196

Send Orders for Reprints to reprints@benthamscience.ae

Current Diabetes Reviews, 2018, 14, 196-199

COMMENTARY

Diagnostic Validity and Clinical Utility of HbAlc Tests for Type 2 Diabetes

Mellitus

BENTHAM
SCIENCE

Arthur H. Owora

Public Health, Falk College, Syracuse University, New York, NY 13244, USA

1. INTRODUCTION

Individual and population level inference about risk and
burden of diabetes is often made using diagnostic tests that
are imperfect and prone to misclassification error (i.e. false
positives and negatives) [1-3]. These errors or biases are
rarely accounted for and could

ARTICLEHISTORY lead to inappropriate clinical

decisions, inefficient allocation
of scarce resources, and poor
planning of disease prevention
Dbor: . and treatment interventions [1].
10.2174/15733998126661611291545 . . . . .
59 The objective of this article is to
describe how misclassification
error due to imperfect diagnostic tests affects individual and
population level inference, particularly involving the role of
hemoglobin HbAlc (A1C) in diagnosing Type 2 Diabetes
Mellitus (T2DM). An illustration of how disease prevalence,
test sensitivity and specificity could be used by healthcare
providers to inform individual level inference is also pro-
vided.
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2. TYPE 2 DIABETES MELLITUS

T2DM is a prevalent metabolic disorder affecting about
9.3% the US population [4] and is projected to increase
about 28% by the year 2050 if its incidence is not curtailed
[5]. It is characterized by insulin resistance and/or low levels
of insulin leading to abnormal glucose levels in the body.
T2DM is associated with increased risk of retinopathy, neph-
ropathy, neuropathy, and cardiovascular disease, peripheral
arterial and cerebrovascular disease [6, 7]. In addition to
causing substantial suffering and loss of work productivity to
patients, these complications are also associated with signifi-
cant caregiving burden. The annual healthcare costs associ-
ated with T2DM in the US are estimated to be $174 billion
per year [8].

Given the burden of illness, there has been considerable
public health interest in the early detection of T2DM risk to
improve treatment prognosis. Despite the availability of ef-
fective early interventions (e.g. early pharmacotherapy,
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nutritional interventions augmented with physical activity
and better lifestyle choices), [9] a substantial proportion of
individuals with T2DM often receive late (or delayed) diag-
noses [10]. One of the obstacles to early identification and
diagnosis include inadequate healthcare provider knowledge
of the diagnostic validity and potential clinical utility of ex-
isting point of care tests including the commonly-used Alc
tests [11].

3. Alc TESTS AND DIAGNOSTIC CRITERIA FOR
T2DM

The Alc test is the most common diagnostic and screen-
ing tool used for T2DM management and research [12, 13].
It measures an individual’s average blood glucose level over
the past three months; the higher an individual’s blood glu-
cose level, the higher the percentage test result. Unlike Fast-
ing Plasma Glucose (FPG) tests which measure glucose
floating free in the blood after fasting at the time of the test,
the Alc test is less variable and reflects the average amount
of glucose attached to hemoglobin over the past three
months.

Recent T2DM diagnostic criteria proposed by the Inter-
national Expert Committee based on the Alc suggest that
levels >6.5% (48 mmol/mol) are indicative of T2DM and
6.0-6.4% identify those at high risk for progression toward
T2DM [14]. The American Diabetes Association (ADA) also
recognizes that Alc levels >6.5% indicate T2DM, while 5.7-
6.4% indicate a high risk for progression to T2DM, even
though these criteria are based upon both the FPG and 76-g
Oral Glucose Tolerance Test (OGTT) [15]. Despite the
numerous strengths that accompany the use of Alc (e.g.,
highly-standardized with low intra-person variation, timely,
fewer requirements for sample collection and storage), it
exhibits poor validity and therefore remains a point of con-
tention that limits its more widespread adoption (e.g. Alc
test at 6.5% diagnostic threshold: Sensitivity=44%, Specific-
ity=79%) [16-18]. Debate remains, with empirical research
suggesting that a reliance strictly upon FPG and OGTT has
also resulted in marked worldwide under-diagnoses and
treatment of T2DM and pre-diabetes [19]. It has been long-
recognized that the onset of T2DM often occurs years prior
to both clinical diagnosis and treatment (often up to seven
years), and that these delays are often associated with in-
creased metabolic abnormalities, clinical manifestations, and
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risk of death [20, 21]. The diagnostic validity of the Alc test
has been examined at various diagnostic thresholds (cut-
point levels) for the diagnosis of T2DM [22, 23]. Moreover,
the choice of optimal diagnostic thresholds depended on
whether the benefits of diagnosis and treatment outweighed
harms for each specific patient population examined.

To illustrate, Buell, Kermah and Davidson (2010) con-
ducted a study using the National Health and Nutrition Ex-
amination Survey (NHANES) (1999-2004: >20 years) and
found that the sensitivity (Se) and specificity (Sp) of the Alc
test (boronate affinity high performance liquid chromatogra-
phy-HPLC) at a 5.8% level for the detection of T2DM ranged
from 84% to 95% and 86% to 93% respectively [23]. At a
6.5% level, the Se and Sp were estimated to be 45% and 99%
respectively [23]. Additionally, Kramer, Araneta, and Barret-
Connor (2010) investigated older adults (mean age: 69; stan-
dard deviation: 11) estimated Alc Se and Sp at the 6.5% level
to be 44% and 79% [22]. This study used a high-performance
liquid chromatography Alc test with an automated analyzer
[24]. These two studies suggest the Se and Sp estimates of
Alc test could vary substantially not just based on the diag-
nostic threshold used but also the type of Alc test used.

Heterogeneity in the diagnostic performance of Alc tests
has also been noted among patient groups with different eth-
nicities [25], ages [26], variants of hemoglobin -
homoglobinopathies [27] and medical conditions such as
HIV [28] and anemia [29] due to Alc-glucose discordance.
This heterogeneity underscores the fact that the diagnostic
performance of the Alc test is population specific and so is
the optimal diagnostic threshold that is used to determine
presence or absence of T2DM.

4. Alc TEST MISCLASSIFICATION ERROR

Based on the aforementioned, if such an Alc test was to
be administered to 100 at risk individuals in a population
with a ‘true’ T2DM prevalence of 10% assuming a Se and
Sp of 44% and 79%, one would expect 23 individuals to test
positive (i.e. an apparent or biased prevalence of
23/100=23% i.e. [True positives (4) + False Positive (19)]
=23), and 77 individuals to test negative. Therein, six pa-
tients with T2DM would be missed (false negative propor-
tion of 66%: 1-Se) and 19 non-diabetic individuals would be
wrongly classified as positive (false positive proportion of
21%: 1-Sp). With a positive predictive value of 17% (only 4
of 23 positive tests actually have T2DM), positive test results
from Alc tests should be interpreted with caution to avoid
the intangible burden and cost (e.g., unnecessary worry and
anxiety among positive tested individuals and the possibility
of extra healthcare costs) due to further testing or initiation
of unwarranted treatment/intervention. While the Alc test at
the 6.5% diagnostic threshold may be good at ruling out dia-
betes (i.e. negative predictive value of 92% (71/77)) it
wrongly classifies 21% (false positive proportion) of non-
diabetic individuals as diabetic.

5. ACCOUNTING FOR Alc MISCLASSIFICATION
ERROR USING THE LIKELIHOOD RATIO AP-
PROACH

While the knowledge of test sensitivity and specificity is
important, this alone is inadequate to inform a healthcare
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provider regarding the probability of ‘true’ disease status
given an individual’s test results. For sensitivity and speci-
ficity estimates to be useful to a healthcare provider, it is
more theoretically-sound that estimates are combined with a
likelihood ratio to better inform individual level inference
(i.e., probability of illness given a positive test result).

The likelihood ratio is a summary of how many times
more likely (or less likely) an individual with disease is
likely to have a particular test result than individuals without
disease. By direct application of Bayes theorem, [30] likeli-
hood ratios can be combined with results of Alc tests to
estimate an individual’s risk of disease (post-test probabil-
ity). Therein, two variants of the likelihood ratios are needed,
one for if an individual tests positive (positive likelihood
ratio: LR+) and another if an individual tests negative (nega-
tive likelihood ratio: LR-). The LR+ is derived from dividing
Se by 1-Sp (i.e., Se/[1-Sp]) and the LR- from dividing 1- Se
by Sp (i.e., [1-Se]/Sp). The post-test probability can be de-
rived from the post-test odds (i.e., product of the pre-test
odds and likelihood ratio as per Bayes theorem) as:

Post-test odds = pre-test odds x likelihood ratio (D);
and

Post-test probability = Post-test odds/ (1 + post-test odds)
)
where:

odds = probability of being diabetic [p]/ (1-probability of
being diabetic[p]) (3);

and
The probability of being diabetic[p] = odds/ [1 + odds] (4).

Based on this aforementioned example (i.e., assuming Se
is 44% and Sp is 79% and a prevalence of T2DM in a hypo-
thetical population is 10%), the LR+ =2.1 and LR- = 0.7 and
pre-test odds = 0.1 (derived from 0.1/[1-0.1]), two scenarios
may be developed to illustrate the use of the likelihood ratio.

Scenario one: If an individual tested positive for T2DM
based on the Alc test, his/her post-test odds of being diabetic
would be 0.1 X 2.1 =0.21 (substitution into equation I: pre-
test odds x LR+)

The post-test probability of being diabetic would be
=0.21/[1+0.21] - substitution into equation 4
=0.17 (17%)

In interpreting these findings, these results indicate that
after testing positive on the Alc, an individual’s risk of hav-
ing diabetes has increased by 7% (from 10% - the population
prevalence). Further tests for T2DM might not be recom-
mended among such patients unless more information re-
garding the individual’s clinical history is known (e.g., fam-
ily history). Ideally, a higher post-test probability (depending
on the threshold thought to be clinically relevant) would
warrant further testing to confirm or rule out a diabetes diag-
nosis. However, recommendations for better dieting, in-
creased physical activity and further monitoring are war-
ranted as per the ADA guidelines [31].

Conversely, in addition to positive test result, if an indi-
vidual had a family history indicative of higher T2DM risk.
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His/her pre-test probability would be higher than 10% (popu-
lation prevalence) since national prevalence estimates show
that an individual with a family history of diabetes has a pre-
test probability of diabetes of 14% (i.e. prevalence of diabe-
tes among individuals with a family history of diabetes) [32].
Because such an individual’s pre-test probability of diabetes
is greater than 10% (i.e. the pre-test probability of an indi-
vidual without a family history of diabetes), his/her post-test
probability of being diabetic given a positive test result and a
family history of diabetes is likely much higher than 17%
(i.e. 23% derived by the direct application of multiplication
theorem of probability for dependent events).

Scenario two: 1If an individual tested negative for diabe-
tes based on the Alc test, his/her post-test odds of being dia-
betic would be 0.1 x 0.71 =0.07 (substitution into equation 1I:
pre-test odds x LR-)

The post-test probability of being diabetic would be
=0.07/[0.07 + 1] - substitution into equation 4
=0.07 (7%)

According to these findings, and based upon existing
ADA recommendations without any other indication for risk
(e.g., family history), such an individual may not necessarily
warrant additional follow-up. It should be noted, however,
that the above example is only for illustration purposes and
is not a substitute for a full clinical workup and differential
diagnoses, but hopefully augments that process for better
clinical judgement among healthcare providers.

6. POPULATION LEVEL INFERENCE USING Alc
TESTS

From a population-based research and policy perspective
and often translating to individual case-level situations, stud-
ies that are reliant upon imperfect diagnostic tests (i.e., those
with markedly low sensitivity and specificity) to examine a
disease risk or burden (prevalence) and associated risk factor
measures of association (e.g., odds ratios and risk ratios)
should intuitively require adjustment for misclassification
error to account for potential for false negatives and false
positives. Applied specifically to T2DM, the valid estimation
of an individual’s T2DM risk is critical to appropriate clini-
cal decision making. Unbiased prevalence estimates that are
adjusted for misclassification error are better suited to inform
appropriate allocation of scarce healthcare resources. Fur-
thermore, unbiased measures of association between T2DM
and suspected risk factors are critical to the design and im-
plementation of preventive interventions.

CONCLUSION

The clinical relevance of population-specific diagnostic
performance parameters such as sensitivity and specificity is
not obvious; however, when combined with likelihood ratios
they provide an intuitive and practical approach to making
sense of an imperfect Alc test result for individual level in-
ference. Current recommendations for improved inference
from an individual’s test result are predicated upon repeated
blood glucose testing [33] including the use of estimated
average glucose (€AG) [34]. In resource (i.e. time and testing
materials) constrained primary care and community setting,
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such practices may not be cost-effective. Indeed, as illus-
trated above, with varying T2DM prevalence estimates in
different populations, the interpretation of a test result could
have different implications. Likelihood ratios can be used to
take advantage of all available clinical information (e.g. fam-
ily history) including knowledge of the heterogeneity of Alc
test diagnostic performance across patient spectrums to ar-
rive at more valid individual level inferences. The LR ap-
proach is especially useful when the Alc test is used as a
screening tool in primary care and community settings
where repeated testing for confirmatory diagnosis may not
be feasible.
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