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Abstract
Background—Diabetes mellitus is a major risk factor for coronary heart disease (CHD), renal
failure, retinopathy, and neuropathy. Lowering glycosylated hemoglobin (HbA1c) as well as low-
density lipoprotein-cholesterol (LDL-C) has been associated with a decreased risk of these
complications. We evaluated the utility of glycated albumin (GA) and direct LDL-C, 2 novel
assays, as compared to HbA1c and calculated LDL-C, in evaluating diabetes control and lipid in a
heterogeneous population and in specific subgroups of patients with type 2 diabetes mellitus.

Methods—We obtained fasting blood samples and measured HbA1c, GA, and direct LDL-C, as
well as other parameters, in a multi-ethnic population of 616 male and female patients with type 2
diabetes and 895 non-diabetic controls.

Results—HbA1c and GA levels, which measure different periods of glycemia, had a correlation
of r=0.70 (p<0.001), and mean values in patients were 38.7% and 43.4% higher, respectively, than
controls in men, and 41.1% and 40.1% higher, respectively, than controls, in women (both
p<0.001). Calculated and direct LDL-C values correlated very highly (r=0.96, p<0.001). The
correlations between HbA1c and GA, and between calculated and direct LDL-C were similar for
subgroups defined by gender, race, age, and other factors.

Conclusions—Calculated LDL-C provides an accurate assessment of fasting LDL-C compared
with a direct measurement in most subjects, except for those with hypertriglyceridemia, and GA
correlates with HbA1c in diabetic and non-diabetic subjects and may serve as a reasonable marker
of short term diabetic control.
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INTRODUCTION
Diabetes mellitus is a condition characterized by hyperglycemia and a markedly increased
risk of cardiovascular disease, a major cause of death and disability in our society. The Third
Adult Treat Panel of the National Cholesterol Education Program of the National Institutes
of Health in the United States concluded that the presence of diabetes was a coronary heart
disease (CHD) risk equivalent (i.e., that diabetic patients without prior CHD had the same
risk of having a future CHD event as non-diabetic patients with prior CHD), and
recommended that all patients with diabetes have their low-density lipoprotein (LDL) -
cholesterol (LDL-C) level lowered to <100 mg/dl or 2.6 mmol/l (1). A more aggressive
LDL-C target of <70 mg/dl or 1.8 mmol/l has been suggested by this same panel as optional
in diabetic patients with established CHD. Lowering LDL-C levels with statins in diabetic
patients in both the Heart Protection Study and the Collaborative Atorvastatin Diabetes
Study, as well as in diabetic patients with CHD, has been associated with significant
reductions in CHD risk vs placebo (2-4). A meta-analysis has indicated that for every 1.0
mmol/l or 38.5 mg/dl decrease in LDL-C there is in average a 23% reduction in CHD death,
and that diabetic subjects get at least as much benefit as non-diabetic subjects (5).

The presence of diabetes mellitus also markedly increases the risk of retinopathy and
blindness, nephropathy and renal failure, and neuropathy. In a number of diabetes treatment
trials, lowering levels of glycosylated hemoglobin (HbA1c) has resulted in significant
reductions in the risk of the above mentioned complications, as well as CHD (6-8). For these
reasons, the American Diabetes Association has recommended that treatment of diabetic
patients should aim to lower HbA1c levels to <7% (9). Control of HbA1c, LDL-C, and
blood pressure are all critical in preventing the complications of diabetes, and having
accurate values for these parameters becomes important for adequate treatment.

HbA1c analysis requires the use of whole blood and is often measured by HPLC, which
lacks high through-put, and is more labor-intensive than automated assays. LDL-C is a value
that is usually not measured directly, but is generally calculated from fasting values of total
cholesterol, triglyceride, and high-density lipoprotein-cholesterol (HDL-C). The purpose of
this study was to evaluate novel assays for direct LDL-C and glycated albumin (GA) in
stored samples from a multi-ethnic male and female population of diabetic subjects and
controls and to compare these results with calculated LDL-C and HbA1c values. We also
determined whether the correlations between assay methods applied across specific
subgroups defined by gender, race, age and other factors.

METHODS
Study Subjects

Patients with diabetes mellitus and non-diabetic control subjects, with no personal history or
family history of diabetes in first degree relatives and with normal (< 6.1 mmol/l or 110 mg/
dl) fasting glucose levels, were recruited and evaluated by the Diabetes Center,
Massachusetts General Hospital and the Division of Endocrinology and Metabolism,
Brigham and Women's Hospital as part of an observational study of diabetic and pre-
diabetic subjects. Subjects were evaluated after an overnight fast of at least 8 h, and
underwent a standard history including personal and family history, and medication use, and
a physical examination including height, weight, waist circumference, and blood pressure.
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Blood samples were drawn for the measurement of HbA1c and plasma and serum
biomarkers, and cell aliquots were frozen at −80° C for subsequent biochemical and genetic
analyses.

Biochemical Measurements
HbA1c levels were measured on fresh whole blood samples with an HPLC assay (10) that
serves as a primary reference method for the National Glycohemoglobin Standardization
Program (11). It has intra- and inter-assay CVs < 2.5% for high and low standards, and
utilizes long-term standards to prevent assay drift over time. Using plasma frozen at −80° C,
total cholesterol, triglyceride, and high-density lipoprotein-cholesterol (HDL-C) levels in
plasma were measured by automated standardized enzymatic analysis on a Hitachi 911
Analyzer (Roche Diagnostics, Indianapolis, IN). This laboratory maintains lipid
standardization with the Centers for Disease Control, Atlanta, GA for these assays, and
intra-assay and inter-assay CVs were <2% (12,13).

The direct LDL-C kit, obtained from the Kyowa Medex Corp. (Tokyo, Japan). The
characteristics and development of this assay have been previously described (14). The
assay is a homogeneous on-line assay that utilizes a triblock copolymer as surfactant and α
cyclo-dextrin (14). In our laboratory at Tufts University, the direct LDL-C assay had intra-
assay and inter-assay CVs of 0.77% and 1.30%, respectively. LDL-C was also calculated
(calculated LDL-C) from the plasma total cholesterol, triglyceride, and HDL-C values using
the Friedewald formula (LDL-C = total cholesterol – HDL-C – TG/5) (15). The original
recommendation was that this formula could be used to estimate LDL-C provided the patient
had fasted overnight and the plasma or serum triglyceride levels were <4.50 mmol/l. In our
own studies of dyslipidemic patients and participants in the Framingham Offspring Study,
we have found that calculated LDL-C levels using this formula are highly correlated (r=
0.93, P<0.001) with LDL-C measured by ultracentrifugation when plasma triglyceride levels
are <2.80 mmol/l (16).

The GA assay was performed using kits obtained from the Asahi Kasei Pharma Corporation
(Tokyo, Japan). This assay uses a glycated amino acid elimination reaction for an improved
enzymatic GA measurement assay, which has correlated very highly (r=0.99) with values
for GA obtained by HPLC (17,18). In our laboratory, the assay had intra-assay and inter-
assay CVs of 1.1% and 1.6%, respectively.

For the population based study, GA analysis was performed on frozen plasma stored at –80 °
C and never thawed. In all analyses, all laboratory personnel were masked as to subject
status. Informed consent was obtained from all subjects under a protocol approved by the
Human Investigation Review Committee of the Massachusetts General Hospital and
Brigham and Womens Hospital.

Statistical Analysis
The primary objective of this investigation was to compare the results of the 2 new assays
with established assays in patients with diabetes mellitus and in controls subjects. A
secondary objective was to determine whether the correlations in the entire sample applied
similarly to subgroups, based on gender or ethnicity. Comparison between patients with
diabetes mellitus and control subjects within gender were made using Student's t-test for
continuous variables and χ2 tests for proportions. Spearman correlation coefficients were
produced, using the entire sample. A nominal p< 0.05 were considered statistically
significant. All statistical analyses were performed in the General Medicine Division at
Massachusetts General Hospital using Statistical Analysis Software, (SAS Institute, Cary,
NC).

Ai et al. Page 3

Clin Chim Acta. Author manuscript; available in PMC 2014 February 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



RESULTS
Subject characteristics for the male patients with diabetes (n=297), male control subjects
(n=401), female patients with diabetes (n=319) and female control subjects (n=494) are
shown in Table 1. Both male and female patients with diabetes were significantly (p <0.001)
older than controls, significantly (p < 0.001) more likely than controls to have a body mass
index >30 kg/m2 and to have a waist circumference (> 102 cm in men and > 88 cm in
women), and significantly more likely to be taking aspirin and medication for blood pressure
and lipid control. Further, 17.1% of the men with diabetes (vs 2.6% of the controls) and
5.8% of the women with diabetes (vs 0.6% of the controls) had a history of heart disease,
underlying the importance of aggressively treating risk factors in this population. The
percentage of diabetic patients with nephropathy or severe proteinuria was <2%. Ethnic
background was similar in diabetes patients compared with controls: in men and women
with diabetes, 77.0% and 61.7%, respectively, were white, 19.4% and 30.2% were African
American, 5.8% and 3.6% were Hispanic, and 2.4% and 3.2% were Asian. For male and
female controls these percentages were: 74.4% and 77.2% white, 16.3% and 12.7% African
American, 4.3% and 5.8% Hispanic, and 5.2% and 4.4% Asian.

Data on biochemical variables for the patients with diabetes and respective controls are
presented in Table 2. Men and women with diabetes had significantly lower total
cholesterol, direct LDL-C, calculated LDL-C, and HDL-C and significantly higher
triglyceride, HbA1c, and GA levels in plasma than controls. Mean values for direct LDL-C
and calculated LDL-C were similar and highly correlated with one another (r=0.956,
p<0.001). In 8.5% of men with diabetes, 3.6% of women with diabetes, 2.1% of male
controls, and 0.4% of female controls, LDL-C could not be calculated because of fasting
triglyceride levels of >4.5 mmol/l and these subjects were excluded from this comparison
analysis.

In both patients with diabetes and in controls, HbA1c and GA had a correlation of 0.70
(p<0.001). The distributions of HbA1c and GA in patients with diabetes and control subjects
are shown in Figure 1. It is clear from these data the GA has a wider range of distribution
than HbA1c, but both parameters distinguish cases from controls. Mean levels of HbA1c
and GA were 38.7% and 43.4% higher in men with diabetes than controls and 41.1% and
40.1% higher in women with diabetes than controls, respectively (both p<0.001). In control
subjects, the distribution of HbA1c and GA were assumed to be normal, and their values 2
SD above the mean were 6.5% and 16.3%, respectively. These data would suggest that such
values would be reasonable targets for glycemic control in the population with diabetes. The
same relationships and differences between diabetes cases and controls for HbA1c, GA,
direct LDL-C and calculated LDL-C were observed in different ethnic and racial groups.

Despite being much more likely to be on lipid lowering medication, patients with diabetes
still had significant elevations in the total cholesterol/HDL-C ratio versus controls, and the
women with diabetes also had significantly higher non-HDL-C than controls, in contrast to
the men.

A subset of men with diabetes (n=115) and controls (n=395), as well women with diabetes
(n=153) and controls (n=482) had fasting glucose levels done. The mean values were 8.2
mmol/l (standard deviation or SD, 3.4) and 8.4 mmol/l (SD, 3.7), respectively, in the men
and women with diabetes, significantly different (p<0.001) than values in the controls,
which were 5.0 mmol/l (SD, 0.5) in the men and 4.9 mmol/l (SD, 0.5) in the women. Fasting
glucose levels were significantly correlated with both HbA1c (r=0.56, p<0.001) and GA
(r=0.43, p<0.001) levels.
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DISCUSSION
Patients with diabetes frequently have hypertriglyceridemia, which can sometimes make the
calculation of LDL-C with the Friedewald equation problematic. In our population, 8.5% of
the male and 3.8% of the female diabetic population had a triglyceride level that precluded
calculating LDL-C. For these reasons efforts have been made to develop direct assays for
LDL-C (14,19). Patients with diabetes often have elevations in plasma triglycerides,
remnant lipoprotein cholesterol, and small dense LDL, as well as decreased HDL-C as
compared to control subjects (20,21). Values obtained with direct LDL-C assays correlate
very highly with those obtained by ultracentrifugation (14). In addition to the requirement
for triglyceride levels <4.5 mmol/l, conventional lipid measurements require an overnight
fast, which is problematic for many patients with diabetes, especially those who are insulin-
treated. We have previously documented that this direct LDL-C assay can readily be used in
the fasting and non-fasting state to monitor LDL-C values, which change very little in these
two states (12). Moreover this assay is an excellent way to monitor effects of statin therapy
in CHD patients either in the fasted or fed state (22,23). We have documented that the direct
LDL-C assay performs well compared with the calculated LDL-C with the Friedewald
formula in both diabetic patients and non-diabetic subjects using plasma obtained after an
overnight fast. The direct LDL-C offers the physician the option of assessing LDL-C in the
non-fasting state, as well as when the patient has significant hypertriglyceridemia
(12,22,23). Moreover this assay can be run in any clinical chemistry laboratory and does not
require any specialized equipment except for an automated analyzer that is standard
equipment in such laboratories. In addition the assay has intraassay and interassay CVs
<2%. Conversely our data indicate that for the vast majority of diabetic patients the
calculated LDL-C serves as a very reasonable measure of LDL-C control, provided that the
sample has been obtained after an overnight fast.

While the diagnosis of diabetes is often based on the finding of a fasting glucose of >6.9
mmol/l, the standard for monitoring glucose control is the HbA1c. Studies have clearly
documented the benefit of lowering values to <7% to reduce the complications of diabetes
including retinopathy, nephropathy, neuropathy, and macrovascular disease (6-9). However
this test is relatively expensive, and can be cumbersome. Moreover, HbA1c cannot be
measured using frozen serum or plasma. For these reasons efforts have been made to
develop an assay for GA. Such an assay has now been developed, which can be run on an
automated analyzer using fresh or frozen serum or plasma. The assay is approved for use in
Japan (17). The assay does not provide the same information as the HbA1c as the shorter
half-life of albumin compared with red blood cells means that GA reflects mean glycemia
over approximately 2-3 weeks, compared with 2-3 months for HbA1c. GA would need to be
measured every 2-4 weeks to capture information regarding chronic glycemia, which is a
relative disadvantage compared with measuring HbA1c every 3 months. Increased GA
appear to serve as excellent markers of diabetes control in patients with diabetes on
hemodialysis (24), as well as an excellent predictor of the presence of CHD in patients with
type 2 diabetes (25). In hypertensive diabetic rats, GA levels are excellent markers of
vascular damage (26), and GA is unable to serve as an acceptor of endproducts of oxidation
in contrast to normal albumin (27). In Japan where both HbA1c and GA are approved and in
clinical use, many diabetologists prefer GA especially when initiating or changing
medication on their patients, some use GA and HbA1c in combination to obtain information
of both long and short term control at the same time, and some use GA in non-diabetic
subjects with insulin-resistance, while using HbA1c in diabetic subjects. This is the first
report of the application of GA in diabetic subjects in a US population. GA assessment is
easier and more cost-effective than HBA1c. However, HbA1c remains the gold standard of
diabetes control. The limitations of this study include the use of frozen, rather than fresh
samples for assessment of direct LDL-C and GA, and no prospective information about
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outcomes. The overall data indicate that: 1) direct LDL-C and GA are promising new tests,
that calculated LDL-C and non HDL-C can be used in most patients with diabetes (direct
LDL-C only needs to be used in subjects with triglycerides > 4.5 mmol/l (400mg/dl) or if
the patient is not-fasting), and that 2) both HbA1c and GA can be used as markers of
diabetes control.
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Figure 1.
Distributions of glycosylated hemoglobin (HbA1c %) and glycated albumin (GA %) in
patients with diabetes (A, B) and in control subjects (C, D).
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