
BMJ Open Diab Res Care 2021;9:e002069. doi:10.1136/bmjdrc-2020-002069

Open access 

1

Open access 

Associations between attainment of 
incentivized primary care indicators and 
incident lower limb amputation among 
those with type 2 diabetes: a population- 
based historical cohort study

Laura H Gunn    ,1,2,3 Eszter P Vamos,3 Azeem Majeed,3 Pasha Normahani,4,5 
Usman Jaffer,4,5 German Molina,3 Jonathan Valabhji,6,7,8 Ailsa J McKay3

For numbered affiliations see 
end of article.

Correspondence to
Dr Laura H Gunn;  
 laura. gunn@ uncc. edu

To cite: Gunn LH, Vamos EP, 
Majeed A, et al. Associations 
between attainment of 
incentivized primary care 
indicators and incident 
lower limb amputation 
among those with type 2 
diabetes: a population- based 
historical cohort study. 
BMJ Open Diab Res Care 
2021;9:e002069. doi:10.1136/
bmjdrc-2020-002069

 ► Supplemental material is 
published online only. To view, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
bmjdrc- 2020- 002069).

Received 14 December 2020
Revised 18 February 2021
Accepted 3 April 2021

Original research

Pathophysiology/complications

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY. 
Published by BMJ.

ABSTRACT
Introduction England has invested considerably in 
diabetes care through such programs as the Quality and 
Outcomes Framework (QOF) and National Diabetes Audit 
(NDA). Associations between program indicators and 
clinical endpoints, such as amputation, remain unclear. We 
examined associations between primary care indicators 
and incident lower limb amputation.
Research design and methods This population- based 
retrospective cohort study, spanning 2010–2017, was 
comprised of adults in England with type 2 diabetes and 
no history of lower limb amputation. Exposures at baseline 
(2010–2011) were attainment of QOF glycated hemoglobin 
(HbA1c), blood pressure and total cholesterol indicators, 
and number of NDA processes completed. Propensity 
score matching was performed and multivariable Cox 
proportional hazards models, adjusting for disease- related, 
comorbidity, lifestyle, and sociodemographic factors, were 
fitted using matched samples for each exposure.
Results 83 688 individuals from 330 English primary 
care practices were included. Mean follow- up was 3.9 (SD 
2.0) years, and 521 (0.6%) minor or major amputations 
were observed (1.62 per 1000 person- years). HbA1c and 
cholesterol indicator attainment were associated with 
considerably lower risks of minor or major amputation 
(adjusted HRs; 95% CIs) 0.61 (0.49 to 0.74; p<0.0001) and 
0.67 (0.53 to 0.86; p=0.0017), respectively). No evidence 
of association between blood pressure indicator attainment 
and amputation was observed (adjusted HR 0.88 (0.73 to 
1.06; p=0.1891)). Substantially lower amputation rates 
were observed among those completing a greater number 
of NDA care processes (adjusted HRs 0.45 (0.24 to 0.83; 
p=0.0106), 0.67 (0.47 to 0.97; p=0.0319), and 0.38 (0.20 
to 0.70; p=0.0022) for comparisons of 4–6 vs 0–3, 7–9 vs 
0–3, and 7–9 vs 4–6 processes, respectively). Results for 
major- only amputations were similar for HbA1c and blood 
pressure, though cholesterol indicator attainment was 
non- significant.
Conclusions Comprehensive primary care- based 
secondary prevention may offer considerable protection 
against diabetes- related amputation. This has important 
implications for diabetes management and medical 
decision- making for patients, as well as type 2 diabetes 
quality improvement programs.

INTRODUCTION
Lower limb amputations are an important 
and largely preventable complication of type 2 
diabetes mellitus that impact considerably on 

Significance of this study

What is already known about this subject?
 ► It is well established that diabetes- related lower 
limb amputations are highly preventable through 
comprehensive secondary prevention strategies.

 ► In England, national programmes incentivize pri-
mary care providers to complete associated care 
processes and meet related intermediate clinical 
outcomes. The specific indicators are based on 
available evidence, but their association with key 
clinical endpoints—including non- traumatic lower 
limb amputations—remains unclear.

What are the new findings?
 ► Our findings indicate that glycated hemoglobin 
(HbA1c) and cholesterol control levels incentivized 
by the English Quality and Outcomes Framework 
are associated with a lower risk of minor or major 
lower limb amputation. Additionally, HbA1c indicator 
attainment is associated with a lower risk of major- 
only lower limb amputation.

 ► Our findings also demonstrate that comprehensive 
provision of secondary prevention is associated with 
fewer minor or major amputations, as well as major- 
only amputations, and that there is scope to enhance 
provision of such care.

How might these results change the focus of 
research or clinical practice?

 ► Community- based secondary prevention has a vital 
role in preventing or delaying diabetes complications 
that have important implications for life expectancy 
and quality of life; thus, review of care implementa-
tion methods, including options to reduce the disut-
ility associated with comprehensive care, may help 
reduce persistent gaps in care provision.
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the life expectancy and quality of life of those affected.1–3 
In England, more than 9000 diabetes- related amputations 
are performed each year, with decreasing rates but higher 
absolute numbers of major amputations,4 and the annual 
direct healthcare costs of diabetic foot ulceration and 
amputation are approximately £1 billion.5 An estimated 
27 465 diabetes- related amputations were carried out in 
England between 2015/2016 and 2017/2018, reflecting a 
13.6% increase from the preceding 3- year period,4 and a 
frequency of amputation approximately 20 times higher 
than that observed in the population without diabetes.1 
The considerable perioperative mortality risk associated 
with amputation is substantially elevated among those 
with diabetes.6 The particular level of risk depends on 
patient- related and surgery- related factors but typically 
exceeds 10%.6 7 Post- surgical 5- year mortality rates are 
also high (typically >50% among those with diabetes; and 
up to 90%–100% in some studies).8 9

Evidence suggests that many diabetes complications 
can be averted through high- quality and comprehensive 
secondary prevention.10 11 Therefore, over the past 20 
years, England has adopted a number of national quality 
improvement strategies aiming to enhance community- 
based secondary prevention and reduce complication 
incidence. The Quality and Outcomes Framework 
(QOF)12 and the National Diabetes Audit (NDA)13 
have been major components of this approach. The 
QOF represents one of the largest healthcare pay- for- 
performance schemes trialed worldwide. It has offered 
financial rewards to primary care providers who attain 
particular process and clinical care thresholds, including 
in diabetes care, since it was introduced in 2004 as part 
of a contract under which most general practitioners 
in England now operate. The NDA monitors provision 
of diabetes- related processes and intermediate clinical 
outcome attainment. It was introduced in 2003 and 
became required for primary care providers in 2017. The 
indicators monitored by QOF and the NDA are derived 
from related clinical guidelines that were, in turn, based 
on the associated evidence base. Indicators, therefore, 
overlap substantially. However, because the relevant 
evidence has often relied heavily on intermediate clinical 
outcomes, the indicators have relatively unclear associa-
tions with hard clinical endpoints, including amputation. 
Given the ongoing rise in numbers of diabetes- related 
lower limb amputations being performed in England,1 4 
and the importance of this outcome to patients,3 under-
standing the relationships between the QOF and NDA 
indicators and amputation would help inform both 
diabetes management and medical decision- making 
discussions with individual patients and healthcare 
resource allocation, including for preventive activities. 
We, therefore, aimed to describe the associations between 
diabetes- related lower limb minor or major, as well as 
major- only, amputations and key QOF and NDA diabetes 
process and clinical indicators, among those with type 
2 diabetes. The indicators of specific interest included 
the QOF glycated hemoglobin (HbA1c), blood pressure 

and cholesterol thresholds, and performance of the nine 
NDA care processes.

RESEARCH DESIGN AND METHODS
Study design and data sources
The retrospective cohort was obtained from the UK 
Clinical Practice Research Datalink (CPRD) GOLD 
Database. The CPRD GOLD is a UK primary care data-
base that contains longitudinal patient data from 1987 
onwards. The data are collected during routine general 
practice activity. The database is representative of the 
UK primary care- registered population and currently 
includes roughly 50 million patients (16 million of whom 
are currently registered). For the majority of CPRD 
participants located in England, linked Hospital Episode 
Statistics (HES) and Office for National Statistics (ONS) 
mortality data are obtainable. The database has been 
used to study diabetes care processes and outcomes.14 15

Only participants with linked HES and ONS data were 
eligible for inclusion. They entered the cohort on April 
1, 2010 so long as they had an existing type 2 diabetes 
diagnosis, were at least 18 years of age, had been regis-
tered with their practice for at least 1 year, and were not 
censored prior to April 1, 2011. Those with any existing 
minor or major amputation (as per our outcome defini-
tion below) prior to April 1, 2011, and those for whom 
a type 1 diabetes or other specified non- type 2 diabetes 
diagnosis was made at any point, were excluded. Those 
prescribed insulin within 3 months of a diabetes diag-
nosis if aged ≥35 years, or within 6 months of a diagnosis 
made if aged <35 years, were also excluded, as these may 
indicate inaccurate type 2 diabetes diagnoses.16 Cohort 
exit occurred at the earliest of: last CPRD data upload; 
transfer out of database; death; or December 31, 2017 
(end of observational period). The code lists applied in 
cohort derivation and variable definitions (as below) are 
available in the online supplemental material.

Exposures
The exposures of interest included attainment of the 
QOF HbA1c (≤59 mmol/mol; 7.5%), blood pressure 
(≤140/80 mm Hg), and total cholesterol (≤5 mmol/L) 
indicators within the 2010–2011 financial year. Attain-
ment was defined according to the QOF Business Rules 
V.38.0.17 The most recent measurements in the year of 
interest were used to determine indicator status, and an 
indicator ‘not met’ status was assigned where no measure-
ment was made. A further exposure variable measuring 
implementation of NDA annual care processes over 
the 2010–2011 year described the number of processes 
completed, within categories of 0–3, 4–6, or 7–9. NDA 
processes include measurements for HbA1c, blood pres-
sure, total cholesterol, serum creatinine, urine albumin- 
to- creatinine ratio, body mass index (BMI), smoking 
history, retinal screening, and a foot examination.

https://dx.doi.org/10.1136/bmjdrc-2020-002069
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Primary and secondary outcomes
The primary and secondary outcomes were time (from 
April 1, 2011)- to- first CPRD or HES record of incident 
non- traumatic minor or major and major- only, respec-
tively, lower limb amputation. The online supplemental 
material contains CPRD ‘medcode’ and OPCS Classifica-
tion of Interventions and Procedures version 4 code lists 
used for the outcome definitions.

Covariates
The study covariates (measured at baseline) included 
sociodemographic variables (age, sex, ethnicity, 2010 
patient- level Index of Multiple Deprivation (IMD)), 
geographical region of the individual’s primary care 
practice, and disease- related variables (time since diag-
nosis, number of diabetes complications, number of 
glucose lowering therapies (GLTs) prescribed, and pres-
ence of insulin prescription, the latter two measurements 
made within 6 months prior to baseline). Lifestyle vari-
ables (BMI, smoking status, alcohol use) and comorbid-
ities (number of QOF registers on which the individual 
appeared in 2010–2011, number of hospital admissions 
in the same year, and number of prescriptions in the 
6 months prior to cohort entry) were also included. All 
covariates were included in the study protocol, which was 
peer reviewed and approved by the Independent Scien-
tific Advisory Committee for CPRD. Full variable defini-
tions are detailed in the online supplemental material.

Statistical analysis
Baseline cohort characteristics were described, and 
extents and patterns of variable missingness were 
explored. Missing patient- level IMD values were imputed 
using practice- level IMD data. Missing ethnicity and life-
style data were imputed from the remaining covariates, 
using the mice package in RStudio V.3.5.1,18 with five 
imputations used. Nearest neighbour propensity score 
matching was performed using the matchit package,19 with 
a caliper of 0.2 for each exposure definition.20 Univariate 
and multivariate Cox proportional hazards models were 
fitted using the matched samples for each of the exposure 
definitions with the corresponding exposure as an addi-
tional covariate. Concordance statistics were calculated 
for each of the multivariate Cox proportional hazards 
models. Sensitivity analyses were performed on both 
outcomes to assess the effect of QOF indicator attain-
ment among: (1) participants who had met the other two 
indicators; and (2) those who had not met either of the 
other two indicators.

RESULTS
Summary of cohort characteristics
A total of 83 688 adults (44.3% female) diagnosed with type 
2 diabetes before April 1, 2010 and registered across 330 
practices were identified as eligible for inclusion. Their base-
line characteristics are summarized in table 1. Mean (SD) 
age was 68.0 (SD 12.5) years, 83.5% were of white ethnic 

Table 1 Baseline cohort characteristics (N=83 688)

Variable n or mean % or SD

Age 67.99 12.49

Sex: female 37 094 44.32

Ethnicity Asian 4893 5.85

Black 1754 2.10

Mixed 555 0.66

Other 963 1.15

White 69 880 83.50

Missing 5643 6.74

IMD quintile 0 (least 
deprived)

15 998 19.12

1 18 903 22.59

2 17 223 20.58

3 17 097 20.43

4 (most 
deprived)

14 424 17.24

Missing 43 0.05

Region North East 2162 2.58

North West 14 654 17.51

Yorkshire & 
The Humber

3251 3.88

East Midlands 1825 2.18

West Midlands 9959 11.90

East of 
England

8651 10.34

South West 11 352 13.56

South Central 10 066 12.03

London 10 959 13.10

South East 
Coast

10 809 12.92

Weight status Underweight 635 0.76

Ideal weight 12 329 14.73

Overweight 27 971 33.42

Obese 41 855 50.01

Missing 898 1.07

Smoking 
status
  
  

Never smoker 40 161 47.99

Ex- smoker 31 691 37.87

Current 
smoker

11 631 13.90

Missing 205 0.24

Alcohol (units/
week)

0 13 859 16.56

1–14 49 143 58.72

15–42 8123 9.71

>42 1783 2.13

Missing 10 780 12.88

Number of comorbidities 2.36 1.65

Number of hospitalizations 
during 2010–2011

0.17 0.54

Continued
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background, and the mean interval since diabetes diagnosis 
was 7.4 (SD 5.5) years. Most were current or ex- smokers 
(51.8%), consumed alcohol (70.6%), and/or were over-
weight or obese (83.4%). Participants had a mean of 2.4 
(SD 1.7) comorbidities and 1.7 (SD 1.3) diabetes compli-
cations at baseline; and 8.0 (SD 8.8) different prescriptions 
and 1.3 (SD 1.0) different GLTs in the 6 months preceding 
study entry. Insulin was prescribed to 11 699 participants 
(14.0%) during that time.

Over a follow- up of 6.75 years (mean 3.9 (SD 2.0) years), 
521 (0.6%) non- traumatic minor or major lower limb 
amputations were observed, with 309 major- only ampu-
tations occurring during this period, corresponding to 
overall and major- only amputation rates of 1.62 and 0.96 
per 1000 person- years, respectively. The observed distri-
bution of QOF indicator attainment and NDA process 
completion, clustered by the number of indicators/
processes achieved, is outlined in table 2. The HbA1c, 
blood pressure, and cholesterol QOF indicators were met 
by 54 595 (65.2%), 48 675 (58.2%), and 63 038 (75.3%), 
respectively, with 27 653 (33.0%) meeting all three indi-
cators. NDA process completion ranged from 54 818 
(65.5%; retinal screening) to 80 392 (96.1%; blood pres-
sure measurement). Most (70 673, 84.5%) completed 
seven to nine NDA processes, but fewer than half (35 
462, 42.4%) completed all nine. Those who did not have 
a measurement during the year of interest were classi-
fied as not attaining the corresponding indicator. This 
included 4759 (5.7%), 3296 (3.9%), and 7680 (9.2%) for 
HbA1c, blood pressure, and cholesterol, respectively.

Associations between QOF indicator exposures and lower 
limb amputation
The unadjusted and adjusted associations between expo-
sure to attainment of each of the QOF indicators and 
incident lower limb amputation are displayed in table 3. 
HbA1c and cholesterol indicator attainment were asso-
ciated with lower rates of minor or major amputation in 
both the unadjusted and adjusted analyses (adjusted HRs 
(95% CI) 0.61 (0.49 to 0.74; p<0.0001) and 0.67 (95% 
CI 0.53 to 0.86; p=0.0017), respectively). Whereas, attain-
ment of only the QOF HbA1c indicator was significantly 
associated with lower risk of major- only amputation in 

both unadjusted and adjusted analyses (adjusted HR 
0.69 (95% CI 0.49 to 0.97; p=0.0302)). Blood pressure 
indicator attainment was not significantly associated with 
minor or major amputation rates (adjusted HR 0.88 (95% 
CI 0.73 to 1.06; p=0.19)) or major- only amputation rates 
when assessing our secondary outcome (adjusted HR 0.81 
(95% CI 0.59 to 1.10; p=0.1754)). Though, attainment of 
all QOF indicators was associated with a 36% decreased 
risk of major or minor amputation (adjusted HR 0.64 
(95% CI 0.5 to 0.81; p=0.0002)). Figure 1 displays key 
adjusted HR estimates and corresponding 95% CIs across 
exposures for the primary and secondary outcomes. Full 
model results (ie, including unadjusted and adjusted HR 
estimates for all covariates across both outcomes) are 
available in the online supplemental material.

Associations between NDA process completion exposures 
and lower limb amputation
Table 3 presents associations between NDA care process 
categories and incident lower limb amputation. For all 
comparisons, substantially lower minor or major ampu-
tation rates were observed among those who completed 
a greater number of care processes after adjustment for 
potential confounders (adjusted HRs 0.45 (95% CI 0.24 to 
0.83; p=0.0106), 0.67 (95% CI 0.47 to 0.97; p=0.0319), and 
0.38 (95% CI 0.20 to 0.70; p=0.0022) for comparisons of 
4–6 vs 0–3, 7–9 vs 0–3, and 7–9 vs 4–6 completed processes, 
respectively). Results were relatively consistent for major- 
only amputation with exception of the 4–6 vs 0–3 compar-
ison. Adjusted HRs are again shown graphically in figure 1 
for both outcomes. Additionally, online supplemental figure 
1 displays Kaplan- Meier amputation free survival curves and 
corresponding 95% CIs for each exposure.

Full model results are available in the online supple-
mental material. Adjusted HRs show the number of 
complications to be the only covariate consistently 
significant across all QOF and NDA exposures for either 
the primary or secondary outcome, which is associated 
with increased amputation risks ranging from 142% 
(adjusted HR 2.42 (95% CI 2.10 to 2.78; p<0.0001)) to 
220% (adjusted HR 3.2 (95% CI 2.56 to 4.01; p<0.0001)) 
as well as from 135% (adjusted HR 2.35 (95% CI 2.01 
to 2.75; p<0.0001)) to 262% (adjusted HR 3.62 (95% CI 
2.62 to 5.01; p<0.0001)) corresponding to the primary 
and secondary outcomes, respectively. Other covariates 
(eg, Asian ethnicity) show associations, among various 
exposures, with significant risk reductions in amputa-
tion—whether major or minor, or major- only. Model 
concordance (C-) statistics range between 0.8409 (95% CI 
0.8405 to 0.8413) and 0.9260 (95% CI 0.9255 to 0.9264) 
as well as between 0.8453 (95% CI 0.8435 to 0.8471) and 
0.9499 (95% CI 0.9488 to 0.9510) for the primary and 
secondary outcomes, respectively, across all exposures, 
reflecting strong model fit.

Sensitivity analyses
In the analyses of the QOF indicators restricted to those 
participants who had met the other two QOF indicators, 

Variable n or mean % or SD

Duration of diabetes (years) 7.40 5.51

Number of diabetes 
complications

1.66 1.26

Number of GLT prescriptions 
within preceding 6 months

1.32 0.99

Insulin prescription within 
preceding 6 months

11 699 13.98

Number of prescriptions within 
preceding 6 months

8.02 8.76

GLT, glucose lowering therapy; IMD, Index of Multiple Deprivation.

Table 1 Continued
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results for HbA1c and cholesterol indicator attainment 
were inconsistent for the primary outcome (adjusted 
HRs 0.83 (95% CI 0.61 to 1.13; p=0.2399) and 1.04 (95% 
CI 0.59 to 1.84; p=0.8816), respectively), as well as for the 
secondary outcome for HbA1c (adjusted HR 1.16 (95% 
CI 0.70 to 1.92; p=0.5575)). Results for blood pressure 
attainment were consistent (adjusted HRs 0.92 (95% CI 
0.65 to 1.29; p=0.6240) and 0.89 (95% CI 0.51 to 1.54; 
p=0.6823)) for major or minor and major- only amputa-
tions, respectively (see online supplemental material). In 
the analyses restricted to those who had not met either of 
the other two QOF indicators, results were consistent with 
the primary analysis for all indicators (adjusted HRs 0.42 
(95% CI 0.22 to 0.78; p=0.0064) and 0.19 (95% CI 0.05 
to 0.73; p=0.0154) for HbA1c, 0.79 (95% CI 0.53 to 1.17; 
p=0.2336) and 0.85 (95% CI 0.41 to 1.75; p=0.6615) for 
blood pressure, and 0.65 (95% CI 0.44 to 0.96; p=0.0316) 
and 0.85 (95% CI 0.47 to 1.54; p=0.5902) for cholesterol 
corresponding to the primary and secondary outcomes, 
respectively) (see online supplemental material).

DISCUSSION
We investigated the associations between attainment 
of QOF clinical indicators, completion of NDA care 
processes, and non- traumatic lower limb amputations 
among those with type 2 diabetes. We observed that 
minor or major, as well as major- only, amputation rates 
were 26%–51% and 3%–51%, respectively, lower among 
those who met the HbA1c indicator and 14%–47% lower 
among those who met the cholesterol indicator for our 
primary outcome. However, we did not find evidence of 

association between blood pressure indicator attainment 
and amputation. Sensitivity analyses for both outcomes 
were indicative that the incremental gains associated 
with HbA1c and cholesterol indicator attainment may 
be lower when greater numbers of QOF indicators have 
been met overall, in keeping with the idea that relative 
risk reduction is greater where baseline absolute risk 
is higher. Substantially lower amputation rates across 
both outcomes were also observed among those who 
completed a greater number of NDA care processes, 
indicative of benefits of comprehensive care. Although 
formal trial evidence regarding the association between 
HbA1c control and amputations is relatively sparse in view 
of amputations being a relatively infrequent outcome,21 22 
our HbA1c indicator findings correspond with results of 
a number of observational studies.23–26 These suggest a 
relatively linear relationship between HbA1c and ampu-
tations, at least within the limits of glycemic control 
considered optimal in terms of other important diabetes 
complications.23 24 26 Previous observational and random-
ized studies are similarly in agreement with our findings 
relating to the cholesterol indicator.27 28

Regarding blood pressure control, although this plays 
an essential role in the management of type 2 diabetes 
as part of comprehensive secondary prevention, after 
adjustment for other study covariates, we did not find an 
association between blood pressure (at the QOF indicator 
threshold) and lower limb amputation. This corresponds 
with the findings of some,29 but not all,30 previous studies. 
Residual confounding may be relevant to the apparent 
lack of association. Hypertension is a well- established risk 

Figure 1 Key HR estimates (and corresponding 95% CIs) for risk of first major or minor amputation (left), and first major 
amputation (right), across exposure definitions. BP, blood pressure; Chol, cholesterol; Hb1c, glycated hemoglobin; NDA, 
National Diabetes Audit; QOF, Quality and Outcomes Framework.

https://dx.doi.org/10.1136/bmjdrc-2020-002069
https://dx.doi.org/10.1136/bmjdrc-2020-002069
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factor for peripheral arterial disease.31 However, the inter-
play between peripheral arterial disease, blood pressure, 
and foot perfusion is not clearly understood, and it may 
be the case that relatively low blood pressure is unfavor-
able in the context of compromised vascular supply (ie, 
those with existing vascular disease). There may also be 
an element of reverse causation, as autonomic neurop-
athy can lead to relative hypotension, and neuropathy is 
part of the pathological process that results in amputa-
tion among those with diabetes.32

Overall, our findings generally support use of the 
current QOF and NDA indicators in reducing the risk 
of amputations. The reduction in amputation rates seen 
over the last decade4 may be due to the emphasis placed 
on secondary prevention through QOF over the last 17 
years, given the associations between QOF indicator 
achievement, care process delivery, and amputation inci-
dence that we demonstrate in our study. More refined 
analyses among those in whom relative hypotension does 
not reflect underlying disease would aid interpretation of 
the blood pressure findings. And indeed, the QOF blood 
pressure indicator was amended in 2019–2020, such 
that it no longer applies to those with moderate- severe 
frailty, who are at potentially greatest risk of blood pres-
sure effects of comorbidities.33 Regarding the potentially 
more limited benefit of meeting QOF indicators where 
relatively comprehensive care is already achieved, this 
makes theoretical sense and is supported by the trend 
in point estimates observed in our sensitivity analyses. 
However, these analyses will also have been relatively 
underpowered (reflected in the larger CIs), hence we 
would not conclude that control to indicator levels is not 
beneficial where other indicators are met. Even if this 
were the case, we have previously observed that indicator 
attainment in this context is associated with lower occur-
rence of mortality and hospital admissions (manuscripts 
currently under review).

In terms of mechanisms to further type 2 diabetes 
prevention activities to help mitigate against ongoing 
increases in lower limb amputation events, it will be 
important that this is balanced against the disutility asso-
ciated with comprehensive diabetes care (particularly as 
this is potentially not dissimilar to that associated with the 
conditions that predispose to amputation, and amputa-
tion is a relatively rare outcome).3 Strategies to reduce 
the disutility associated with diabetes care would be 
helpful. These should be guided by those with diabetes, 
but as examples, adaptations could include facilitating 
safer and less financially costly access to dietary and phys-
ical activity options, providing easy- to- negotiate follow- up 
mechanisms, and inclusive care with strong continuity.

The strengths of this study include the sample size and 
that the sample is likely to be reasonably representative 
of the population of interest. The CPRD employs routine 
quality assurance checks,34 35 and CPRD data have been 
shown to offer clinical predictive value and similar inci-
dence to other sources of UK health data.34 35 They 
have previously been successfully used for validation of 

amputation risk predictive modelling among those with 
type 2 diabetes,24 and the dataset has a linkage to non- 
primary care data including hospital admissions on a 
prospective basis. The dataset enabled adjustment for 
many potential confounders. QOF incentivizes use of 
standard recording methods, and HES data are widely 
used and considered to be of high quality. HES data are 
subject to regular national audits, and a systematic review 
has evaluated its accuracy as high for both diagnoses and 
procedures.36

There are, nonetheless, important limitations to our 
study. An element of miscoding and misclassification will 
have occurred as a result of inconsistency in general prac-
titioner coding practices. That we defined our exposure 
using 2010–2011 data, and did not assess variation over 
time, will also have led to some heterogeneity in clinical 
status as related to exposure classification and potential 
dilution of effect. For the major- only secondary outcome, 
some individuals had prior minor amputations during 
the study period. Our study population excludes those 
with amputation history at baseline, who may experience 
different incidence rates. Additionally, the events and 
rates reported correspond to first amputations (whether 
overall (primary analysis) or major- only (secondary anal-
ysis)), where censoring occurs at the time of first ampu-
tation, rather than overall amputation rates during the 
study period for this cohort. It is also possible that the 
exposures could, to an extent, reflect level of engage-
ment with care more generally, as much as their specific 
physical correlates. Our interpretation of the analyses of 
NDA care processes is limited by their examination as 
a ‘count’ measure, rather than individual processes. It 
would be anticipated that some processes, such as foot 
examination, would be particularly relevant to amputa-
tion prevention.37–39 Finally, mortality- driven censoring 
could be more prevalent among those with higher 
amputation risks,40 with different distributions between 
exposed and unexposed groups. Thus, the Cox propor-
tional hazards assumption of non- informative censoring 
may not apply to all individuals.

Both comprehensive diabetes care, and HbA1c and 
cholesterol control to the levels investigated, are associ-
ated with considerably lower risks of lower limb ampu-
tation. This information may help inform individual 
diabetes management and medical decision- making, as 
well as diabetes- related resource allocation. It supports 
widening access to comprehensive diabetes care. Inclu-
sive discussions around reducing care disutility may help 
promote both equity in access and care uptake.
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