22), ex- and current
smoker status (aHR 1.10, 95% CI 1.06–
1.14, and aHR 1.33, 95% CI 1.27–1.39, re-
spectively [compared with nonsmokers]),
poor glycemic control (aHR 1.10, 95% CI
1.04–1.16 among those with HbA1c be-
tween 58.5 and 69.4mmol/mol, and aHR

1.19, 95%CI 1.14–1.25 among thosewith
HbA1c.69.4 mmol/mol [compared with
those with HbA1c ,47.5 mmol/mol]),
lower eGFR (aHR 1.14, 95% CI 1.09–
1.19 among those with eGFR between
30 and 60 mL/min/1.73 m2 [compared
with those with eGFR .60 mL/min/
1.73 m2]), higher foot risk score or non-
recording or decline of foot risk exam-
ination (aHR 1.61, 95% CI 1.51–1.73
among patients with moderate foot
risk score; aHR 2.73, 95% CI 2.34–3.19
among patients with high foot risk score;
aHR 1.51, 95% CI 1.23–1.85 among those
who declined foot examination; and aHR

2.00, 95% CI 1.93–2.07 among those with
missing foot risk score [compared with
those with low foot risk score]), concurrent
diagnosis of CV disease (aHR 1.23; 95% CI
1.19–1.28),hypertension (aHR1.03;95%CI
1.00–1.07), sight-threatening retinopathy
(aHR 1.14; 95% CI 1.08–1.19), and pre-
scription for glucose-lowering medication
(aHR 1.13; 95% CI 1.09–1.16) and insulin
treatment (aHR 1.36; 95% CI 1.24–1.50).

CONCLUSIONS

We found that social deprivation was a
risk factor for development of DFD, DPN,
DFU, PVD, LLA, and gangrene in patients

Table 3—Townsend deprivation quintiles and incidence of DPN, DFU, PVD, LLA, Charcot arthropathy, and gangrene

Outcome by quintile n (%)
Median (IQR)

follow-up, years
Incidence rate per 1,000
person-years (95% CI) aHR (95% CI)* P

DPN
1 2,483 (9.10) 3.47 (1.51–6.18) 21.98 (21.13–22.86) Ref
2 2,449 (9.38) 3.43 (1.51–6.15) 22.88 (21.99–23.81) 1.04 (0.98–1.10) 0.169
3 2,394 (8.83) 3.39 (1.52–6.15) 21.53 (20.68–22.41) 1.01 (0.96–1.07) 0.716
4 2,320 (9.18) 3.32 (1.47–6.02) 22.72 (21.82–23.67) 1.08 (1.02–1.15) 0.006
5 1,836 (9.64) 3.31 (1.43–5.99) 24.05 (22.98–25.18) 1.18 (1.11–1.25) ,0.001
Missing 1,963 (7.72) 3.52 (1.54–6.38) 18.05 (17.27–18.87) 0.92 (0.87–0.98) 0.009

DFU
1 192 (0.70) 3.94 (1.79–6.67) 1.57 (1.36–1.80) Ref
2 210 (0.80) 3.90 (1.80–6.64) 1.81 (1.58–2.07) 1.13 (0.93–1.38) 0.221
3 209 (0.77) 3.82 (1.76–6.65) 1.74 (1.52–1.99) 1.11 (0.91–1.35) 0.288
4 220 (0.87) 3.73 (1.71–6.55) 1.98 (1.74–2.26) 1.28 (1.05–1.55) 0.014
5 186 (0.98) 3.75 (1.70–6.49) 2.23 (1.93–2.58) 1.44 (1.17–1.77) ,0.001
Missing 222 (0.87) 3.95 (1.74–6.96) 1.89 (1.66–2.16) 1.18 (0.97–1.43) 0.103

PVD
1 1,045 (3.83) 3.75 (1.67–6.47) 8.81 (8.29–9.36) Ref
2 1,067 (4.09) 3.71 (1.66–6.45) 9.49 (8.94–10.08) 1.06 (0.97–1.15) 0.201
3 1,141 (4.21) 3.61 (1.65–6.41) 9.84 (9.28–10.42) 1.11 (1.02–1.21) 0.015
4 1,093 (4.33) 3.55 (1.60–6.31) 10.22 (9.63–10.84) 1.15 (1.05–1.25) 0.002
5 994 (5.22) 3.53 (1.58–6.23) 12.49 (11.74–13.29) 1.40 (1.28–1.53) ,0.001
Missing 845 (3.32) 3.79 (1.67–6.76) 7.39 (6.91–7.91) 0.92 (0.84–1.01) 0.083

LLA
1 32 (0.12) 3.95 (1.80–6.69) 0.26 (0.18–0.37) Ref
2 31 (0.12) 3.92 (1.80–6.67) 0.27 (0.19–0.38) 1.02 (0.62–1.67) 0.952
3 47 (0.17) 3.84 (1.77–6.67) 0.39 (0.29–0.52) 1.54 (0.98–2.42) 0.060
4 44 (0.17) 3.76 (1.72–6.58) 0.40 (0.29–0.53) 1.58 (1.00–2.50) 0.052
5 37 (0.19) 3.78 (1.71–6.53) 0.44 (0.32–0.61) 1.75 (1.08–2.83) 0.023
Missing 34 (0.13) 3.97 (1.76–7.00) 0.29 (0.21–0.40) 1.12 (0.69–1.82) 0.658

Charcot arthropathy
1 13 (0.05) 3.96 (1.80–6.70) 0.11 (0.06–0.18) Ref
2 11 (0.04) 3.92 (1.80–6.67) 0.09 (0.05–0.17) 0.90 (0.40–2.02) 0.807
3 11 (0.04) 3.85 (1.78–6.67) 0.09 (0.05–0.16) 0.84 (0.38–1.89) 0.679
4 12 (0.05) 3.76 (1.72–6.59) 0.11 (0.06–0.19) 0.99 (0.45–2.19) 0.983
5 16 (0.08) 3.78 (1.72–6.54) 0.19 (0.12–0.31) 1.65 (0.78–3.49) 0.191
Missing 6 (0.02) 3.97 (1.76–7.01) 0.05 (0.02–0.11) 0.43 (0.16–1.14) 0.090

Gangrene
1 1 (0.00) 3.96 (1.80–6.70) 0.01 (0.00–0.06) Ref
2 5 (0.02) 3.92 (1.80–6.67) 0.04 (0.02–0.10) 5.01 (0.58–42.94) 0.142
3 4 (0.01) 3.85 (1.78–6.67) 0.03 (0.01–0.09) 3.99 (0.44–35.85) 0.216
4 9 (0.04) 3.76 (1.72–6.59) 0.08 (0.04–0.16) 9.82 (1.23–78.17) 0.031
5 6 (0.03) 3.78 (1.72–6.54) 0.07 (0.03–0.16) 8.49 (1.01–71.58) 0.049
Missing 5 (0.02) 3.97 (1.76–7.01) 0.04 (0.02–0.10) 5.35 (0.62–46.07) 0.127

*Results adjusted for age at type 2 diabetes diagnosis, sex, ethnicity, smoking status, BMI, eGFR, retinopathy, hypertension, cardiovascular disease,
HbA1c, insulin treatment, glucose-lowering medication, and lipid-lowering medication.
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newly diagnosed with type 2 diabetes.
Findings remained significant despite
adjustment for many important covari-
ates including sex, age,ethnicity, smoking
status, BMI, HbA1c, CV disease, hyperten-
sion, retinopathy, eGFR, insulin or other
prescribed diabetes medication, lipid-

lowering medication, and foot risk score
at baseline.

There are several plausible mecha-
nisms thatmight explain the links between
social deprivation andDFDobserved in our
study. Previous studies from the U.K.
showedthat theassociationbetween living

in more deprived neighborhoods and ad-
verse health outcomes was related to
poorer collective resources in theseareas
(19). Thus, socially deprived areas might
have fewer resources to prevent, detect,
and treat DFD risk factors. Another
study in the U.K. showed the impact

Table 4—Risk factors for DFD from fully adjusted model

Covariate aHR (95% CI) P

Townsend quintile
1 (lowest deprivation) Ref
2 1.04 (0.99–1.09) 0.110
3 1.04 (0.99–1.09) 0.092
4 1.10 (1.04–1.15) ,0.001
5 (highest deprivation) 1.22 (1.16–1.29) ,0.001
Missing 0.94 (0.90–0.99) 0.028

Age at diagnosis, years 1.03 (1.03–1.04) ,0.001

Female sex 0.86 (0.84–0.89) ,0.001

Ethnicity
Caucasian Ref
Mixed race 0.78 (0.62–0.97) 0.024
Chinese/Middle Eastern/other 0.84 (0.59–1.19) 0.324
Black Afro-Caribbean 0.63 (0.53–0.74) ,0.001
South Asian 0.71 (0.64–0.79) ,0.001
Missing 0.89 (0.86–0.91) ,0.001

BMI category, kg/m2

Underweight (,18.5) 1.13 (0.91–1.40) 0.276
Normal weight (18.5–25) Ref
Overweight (25–30) 1.02 (0.97–1.07) 0.426
Obese (.30) 1.17 (1.11–1.22) ,0.001
Missing 0.96 (0.85–1.09) 0.511

Smoking status
Nonsmoker Ref
Smoking discontinued 1.10 (1.06–1.14) ,0.001
Smoker 1.33 (1.27–1.39) ,0.001
Missing 1.04 (0.74–1.47) 0.810

HbA1c category, mmol/mol*
,47.50 Ref
47.50–58.50 1.03 (0.99–1.06) 0.188
58.50–69.40 1.10 (1.04–1.16) ,0.001
$69.40 1.19 (1.14–1.25) ,0.001
Missing 0.98 (0.91–1.05) 0.554

eGFR category, mL/min/1.73 m2

.60 Ref
30–59 1.14 (1.09–1.19) ,0.001
,30 1.11 (0.95–1.31) 0.187
Missing 1.00 (0.92–1.08) 0.997

Concurrent conditions
CV disease 1.23 (1.19–1.28) ,0.001
Hypertension 1.03 (1.00–1.07) 0.032
Retinopathy 1.14 (1.08–1.19) ,0.001
Insulin 1.36 (1.24–1.50) ,0.001
Other diabetic drugs 1.13 (1.09–1.16) ,0.001
Lipid drugs 0.98 (0.94–1.02) 0.253

Baseline foot risk
No recording 2.00 (1.93–2.07) ,0.001
Foot examination declined 1.51 (1.23–1.85) ,0.001
Low Ref
Medium 1.61 (1.51–1.73) ,0.001
High 2.73 (2.34–3.19) ,0.001

*#47.5 mmol/mol 5 #6.5%, 47.5–58.5 mmol/mol 5 6.5–7.5%, 58.5–69.4 mmol/mol 5 7.5–8.5%, and .69.4 mmol/mol 5 .8.5%.
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of unhealthy lifestyle factors (e.g.,
sleep duration, high television viewing
time, smoking, excessive alcohol, poor
diet, and low physical activity) on
health, CV disease, and mortality was
disproportionally higher in socially
more deprived areas (20). In addition,
more deprived areas differ from less
deprived areas in built environment,
which can lead to differences in phys-
ical activity, availability of healthier
food options, and smoking habits, all
of which can result in worse DFD risk
factors in areas of greater social dep-
rivation (21,22). In addition, socially and
economically deprived patients find self-
managementmore challenging because of
multiple barriers (23,24), which can in-
crease risk of DFD because following ap-
propriate preventive strategies is more
difficult.
Other studies have also examined the

relationship between DFD and social
deprivation (25–28). Our results are con-
sistent with other studies from the U.K.
and add to their findings. Two U.K.
studies, which included .10,000 partic-
ipants each, found that deprivation was
associated with either increased risk of
DFU ormortality after DFU (26,29). How-
ever, these studies either were cross-
sectional (25), included patients with
both type 1 and 2 diabetes (25,26),
focused on foot ulcer (27), or were based
on regional data (28). Our study specif-
ically looked at patients with newly di-
agnosed type2diabetes, usedadatabase
that covers multiple regions in the U.K.,
was a retrospective cohort study by de-
sign, and examined a wide range of DFD
outcomes. Thus, our study adds novel
insights topreviouslypublished literature.
Many of the studies that examined the

relationship between social deprivation
and DFD did not adjust for ethnicity.
Adjusting for ethnicity is important, con-
sidering South Asians have been shown
previously to have lower risk of DFU, LLA,
and DPN compared with White Euro-
peans with type 2 diabetes (30–32).
Our findings are consistent with these
studies indicating that non-White eth-
nicity is associated with lower DFD risk;
however, we expand that finding, be-
cause the relationship between social
deprivation and DFD was independent
of ethnicity in our analysis.
Not all previous studies showed a re-

lationship between DFD and social dep-
rivation. One study from North-West

England did not show an association
between socioeconomic status and new
foot ulcers in adults with type 1 or 2 di-
abetes (27), but in this study, follow-up
duration was shorter than that in our
study (2 years), and it did not exclude
patients with DFU at baseline. Three
other studies from outside the U.K.
found no association between socio-
economic factors and infection, ampu-
tation, or DFD, but these studies were
small and potentially underpowered
(n 5 572, n 5 112, and n 5 102,
respectively) (33–35).

Our results are important because
they identify a population at increased
risk of developing DPN, DFD, DFU, LLA,
and gangrene. By focusing on screening
as a preventive strategy in a high-risk
population,we could reduce health and
economic burdens of DFD and type 2
diabetes and reduce health inequal-
ities. Implementing preventive strate-
gies and improving strategies to detect
feet at risk should be addressed in
deprived communities. Furthermore,
better management through access
to podiatrists, education, appropriate
footwear, and CV disease risk factor
management might address the higher
DFD risk in patients from socially de-
prived areas (36).

Effect sizes reported in this study for
association between social deprivation
and DFD were modest. This reflects the
multifactorial nature of DFD develop-
ment, where multiple other DFD risk
factors were also identified in our study
with similar modest effect sizes, such as
obesity, CV disease, smoking, and poor
glycemic control. In addition, identifying
socially deprived patients as a high-risk
population for DFD is likely to be ben-
eficial for a wider range of DFD risk
factors, considering established links be-
tween DFD and obesity and CV disease
(20).

Our findings show that having a high
foot risk score (definedbasedonmultiple
clinical parameters) had the largest effect
size in terms of predicting DFD. This is
consistent with a previous study that
showed using combined risk score/
tests had better sensitivity than using
individual tests in predicting develop-
ment of DFD (37).

Results of the current study should be
interpreted within the context of study
limitations and strengths. One possi-
ble limitation is that use of routinely

collected primary care data may lack
accuracy and completeness of recording.
However, THIN has been shown to be
representative of the U.K. population in
terms of mortality and major chronic
diseases (14,38,39). Another possible
limitation is the possibility of delayed
type 2 diabetes diagnosis in the deprived
quintile, resulting in a more severe di-
abetes cohort among the deprived sub-
groups. However, a latency period of
15 months provides sufficient time to
record for proxy covariates that indicate
diabetes severity such as insulin prescrip-
tion, HbA1c measurement, and concur-
rent macrovascular complications like
retinopathy and nephropathy. We ad-
justed for these covariates in our analysis.
Another limitation is the largeproportion
of missing ethnicity data. However, we
used a missing ethnicity category in
multivariable analysis to minimize the
impact of missing data on this variable.
Reassuringly, our analysis showed that
South Asian and Black Afro-Caribbean
patients had lower risk of incident
DFD compared with White Caucasians,
which is consistent with previous studies
(30,32,40). This is the largest population-
based study representative of the U.K.
population to date examining the impact
of deprivation on DFD and reporting
outcomes other than DFU and LLA.
The large sample size also allowed us
to adjust for many biologically important
covariates.

In conclusion, deprivation is a risk
factor of DFD, DPN, DFU, PVD, LLA,
and gangrene in patients newly diag-
nosed with type 2 diabetes. Screening
and preventive strategies targeting this
high-risk population could reduce eco-
nomic and health burdens of type 2 di-
abetes and reduce inequalities.

Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. J.R. organized and con-
ducted the study. C.A. interpreted the results,
proposed the structure of the paper, and for-
mulated the paper. P.K., A.S., and J.S.C. inter-
preted the results and performed statistical
analysis. K.G., N.T., and C.S. critically appraised
the paper andmade final suggestions. A.A.T. and
K.N. proposed the idea, critically appraised the
paper, and made final suggestions. All authors
reviewed and revised themanuscript and agreed
to submission of the final manuscript. A.A.T. is
the guarantor of this work and, as such, had full
access to all the data in the study and takes
responsibility for the integrity of the data and
the accuracy of the data analysis.

738 Deprivation and Diabetic Foot Disease Diabetes Care Volume 44, March 2021



References
1. WorldHealthOrganization.Diabetes.Accessed
14 January 2021. Available from https://www.
who.int/news-room/fact-sheets/detail/diabetes
2. Cost of diabetes. Accessed 14 January 2021.
Available from https://www.diabetes.co.uk/cost-
of-diabetes.html
3. Tchero H, Kangambega P, Lin L, et al. Cost of
diabetic foot in France, Spain, Italy, Germany and
United Kingdom: a systematic review. Ann En-
docrinol (Paris) 2018;79:67–74
4. Zhang P, Lu J, Jing Y, Tang S, Zhu D, Bi Y. Global
epidemiology of diabetic foot ulceration: a sys-
tematic review and meta-analysis. Ann Med
2017;49:106–116
5. Armstrong DG, Boulton AJM, Bus SA. Diabetic
foot ulcers and their recurrence. N Engl J Med
2017;376:2367–2375
6. Kucera T, Shaikh HH, Sponer P. Charcot neu-
ropathic arthropathy of the foot: a literature
review and single-center experience. J Diabetes
Res 2016;2016:3207043
7. Lee CC, Perkins BA, Kayaniyil S, et al. Peripheral
neuropathy and nerve dysfunction in individuals
at high risk for type 2 diabetes: the PROMISE
cohort. Diabetes Care 2015;38:793–800
8. Holman N, Young RJ, Jeffcoate WJ. Variation
in the recorded incidence of amputation of the
lower limb in England. Diabetologia 2012;55:
1919–1925
9. VileikyteL.Diabetic footulcers: aqualityof life
issue. DiabetesMetab Res Rev 2001;17:246–249
10. Fortington LV, Geertzen JH, van Netten JJ,
Postema K, Rommers GM, Dijkstra PU. Short and
long term mortality rates after a lower limb
amputation. Eur J Vasc Endovasc Surg 2013;
46:124–131
11. Boulton AJ. The diabetic foot: grand over-
view, epidemiology and pathogenesis. Diabetes
Metab Res Rev 2008;24(Suppl. 1):S3–S6
12. Gregg EW, Li Y, Wang J, et al. Changes in
diabetes-related complications in the United States,
1990-2010. N Engl J Med 2014;370:1514–1523
13. Tang KL, Rashid R, Godley J, Ghali WA.
Association between subjective social status
and cardiovascular disease and cardiovascular
risk factors: a systematic review and meta-
analysis. BMJ Open 2016;6:e010137
14. Blak BT, Thompson M, Dattani H, Bourke A.
Generalisability of The Health Improvement Net-
work (THIN) database: demographics, chronic
disease prevalence and mortality rates. Inform
Prim Care 2011;19:251–255
15. Booth N. What are the Read codes? Health
Libr Rev 1994;11:177–182
16. Gokhale KM, Chandan JS, Toulis K, Gkoutos
G, Tino P, Nirantharakumar K. Data extraction
for epidemiological research (DExtER): a novel
tool for automated clinical epidemiology studies.
Eur J Epidemiol. 27 August 2020 [Epub ahead of
print]. DOI: 10.1007/s10654-020-00677-6

17. Townsend P, Phillimore P, Beattie A. Health
and Deprivation: Inequality and the North. Lon-
don, Routledge, 1988
18. British Medical Association. 2019/20 Gen-
eralMedical Services (GMS) contract Quality and
OutcomesFramework (QOF).Accessed14 January
2021. Available from https://www.england.nhs
.uk/wp-content/uploads/2019/05/gms-contract-
qof-guidance-april-2019.pdf
19. Stafford M, Marmot M. Neighbourhood
deprivation and health: does it affect us all
equally? Int J Epidemiol 2003;32:357–366
20. Foster HME, Celis-Morales CA, Nicholl BI,
et al. The effect of socioeconomic deprivation on
the association between an extended measure-
ment of unhealthy lifestyle factors and health
outcomes: a prospective analysis of the UK
Biobank cohort. Lancet Public Health 2018;3:
e576–e585
21. Schmitz N, Nitka D, Gariepy G, et al. Asso-
ciation between neighborhood-level deprivation
and disability in a community sample of people
with diabetes. Diabetes Care 2009;32:1998–
2004
22. Collier A, Ghosh S, Hair M, Waugh N. Impact
of socioeconomic status and gender on glycae-
mic control, cardiovascular risk factors and di-
abetes complications in type 1 and 2 diabetes:
a population based analysis from a Scottish
region. Diabetes Metab 2015;41:145–151
23. Vissenberg C, Nierkens V, Uitewaal PJM,
Middelkoop BJC, Stronks K. Recruitment and
retention in a 10-month social network-based
intervention promoting diabetes self-management
in socioeconomically deprived patients: a quali-
tative process evaluation. BMJ Open 2017;7:
e012284
24. OnwudiweNC,MullinsCD,WinstonRA,et al.
Barriers to self-management of diabetes: a qual-
itative study among low-income minority dia-
betics. Ethn Dis 2011;21:27–32
25. Skrepnek GH, Mills JL Sr., Armstrong DG. A
diabetic emergency one million feet long: dis-
parities and burdens of illness among diabetic
foot ulcer cases within emergency departments
in the United States, 2006-2010. PLoS One 2015;
10:e0134914
26. Anderson SG, Shoo H, Saluja S, et al. Social
deprivation modifies the association between
incident foot ulceration and mortality in type 1
and type 2 diabetes: a longitudinal study of a
primary-care cohort. Diabetologia 2018;61:959–
967
27. Abbott CA, Carrington AL, Ashe H, et al.;
North-West Diabetes Foot Care Study. The
North-West Diabetes Foot Care Study: incidence
of, and risk factors for, new diabetic foot ulcer-
ation in a community-based patient cohort.
Diabet Med 2002;19:377–384
28. Hurst JE, Barn R, Gibson L, et al. Geospatial
mapping and data linkage uncovers variability in

outcomes of foot disease according to multiple
deprivation: a population cohort study of people
with diabetes. Diabetologia 2020;63:659–667
29. Leese GP, Feng Z, Leese RM, Dibben C,
Emslie-Smith A. Impact of health-care accessi-
bility and social deprivation on diabetes related
foot disease. Diabet Med 2013;30:484–490
30. Tahrani AA, Altaf QA, Piya MK, Barnett AH.
Peripheral and autonomic neuropathy in South
Asians andwhite Caucasianswith type2diabetes
mellitus: possible explanations for epidemiolog-
ical differences. J Diabetes Res 2017;2017:
1273789
31. Chaturvedi N, Abbott CA, Whalley A,
Widdows P, Leggetter SY, Boulton AJ. Risk of
diabetes-related amputation in South Asians vs.
Europeans in the UK. Diabet Med 2002;19:99–
104
32. Abbott CA,GarrowAP, CarringtonAL,Morris
J, Van Ross ER, Boulton AJ; North-West Diabetes
Foot Care Study. Foot ulcer risk is lower in South-
Asian and African-Caribbean compared with
European diabetic patients in the U.K.: the
North-West Diabetes Foot Care Study. Diabetes
Care 2005;28:1869–1875
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