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Social Deprivation and Incident
Diabetes-Related Foot Disease in
Patients With Type 2 Diabetes: A
Population-Based Cohort Study
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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

A population-based open retrospective cohort study using The Health Improvement
Network (1 January 2005 to 31 December 2019) was conducted. Patients with type 2
diabetes free of DFD at baseline were stratified by Townsend deprivation index, and
risk of developing DFD was calculated. DFD was defined as a composite of foot ulcer
(FU), Charcot arthropathy, lower-limb amputation (LLA), peripheral neuropathy
(PN), peripheral vascular disease (PVD), and gangrene.

RESULTS

Atotal of 176,359 patients were eligible (56% men; mean age 62.9 [SD 13.1] 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 compared with those in the least deprived (adjusted hazard ratio
[aHR] 1.22; 95% Cl 1.16-1.29) after adjusting for sex, age at type 2 diabetes diagnosis,
ethnicity, smoking, BMI, HbA,., cardiovascular disease, hypertension, retinopathy,
estimated glomerular filtration rate, insulin, glucose/lipid-lowering medication, and
baseline foot risk. Patients in the most deprived Townsend quintile had higher risk of PN
(aHR 1.18; 95% Cl 1.11-1.25), FU (aHR 1.44; 95% Cl 1.17-1.77), PVD (aHR 1.40; 95% CI
1.28-1.53), LLA (aHR 1.75; 95% Cl 1.08-2.83), and gangrene (aHR 8.49; 95% Cl 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
the high individual and economic burdens of DFD, strategies targeting patients in socially
deprived areas are needed to reduce health inequalities.

Diabetes is a major public health challenge, affecting >400 million people worldwide
(1). Inthe 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, and diagnoses,
which are recorded using a hierarchical
coding system called Read codes (15,16).

Study Population and Inclusion and
Exclusion Criteria in Exposed Cohort
All patients were recruited from practices
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 those who developed them between
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 outcome of the study was 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 A;. (HbA;.),
retinopathy, hypertension, CV disease,
and baseline foot risk score. Baseline foot
risk coded from the relevant Read codes
was categorized as 1) low risk (normal
sensation, palpable pulses), 2) increased/
moderate risk (neuropathy or absent
pulses), 3) high risk (neuropathy or
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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 to another prac-
tice, final data collection date from gen-
eral practice, or death).

Ethical Approval

THIN data collection scheme received muilti-
center research ethics committee approval
in 2003 (Birmingham, U.K.), and for this
particular study, scientific review committee
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
hazards model was used to calculate crude
and adjusted hazard ratios (aHRs) of the
composite DFD and 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, we calculated the odds 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% Cls. 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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Table 2—Townsend deprivation quintiles and incidence of DFD as composite outcome

Composite DFD,

Median (IQR)

Incidence rate per 1,000

Townsend quintile n (%)* follow-up, years person-years (95% Cl) aHR (95% CI)t 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. TAdjustment model included sex, age at type 2 diabetes diagnosis,
ethnicity, smoking, BMI, HbA, CV disease, retinopathy, renal function analyzed as eGFR, insulin treatment, glucose-lowering medication, and baseline

foot risk.

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 the most 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%). HbA,.
was recorded for 96.0% of study partic-
ipants, with mean HbA;. value of 59.43
(SD 22.4) mmol/mol. Patients from the
most deprived quintile were more likely
to have a record of HbA;. >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% Cl 1.00-1.09; P =
0.064), 3 (aOR 1.14; 95% Cl 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% Cl
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% Cl 0.91-1.00; P = 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% Cl 28.8-30.8),

2(31.2;95%C130.1-32.3),3(30.5;95%CI
29.4-31.5), 4 (31.7; 95% Cl 30.6-32.8),
and 5 (34.9; 95% Cl 33.5-36.2). After
adjustment, this translated into statisti-
cally significant increased risk of devel-
oping DFDin quintiles 4 (aHR 1.10; 95% CI
1.04-1.15) and 5 (aHR 1.22; 95% Cl 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% Cl 1.11-1.25), DFU (aHR 1.44;
95% Cl1.17-1.77), PVD (aHR 1.40; 95%
Cl 1.28-1.53), LLA (aHR 1.75; 95% ClI
1.08-2.83), and gangrene (aHR 8.49;
95% Cl 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% Cl 0.78-
3.49).

Risk Factors of DFD From Fully Adjusted
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% ClI
1.03-1.04), male sex (aHR 0.86; 95%
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Table 3—Townsend deprivation quintiles and incidence of DPN, DFU, PVD, LLA, Charcot arthropathy, and gangrene

Median (IQR) Incidence rate per 1,000

Outcome by quintile n (%) follow-up, years person-years (95% Cl) 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,
HbA,., insulin treatment, glucose-lowering medication, and lipid-lowering medication.

Cl 0.84-0.89 [for women compared with
men]), Caucasian ethnicity (aHR 0.78, 95%
C1 0.62—0.97 for mixed race; aHR 0.84, 95%
Cl 0.59-1.19 for Chinese/Middle East-
ern/other;aHR0.63,95% Cl 0.53—0.74 for
Black Afro-Caribbean; and aHR 0.71, 95%
Cl 0.64-0.79 for South Asian [compared
with Caucasian ethnicity]), obesity (aHR
1.17; 95% Cl 1.11-1.22), ex- and current
smoker status (aHR 1.10, 95% Cl 1.06—
1.14, and aHR 1.33, 95% Cl 1.27-1.39, re-
spectively [compared with nonsmokers]),
poor glycemic control (aHR 1.10, 95% CI
1.04-1.16 among those with HbA,. be-
tween 58.5 and 69.4 mmol/mol, and aHR

1.19,95% Cl 1.14-1.25 among those with
HbA1. >69.4 mmol/mol [compared with
those with HbA;. <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 m? [compared
with those with eGFR >60 mL/min/
1.73 m?]), higher foot risk score or non-
recording or decline of foot risk exam-
ination (aHR 1.61, 95% Cl 1.51-1.73
among patients with moderate foot
risk score; aHR 2.73, 95% Cl 2.34-3.19
among patients with high foot risk score;
aHR 1.51, 95% Cl 1.23-1.85 among those
who declined foot examination; and aHR

2.00, 95% Cl 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% Cl
1.19-1.28), hypertension (aHR 1.03; 95% Cl
1.00-1.07), sight-threatening retinopathy
(aHR 1.14; 95% Cl 1.08-1.19), and pre-
scription for glucose-lowering medication
(aHR 1.13; 95% Cl 1.09-1.16) and insulin
treatment (aHR 1.36; 95% Cl 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
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Table 4—Risk factors for DFD from fully adjusted model

Covariate aHR (95% Cl) 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/m?

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
HbA;. 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 m?

>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 = =6.5%, 47.5-58.5 mmol/mol = 6.5-7.5%, 58.5-69.4 mmol/mol = 7.5-8.5%, and >69.4 mmol/mol = >8.5%.

newly diagnosed with type 2 diabetes.
Findings remained significant despite
adjustment for many important covari-
atesincluding sex, age, ethnicity, smoking
status, BMI, HbA;., 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 that might explain the links between
social deprivation and DFD observed in our
study. Previous studies from the U.K.
showed that the association between living

in more deprived neighborhoods and ad-
verse health outcomes was related to
poorer collective resources in these areas
(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
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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-
management more 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 or mortality 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 type 2 diabetes, used a database
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 to previously published 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
(h = 572, n = 112, and n = 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 (defined based on multiple
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
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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, HbA;. measurement, and concur-
rent macrovascular complications like
retinopathy and nephropathy. We ad-
justed for these covariates in our analysis.
Another limitation is the large proportion
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.
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