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INTRODUCTION
Diabetes is a common chronic condition managed
largely in primary care. Patients with diabetes are at
high risk of developing complications including
cardiovascular disease, with increased associated
mortality. However, tight glycaemic control can lead to
a reduction in microvascular and possibly also
macrovascular complications.1,2 There is evidence that
direct healthcare costs are lower in patients who have
either tight glycaemic control.3,4 or whose control is
improving.5 Despite the evidence, there are wide
variations in care between general practices in terms
of glycaemic control.6,7 The National Service
Framework for diabetes emphasises the importance
of structured diabetes care programmes including
regular recall and review.8 The traditional method of
testing for glycaemic control in primary care involves
sending a blood sample away for laboratory testing
and waiting a number of days for the result to be
returned. General practices vary in how they deal with
this time delay between testing and result. In some,
the patient is asked to attend for a blood test up to
2 weeks before their diabetic review involving an extra
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Background
Tight glycaemic control in people with type 2 diabetes
can lead to a reduction in microvascular and possibly
macrovascular complications. The use of near-patient
(rapid) testing offers a potential method to improve
glycaemic control.

Aim
To assess the effect and costs of rapid testing for
glycated haemoglobin (HbA1c) in people with type 2
diabetes.

Design of study
Pragmatic open randomised controlled trial.

Setting
Eight practices in Leicestershire, UK.

Method
Patients were randomised to receive instant results for
HbA1c or to routine care. The principal outcome
measure was the proportion of patients with an HbA1c
<7% at 12 months. We also assessed costs for the two
groups.

Results
Of the 681 patients recruited to the study 638 (94%)
were included in the analysis. The mean age at
baseline was 65.7 years (SD = 10.8 years) with a
median (interquartile range) duration of diabetes of
4 (1–8) years. The proportion of patients with HbA1c
<7% did not differ significantly between the
intervention and control groups (37 versus 38%, odds
ratio 0.95 [95% confidence interval = 0.69 to 1.31]) at
12 months follow up. The total cost for diabetes-
related care was £390 per patient for the control group
and £370 for the intervention group. This difference
was not statistically significant.

Conclusion
Near-patient testing for HbA1c alone does not lead to
outcome or cost benefits in managing people with type
2 diabetes in primary care. Further research is required
into the use of rapid testing as part of an optimised
patient management model including arrangements for
patient review and testing.
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visit to the surgery. In other practices, blood is taken at
the time of the review and the patient is asked to
telephone for the result, or to make a second practice
visit; with this arrangement, not only is an extra visit or
telephone call required, but the impetus may also be
lost in terms of acting on the result or the patient may
not contact the practice for their result.
The use of a rapid test offers a potential method of

improving monitoring of glycated haemoglobin
(HbA1c). Near-patient testing is a technology offering
the facility for carrying out patient tests on site, with
a rapid result obtained at the time, usually within a
matter of minutes. This type of test may provide
greater convenience to patients, more timely
decisions on clinical management and therefore
improved therapeutic control and reduced overall
health costs.9 A device for rapid measurement of
HbA1c is available and has been shown to perform
well in a number of clinical settings.10 A randomised
controlled trial of patients on insulin in a hospital
centre in the US showed a significant improvement in
glycaemic control in patients in the rapid test group
after 6 and 12 months.11 A retrospective study
comparing patients attending two hospital clinics in
the UK12 found that patients attending the clinic
where rapid results were obtained had better
glycaemic control. The use of this method of testing
for HbA1c in primary care has not, however, been
prospectively investigated in terms of patient
outcomes or costs. We aimed to assess the effect
and costs of using this technology for testing people
with type 2 diabetes in primary care but without
changing other modalities of care.

METHOD
Study design and practice recruitment
This was a prospective randomised controlled trial
with randomisation at patient level within participating
general practices. Approval for the study was obtained
from the local ethics committee. We invited all 47
group practices with a list size of above 5000 patients
to consider taking part in the study of which 20
volunteered. Eight practices were selected to give a

good representation including urban and rural as well
as deprived and affluent area practices. This was a
pragmatic study in which the practices involved were
not required to make organisational changes and the
intervention was restricted to the use of a rapid test in
place of traditional laboratory HbA1c testing.

Sample size
Approximately 40% of people with diabetes have a
normal HbA1c in primary care.6 Our original power
calculation was based on an increase in the proportion
of patients in the intervention group with good
glycaemic control from around 40–50%. With a
significance level of 5% and power of 80%,
approximately 400 patients in each arm would
therefore be needed. Further power calculations were
carried out at a later stage to assess the effect of lower
than anticipated recruitment. Recruitment of
additional practices or extension of the study was
impractical due to the availability of machines and
funding constraints. The new calculations suggested
that with around 300 cases in each arm and an
increase of 10% in the proportion of intervention
group patients with good glycaemic control, the power
would be reduced to approximately 70%; alternatively,
the power would remain at 80% if we were able to
show a 12% increase in good control.

Patient recruitment
Patients attending participating general practices for
review of their diabetes care were recruited by practice
nurses using information sheets provided by the
research team. As the study was restricted to the
management of patients attending general practices
for management of type 2 diabetes, we excluded
patients who were unable to attend the practice and
any who were exclusively under hospital care. All
patients recruited received information detailing the
study aims and requirements and were asked to sign
a consent form. Randomisation to the intervention
group (rapid test for HbA1c) or control group (normal
laboratory testing for HbA1c) was at patient level
within each practice. This was carried out by practice
nurses immediately following patient recruitment,
using numbered sealed envelopes prepared using
computer allocated block randomisation in blocks of
four. The research team generated the allocation
sequence but the practice nurses enrolled the patients
to the study. Patients were recruited between August
2000 and May 2002. Each patient was followed up for
a period of 12 months from recruitment.

Near-patient test method
The equipment used for this study was the Bayer DCA
2000. This requires a finger prick sample rather than
formal venesection and the result is ready in about

How this fits in
Tight glycaemic control can lead to a reduction in microvascular and possibly
also macrovascular complications. Despite the evidence, there are wide and
unacceptable variations in care between general practices and there is a large
unmet need for tight glycaemic control. A limited number of secondary care
studies have shown that near-patient testing for glycated haemoglobin can lead
to improvements in glycaemic control. This study shows that near-patient
testing for glycated haemoglobin alone does not lead to outcome or cost
benefits in managing patients with type 2 diabetes in primary care.
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6 minutes.10 The National Service Framework for
diabetes8 has drawn attention to the need for quality
control when using analysers for near-patient testing;
during our study period, internal quality control was
carried out before each diabetes clinic by the practice
nurses using Bayer control kits and external quality
control was carried out by the research team as part
of the Wales External Quality Assessment Scheme.13

Outcome measures
The principal outcome measure was the proportion of
patients with ‘good’ glycaemic control, defined as
HbA1c <7% in line with the NSF8 and NICE
guidelines.14 To ensure that we would be comparing
like with like in our analysis, we obtained laboratory
HbA1c results for all patients at baseline and after
12 months at one laboratory (Bio-Rad Variant II high
performance liquid chromatography, Diabetes Control
and Complications Trial aligned). During the study
period, results obtained using the DCA2000 analyser
were used for patient management in the intervention
group.

Statistical analyses
Analyses were conducted for both intention to treat
and per protocol samples. Proportions of patients
achieving good control at baseline and at follow-up
were estimated separately for intervention and control
group patients, together with 95% confidence
intervals (CIs) and the difference between proportions.
To investigate the influence of potential confounding
factors in analysing changes in glycaemic control,
multiple logistic regression analyses were undertaken
using SAS software. In these models, the outcome
measure was ‘good’ glycaemic control (HbA1c <7%)
at follow-up. Odds ratios (ORs) and 95% CIs were
estimated for intervention group patients compared to

controls. In modelling, baseline glycaemic control
status (good versus poor) was always included and
the potential confounding effects of sex, general
practice attended, duration of diabetes, treatment at
baseline, age and deprivation were also investigated.
Co-linearity between variables and influential
observations were assessed; overall the final models
for the intention to treat and per protocol analyses
were a reasonable fit to the data.

Costs
For this study we focused solely on a comparison of
actual costs between the two groups. We also
measured patient-borne costs of attending the
general practice as the number of visits required
could potentially be changed by a regime involving
instant results. As we were estimating the costs that
accrued in a single year, costs were not discounted.
Costs in the intervention and control groups were
compared for statistical significance using
independent sample t-tests.
The cost of a laboratory test for HbA1c (£12) was

obtained from University Hospitals of Leicester NHS
Trust. The information used to estimate the cost of the
intervention test method was obtained from Bayer
Diagnostics; to calculate average costs, the total costs
of providing the tests were divided by the number of
rapid tests performed in each practice. Information
relating to prescribing, consultations with practice
staff and use of secondary care services was collected
from GP records by a trained data collector using a
standardised data collection form. Information was
also collected on the use of urine and blood test strips,
lancets and sundries such as needles. For estimating
usage of diabetes-related medication, the data
collected were the name of the drug, dosage and
duration of prescribing. All prescribing was costed by
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Patients recruited from
8 general practicesa

n = 681

Randomised to
intervention group

n = 343

Randomised to control
group
n = 338

Included in intention-
to-treat analysis

n = 319
(290 per protocol)b

Excluded (n = 24)
IGT = 2

Type 1 diabetes = 4
No follow up result = 18

Included in intention-
to-treat analysis

n = 319
(309 per protocol)2

Excluded (n = 19)
Withdrawn = 2

Type 1 diabetes = 6
No follow up result = 11

aPurposively selected from 20 practices which volunteered from 47 approached. bIncluding only patients for whom
baseline and 12-month follow up laboratory test results were both available. IGT = impaired glucose tolerance.

Figure 1. Flow of
participants through the
trial.
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means of information obtained from the British
National Formulary.15

The costs of GP and nurse-related practice and
telephone consultations were obtained from a
published source.16 The duration of nurse reviews in
the practice were assumed at 20 minutes and with
GPs at 12.6 minutes. The duration of telephone
consultations with both GPs and practice nurses was
estimated at 10.8 minutes.16 The cost of visiting a
phlebotomist was obtained from the NHS reference
costs.17 Use of hospital inpatient and outpatient
services was costed using prices obtained from

University Hospitals of Leicester NHS Trust. For
inpatient stays a cost per day was used.
At recruitment, all patients were asked to complete

a questionnaire relating to patient-borne costs, which
included information on mode of travel, mileage, fares,
parking fees incurred, travelling time and time spent at
the practice. The questionnaire also asked about
employment status and whether anyone had
accompanied the responder to the surgery. The cost
per mile of car travel was taken from the Automobile
Association website.18 The cost of time spent travelling
and receiving care was estimated using information
from the Department of Transport19 on the value of
both working and non-working time. These costs were
inflated to 2002–2003 prices by means of the Retail
Price Index. The values used were £15.13 per hour for
working time and £4.89 for non-working time. The
value of any accompanying adults’ time was assumed
to be at the non-working rate.

RESULTS
Characteristics of participating practices
The median list size of practices recruited was 10 650
(range = 6000–12 800) and the median number of
partners was 5 (range = 4–7). The median number of
people with Type 2 diabetes in these practices was
215 (range = 140–450). The median Jarman score of
the practices taken as an indicator of deprivation was
–7.18 (range = -13.97 to 22.51). Three practices were
training practices.

Patient recruitment and characteristics of
patients recruited
Figure 1 shows the CONSORT diagram describing the
flow of participants through the trial. A total of 681
patients were recruited to the study. From records
kept by nurses, it was estimated that this sample
represented approximately 90% of those invited to
participate. Of those recruited, 10 were identified as
having Type 1 diabetes and two had impaired glucose
tolerance and these were excluded from the analysis.
Two patients asked to be withdrawn from the study
due to ill health. A further 68 patients did not fulfil the
‘per protocol’ study requirements in that we were
unable to identify both a baseline and 12-month follow
up HbA1c laboratory test result, because the patient
had left the practice, died or failed to attend
appointments. For 29 of these patients, no further
HbA1c result was available after recruitment and these
cases were therefore excluded from the analysis. The
other 39 cases were included in the intention-to-treat
analysis using either rapid results or interim results
from tests carried out at any time between recruitment
and 12 months. The final sample for the intention-to-
treat analysis therefore comprised a total of 638
patients with a range of 44 to 115 per practice.

Intervention group Control group
(n = 319) (n = 319)

Sex
Female 138 (43) 132 (41)
Male 181 (57) 187 (59)

Care arrangements:a

GP 277 (88) 283 (90)
Shared 39 (12) 33 (10)

Glycaemic control:
Good (HbA1c <7%) 140 (44) 119 (37)
Poor ( HbA1c ≥7%) 179 (56) 200 (63)
Mean (SD) HbA1c 7.5 (1.6) 7.7 (1.6)

Blood pressure:a

Systolic <140 mmHg 115 (36) 112 (35)
≥140 mmHg 203 (64) 204 (65)

Diastolic <80mmHg 150 (47) 127 (40)
≥80mmHg 168 (53) 189 (60)

Treatment:
Insulin 33 (10) 33 (10)
Oral hypoglycaemic agents 208 (65) 186 (58)
Diet/lifestyle only 78 (24) 100 (31)

Mean age in years at recruitment (SD) 65.96 (10.85) 65.42 (10.67)

Diabetes duration (years) at recruitmenta 4 4
Median (IQR) (2 to 8) (1 to 8)

Deprivation scorea 11.51 11.33
Median (IQR) (6.50 to 16.71) (6.50 to 16.71)

aMissing data: care arrangements = 6; blood pressure = 4; diabetes duration = 3;
deprivation score = 21. SD = standard deviation. IQR = interquartile range.

Table 1. Baseline characteristics of 638 patients included in
the analysis. n (%) unless indicated.

Intervention group Control group
(near-patient testing) (laboratory testing)

n = 319 (%) n = 319 (%)

Proportion of Proportion of
patients achieving patients achieving
good control good control
(HbA1c <7%) 95% CI (HbA1c <7%) 95%CI

Baseline (recruitment) 0.44 0.39 to 0.49 0.37 0.32 to 0.42
data

Follow-up (12 month) 0.37 0.32 to 0.42 0.38 0.33 to 0.43
data

Table 2. Glycaemic control in intervention and control group
patients (intention to treat analysis, n = 638 patients).
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Baseline characteristics of the 638 patients are
shown in Table 1. The two groups were well matched
overall, but the difference of 7% (95% CI = -1 to 15%)
for good glycaemic control was of borderline
statistical significance at the 5% level.

Principal outcome measure
Proportions of patients in the intervention and control
groups achieving good metabolic control (HbA1c
<7.0%) at follow up were very similar (Table 2):
intervention 0.37 (95% CI = 0.32 to 0.42) versus
controls 0.38 (95% CI = 0.33 to 0.43). The unadjusted
odds ratio (OR) for intervention group patients
compared to controls achieving good glycaemic
control at follow up was 0.95 (95% CI = 0.69 to 1.31).
The OR for the intervention versus control group was
0.80 (95% CI = 0.56 to 1.15) when adjusted for
baseline HbA1c status. We also conducted multiple
logistic regression modelling giving the best fit to the
data. The final model included baseline HbA1c status
(good or poor control), sex, duration of diabetes
treatment at baseline and general practice attended,
OR = 0.84 (95% CI = 0.58 to 1.22). Restricting the
analysis to those patients (n = 599) who completed
the study per protocol, the unadjusted OR was 0.97
(95% CI = 0.70 to 1.36) and the adjusted OR was 0.88
(95% CI = 0.60 to 1.29).

Costs
For eight of the 638 patients included in the
intention-to-treat analysis, insufficient data were
available and our comparison of costs is therefore
based on 630 patients (315 in each group). Costs
relating to diabetes care provided by the NHS are
summarised in Table 3. The only cost items for which
a statistically significant difference between the two
groups was detected when carrying out detailed
comparisons were that of the HbA1c tests and
practice nurse telephone contacts. The number of
HbA1c tests performed was similar in the two
groups; the difference in total cost was due to the
higher unit cost of the rapid test (£20.88 compared to
£12.00 for the laboratory test). The total cost for
diabetes-related care was £390 per patient for the
control group and £370 for the intervention group.
This comparison was not statistically significant and
the average total number of GP visits for any reason
during the study year was also similar at 12.4 and
12.7 for intervention and control group patients,
respectively. The absolute number of surgery
contacts for diabetes was lower in the intervention
group (1598 contacts, mean 5.1 per patient) than in
the control group (1765 contacts, mean 5.6 per
patient) but this difference was not statistically
significant (P = 0.11). Patients included in the
intention-to-treat analysis returned 529/638 (83%)

questionnaires to estimate patient-borne costs of
visiting the GP. These costs were similar in the
intervention and control groups. (Table 4).

DISCUSSION
Summary of main findings
This study adds to the evidence relating to the use of
near-patient testing in a general practice setting in the
UK. It indicates that use of a rapid test to measure
HbA1c in patients with type 2 diabetes in primary care
is unlikely on its own to lead to improvements in
metabolic control or to cost savings.

Strengths and limitations of the study
Little rigorous research exists on potential uses of near-
patient testing in primary care.20 Although it could be
argued that our study was based on a naïve premise
that near-patient testing alone would be likely to lead to
improvements in glycaemic control in our study
population, evidence from secondary care studies11,12
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Control group patients Intervention group patients
n = 315 n = 315

Mean cost Mean cost
Total cost per patient Total cost per patient

Diabetic medication 34 360 109.08 34 467 109.42

Consumables (blood and 10 086 32.02 11 627 36.91
urine strips, lancets and
sundries)

General practice contacts 22 681 72.00 20 287 64.40
(with nurse, GP, phlebotomist
or chiropodist at surgery and
GP or nurse home visits)

Contacts with hospital 47 071 149.43 35 153 111.60

HbA1c tests 8520 27.05* 15 162 48.13a

Total diabetes-related costs 122 718 389.58 116 696 370.46

All costs are for the year 2002–2003 except for those of the HbA1c test which are for 2003.
aDenotes costs where there is a statistically significant difference at the 5% level between
the control and intervention group.

Table 3. Costs (£) of diabetes related care for the study year.

Mean value for control Mean value for
group/patients intervention group
(n = 260) patients (n = 269)

Cost of average visit (travel expenses, £) 1.53 1.32

Cost of average visit (time costs, £) 8.05 8.60

Total cost of visit (£) 9.58 9.92

Total number of visits to general practicea 5.48 5.07

Total responder-borne cost of all visits (£) 52.47 50.31

There were no statistically significant differences between any values for intervention and
control groups. aHome visits and telephone contacts excluded from analysis.

Table 4. Patient-borne costs of diabetes related visits to
general practice.
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offered good reason to surmise that this might be the
case. As might be expected, mean HbA1c levels at
baseline (Table 1) suggested that the patients in our
study had relatively good glycaemic control compared
to those in the secondary care studies.11,12 We
conducted qualitative interviews which showed that
practice nurses and patients had generally high
satisfaction within their diabetes clinics prior to the
intervention including their usual arrangement for
carrying out HbA1c testing and obtaining results. This
suggests that there may have been limited scope for
improvement. Nevertheless, baseline HbA1c levels
were far from optimal in our study population, with well
over half in each group having levels over 7%.
Due to funding constraints, randomisation in this

study was at patient level within each participating
practice; randomisation at practice level would have
required a much larger, more costly study. In practice,
it proved difficult for surgeries to organise their
management of patients with diabetes in such a way
as to maximise the benefits of using the rapid test for
intervention group patients. Practices therefore often
continued their follow-up in the usual way. This also
explains our failure to show any cost savings in terms
of a reduction in appointments as the practices did not
re-organise their clinics and the patients in many
instances continued to attend twice.
The patients participated voluntarily and may

therefore have been atypical but a high proportion of
patients approached were recruited to the trial and
followed up for 1 year suggesting that our results are
not limited to a very select group. The nurses and the
GPs were not blind to the intervention and may have
changed the care given to patients in both arms of the
study. Due to the study design, it was not possible to
blind the data collector. With the exception of baseline
HbA1c the distribution of patient characteristics was
similar in the intervention and control groups.
Participating practices were volunteers so may also

have been atypical, but the proportion of patients with
a normal HbA1c in our study was similar to other
published studies.6 From our baseline comparison of
intervention and control group patients, it was noted
that there was a borderline statistically significant
difference between the proportion of patients in each
group with good glycaemic control. Randomisation
had therefore worked sub-optimally in terms of
achieving balanced groups, but we addressed this by
including baseline glycaemic control status as a
covariate in our logistic regression modelling.

Comparison with existing literature
Two previous studies of near-patient testing showed
improved glycaemic control.11,12 However, both these
studies were carried out in secondary care and
patients in these studies had poorer diabetes control

than patients in our study. Only one of these was a
randomised controlled trial and this study was
restricted to patients with type 1 and type 2 patients
treated with insulin.11 In the other group of studies,12

the comparison of HbA1c levels was provided by a
retrospective cohort study involving patients attending
clinics in two different hospitals. Differences in
methodology, setting and baseline levels of glycaemic
control may therefore help to explain the difference
between our findings and those of previous studies.
In other evaluations of HbA1c target achievement,

structured and intensive management regimes have
been used; in our study no effort was made to change
the overall management strategy. We used a simple
intervention; although it could be argued that a
multifactorial approach would have had more
likelihood of success, this approach may lead to
difficulties with identifying which elements of the
intervention have led to effectiveness.

Implications for future research and clinical
practice
Our results indicate that near-patient testing for HbA1c
alone does not lead to improvements in outcomes or
reduction in costs in managing patients with type 2
diabetes in primary care. Further research is required
into the use of the rapid test as part of an overall
diabetes management strategy including
arrangements for reviewing and testing patients. The
evaluation of this type of intervention would need to be
conducted with randomisation at practice rather than
patient level to facilitate the effective adoption of a
suitable model of care for all eligible patients in
intervention surgeries. If future research is able to
suggest that a multifactorial intervention of this type
would be effective, our study would indicate that it is
not simply the near-patient testing technology that led
to this positive outcome. In the meantime, our results
suggest that general practices should not rush to
adopt of the use of in-house testing for HbA1c on the
assumption that this alone will lead to better
glycaemic control within their patient population.
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