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Abstract

Background: We aimed to determine whether family practices’ achievement of diabetes quality of care targets is associated
with diabetic retinal disease in registered patients.

Methods: Data for achievement of diabetes quality of care targets, including the proportion of patients with HbA1c#7.5%,
for 144 family practices in London UK, for the years 2004/5 to 2007/8, were linked to data from a population-based diabetes
eye screening programme collected from September 2007 to February 2009. Analyses were adjusted for age, sex, duration
and type of diabetes, unadjusted diabetes prevalence, ethnicity and deprivation category.

Results: Data were analysed for 24,458 participants with one or more eye screening results in the period. There were 9,332
(38%) with any diabetic retinopathy and 2,819 (11.5%) with sight threatening diabetic retinopathy (STDR), including 2,654
(10.9%) with maculopathy. Among participants registered at 13 family practices that were in the highest quartile for
achievement of the HbA1c quality of care target for all four years of study, the relative odds of any diabetic retinopathy
were 0.78 (0.69 to 0.88) P,0.001. For participants at 12 practices consistently in the lowest quartile of HbA1c achievement,
the relative odds of any diabetic retinopathy were 1.16 (1.03 to 1.30), P = 0.015. In the highest achieving practices, the
relative odds of maculopathy were 0.74 (0.62 to 0.89), P = 0.001 and STDR 0.77 (0.65 to 0.92), P = 0.004.

Conclusions: The risk of diabetic retinopathy might be lower at family practices that consistently achieve highly on diabetes
quality of care targets for HbA1c.
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Introduction

Maintaining and enhancing the quality of medical care is an

increasing concern for all health systems. The US Institute of

Medicine [1] drew attention to the ‘quality chasm’ that exists

between the potential of modern medical management of chronic

illnesses and the reality of routine chronic illness care. As a result,

patients experience a considerable burden of preventable compli-

cations, and funders and providers of health services face rapidly

escalating costs of chronic illness care.[2]

The use of incentives to encourage professionals to adhere to

specific processes of care and achieve designated quality of care

targets for intermediate outcome measures has received growing

attention as one strategy to improve the quality of chronic illness

care.[3] The English National Health Service has made systematic

use of contractual financial incentives through a program for family

practitioners known as the Quality and Outcomes Framework

(QOF).[4] The program was introduced in 2004 to reward family

practices for achieving clinical targets across a range of chronic

conditions, including diabetes. Up to one-third of practice income

may be derived from pay-for-performance incentives, with diabetes

accounting for nearly 10% of all incentives. Several studies have

demonstrated improving clinical performance under these new

contractual arrangements, including increased levels of achieve-

ment of key process measures and intermediate outcomes.[5–8]

Inequalities in care have also diminished.[9]

However, there remain significant doubts concerning the value

of an approach based on quality of care targets. The system is

costly and may emphasise only the more tangible aspects of patient

care.[10] The apparent benefits may reflect improved recording of

clinical information and it is not yet clear that these are translated

into better patient outcomes. A key question concerns whether

family practices’ achievement of quality of care targets is

associated with better health outcomes. In the present study, we

aimed to determine whether family practices’ consistent high-

achievement of the HbA1c target was associated with the

subsequent risk of diabetic eye disease. We linked data on

practices achievement of pay-for-performance targets in the period

2004 to 2008, to the results of a population-based diabetes eye

screening programme obtained in the period 2007 to 2009.

PLoS ONE | www.plosone.org 1 April 2010 | Volume 5 | Issue 4 | e10424

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by UCL Discovery

https://core.ac.uk/display/1897935?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Methods

The study was set in three inner-city boroughs in London UK

that are characterised by high levels of social and material

deprivation and have about one third of their total population

drawn from black and ethnic minority groups. Family practices

were included in the study if they were located in the three

boroughs and contributed data to the Quality and Outcome

Framework in all four years of study. Data for the achievement of

QOF targets for diabetes were obtained from the NHS

Information Centre as reported previously.[11] Data were

analysed for the family practice-specific proportions of eligible

diabetic patients in each year whose HbA1c was #7.5%, blood

pressure was #145/85 mmHg or serum cholesterol was

#5 mmol/l.[8] For each year of study, we grouped family

practices into quartiles for achievement of each target. We then

identified family practices that remained in the top quartile for

achievement of HbA1c targets throughout all four years of study.

We also identified those practices that remained in the bottom

quartile of achievement of the HbA1c target throughout all four

years of study. Similarly, we identified those practices that always

remained in the top quartile for achievement of blood pressure or

cholesterol targets. Data were also included for the prevalence of

diabetes at each practice in 2007, based on the number of diabetes

subjects included in the practice diabetes register and the practice

list size. However, it was not possible to adjust diabetes prevalence

for the varying distributions of age or ethnicity at different

practices. Family practice level data for the achievement of targets

were then linked to data for population-based diabetes eye

screening using the National Health Service (NHS) general

practice code. This code is unique to each family practice. The

NHS general practice code was never missing from the Quality

and Outcomes Framework data; neither was the NHS general

practice code ever missing from any of the screening records. This

is because the screening programme draws participants from

general practice registers as the sampling frame.

The English diabetic retinopathy screening program is offered

annually to all patients with diabetes who are registered with

family practices in England.[12] In the three London boroughs

included in this report, all diabetic patients registered with

practices are offered appointments. Patients may also be referred

by family practices or diabetes specialists. Screening is by 2-field

digital photography. Photographs are primary and second-disease

graded as recommended by the English National Screening

Programme for Diabetic Retinopathy.[13] If there is a difference

of classification, the images are referred for arbitration grade by

consultant ophthalmologists. Screening outcomes were analysed

using grades recorded separately for each eye. Participants were

classified as not attending for screening if they were called for

screening but had no recorded eye grade during the study period.

Participants were classified as having maculopathy if the eye grade

was recorded as M1 in either eye. Participants were recorded as

having any diabetic retinopathy if the eye grading was recorded as

R1, R2 or R3 in either eye. Sight-threatening diabetic retinopathy

(STDR) is defined as any grade that includes severe non-

proliferative retinopathy (R2), proliferative retinopathy (R3),

and/or maculopathy (M1). Data for screening outcomes were

analysed using the highest grades of eye disease recorded during

the period.

Other fields included in analyses included age by ten year age

group; sex; type of diabetes including Type 1, Type 2 and ‘Other

and not specified’; duration of diabetes by five year group and a

category for not known. The postcode of the subject’s home

address was linked to the Super Output Area (SOA) Indices of

Multiple Deprivation 2007 (IMD) Score.[14] SOAs are small

geographical units with resident populations of approximately

1,500 participants. The sample was divided into quintiles of

deprivation using the ranks of the IMD scores. Self-assigned

ethnicity recorded at the time of screening was analysed using the

categories ‘African’, ‘Caribbean’, ‘Black other’, ‘South Asian’,

‘Mixed’, ‘Other ethnic group’ and ‘not known’.

Data were tabulated and random effects logistic regression

models were fitted using Stata version 11.[15] Data were analysed

at the individual participant level. Family practice was included as

a random effect. In order to evaluate the stability of the estimates

obtained we performed several sensitivity analyses. We allowed for

the exclusion by practices of a small proportion of diabetic

participants as ‘exceptions’. We corrected the estimated achieve-

ment of the HbA1c target for exceptions by multiplying the

percent achievement by 100 minus the percent excluded as

exceptions at each practice. Analyses were repeated using the

exception-corrected values. We also repeated the analyses using

the practices included in the highest or lowest tertiles rather than

quartiles. We also repeated the analyses using estimation by

Generalised Estimating Equations. The results of these sensitivity

analyses are presented.

The Research Ethics Committee of Guy’s Hospital, London

reviewed the proposal for this project and advised that the project

was a service evaluation and was not required to be ethically

reviewed under the terms of the Governance Arrangements for

Research Ethics Committees in the UK (Reference 2008–11; letter

dated 29th July 2008). Data analysed for the project were derived

from the minimum data set for the diabetic retinopathy screening

programme. The proposal to access fully anonymised records was

approved by the Caldicott Guardian of Guy’s and St Thomas’

Hospital (communication dated 18th June 2008).

Results

Figure 1 shows flowcharts detailing the inclusion and exclusion

of family practices and screening records for the study. There were

152 family practices in the three boroughs during the period 2004

to 2008 but seven practices did not contribute data on pay-for-

performance targets in each year of study and were excluded, as

was one practice that had no participants included in the diabetes

eye screening database, leaving 144 practices (95%) for further

analysis. The 144 study practices identified 31,458 registered

diabetic participants in their 2007–8 QOF returns. The median

number of diabetic patients per practice was 178 (interquartile

range 131 to 280). There were 36 practices in the highest quartile

for HbA1c target in 2004–5 of whom 21 were also in the highest

quartile in 2005–6, 17 in 2006–7 and 22 in 2007–8. There were 13

practices that remained in the top quartile for achievement of the

HbA1c target throughout the period 2004 to 2008. There were 12

practices that remained in the bottom quartile for achievement of

HbA1c target throughout this period.

Data were obtained from the Diabetes Eye Screening Program

for all episodes from 1st September 2007 to 28th February 2009.

Initially, data were evaluated for 76,351 records but 4,567

duplicate episodes were excluded; as were 4,138 episodes excluded

as ineligible for screening because they attended a different

hospital for eye screening (252), were deceased (2,630), were

medically unfit (86), moved out of the area (925), were blind (27),

denied being diabetic (65) , were under 12 years of age (10) or had

opted out of the screening programme (143); 6,750 episodes with

appointment dates after 28th February 2008; 319 records excluded

for participants that were not resident in South London boroughs,

1,003 from non-study practices; and 79 records with missing

HbA1c and Diabetic Retinopathy
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gender. There were then 59,495 records of appointments and

episodes, from 31,484 participants, available for further analysis of

whom 24,458 took up the screening offer and had retinal

photographs performed.

Table 1 shows the characteristics of practices and individual

patients included in the study groups. For practices that were

always in the highest quartile for HbA1c achievement, the family

practice-specific median (interquartile range) percent of patients

achieving HbA1c#7.5% was 66.7 (62.4 to 70.7) in 2004–5

increasing to 74.5 (72.7 to 80.6) in 2007–8. For practices that were

always in the lowest quartile, the equivalent figures were 40.7 (38.4

to 43.9) in 2004–5 increasing to 52.5 (48.9 to 55.7) in 2007–8. In

2007, median achievement of the blood pressure target for the

higher group of practices was 87% compared with 68% for the

lower group of practices; for the cholesterol target the median

achievement was 87% and 71% for higher and lower performing

practices respectively. Higher achieving practices were generally

similar to all practices but they showed a slightly higher rate of

exception reporting than all practices. Practices that were low

achieving for the Hba1c target showed lower screening uptake, a

higher proportion of ethnic minority patients and a higher

proportion of registered diabetic patients resident in the most

deprived areas. Individual patient deprivation score ranks were

correlated within practices, with an intraclass correlation coeffi-

cient of 0.28.

Table 2 shows the distribution of any diabetic retinopathy,

maculopathy and sight threatening diabetic retinopathy for

practices in relation to achievement of pay-for-performance

targets over time. Odds ratios were adjusted for age group, sex,

type of diabetes, duration of diabetes, self-reported ethnic group

and deprivation quintile as well as each of the variables shown. For

practices that always remained in the highest quartile for HbA1c

achievement, the prevalence of any diabetic retinopathy was

approximately 4% lower, with maculopathy 2% lower and STDR

2% lower, than for other practices. In adjusted analyses, the

relative odds of diabetic retinopathy were approximately 22%

lower for high achieving practices than for other practices. The

estimated adjusted relative odds for maculopathy and STDR were

also lower for practices that achieved highly on HbA1c targets

than other practices. For practices that were always in the lowest

quartile for HbA1c achievement the prevalence of any diabetic

retinopathy was approximately 3% higher, and the adjusted

relative odds of any diabetic retinopathy were about 16% higher

than for other practices. Similar point estimates were observed for

maculopathy or STDR, but associations for these outcomes did

not reach conventional levels of statistical significance. There was

no association of diabetic retinopathy with consistently high

achievement of the blood pressure target or the cholesterol target.

In a one-way analysis of variance, there was evidence of

practice-level variation in the distribution of retinopathy. Intra-

class correlation coefficients (ICCs) by practice were: for diabetic

retinopathy 0.007 (P,0.001), for maculopathy 0.003 (P,0.001)

and for sight-threatening retinopathy 0.001 (P = 0.003). These

small ICCs may be interpreted as showing evidence of practice-

Figure 1. Flowcharts showing selection of family practices and screening records for analysis. Figure 1a): Selection of family practices.
Figure 1b): Selection of records for analysis.
doi:10.1371/journal.pone.0010424.g001
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level variation in the three measures of retinal disease. The ICCs

were of small magnitude suggesting that within practices the

distribution of retinal disease is, as expected, largely determined by

individual characteristics such as the duration of diabetes and

quality of blood glucose control in each subject.

Table 3 shows the results of sensitivity analyses. Correction for

practices’ exclusion of certain patients as exceptions tended to

increase the strength of estimated associations. Use of tertiles,

rather than quartiles, for analysis tended to diminish observed

associations but did not eliminate them. There were 20 family

practices (14%) always in the top tertile, and 17 (12%) of practices

always in the bottom tertile, for HbA1c achievement. Use of

alternative statistical methods for estimation did not alter

conclusions. No association with any diabetic retinopathy was

observed for family practices that were in the highest or lowest

quartiles for only two or three years of study.

Discussion

These results suggest that diabetic patients who are registered

with family practices that consistently achieve highly on targets for

HbA1c have a reduced risk of retinopathy. This association is

biologically plausible. In type 2 diabetes, a 1% reduction in mean

HbA1c in type 2 diabetes is associated with a 37% reduction in

risk of microvascular complications.[16] In type 1 diabetes,

differences in HbA1c explain ‘virtually all’ of the risk of

microvascular complications of diabetes.[17] Although the asso-

ciation between HbA1c and retinopathy is well established [18],

few studies have identified organisational characteristics that may

mediate this relationship. The association between HbA1c

achievement and retinopathy was graded, with practices that are

consistently in the lowest quartile for achievement of the HbA1c

target showing an increased risk of retinopathy. We did not find a

large effect. However, four years is a short space of time in the

evolution of diabetic retinopathy and the detection of

any association may be clinically important. The study had

the strength of the large sample size required to detect small

effects.

The association between HbA1c achievement and retinopathy

was specific. Associations were not observed for achievement of

blood pressure or cholesterol targets. Lower blood pressure is

associated with a reduced rate of progression of diabetic

retinopathy. In the UK Prospective Diabetes Study, tight blood

pressure control was associated with a 34% reduction in

retinopathy progression over nine years.[19] High achievement

of blood pressure targets might be expected to be associated with

reduced retinopathy but this was not observed in these analyses.

One possible explanation may be the generally high level of

achievement of blood pressure targets in the Quality and

Outcomes Framework. In England, the blood pressure target

was achieved for median 71% of diabetic patients in 2004–5 and

80% in 2007–8.[8] In our data, the top performing practices had

87% achievement of the blood pressure target in 2007, compared

with 77% for all other practices and 68% for the lowest

Table 1. Characteristics of participants according to pay-for-performance category.

Achievement of HbA1c target

All practices

Practices always
in top quartile
2004–2008 P valuea

Practices always
in bottom quartile
2004–2008 P valuea

Practice-level data

Practices 144 13 12

Diabetes patients per practice (median, IQR)b 178 (131 to 278) 190 (157 to 233) 0.300 166 (109 to 302) 0.969

Diabetes prevalence (median, IQR, %) 3.4 (2.9 to 4.1) 3.0 (2.4 to 3.7) 0.116 3.7 (3.1 to 4.6) 0.198

Percent excepted from HbA1c target in 2007
(median, IQR)b

10.8 (7.6 to 14.4) 12.1 (7.7 to 19.5) 0.021 9.8 (6.7 to 15.6) 0.945

Percent of registered patients achieving
HbA1c#7.5% (median, IQR)b

2004 53.3 (46.5 to 59.4) 66.7 (62.4 to 70.7) 40.7 (38.4 to 43.9)

2005 56.8 (50.0 to 63.3) 79.4 (72.0 to 80.8) 46.5 (40.4 to 48.4)

2006 63.2 (55.9 to 70.0) 74.4 (72.3 to 83.9) 50.9 (46.9 to 53.1)

2007 63.6 (58.5 to 68.2) 74.5 (72.7 to 80.6) 52.5 (48.9 to 55.7)

Patient-level data

Called for screening 31,484 2,440 2,668

Screened 24,458 (78) 1,955 (80) 0.046 1,948 (73) 0.001

Femalec 11,966 (49) 952 (49) 0.859 964 (49) 0.576

Type 1c 1,571 (6) 144 (7) 0.254 106 (5) 0.174

Diabetes duration $10 yearsc 8,078 (26) 668 (27) 0.140 646 (24) 0.574

Ethnic minority groupc 10,353 (42) 809 (41) 0.814 1,140 (59) 0.001

Most deprived quintilec 4,863 (20) 334 (17) 0.442 561 (29) 0.029

Least deprived quintilec 4,952 (20) 497 (25) - 212 (11) -

Figures are frequencies (percent) except where indicated.
atest for difference between category and practices or patients not in that category.
bfigures are median (IQR) for distribution of practice-specific proportions.
cfigures are frequencies and percent of those who were screened for diabetic eye disease.
doi:10.1371/journal.pone.0010424.t001
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performing practices. These figures indicate a higher overall

achievement, and slightly smaller disparities, for the blood pressure

target as compared to the HbA1c target.

We evaluated the achievement of quality of care targets during a

four-year period before the evaluation of diabetic retinopathy.

Nevertheless, we cannot determine whether the observed

differences in the frequency of retinopathy were not already

present before the introduction of pay-for-performance. In

common with other studies that have evaluated the English pay-

for-performance program [5,9], our study did not have the

benefits of a control group and allocation through randomisation.

It is therefore important to employ appropriate caution in drawing

possible causal inferences. We cannot prove that the pay-for-

performance incentives were the cause of lower HbA1c values at

study practices and the findings may not be applicable outside the

context of UK primary care. Nevertheless, the results suggest an

important overall conclusion; family practices that on aggregate

achieve better blood glucose control, whatever its cause, may

experience less diabetic retinopathy in their patients.

Studies have shown that quality of primary care is associated

with socio-economic position [20] but in the UK inequalities in

diabetes care are becoming less consistent [21,22]. Residual

confounding might be advanced as an explanation for the

observed association between pay-for-performance achievement

and diabetic retinopathy. High-achieving practices served slightly

less deprived populations, and low-achieving practices served

substantially more deprived populations on average than other

practices. Low socio-economic position and deprivation have

generally been shown to be associated with increased frequency of

diabetes-related complications.[23] However, the evidence with

respect to diabetic retinopathy is conflicting with some studies

showing no association with socioeconomic position [24,25] or

giving inconsistent results [26]. While our analyses were adjusted

for deprivation score, residual confounding might have been

present as deprivation was measured at small-area level rather

than being based on individual subject characteristics. The

specificity of the association for achievement of the HbA1c target

and the lack of association with the blood pressure or cholesterol

target argue against this interpretation. Socio-economic position

was more strongly associated with poor performance than with

high performance, but retinopathy was less strongly associated

with poor performance and more strongly associated with high

performance. However, elevated HbA1c may be part of the causal

pathway linking lower socio-economic position to retinopathy.

Socioeconomic position is not a true confounder. Even if targets

are more readily achieved by practices serving more affluent

populations, this does not vitiate the conclusion that the resulting

better control of blood glucose may contribute to lower risk of

retinopathy.

An additional explanation for the association of target

achievement with diabetes eye screening outcomes is the socio-

economic patterning of screening uptake. In particular, screening

uptake was lower at low-performing practices and screening

uptake may be differential with respect to the risk of retinopathy.

However, a previous study found only modest socio-economic

inequalities in diabetes eye screening outcomes in the study

area.[25,27]

Ascertainment of early diabetes might be greater at better

performing practices, leading to a higher prevalence of diabetes

and apparently lower frequency of retinopathy. Our analyses were

adjusted for diabetes prevalence. However, at the level of the

family practice, distributions of age or ethnicity may have an

important influence on diabetes prevalence and our estimates for

diabetes prevalence were not adjusted for these variables.
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Individual-level data for diabetic retinopathy grade were

clustered by family practice as evidenced by the positive intraclass

correlation coefficients for retinal disease. This was recognised in

analyses in which random effects logistic models were used to

inflate standard errors for clustering. Additional analyses were

implemented using either Generalised Estimating Equations.

Either of these analytical approaches gave results that were

generally consistent with those presented. However, the small

magnitude of the ICCs suggests that even at higher- or lower-

performing practices, individual level characteristics such as the

duration of diabetes or the quality of blood glucose control in each

subject are, as expected, crucial in determining the distribution of

diabetic retinal disease.

Data for HbA1c were aggregated to practice level and only

referred to the achievement of a single target of #7.5%. Estimated

associations were somewhat sensitive to whether quartiles or

tertiles were used. We used an approach to modelling the time

dimension that required practices to have remained in the highest

or lowest quartile of performance over four years. A more

sophisticated approach to analysis might be to model the

achievement of the HbA1c target as a continuous variable in

repeated measures framework. However, as there are as yet only

four time points represented in the dataset, accumulation of

further years’ data would provide suitable material for such an

analysis.

The present data provide evidence that family practices that on

aggregate achieve highly on the HbA1c quality of care target over

a period of at least four years, may have lower risk of retinopathy

among their registered diabetic patients. This supports the notion

that initiatives to promote quality of care, with targets for

intermediate measures, may be associated with improved long-

term health outcomes. Practices that remained in the highest

quartile for fewer than four years did not show an association with

retinopathy. This draws attention to the potential importance of

longer term time horizons than the annual review cycle currently

incentivised in the pay-for-performance program. Consistent

achievement of targets over longer periods than one year may

merit particular attention. We acknowledge a number of

limitations to the interpretation of the present data, nevertheless

our study demonstrates the potential of data linkage in the future

evaluation of policy interventions. Future analyses should aim to

provide additional information by utilising data collected over

longer periods of time, and by evaluating incident eye disease both

before and after the introduction of quality of care initiatives.

Author Contributions

Conceived and designed the experiments: MCG HD SS MA. Performed

the experiments: MCG HD. Analyzed the data: MCG. Wrote the paper:

MCG HD SS MA. Contributed to and approved the paper: HD SS MA.

References

1. Institute of Medicine (2005) Committee on Quality of Health Care in America.

Crossing the quality chasm. A new health system for the 21st century.

Washington, D.C.: National Academy Press.

2. Wagner EH, Austin BT, Davis C, Hindmarsh M, Schaefer J, et al. (2001) Improving

chronic illness care: translating evidence into action. Health Aff 20: 64–78.

3. Epstein AM (2006) Paying for performance in the United States and abroad.

N Engl J Med 355: 406–408.

4. Roland M (2004) Linking Physicians’ Pay to the Quality of Care – A Major

Experiment in the United Kingdom. N Engl J Med 351: 1448–1454.

5. Doran T, Fullwood C, Gravelle H, Reeves D, Kontopantelis E, et al. (2006) Pay-

for-Performance Programs in Family Practices in the United Kingdom.

N Engl J Med 355: 375–384.

6. Campbell S, Reeves D, Kontopantelis E, Middleton E, Sibbald B, et al. (2007)

Quality of Primary Care in England with the Introduction of Pay for

Performance. N Engl J Med 357: 181–190.

7. Gulliford MC, Ashworth M, Robotham D, Mohiddin A (2007) Achievement of

metabolic targets for diabetes by English primary care practices under a new

system of incentives. Diabet Med 24: 505–511.

8. Vaghela P, Ashworth M, Schofield P, Gulliford MC (2009) Population

intermediate outcomes of diabetes under pay-for-performance incentives in

England from 2004 to 2008. Diabetes Care 32: 427–429.

9. Doran T, Fullwood C, Kontopantelis E, Reeves D (2008) Effect of financial

incentives on inequalities in the delivery of primary clinical care in England:

analysis of clinical activity indicators for the quality and outcomes framework.

Lancet 372: 728–736.

10. Ashworth M, Jones RH (2008) Pay for performance systems in general practice:

experience in the United Kingdom. Med J Aust 189: 60–61.

11. Ashworth M, Medina J, Morgan M (2008) Effect of social deprivation on blood

pressure monitoring and control in England: a survey of data from the quality

and outcomes framework. BMJ 337: a2030.

12. Scanlon PH (2008) The English national screening programme for sight-

threatening diabetic retinopathy. J Med Screen 15: 1–4.

13. National Screening Programme for Diabetic Retinopathy (2009) The National

Programme. Available http://www.retinalscreening.nhs.uk/pages/default.

asp?id = 2 accessed 8th May 2009.

14. Office for National Statistics (2009) Neighbourhood Statistics. Available: http://

www.neighbourhood.statistics.gov.uk/dissemination/accessed 8th May 2009.

15. Stata Coroporation (2009) Stata Statistical Software. Release 11. College

Station, Texas: Stata Press.

16. Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, et al. (2000)

Association of glycaemia with macrovascular and microvascular complications of

type 2 diabetes (UKPDS 35): prospective observational study. BMJ 321:

405–412.

17. Lachin JM, Genuth S, Nathan DM, Zinman B, Rutledge BN (2008) Effect of

glycemic exposure on the risk of microvascular complications in the diabetes

control and complications trial–revisited. Diabetes 57: 995–1001.

Table 3. Results of sensitivity analyses in which estimation methods and assumptions were varied.

Any diabetic retinopathy

Highest performing 2004–8 Lowest performing 2004–8

OR (95% CI)a P value OR (95% CI)a P value

Highest and lowest quartiles defined after correcting
for exception reporting

0.75 (0.64 to 0.89) 0.001 1.20 (1.07 to 1.36) 0.003

Highest and lowest tertiles used instead of quartiles 0.86 (0.77 to 0.96) 0.005 1.12 (1.01 to 1.23) 0.026

Estimation using Generalised Estimating Equations 0.78 (0.69 to 0.89) ,0.001 1.16 (1.04 to 1.29) 0.007

Association for practices that were highest/lowest quartile
for two or three years only

1.02 (0.94 to 1.12) 0.612 1.01 (0.93 to 1.10) 0.746

(OR, odds ratio; CI, confidence interval).
aodds ratios were adjusted for the same variables as in Table 2.
doi:10.1371/journal.pone.0010424.t003

HbA1c and Diabetic Retinopathy

PLoS ONE | www.plosone.org 6 April 2010 | Volume 5 | Issue 4 | e10424



18. Klein R, Klein BE, Moss SE, Davis MD, DeMets DL (1988) Glycosylated

hemoglobin predicts the incidence and progression of diabetic retinopathy.

JAMA: The Journal of the American Medical Association 260: 2864–2871.

19. UK Prospective Diabetes Study Group (1998) Tight blood pressure control and

risk of macrovascular and microvascular complications in type 2 diabetes:

UKPDS 38. BMJ 317: 703–713.

20. Tudor HJ (2000) Commentary: three decades of the inverse care law. BMJ 320:

18–19.

21. Khunti K, Ganguli S, Lowy A (2001) Inequalities in provision of systematic care

for patients with diabetes. Fam Pract 18: 27–32.

22. Edwards R, Burns JA, McElduff P, Young RJ, New JP (2003) Variations in

process and outcomes of diabetes care by socio-economic status in Salford, UK.

Diabetologia 46: 750–759.

23. Kelly WF, Mahmood R, Kelly MJ, Turner S, Elliott K (1993) Influence of social

deprivation on illness in diabetic patients. BMJ 307: 1115–1116.
24. Haffner S, Hazuda HP, Stern MP, Patterson JK, van Heuven WAJ (1989) Effect

of socioeconomic status on Hyperglycemia and Retinopathy levels in Mexican

Americans with NIDDM. Diabetes Care 12: 128–134.
25. Millett C, Dodhia H (2006) Diabetes retinopathy screening: audit of equity in

participation and selected outcomes in South East London. J Med Screen 13:
152–155.

26. Scanlon PH, Carter SC, Foy C, Husband RF, Abbas J, et al. (2008) Diabetic

retinopathy and socioeconomic deprivation in Gloucestershire. J Med Screen 15:
118–121.

27. Gulliford MC, Dodhia H, Chamley M, McCormick K, Mohamed M, et al.
(2010) Socioeconomic and ethnic inequalities in diabetes retinal screening

Diabet. Med 27: 282–288.

HbA1c and Diabetic Retinopathy

PLoS ONE | www.plosone.org 7 April 2010 | Volume 5 | Issue 4 | e10424


