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Evaluation of the accuracy of visual glucose estimates

Error Grid Analysis to assess visual ability applied to different
groups (healthcare providers and patients) for comparison.

involved in setting their own glycaemic control targets and
achieving them.15 The success of SMBG in diabetes treatment
and management relies heavily on the accurate and reproducible measurement of blood glucose values.

This study examined the ability of diabetic patients and healthcare professionals to accurately interpret the colour change on a
reflectance photometric strip using colorimetric charts (printed
on the glucometer strip container) to estimate blood glucose.
The cost of glucometers is high and the availability of blood
glucose monitoring is significantly limited in lower income
populations. Currently no home glucose monitoring is available
for type 2 diabetic patients accessing primary health care in the
Tshwane district. This study attempted to evaluate the accuracy
of an alternative cheaper option of blood glucose monitoring
without using a glucometer.

Glucometers used in SMBG use one of two technologies to
measure blood glucose: reflectance photometry or electrochemical reactions.10,16 Reflectance photometry glucometers
make use of photometry strips that contain a chemically impregnated test strip that reacts with blood glucose, resulting in a
colour change on the test strip.10,17 The resulting colour
change on the reflectance photometric strips may be interpreted using a digital glucometer to determine the blood
glucose level. Alternatively, the colour change can be visually
matched against a blood glucose concentration colorimetric
chart (on the glucometer strip container), to obtain a visual estimate of blood glucose. Electrochemical glucometers make use
of electrochemical strips that contain ions which change conductance as they react with blood glucose.17 The change in
the conductance of the ions is interpreted to give a blood
glucose reading by a glucometer.18 In South Africa, both technologies discussed above are in use to measure and monitor
blood glucose. However, there are a variety of other glucometers
in use, and the preference for device depends on technical performance, affordability and availability of the devices among
other factors.19

Materials and methods

Visually estimating blood glucose by colour matching photometric strips to colorimetric charts remains convenient and
easy to use, in the absence of a photometric glucometer.
However, a major shortcoming of visually estimating blood
glucose using reflectance photometry strips is the ability to
accurately match the colour change with that on the colorimetric charts.

Data collection

Study population and patient selection
The study was a cross-sectional study conducted at the Diabetes
Clinic of Kalafong Provincial Tertiary Hospital (KPTH), in Atteridgeville, Pretoria. The study population was selected from
patients and healthcare providers attending and working in
the Kalafong Hospital Diabetes Clinic. The patients seen at the
clinic are adult outpatients, with type 1 or type 2 diabetes. In
terms of blood glucose control, the clinic has patients across
the spectrum from poorly controlled to well-controlled diabetic
patients. Convenience sampling was used to select study
participants.

Patients on the clinic’s records attend scheduled appointments
at the clinic throughout the year. During these visits blood
glucose and the general well-being of the patient are noted.
The appointment list of the clinic allowed the investigator to
identify patients who met the inclusion criteria and, based on
that information, approach them to ask for their participation
in the study. Informed consent was obtained from all
participants.

Reflectance photometry strips make use of a colour change,
and visual matching interpretation requires good colour
vision and perception. Diabetic patients are susceptible to
vision impairments and this may compromise their ability to
perform visual matching accurately when using the visual estimation for SMBG approach. The acceptable errors for glucometer readings set by the International Organisation for
Standardization (ISO) are less than approximately 20% for
measures greater than 4.2 mmol/l and less than approximately
0.83 mmol/l for measures less than 4.2 mmol/l.1 The accurate
visually estimated measurements should preferably also be in
compliance with the ISO standard.1 In a 1981 study by Clements et al., visual estimates of blood glucose using Chemstrips
showed strong correlation between visually estimated blood
glucose and the true glucose readings (r = 0.966); however, it
did not assess clinical relevance of the blood glucose
measures.20 Clinical relevance of blood glucose measures
obtained from different methods was assessed by Clarke
et al. in 1987, in a study that affirmed the usefulness of an
error grid.21 In the Clarke et al. study, visual blood glucose estimates had 96.1% of the total readings in zones A and B of the
error grid, suggesting the technique is a highly accurate one,
largely giving clinically relevant measures.21 That study,
however, did not specify the number of participants who
gave the visual estimates but described them as laboratory personnel and patients. Given the impact of diabetes on eyesight
it is important to establish how well patients estimate blood
glucose visually. Earlier studies that have attempted to evaluate
the visual ability of patients to estimate blood glucose relied on
linear correlation. This study combined Bland–Altman plots and
www.tandfonline.com/oemd

Participating patients were asked to estimate their blood
glucose concentration by matching colour changes that
occurred on photometric strips, Accu-Chek® Active strips
(Roche Diabetes Care, Burgess Hill, UK), to a colorimetric
chart. The healthcare professional attending to them would
also visually estimate the patient’s blood glucose. The procedure for the collection of visual estimates was as follows:
first, the healthcare professional placed a sample of blood
from a patient’s pricked finger onto the photometric strip.
Second, the strip was inserted into a reflective photometric
glucometer, Accu-Chek®, by the investigator who recorded
the blood glucose reading on the glucometer. The patient
and the healthcare professional were blinded from the actual
blood glucose measured by the glucometer. Third, for visual
estimates, the photometric strip was then handed to the
patient and healthcare professional to observe and note their
visual estimates individually on a collection form to avoid bias.

Statistical methods
Stata® 12.0 software package (StataCorp, College Station, TX,
USA) and R (R Centre for Statistical Computing, Vienna,
Austria) were used for statistical analysis. For categorical variables; frequency and percentages were used to describe the
data (Table 1). For continuous variables, the Shapiro–Wilk test
was run with a p-value (p < 0.05) to test normality (Table 2).
23
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Table 2: Summary table of continuous variables

Normally distributed continuous data had means reported,
and non-normally distributed data had the median and IQR
reported.

Variable

Mean

Median

IQR

SD

50.7

–

–

14.3

BMI (n = 118) (kg/m2)

31.3

26.7–35.5

Duration of diabetes
(years)

10.5.

6–17

–

Left eye

6/12

6/18–6/9

–

Right eye

6/12

6/18–6/9

HbA1c (%)* (n = 113)

10.2

7.9–12.7

Age (n = 142) (years)

Bland–Altman plots were used to compare glucometer concentration values obtained by a glucometer (true values) with values
obtained by visual matching of reflectance photometric strips to
colorimetric charts. Agreement of values was tested by plotting
the difference between visual estimates and true values against
the mean of true values and visual estimates or the reference
values.

Visual acuity:

Cholesterol (mmol/l)

Clarke’s error grid analysis was used to assess the impact on
clinical decisions, if any, of using visual colour matching to estimate blood glucose. Clarke’s error grid is used to classify glucose
measures taken by an alternative method according to their
accuracy with regard to a reference method. In the study the
reference method was the glucometer reading.

The Bland–Altman plot for patient estimates (Figure 1) had a
mean difference of 0.4 mmol/l (95% CI 1.2−0.5 mmol/l). The
plot had limits of agreement (11.0−10.2 mmol/l), with a bias of
+0.4 mmol/l.

Summary

Sex (n = 144):

Diabetes type (n = 144):
Type 2 diabetes

80 (55.6%)

Type 1 diabetes

59 (41.0%)

Uncertain

5 (3.4%)

Discussion

Medication being used to manage diabetes (n = 125):
Insulin

47 (33%)

Oral agents

78 (54%)

Both agents

19 (13%)

Hypertension (n = 137)

Bland–Altman plots of the difference between patient visual
glucose estimates and true values had limits of agreement of
11.1 to 10.4 mmol/l, while estimates of healthcare professionals
and true values had a limit of agreement of 6.7 to 5.7 mmol/l.
This meant that healthcare professionals gave estimates that
were closer to the true blood glucose measure in comparison
with patient estimates. The mean difference for estimates by
healthcare professionals was 0.8 mmol/l (95% CI 1.30–0.31
mmol/l), while patient estimates had a mean difference of 0.4
mmol/l (95% CI 1.28−0.5 mmol/l). In this study, despite the

97 (70.8%)

Complications (n = 25):
Cataract in one eye

9 (6.3%)

Cataract in both eyes

6 (4.2%)

Diabetic retinopathy

10 (6.9%)

www.tandfonline.com/oemd

1.0–1.6
0.9–2.0

Figure 4 indicates estimates of blood glucose given by healthcare professionals, which had 68 (47.2%) estimates in zone A,
65 (45.1%) in zone B, 5 (3.5%) in zone C and 6 (4.2%) in zone
D. Zone A was the modal zone with 47% of the estimates
being approximately 20% from the actual blood glucose
measure. Zone B had 45.1% of the total estimates, which were
more than approximately 20% from the actual glucose and
would not result in inappropriate treatment. Zone C had 5
(3.5%) of the total estimates; in treatment terms, 3.5% of the estimates would result in inappropriate treatment. Zone D had 6
(4.2%) of the estimates, which would result in potential confusion between hypoglycaemic and hyperglycaemic states.

Table 1: Descriptive demographics (categorical data)

97 (67.4%)

1.4
1.5

Zone A had 48 (33.3%) of the total blood glucose estimates by
patients, which meant 33.3% of the total blood glucose estimates were within approximately 20% of the actual blood
glucose. Zone B was the modal zone and had 62 (43.1%) of
the total estimates that were in excess of 20% from the actual
blood glucose but would not result in inappropriate treatment.
Zone C had 20 (13.9%) of the total blood glucose estimates,
which in terms of treatment meant 13.9% of the total estimations would have resulted in an unnecessary treatment
response. Zone D made up nine (6.3%) of the total blood
glucose estimates. Zone E had five (3.5%) of the total blood estimates, which in terms of treatment would have resulted in confusion by the patient on how to respond (Figure 3).

Bland–Altman plots were used to assess differences between
true blood glucose measures, i.e. measures obtained by a glucometer, and visual estimates given by patients and healthcare
professionals.

Female

HDL (n = 123)
Triglycerides (n = 121)

Clarke’s error grid analysis

Bland–Altman plots

47 (32.6%)

3.6–4.8
1.5–2.6

Bland–Altman plots for estimates by healthcare professionals
(Figure 2) had a mean difference of 0.80 mmol/l (95% CI 1.30–
0.31 mmol/l). The estimates of healthcare professionals
had limits of agreement (6.7−5.7 mmol/l), with a bias of
+0.8 mmol/l.

Of the 144 patients, 47 (32.6%) were male and 97 (67%) were
female (Table 1). A total of 25 patients were reported to have
complications related to diabetes, 15 of whom had visual complications. In terms of HbA1c, 16 (14.2%) of the patients were
well controlled (HbA1c < 7%), 37 (32.7%) of patients enrolled
had moderately controlled glucose and 60 (53.1%) had poorly
controlled glucose (HbA1c > 10%). A total of 80 (55.6%) of the
patients had type 2 diabetes and 59 (41.0%) had type 1 diabetes.
The Ishihara test identified only one colour-blind patient.

Male

4.1
2.0

*HbA1c reported as a percentage, with target for diabetes patients as 7%.

Results

Variable

Total cholesterol (n = 123)
LDL (n = 121)
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Figure 1: Bland–Altman plot for blood glucose estimates by patients and glucometer readings.

The Clarke’s error grid analysis (Figures 3 and 4) classified the
estimates into five clinical categories, zones A–E. The estimates
in zone A indicated estimates within 20% of the actual glucose
value. Zone A formed the modal zone for estimates given by
healthcare professionals, with the modal zone for patient estimates being zone B. This meant estimates given by healthcare
professionals were more likely to result in estimates that were
more clinically relevant when compared with patient estimates.

narrower limits of agreement by healthcare professionals, the
95% CI of their mean estimates did not include a mean difference of zero. This means the visual estimations given by healthcare professionals are not as accurate as glucometer readings.
The positive mean difference in estimates given by both patients
and healthcare professionals indicates a positive bias for visually
estimated glucose. A positive bias on the Bland–Altman plot
arises when the reference method (glucometer reading) is less
than the method under assessment (visual estimation), an indication of an overestimation by the method under assessment.
For patients the mean difference for estimates had a 95% CI
that included a mean difference of zero. This means visual estimation of glucose by patients may result in glucose readings
closer to that of a glucometer, despite the positive bias.

Zone C, which identifies results that would lead to an unnecessary treatment response, had 13.9% and 3.5% of estimates of
patients and healthcare professionals respectively. This meant
for this study, in a clinical setting, patient participants were
more likely to erroneously respond to measurements when

Figure 2: Bland–Altman plot for blood glucose estimates by healthcare professionals and glucometer readings.

www.tandfonline.com/oemd
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Figure 3: Clarke’s error grid of blood glucose estimates by patients with glucometer readings as reference values. On the right the number of estimates
and percentages in each zone.

Figure 4: Clarke’s error grid of blood glucose estimates by healthcare professionals with glucometer readings as reference. On the right the number of
estimates and percentages in each zone.

www.tandfonline.com/oemd
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not required in comparison with estimates by healthcare professionals. The potential for adverse incidents arising from the
use of visual estimates would have been higher in the patient
estimate group compared with estimates by healthcare professionals. This is suggested by the higher ratio of estimates in
zones E and D of patient estimates as compared with zone D
for healthcare professionals.

not be encouraged. Despite visual colour matching being
inexact, healthcare professionals gave visual estimates that
were more accurate in comparison with those of patients.
Ethical approval – Ethical approval to perform the study was
obtained.
Disclosure statement – No potential conflict of interest was
reported by the authors.

A similar study by Essack in 2009,1 in which five glucometers
were compared, was performed in South Africa. In their study,
across glucometers proportional bias was observed as the
blood glucose increased, a trend this study observed. Essack’s
study showed differences in blood glucose measures across
devices, differences this study also noted between estimates
by patients and healthcare professionals. The accuracy of the
measures was judged on the ISO guidelines, which stipulate
that, at most, the blood glucose measures should be within
approximately 20% of the true value. For this study, 33.3% of
patient estimates, and 47.2% of estimates by healthcare professionals, complied with these guidelines. This meant visual
estimates were consistently higher than the true value, a
finding consistent with a positive bias for all visual estimates.
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Limitations
The study sampled a limited number of healthcare professionals
when compared with patients. This meant that, over the course
of the study, healthcare professionals would have gone through
a learning curve as they gave multiple visual estimates an opportunity that was not afforded to patients participating in the
study.
The colorimetric chart used for estimating blood glucose in
the study made use of six colour shades with corresponding
glucose values on a continuous scale that ranges from 0
mmol/l to > 25 mmol/l. Despite asking patients to estimate
values in between colour shade scale values on the glucose
strip container, both patients and healthcare providers most
commonly selected a value in agreement with the printed
shades. This led to estimated values in discrete bands. The use
of a colorimetric chart with more blood glucose colour code estimates might have improved the results.

Conclusion
Patients are unable to estimate blood glucose by visual estimation when it matters. They will be at risk of overtreating hypoglycaemia or inappropriately changing treatment if they use the
visual method of blood glucose monitoring. Healthcare professionals are better at visual estimation of blood glucose;
however, they should preferably use a glucose measuring
device in order to properly assess the blood glucose of patients.
The cost of an incorrect blood glucose test may result in inappropriate treatment implemented for hypoglycaemia with resultant risk of hospital admission or even hypoglycaemic brain
injury. Inaccurate identification or underestimation of high
blood glucose may result in result in inappropriate adjustment
of treatment with delays in glucose control. The risk of longterm diabetes complications, and acute hyperglycaemic complications, which significantly escalate the costs of diabetes management, may result.
Colorimetric matching in the estimation of blood glucose is
inexact, and its use by patients or healthcare providers should
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