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Objective: To improve detection of abnormal glucose tolerance (Abnl-GT), attention has moved beyond the oral glucose tolerance
test (OGTT), to non-fasting markers of glycemia, specifically, HbAlc, fructosamine (FA) and glycated albumin (GA). Emerging data
suggest that in African descent populations, the combination of HbAlc and GA is superior to the combination of HbAlc and FA.
However, the diagnosis of Abnl-GT is usually based on tests which are performed only once. As reproducibility of Abnl-GT diagnosis
by HbAlc, fructosamine (FA) and glycated albumin (GA) is unknown, reproducibility of Abnl-GT diagnosis by HbAlc, FA and GA
were assessed in 209 African-born Blacks living in America.

Methods: At Visits 1 and 2 (9 £ 4 days apart), samples were obtained for HbAlc, FA and GA levels. Glucose tolerance status was
determined at Visit 1 by OGTT. Reproducibility was based on the K-statistic and paired t-tests. Thresholds for the diagnosis of Abnl-
GT by FA and GA which corresponded to an HbAlc of 5.7% were 235umol/L and 14.6%, respectively.

Results: Abnl-GT occurred in 38% (80/209). Diagnostic reproducibility was excellent for HbAlc (K>0.86) and GA (K>0.89), but
only moderate for FA (K=0.59). Neither HbAlc nor GA levels varied between visits (both P>0.3). In contrast, FA was significantly
lower at Visit 2 than Visit 1(P<0.01).

Conclusion: As HbAlc and GA provided similar diagnostic results on different days and FA did not, HbA1C and GA are superior to
FA in both clinical care settings and epidemiologic studies.

Plain Language Summary: Beyond the monitoring of blood glucose levels, HbAlc is now used to diagnose hyperglycemia, but
fructosamine and glycated albumin are being evaluated as alternatives when red blood cell factors cause inaccurate HbAlc results.

Studies suggest glycated albumin may be a better diagnostic test than fructosamine, but these investigations were poorly designed as
conclusions were based on studies done once on a single day.

Therefore, in our study, each participant was studied twice with samples drawn one to two weeks apart. We found that the
reproducibility of the diagnosis of hyperglycemia made by glycated albumin was excellent but only moderate for fructosamine. This
could explain why glycated albumin may be superior to fructosamine in both the care of patients and the design of large population
studies.
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Introduction

To move beyond the time-consuming, logistically challenging and expensive oral glucose tolerance test (OGTT),
attention has turned to the diagnostic value of non-fasting markers of glycemia to detect (Abnl-GT), specifically,
hemoglobin Alc (HbAlc), fructosamine (FA) and glycated albumin (GA).' > Emerging data in African descent popula-
tions, especially African-born Blacks as they have even higher rates of hemoglobinopathies and glucose-6-phosphate
deficiency than African Americans, if HbAlc values are compromised, GA may be a superior alternative to FA.'>”’
However, studies of the value of non-fasting markers of glycemia are flawed by the need to base conclusions on the
diagnostic values of these markers from a single visit."">>""** In short, studies to date focus on sensitivity from a single
test and not reproducibility. However, data on the diagnostic reproducibility of both FA and GA could assist in test
selection in both the clinical care setting and the design of epidemiologic studies.

HbA ¢ has been used since 1979 to monitor the adequacy of glycemic control in people with diabetes.” However, with
improvements in the standardization of HbAlc assays, it was decided in 2010 that HbAlc, measured by a NGSP-certified
method, could also be used to diagnose abnormal glucose tolerance (Abnl-GT), a summary term for diabetes and prediabetes. '’

As known for decades, HbAlc is formed by the nonenzymatic attachment of glucose to the N-terminal valine of the
beta-chain of hemoglobin.!" However, HbAlc results may underdiagnose hyperglycemia in the presence of anemia,
certain hemoglobinopathies, glucose-6-phosphate dehydrogenase (G6PD) deficiency, nutritional deficiencies such as
folate and B12, and altered red blood cell (RBC) lifespan.'’ If underdiagnosis of hyperglycemia occurs, detection of
diabetes may occur after irreversible but preventable complications have already occurred. To offset these limitations,
attention has turned to non-fasting RBC-independent measures of glycemia, specifically FA and GA."

Both FA and GA are extracellular plasma proteins produced by nonenzymatic glycation. As FA and GA concentrations are
independent of red blood cells, they may be appropriate for use diagnostically when HbAlc values are compromised.®
However, FA and GA are not interchangeable. FA is a measure of all glycated proteins in plasma, whereas GA is a subfraction
of FA.® As stated previously, evidence is accumulating which suggests that in the detection of hyperglycemia, GA is a better
diagnostic test than FA.">7 Yet, studies of all three non-fasting markers of glycemia, namely HbA1c, FA and GA, are limited
by the need to make conclusions based on a single determination of HbAlc, FA and GA.*>'? Therefore, this study was
designed to specifically address the data gap on diagnostic reproducibility of HbAlc, FA and GA. Working with African-born
Blacks enrolled in the Africans in America cohort, we prospectively asked: what is the reproducibility of the diagnosis of
Abnl-GT by HbAlc, FA and GA when visits are conducted approximately 1 week apart?

Methods

The 209 African-born Black participants had consecutively enrolled in the Africans in America cohort and were currently
living in the metropolitan Washington, DC area (age: 39 = 11 (mean + SD), range 20 to 65y, male: 62% (130/209), BMI:
27.9 £ 4.8, range 19.3 to 41.6 kg/m?). The Africans in America study examine the physiologic and social determinants of
cardiometabolic disease in African descent populations.'* '® To enroll, the participants must self-identify as healthy and
the absence of anemia, liver and kidney dysfunction is confirmed with routine screening tests at Visit 1. Consistent with
the Helsinki Accords, the protocol was approved by the NIH Institutional Review Board (ClinicalTrials.gov Identifier:
NCT00001853). Informed consent was obtained prior to participant enrollment.

The study participants had two visits conducted 9 = 4 days apart. An oral glucose tolerance test (OGTT) was
performed at Visit 1. In addition, hemoglobin status (ie meaning presence of hemoglobinopathies such as sickle cell trait)
and G6PD activity were measured. Abnl-GT was defined by glucose criteria.'” HbAlc, FA and GA were measured at
both Visit 1 and Visit 2. The diagnostic threshold for HbAlc is >5.7%.'" In contrast, accepted thresholds for the
diagnosis of Abnl-GT by FA and GA have not been established. As the HbAlc value of >5.7% is diagnostic of Abnl-GT
and occurred at the upper quartile of the population distribution, we determined thresholds for FA and GA by using their
cut-offs at the upper quartile of their population distribution, specifically 235 umol/L and 14.6%, respectively.”*

HbA1c was assayed the same day it was drawn in whole blood by high performance liquid chromatography (HPLC)
using a Bio-Rad D-10 (Bio-Rad, Hercules, USA). The method is NGSP-certified, and the coefficient of variation (CV)
for HbAlc drawn on different days was 1.8%.
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Plasma for FA and GA level determinations was obtained at both Visit 1 and 2, stored at —70°C and measured on
a single day. FA was measured by colorimetric nitroblue tetrazolium assay and GA by an enzymatic assay (Asahi Kasei
Pharma, Tokyo), both on a Cobas 6000 (Roche Diagnostics, Indianapolis).

The intra-assay CV was 2.9% for FA levels at 308 umol/L and 2.6% for FA levels at 521 umol/L. The intra-assay CV
was 1.6% for GA levels of 15.6% and 1.8% for GA levels at 35.2%.

Kappa-statistic (K-statistic) was used to measure diagnostic reproducibility.”® Strength of agreement criteria by K-
statistic was excellent: 0.81-1.0, substantial: 0.61-0.80, moderate: 0.41-0.60, fair: 0.21-0.40, slight: 0.0 to 0.20.%° Paired
t-tests were also performed. Analyses were conducted with STATA17 (College Station, Texas).

Data were managed with Research Electronic Data Capture (REDCap).”!

Results
Abnl-GT occurred in 38% (80/209) of participants. HbAlc, FA and GA concentrations are provided in Table 1. For
HbA 1c and GA, the diagnostic agreement between Visits 1 and 2 was excellent with K=0.86 and K=0.89, respectively. In
contrast, the diagnostic agreement by FA drawn on different days was only moderate (K=0.59). In addition, by paired
t-tests, neither HbAlc nor GA levels varied between visits (both P>0.3) (Table 1). However, FA was significantly lower
at Visit 2 than Visit 1 (P<0.01) (Table 1).

Sickle cell and hemoglobin C traits occurred in 13% (28/209) and 2% (5/209) of participants, respectively. In the 164
consecutively enrolled participants who had G6PD activity measured, 10% (16/164) were GO6PD deficient.

Discussion
This is the first investigation to move beyond looking at sensitivity and evaluate reproducibility of the diagnosis of Abnl-GT
by HbAlc, FA and GA. The question was: if the diagnosis of Abnl-GT was made at Visit 1, would the diagnosis be made by
the same test in one week’s time. In short, we found reproducibility of HbAlc, and GA were excellent but only moderate for
FA. This could explain, in part, why GA has been reported to perform better as a diagnostic test than FA.'>~

As the intra-assay coefficients of variation for both FA and GA were low, differences in the diagnostic reproducibility of
these two tests may be related to biological rather than analytic factors. We hypothesize that GA levels drawn one to two weeks
apart may be more reproducible than FA, because FA includes all plasma proteins, whereas GA only includes albumin.

While this study addresses a data gap relative to reproducibility, it was not designed to study sensitivity. However,
based on the reproducibility data provided, our study can help justify clinical and epidemiologic studies which test the
sensitivity of HbAlc and GA and must for logistic reasons be based on a single determination.

We did not evaluate the ability of FA and GA to monitor average glycemia. However, we note with interest that GA
has been reported to be superior to FA in monitoring average glycemia.*>

A consistent challenge working with FA and GA as diagnostic tests is that there are no internationally accepted
thresholds. Therefore, we followed the practice used with large cohorts, such as ARIC cohort and NHANES 1999-2004.
As the threshold for HbAlc of 5.7% occurred at the upper quartile of our population distribution, we used the thresholds
at the upper quartile for FA and GA. Interestingly, compared to FA of 241 umol/L reported in ARIC and GA of 14.4%
reported in NHANES, our thresholds of 235 umol/L and 14.6% are remarkably similar.>®

Table | Data on HbAIc, FA and GA

Parameter Visit | Visit 2 K-statistic® P-value®
(n=209) (n=209)

HbAIlc (%) 5.4+0.7 5.4+0.8 0.86 (0.79, 0.93) 0.32

FA (umol/L) 225424 219+26 0.59 (0.46, 0.72) <0.01

GA (%) 13.9+2.03 13.9+1.95 0.89 (0.81, 0.96) 0.79

Notes: *K-statistic and 95% Cl. ®Paired t-test.
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A strength of this study is that it was conducted in Africans, meaning a population in whom the issues of
hemoglobinopathies and G6PD deficiency are highly relevant. While it is a limitation that the study is a convenience
sample of African-born Blacks living in the United States, the prevalence of both hemoglobinopathies and G6PD

deficiency was consistent with the frequency disorders that are known to occur.”* 2

Conclusion

This analysis of Africans in America data has shown that FA is not a reliable test for the detection of hyperglycemia. The
key finding is that both HbAlc and GA provided similar diagnostic results on different days, whereas FA did not.
Therefore, in both the care of patients and the design of epidemiologic studies, HbAlc and GA may be superior to FA.

Data Sharing Statement
Deidentified participant data will be made available in Excel format upon reasonable request to the corresponding author,
Anne E Sumner, MD.
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