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Abstract

Background:

The volume of hemoglobin Alc (HbAlc) testing has increased dramatically over the past decade and few studies
have attempted to determine how the test is used. The goals of this study were to evaluate the frequency of HbAlc
testing in regional populations to assess the extent of screening for diabetes and to determine if the HbAlc
testing intervals of known diabetic patients were consistent with clinical practice guidelines.

Methods:

Two years of HbAlc results were extracted from laboratory information systems in four regions of the province
of Alberta that represent urban, mixed urban-rural, and rural populations. HbAlc testing frequencies and the
proportions of nondiabetic patients undergoing HbAlc tests were derived.

Results:

Approximately 60% of HbAlc tests in each region were done on patients who had only a single test during
the 2-year interval. Testing of nondiabetic patients accounted for 24% of HbAlc tests and varied by region.
While the cumulative frequency distributions of HbAlc test intervals resembled each other, detailed analyses
of the frequency distributions depicted broad multimodal peaks and regional variations that suggest a great deal
of heterogeneity among practices. The most common HbAlc testing interval was 3 months + 3 weeks in each
region and is consistent with the 3-month test interval target in a clinical practice guideline.

Conclusions:

HbAlc testing is being performed on a substantial proportion of nondiabetic patients. On average, patients
with diabetes in Alberta receive 1.5 HbAlc tests per year. However, we observed regional differences in the
frequency of testing and variation in compliance with clinical practice guidelines.
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Introduction

Since the publication of results of the Diabetes Control
and Complications Trial in 1992 the use of hemoglobin
Alc (HbAlc) measurements to assess glycemic control
in patients with diabetes has become a focal point
of clinical practice guidelines for diabetes and well
integrated into medical practice. The volume of HbAlc
testing conducted by clinical laboratories has increased
dramatically over the past decade and few studies have
attempted to determine how the test is being used.
Both the American Diabetes Association (ADA) and the
Canadian Diabetes Association (CDA) guidelines have set
treatment goals based on HbAlc quantification; however,
there is no consensus on the optimal frequency of HbAlc
measurement.>> The ADA recommends measurement of
HbAlc at least twice yearly in stable patients and more
frequently in unstable patients or those undergoing
changes in therapy. The CDA recommends that HbAlc
be measured every 3 months. Neither the ADA nor
the CDA guidelines recommend HbAlc as a screen
for diabetes or as a basis for the diagnosis of diabetes.
It is possible to detect diabetes with the HbAlc test*
and the high volumes of HbAlc tests performed by
clinical laboratories across North America suggest that
nondiabetic patients are often tested.

Previous studies conducted by Otto and colleagues®
showed overutilization of HbAlc, with some patients
tested up to 28 times in a 1-year period. Because some
patients with diabetes were tested only once in a 2-year
period, there was also evidence of underutilization of the
test. Overall the cumulative frequency of HbAlc testing
observed in Alberta by Tran and associates® and in
Ontario by van Walraven and Raymond’ and Woodward
and colleagues® was very similar, which suggests that
the utility of HbAlc testing may be similar in different
provinces of Canada.

The goals of this study were to evaluate the frequency
of HbAlc testing in regional populations to assess the
extent of screening for diabetes and to determine if the
HbAlc testing intervals of known diabetic patients were
consistent with clinical practice guidelines. To assess
HbAlc utilization, we examined utilization in the urban
populations of Edmonton and Calgary, in the mix of
rural and urban dwellers in Red Deer, and in the largely
rural population of Wetaskiwin.

Methods

Study Areas

Alberta is a western Canadian province with a population
of 3.2 million. During the study period, health services
were administered through nine health regions. This study
included three health regions that represented 70% of the
provincial population (Edmonton: Capital health region,
Calgary: Calgary health region, Wetaskiwin and Red Deer:
David Thompson health region).

Hemoglobin Alc Methods

Hemoglobin Alc testing in the Capital health region
was performed by Bio-Rad Variant II (Hercules, CA) by
two clinical laboratories: University of Alberta Hospital
(@ quaternary care hospital with a large endocrine service)
and DynalLIFEDx (an outpatient laboratory serving a
large proportion of family physicians). HbAlc testing
in the Calgary health region was performed by
Integra 700 (Roche Diagnostics, Laval, QC, Canada) by
Calgary Laboratory Services. HbAlc testing in the David
Thompson health region was performed by Integra 400
(Roche Diagnostics, Laval, QC, Canada) in Wetaskiwin and
by Dimension RxL (Siemens Healthcare Diagnostics Inc,
Toronto, ON, Canada) in Red Deer.

In these regions, clinical laboratory services (e.g, HbAlc
testing) were only provided by the laboratories that
participated in the study and no alternate or competing
laboratories provided HbAlc analysis to the regional
populations.

Data Extraction

Two years of HbAlc data were abstracted from the data
repositories of Calgary (3/1/2005 to 3/31/2007 study
dates; population of ~1.1 million), Edmonton (2/3/2002 to
10/27/2004; ~1.0 million), Red Deer (1/1/2006 to 12/31/2007:
~91,000), and Wetaskiwin (1/2/2006 to 12/31/2007; ~11,700),
Alberta, Canada.

Estimation of the Proportion of HbAlc Testing for
Nondiabetic Patients
The proportion of nondiabetic patients that had one

HbAlc test per year was derived from data shown in
Figure 2. The average level of HbAlc in patients that had
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more than three HbAlc tests per year (all locations) was
7.33%. It was assumed that the population of diabetic

patients in all regions had a mean HbAlc of 7.33%.

The mean level of HbAlc in nondiabetic patients was
assumed to be 5.2% (midpoint of the HbAlc reference
interval of 4.3-6.1%). The number of nondiabetic and
diabetic patients was solved algebraically using systems
of equations (see later). The number of diabetic and
nondiabetic patients with one, two, or three HbAlc
tests/2 years was determined for each region, and patients
with more than three HbAlc tests/2 years were assumed to
be diabetic. A calculation worksheet is available from the
authors on request. For example (np, diabetic patients;
nyp, nondiabetic patients):

np + nnp = total number of patients with 1 HbAlc test/2 years (1)

n, x(7.33% HbA1c) PRUNE (5.2% HbAlc) _ Observed % HbAlc in patients ( )
with 1 HbAlc test / 2 years

np +Nyp Ny +Nyp

Hemoglobin Alc Testing Intervals

For each patient, the individual time interval between
sequential HbAlc tests (separation interval) was
determined and collected.® The frequency of each
separation interval (ranging from 0 to 400 days) was
then determined. By dividing the frequency of each
separation interval by the total number of repeated test
intervals, we derived the relative frequency.

Results and Discussion

A total of 542,504 HbAlc tests were extracted from
laboratory information systems in the three study
regions over a 2-year interval. The prevalence of diabetes
in the province of Alberta was determined to be 3.4%.
These extracted data consisted of 1.0 HbAlc tests per
different patient per year. If all the HbAlc tests were
performed on known diabetic patients, the test frequency
would be well below both the ADA guideline of testing
at least twice per year and the CDA guideline of
four tests per year. It is unlikely that the HbAlc tests
were conducted exclusively on patients with diabetes;
consequently, a more detailed analysis was performed.

Figure 1 depicts that 54-62% of the total HbAlc test
volume in each region was performed on patients
that had only one test in the 2-year interval. This high
proportion was quite consistent among the four regions
and could be attributed to either very poor compliance
with the diabetes practice guidelines or common use of
the test on nondiabetic patients, possibly to screen for
diabetes. The fact that Edmonton had the lowest number
of single tests might be associated with the interpretive
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Figure 1. Proportion of HbAlc tests performed once per patient in the
2-year study interval in each region.

report printed with any normal HbAlc in Edmonton
maintaining that the test should not be used to screen
for diabetes.

The frequency distribution of HbAlc tests per patient
in the 2-year study period is depicted in Figure 2 and
is plotted with the mean HbAlc value observed in
each frequency group. The distributions and changes
in HbAlc are remarkably similar across the regions.
As the number of HbAlc tests per patient increases
above three, the mean level of HbAlc reaches a plateau.
This plateau represents the mean level of HbAlc in
patients with diabetes (approximately 7.3% HbAlc), who
receive the highest frequency of tests per patient. It is
also clear that patients who have only one HbAlc test
in the 2-year interval have a lower mean HbAlc level in
each region. This downward shift in the mean HbAlc
level indicates that this group of patients likely consists
of both diabetic and nondiabetic patients. The number
of nondiabetic patient tests required to depress the
mean HbAlc level to the observed values is calculated
algebraically and is shown in Table 1.

Table 1 lists the volume of HbAlc tests performed in
each region and estimates of the extent of testing in
nondiabetic patients. The most striking observation
is that use of the HbAlc test in nondiabetic patients
consumes a large percentage of the total test volume
(I8 to 34%). The point estimates of the percentage of
HbAlc tests performed on nondiabetic patients are
based on a series of assumptions: that the populations
of nondiabetic patients have a distribution of HbAlc
values represented by the HbAlc reference interval with
a midpoint of 52% HbAlc and that the distribution of

J Diabetes Sci Technol Vol 3, Issue 3, May 2009

www.journalofdst.org



Variation in the Frequency of Hemoglobin A1c (HbA1c) Testing: Population Studies Used to Assess

Compliance with Clinical Practice Guidelines and Use of HbA1c to Screen for Diabetes Lyon
A B

70 85 85
£ 60 - 2
9 = Q e
"550_ + 750 ® _7538
Qo - o .
b~ 40 < Y= o
S S S <
£ 20 - --65% S —6.5%
S g g
o 10 A §. =
o 0 - 9.9 o - 5.5

\‘L'bbcb%’\‘b%.@q@ NYDS XD 0ADO0,N
01
Tests per patient Tests per patient
C D
70 8.5 70 8.5
7
260 £
£ 50 - * 2 S
© + 750 4 1)
2 40 1 < = <
o £ o o
g 30 1 I g -
._E 20 - + 65 § '_g §
o
g_ 10 - = g =
a 0O - - 55 o
N"l,"bbt‘:b*\‘b%.@q.@ '\"l,‘bbt‘b‘b'\‘b‘b.@.@
7
Tests per patient Tests per patient

Figure 2. Distribution of tests per patient in the 2-year study interval by region. The mean HbAlc for each group is overlaid.

(B) Edmonton, (C) Red Deer, and (D) Wetaskiwin.

(A) Calgary,

performed on nondiabetic patients

Calgary Edmonton Red Deer Wetaskiwin
Biennial volume of HbA1c tests 317,115 186,077 36,397 12,915
Volume of different patients tested 152,608 90,720 17,540 7,049
Volyme of patients with one HbA1c test/ 90,459 48283 10,149 4314
patient/2 years
Es’uma;ed volume of nondiabetic patients 85,807 29,507 6.208 2.980
tested in 2 years
Estimated proportion of all HbA1c tests 34% 18% 19% 27%
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diabetic HbAlc values did not vary with frequency of
testing. In our opinion, these point estimates are crude
and conservative indicators of differences in practice
occurring in each region. In clinical practice, nondiabetic
patients tested would be suspected of having a disorder
of carbohydrate metabolism and their mean HbAlc level
would be higher than the midpoint of the reference
interval. By using the midpoint of the reference interval
in the calculations, data in Table 1 underestimate the
extent of testing nondiabetic patients tested. For example,
increasing the mean HbAlc level among nondiabetic
patients from 5.2 to 5.5 or 6.0% for Calgary data alters
the estimated proportion of tests used for nondiabetic
patients from 34 to 39 and 44%, respectively. Although
these are conservative estimates, it was clear that HbAIc
testing on nondiabetic patients is a common practice
throughout the province, with noticeable regional
variation. The Edmonton laboratories had added the
following interpretive comment: “HbAlc should be used
to monitor glycemic control only in patients known to have
diabetes. It is inappropriate to use HbAlc to screen for diabetes
in asymptomatic patients” when the HbAlc was below
the midpoint of the reference interval. The intent of the
comment was to dissuade ordering clinicians from using
HbAlc to screen for diabetes. Although the estimates
of nondiabetic testing in this analysis are crude, it is
possible that this interpretative comment was effective
at dissuading screening because a lower proportion of
nondiabetic patients was tested in the Edmonton region
than in the other large urban region, Calgary.

The observations in Table 1 suggest that HbAlc is
widely used in nondiabetic patients, possibly as an aide
to screen or diagnose diabetes, and these practices are
not advocated in the current ADA or CDA guidelines.
This analysis allowed removal of nondiabetic patient data,
and subsequent reestimation of the frequency of HbAlc
testing was an average of 1.5 HbAlc tests per year per
diabetic patient.

To analyze the intervals between HbAIlc tests, patients
with only one HbAlc test during the study period were
removed from the data set and the frequency distribution
of HbAlc testing intervals in days was plotted as a
histogram in Figure 3. This complex distribution for a
single region shows a spike-like surge at 7-day intervals
superimposed on multiple modes at day 31, 91, and 183.
The spike-like surge is attributed to the tendency of
patients to habitually have phlebotomy on the same
days of the week (Monday-Monday, Saturday-Saturday).
To reduce the complexity of data, the relative frequency of
HbAlc testing at weekly intervals was determined and

then plotted in Figure 4. This analysis shows several
qualitative differences in diabetic patient management
among the four regions. If the CDA guidelines were
strictly followed and HbAlc testing occurred four times
each year, a single mode at 3 months (16 weeks) would
be prominent. It is clear that patients were tested at
1-, 3- and 6-month intervals. Testing HbAlc at a 1-month
interval was more common in Wetaskiwin and Calgary.
This short interval between HbAlc tests was unexpectedly
high, and it is possible that unstable or new patients
contributed to this peak but this cannot be deduced
from this data set. All four regions had their highest
frequency mode at 3 months, and the mode at 6 months
was a discernible peak shoulder. Several authors have
analyzed similar data to depict the extent of compliance
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Figure 3. Frequency distribution of HbAlc test intervals in the
Edmonton region.
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Figure 4. Relative frequency of HbAlc test intervals during the study
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with the ADA and CDA guidelines for the frequency of
HbAlc testing by describing the extent that the testing
interval was too short (<29 days, <1 month) or too long
(>89 days, >3 months).®"! Data in Figure 4 show that
there was a clear attempt for a 3-month testing interval
in each region, but in practice the testing occurred at
3 months + 3 weeks. Applying the strict thresholds used
by others to assess guideline compliance by physicians
could yield misleading overestimation of the lack of
guideline compliance by not accounting for the delay
between physician visits and patients phlebotomy. In our
opinion, data in Figure 4 with the mode at 3 months depict
partial compliance with the CDA guideline. In lieu of
emphasizing numerical descriptors, we would point
to the broad peaks and long tail to the right in Figure 4,
which indicate that there is a great deal of inconsistency
in the management of diabetes at this time in all four
regions studied. If both physicians and patients adhered
more rigidly to guidelines then a more uniform pattern
around the 3-month mode would be observed.

Figure 5 depicts cumulative distribution plots for the
intervals of HbAlc testing for each region. Similar
sinusoidal curves for HbAlc have been reported
previously in evaluation repeat laboratory testing
intervals.”® The sinusoidal shape of the cumulative
curve is caused by the multimodal distribution of data
(Figure 4). While the cumulative plot suggests that
greater than 90% of patients with diabetes have HbAlc
tests repeated within 1 year in all regions and that this
is consistent with the ADA guideline, the plot masks
the variation in shorter term testing intervals shown in
Figure 4.
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Figure 5. Cumulative frequency distribution of HbAlc testing intervals.
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This analysis of the variation of HbAlc test use in
four regions of Alberta has revealed similarities and
notable differences. The suspicion that large numbers of
nondiabetic patients were having infrequent HbAlc tests
in all regions was confirmed; however, further study
will be required to understand the disparity in testing
nondiabetic patients in these regions. While there is no
consensus among practice guidelines for the optimal
frequency of HbAlc measurement in diabetic patients,
both the ADA and the CDA guidelines suggest multiple
measurements per year to assure that glycemic control
is maintained. This study showed there are regional
differences in the short-term HbAIlc testing intervals
and a consistent and detectable effort to achieve the
3-month testing interval suggested by the CDA.
The broad multimodal frequency distributions and the
long tails to the right in Figure 4 suggest that all regions
could improve the consistency in the testing practices, and
responsibility for that lies with both physicians and
patients. In the Edmonton region, a decision was made
to limit repeat unnecessary HbAlc testing. The laboratory
is canceling any HbAlc request that is ordered within
28 days of a previous analysis. The full impact of this
restriction is not known at the time of writing.
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