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Background/Aims: Effective management of diabetic retinopathy requires multidisciplin
ary input. We aimed to evaluate the impact of point of care (POC) HbA1c testing as a tool to 
identify patients most in need of specialist diabetologist input and assess the accuracy and 
determinants of patients’ insight into their glycaemic and blood pressure control.
Methods: Forty-nine patients with diabetic retinopathy were recruited from the eye clinic at 
Great Western Hospital. Patients completed a questionnaire and POC HbA1c and blood 
pressure values were measured. Statistical analysis was completed with SPSS v23.
Results: Mean age was 64.4 years, median interval since the last formal HbA1c reading was 
10.2 months and the mean POC HbA1c was 64.1 mmol/mol. HbA1c significantly correlated 
with the degree of retinopathy. Of the patients, 81.6% had POC readings above the levels 
recommended by the National Institute for Health and Care Excellence, with only 16.3% 
having insight into this. Insight to HbA1c levels was predicted by age but not by duration of 
disease. Fourteen patients (33.3%) identified with high HbA1c readings were referred to 
secondary diabetic services and 88.8% of patients felt that the test was useful and likely to 
improve their diabetic control.
Conclusion: The majority of patients had poor insight into their diabetes control, with sub- 
optimal treatment and follow-up. Poor insight is high in younger patients, suggesting that 
POC HbA1c testing is particularly important in educating younger patients who may be Type 
1 diabetics with more severe disease. POC HbA1c represents a cost-effective, reproducible 
and clinically significant tool for the management of diabetes in an outpatient ophthalmology 
setting, allowing the rapid recognition of high-risk patients and appropriate referral to 
secondary diabetic services.
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Introduction
Diabetic eye disease remains one of the most common causes of visual impairment 
among the working adult population in the UK, with subsequent financial, eco
nomic, and health burden.1 Despite increasingly effective treatments including 
retinal laser, vitreoretinal surgery, and intravitreal treatments2 the prevalence and 
incidence of the disease continues to rise.3 Diabetes is a complex chronic disease to 
successfully manage; with reliance placed on the patients’ ability to perform regular 
glucose self-monitoring, administration of poly-pharmaceutical regimes, and mak
ing healthy lifestyle choices and regular attendance for clinical follow-up. Research 
shows chronic disease treatment non-adherence is as high as 50%.4 Diabetic 
patients are particularly predisposed to poor treatment adherence, with reported 
adherence rates of 53–67% for medications, 65% for diet, and 19% for exercise.4,5
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Regular glycemic self-monitoring is the mainstay of 
good diabetic management, providing valuable informa
tion to guide medical treatment and prevent acute and 
chronic complications. Nonetheless this remains one 
aspect that patients are notably neglectful of. A study 
showed that amongst Type 2 diabetics, 24% of insulin 
dependent, 65% of oral anti-diabetic medicated, and 80% 
of lifestyle managed patients administered self-monitoring 
of glucose less than once a month.6

HbA1c measurement provides an approximate average 
of glycemic control in the preceding 3 months. Frequent 
HbA1c testing, which reflects long-term glycemic control, 
also has prognostic predictors of diabetic outcomes. A UK 
multicenter meta-analysis study showed a direct correla
tion between deteriorating diabetic control and reduced 
frequency of HbA1c testing.7 In the same study, frequent 
HbA1c testing led to reductions in HbA1c levels, particu
larly in those with poor initial HbA1c recordings. 
Conversely, there was an increase in HbA1c levels with 
less frequent monitoring. They concluded that the optimal 
frequency of HbA1c monitoring was every 3 months, 
which is in keeping with current National Institute for 
Health and Care Excellence (NICE) guidelines.8

Ophthalmologists are faced with significant challenges 
when treating patients with diabetic eye disease. Poor 
medical history combined with inevitable delays in obtain
ing HbA1c lab results ultimately limits specialist input.

Point of care (POC) HbA1c testing using finger prick 
blood results could be a valuable screening tool in opti
mizing diabetic management and improving visual out
comes. POC HbA1c provides instant test feedback with 
the potential to streamline patient education and interven
tion. It also represents a cost-effective method of measur
ing HbA1c in the eye clinic, where it can be used as 
a triaging parameter to determine which patients would 
benefit most from referral onto diabetic specialists for 
intensification of management.

In the UK, the majority of diabetic patients have their 
diabetes managed by their primary care physician. The 
ability to offer outpatient appointments with diabetes spe
cialists is limited due to clinic capacity. In this study we 
therefore aimed to evaluate the viability and clinical 
impact of POC HbA1c testing as a tool to improve man
agement of diabetes in the NHS within an integrated 
healthcare setting. We also wanted to assess the accuracy 
and determinants of patients’ insight into their glycemic 
and blood pressure control.

Subjects and Methods
This study was completed in accordance with the ethical 
standards of the Helsinki Declaration of 1975 (as revised 
in 1983) and was approved by a local research and ethics 
committee at Great Western Hospital (GWH).

Recruitment
Consecutive patients were prospectively recruited from 
outpatient diabetic retinopathy clinics at GWH in the per
iod from November 2018 to December 2018. Inclusion 
criteria consisted of all patients over the age of 18 years, 
with either Type 1 or Type 2 diabetes, presenting with at 
least one eye actively affected by diabetic retinopathy with 
reduced visual acuity using the NHS Diabetic Eye 
Screening Program grading criteria during the sampling 
period.10 There were no applicable exclusion criteria; 
patients were asked if they wished to participate in the 
study, confirmed with written consent, and then consecu
tively recruited in the above period. None of the eligible 
patients asked to take part in the study declined.

Data Collection
Patients were asked prior to their appointment to com
plete an internally validated questionnaire formulated 
with multidisciplinary team input from the eye depart
ment following a pilot study. Questions detailing perso
nal perception of their glycemic and blood pressure 
control, type of diabetes, duration of disease, type of 
clinical management (ie, primary, secondary care), cur
rent medications for diabetes and hypertension were 
recorded. The following NICE objective HbA1c values 
were suggested as indicative ranges: Good control: <48 
mmol/mol, average control: ≥48–>58 mmol/mol, poor 
control: ≥58->75 mmol/mol, very poor control: ≥75 
mmol/mol.8 Furthermore, patients were asked their opi
nion toward the usefulness of POC HbA1c testing and 
the likelihood that the results would improve their dia
betes management and control.

All patients had their POC HbA1c sample tested using 
the Quo-Test A1c system (EKF Diagnostics, Cardiff, UK), 
which operates with a finger prick blood test. Blood pres
sure was measured using the Dinamap V100 monitor (GE 
Healthcare, IL, USA). Two separate blood pressure mea
surements were taken 5 minutes apart on the same arm, 
with the second reading recorded and used in the analysis 
as per British Hypertensive Society guidelines.11
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Following collection of questionnaire data, patient case 
notes and previous blood results were reviewed. 
Information regarding their previous retinopathy treat
ment, grade of retinopathy using the NHS DES classifica
tion of the worse eye,10 and the date and value of the last 
serum HbA1c taken either in primary or secondary care 
were recorded for all patients.

Data Analysis
All analyses were carried out using GraphPad Prism® 6 
(GraphPad Software, CA, USA) and SPSS ® Statistics 23 
(IBM, NY, USA). Shapiro–Wilk test was performed to 
assess normality of data. Continuous variables are 
expressed as mean±SD for normally distributed data and 
median (range) for those without a normal distribution, 
and compared using the independent samples t-test and 
Mann–Whitney U-test, respectively. Correlation was deter
mined using Spearman analysis. Multiple linear regression 
analysis for the accurate prediction of HbA1c levels was 
completed, including age, sex, type of diabetes, length of 
diabetes, and degree of retinopathy. All statistical tests 
were two-sided and P<0.05 was considered as statistically 
significant.

Results
Forty-nine patients fulfilled the inclusion criteria and were 
recruited in the study. Table 1 outlines the demographic 
data and measurements taken at the point of care in the 
outpatient clinic during the recruitment period. Mean age 
was 64.4±14.0 years and was significantly lower (P<0.01) 
in Type 1 diabetics (48.7±10.8) compared to Type 2 dia
betics (67.0±12.8, t-test). The patient cohort comprised of 
15 female (30.6%) and 34 male (69.4%) patients, with no 
significant difference between age, onset of disease, and 
HbA1c according to gender (Mann–Whitney U-test). 
Seven patients (14.3%) were Type 1 diabetics and 42 
(85.7%) were Type 2 diabetics. The duration of diabetes 
was significantly higher (P<0.01, Mann–Whitney U-test) 

in the Type 1 group (36 years [15–42]) compared to the 
Type 2 group (15 years [1–40]) (Table 2).

The median interval since the last HbA1c reading was 
209 days (25–299) and 129 days (25–516) in the Type 1 and 
Type 2 cohorts, respectively, with no significant difference 
(Table 2). The mean POC HbA1c was not significantly 
different between the two groups (63.5 and 64.2 mmol/mol, 
respectively, Mann–Whitney U-test). Fourteen patients 
(33.3%) who had POC HbA1c readings >64 mmol/mol 
were referred onto secondary diabetic services as per national 
guidelines. HbA1c significantly correlated with the degree of 
retinopathy (r=0.3). All Type 1 diabetics had significant 
diabetic retinopathy (R3M0 71.4%, R3M1 28.6%) and 
were treated with insulin therapy and routinely followed up 
in secondary care. Most Type 1 diabetics had grade 1 diabetic 
retinopathy (R1; 66.6%), with (R1M1; 33.3%) or without 
(R1M0; 33.3%) maculopathy. Type 2 diabetics were mostly 
on tablet therapy (81%) or combined tablet and insulin ther
apy (19%). Thirty-five (83.3%) were followed up in primary 
care by their general practitioner, and seven (16.7%) were 
reviewed in secondary care.

Table 1 Baseline Demographics

Age (years) 64.4±14.0

Diabetes duration (years) 16 (1–42)

Type 1 Diabetics 7 (14.3%)
Type 2 Diabetics 42 (85.7%)

Last formal HbA1c (days) 125 (25–516)

POC HbA1c (mmol/mol) 64.1±18.0
Systolic BP (mmHg) 150.9±17.0

Diastolic BP (mmHg) 76.4±10.8

Table 2 Ophthalmic Findings and Treatment

Type 1 
Diabetics

Type 2 
Diabetics

Age (years) 48.7±10.8 67.0±12.8

Duration of disease (years) 6 (15–42) 15 (1–40)

Last formal HbA1c (days) 209 (25–299) 129 (25–516)
POC HbA1c (mmol/mol) 63.5±17.9 64.2±18.2

Ocular findings
R1M0 – 14 (33.3%)

R2M0 – 4 (9.5%)
R3M0 5 (71.4%) 1 (2.4%)

R1M1 – 14 (33.3%)

R2M1 – 6 (14.3%)
R3M1 2 (28.6%) 3 (7.1%)

Diabetic Treatment
Insulin 7 (100%) –

Tablets – 34 (81%)

Insulin and Tablets – 8 (19%)

Ophthalmic treatment

None – 22 (52.4%)
Injections – 11 (26.2%)

Laser 5 (71%) 3 (7.1%)

Combination 2 (29%) 6 (14.3%)

Follow up

GP – 35 (83.3%)
Hospital 7 (100%) 7 (16.7%)
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Self-Perception of Glycemic Control 
Analysis
Prior to POC HbA1c measurements, patients were asked 
to self-rate their perception of their glycemic control on 
a rating scale of: good, average, poor, and very poor. Table 
3 illustrates the differences between patients’ perception of 
their glycemic control when compared to actual POC read
ings taken for both Type 1 and Type 2 diabetics, while also 
highlighting the percentage of patients who had good 
insight into their diabetic control. While most Type 1 
diabetics rated their glycemic control as good (71.4%), 
only one patient had an HbA1c reading below the recom
mended 48 mmol/mol and most (42.9%) had very poor 
control. The majority of Type 2 diabetics rated their gly
cemic control as average (66.6%), while approximately 
a third (35.7%) had poor control. No patients rated their 
glycemic control as very poor, while in fact this repre
sented 26.5% of the cohort. Spearman correlation showed 
a non-significant correlation of r=−0.23 between HbA1c 
level and perspective of glycemic control (Figure 1).

Overall, 42.3% (3/7) and 26.2% (11/42) of Type 1 and 
Type 2 diabetics were able to correctly self-rate their 
glycemic control (Table 3). Multiple linear regression 
was carried out to investigate the relationship between 
accuracy of predicted HbA1c and variables including 
age, type of DM, gender, years of DM diagnosis, and 
HbA1c. There was a significant relationship between accu
racy of predicted HbA1c and higher levels of HbA1c 
(P<0.001). The R2 value was 0.792, indicating that 
79.2% of the variation in HbA1c prediction accuracy can 
be explained by the model containing HbA1c levels and 
age. This suggests that, while older patients with a high 

HbA1c have the most insight into their HbA1c levels, 
younger patients do not.

In terms of usefulness of POC HbA1c testing, 100% of 
the Type 1 diabetics felt that performing the test was 
useful or very useful, with 100% feeling that having 
knowledge from instant point of care HbA1c results were 
likely or very likely to improve their diabetic control. 
Of the Type 2 diabetics surveyed, 85.7% (36/42) felt that 
performing POC HbA1c testing was useful or very useful 
and felt that it would likely or most likely improve their 
glycemic control.

Blood Pressure Analysis
The blood pressure of Type 1 and Type 2 diabetics was 
152.4±19.3/75.1±7.1 mmHg and 150.7±16.9/76.6±11.3 
mmHg, respectively, with no significant difference 
(t-test). All Type 1 diabetics were already on antihyperten
sive medications; monotherapy (n=3) and dual therapy 
(n=4). Within the Type 2 DM cohort five patients were 

Table 3 Perception of Glycemic Control

Glycemic Control (mmol/mol) Self-Rated Glycemic Control (%) POC Readings (%) Correctly Self-Identified (%)

Type 1 Diabetics

Good (<48) 5 (71.4%) 1 (14.3%) 1/5 (20%)

Average (≥48–58) 0 (0%) 1 (14.3%) 0/0 (0%)

Poor (≥58-75) 2 (28.6%) 2 (28.6%) 2/2 (100%)
Very poor (>75) 0 (0%) 3 (42.9%) 0/0 (0%)

Type 2 Diabetics

Good (<48) 11 (26.2%) 8 (19%) 3/11 (27.2%)
Average (≥48–58) 28 (66.7%) 9 (21.4%) 6/28 (21.4%)

Poor (≥58–75) 3 (7.1%) 15 (35.7%) 2/3 (66.7%)

Very poor (>75) 0 (0%) 10 (23.8%) 0/0 (0%)

Figure 1 HbA1c levels according to patient perspective.
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on no anti-hypertensive medications, 17 received mono
therapy, 18 dual therapy, and two were on triple therapy. 
While the majority of Type 1 (4/7, 57.1%) and Type 2 (30/ 
42, 71.4%) diabetics had poor BP control, only three 
(6.1%) rated their BP control as poor and overall only 
18.4% (9/49) were able to correctly self-rate their blood 
pressure control (Table 4).

Discussion
The main objective of the study was to establish the 
clinical value of POC HbA1c blood tests as a screening 
tool to identify diabetic patients with sight threatening 
diabetic retinopathy (SDTR) who would benefit from sec
ondary intervention to optimize their diabetic control. 
Effective ophthalmological intervention is ultimately lim
ited without medical and holistic optimization of the 
underlying diabetes.2 Poor glycemic control combined 
with cardiovascular risk factors such as blood pressure, 
abnormal lipid profile, high BMI, and prolonged duration 
of underlying disease represent risk factors for progression 
of diabetic retinopathy.15–20

The average duration of diabetic diagnosis for the total 
sample population was 18 years, the mean point of care 
HbA1c reading was 64.1 mmol/mol and average time 
interval since the last formal HbA1c result was 10.2 
months. Just over half of the patients (57.1%, 28/49) had 
a previous HbA1c result recorded within the last 6 months 
as recommended by the current NICE guidelines.8 

Fourteen patients were managed in hospitals with 64.3% 
(9/14) of patients having had a recent HbA1c test within 6 
months compared to 54.3% (19/35) of patients managed in 
primary care.

Our study found that, collectively, the majority of both 
Type 1 and Type 2 diabetic patients presenting to the clinic 

with diabetic retinopathy had poor insight into their gly
cemic and blood pressure control. High HbA1c levels 
were associated with a greater degree of retinopathy. 
Studies investigating patient vs clinical perceptions of 
diabetes often show a disparity in patient–clinician mis
match related to glycemic control, medical terms, and 
treatment compliance,12 and, as a consequence, have led 
to poorer outcomes for patients.13 Of the patients in our 
study, 81.6% had POC readings above NICE recom
mended good HbA1c levels of 48 mmol/mol,with only 
16.3% able to have good insight into this. Accuracy of 
HbA1c insight is predicted by age and not by type of 
diabetes or duration of disease, suggesting that POC 
HbA1c testing is particularly important in educating 
younger patients who may be Type 1 diabetics with more 
severe disease.

Patients felt POC HbA1c testing was useful with 
regards to diabetes care and would likely improve their 
glycemic control. Clinically, based on the results from the 
POC test, 14 patients required referral onto secondary 
diabetic services. The cut-off parameters for referral were 
all patients with POC HbA1c readings >64 mmol/mol, 
which is strongly associated with diabetic retinopathy 
and reflected in the Trust guidelines for referral. This cut- 
off was made following local agreement between 
Ophthalmologists and Diabetologists in order to balance 
specialist diabetes clinic appointment availability and clin
ical necessity.

Ideally, effective ophthalmological management of dia
betic retinopathy requires multidisciplinary input from 
diabetic specialists to minimize visual and systemic mor
bidity and mortality. Subsequently, our study aimed to 
assess the merits and clinical usefulness of POC HbA1c 
finger prick blood test as a screening tool to quickly 
identify the patients who would mostly benefit from inten
sified secondary intervention as well as an efficient screen
ing tool that does not impact on current resources such as 
physicians time, laboratory and appointment resources.

POC HbA1c testing is a relatively new but promising 
technology. A previous US-based randomized controlled 
trial concluded that measurement of POC HbA1c in an 
office-based ophthalmic setting did not lead to improved 
diabetic control.9 Although there are limited assessments 
of its use in a clinical setting, small trials show that results 
from POC HbA1c are comparable in accuracy to labora
tory HbA1c results with correlation of r=0.758 with POC 
results within 6–8% of lab recorded values.14 A larger 
4-arm clinical trial studying active vs usual algorithmic 

Table 4 Perception of Blood Pressure Control

BP Control 
(mmHg)

Self-Rated 
BP 
Control (%)

BP 
Readings (%)

Correctly 
Self- 
Identified (%)

Type 1 Diabetics

Good (<130) 3 (42.9%) 0 (0%) 0/3 (0%)

Average (131-<140) 3 (42.9%) 3 (42.9%) 1/3 (33.3%)

Poor (>140) 1 (14.3%) 4 (57.1%) 0/1 (0%)

Type 2 Diabetics

Good (<130) 16 (38.1%) 6 (14.3%) 4/16 (25%)

Average (131-<140) 23 (54.8%) 6 (14.3%) 1/23 (4.3%)

Poor (>140) 3 (7.1%) 30 (71.4%) 3/3 (100%)
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titration of basal insulin and POC vs laboratory measure
ments of HbA1c on glycemic control of Type 2 diabetic 
patients showed that POC HbA1c testing was associated 
with an increased proportion of patients able to achieve 
HbA1c readings <53 mmol/mol than those who had been 
lab monitored (41% for POC vs 36% for laboratory).15

The study was limited due to a relatively small 
sample size. Furthermore, our study lacks longitudinal 
data for the 14 patients who were referred from the 
hospital eye service for specialist diabetes intervention. 
This data was not included as an extended follow-up 
interval would be required to appreciate the impact of 
intensification patients’ diabetic disease including dia
betic retinopathy.

POC HbA1c represents a cost-effective, reproduci
ble, and clinically significant tool for the management of 
diabetes in an outpatient ophthalmology setting, allow
ing the rapid recognition of high-risk patients and 
appropriate referral to secondary diabetic services. Our 
study demonstrated that poor insight of HbA1c levels 
was high in younger patients, suggesting that POC 
HbA1c testing is particularly important in educating 
younger patients who may be Type 1 diabetics with 
more severe disease. Patient feedback confirms the use
fulness in clinical practice and POC HbA1c can improve 
patient education, shared decision-making, and clinical 
outcomes and could be incorporated in regular clinical 
practice. POC HbA1c is particularly important in an 
integrated healthcare system, such as the National 
Health Service, to determine the appropriate patients to 
refer to diabetes specialists and reduce potential sys
temic complications.
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