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Abstract
Background and aims. Glycated hemoglobin (HbA1c) retrospectively evaluates 
mean glycemia in the preceding 2-3 months and is the gold standard for assessing 
glycemic control, while glycated albumin (GA) is currently considered a short to 
intermediate term integrated glycemic control marker, since it reflects glycemic 
status over the last 3 weeks. We aimed to investigate the levels of GA, HbA1c and 
fasting glycemia in a group of patients with type 2 diabetes.
Methods. The observational study included adult type 2 diabetes patients (n=135) 
according to inclusion and exclusion criteria, randomly selected from Clinical Centre 
of Diabetes, Cluj-Napoca, Romania. Fasting glycemia, GA, HbA1c and creatinine 
were measured using commercially available methods.  
Results. Of the whole group, 62 (45.9%) were men. Mean age was 62.1±8.6 years 
old, body mass index was 31.8±6.1 kg/m2 and diabetes duration was 10.0 (4.0; 15.0) 
years. Fasting glycemia was 162±13.7 mg/dl, GA was 28.0 (21.0; 40.0)% and HbA1c 
8.9±2.3%. We found GA was significantly correlated with HbA1c (r=0.19; p=0.029) 
and fasting glycemia (r=0.32; p<0.001), while HbA1c was significantly correlated 
with fasting glycemia (r=0.40; p<0.001). 
Conclusions. GA was significantly correlated with both HbA1c and fasting glycemia 
in our patients with type 2 diabetes. While HbA1c is recognized as being the reference 
test for diabetes control monitoring, GA might a useful biomarker for assessing short 
to intermediate term glycemic control, particularly important in situations when 
HbA1c test cannot be reliable or earlier clinical decision making is mandatory.
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Background and aims
In patients with diabetes mellitus, 

diagnosis and follow-up are managed 
using fasting and two-hour postprandial 
glycemia and glycated hemoglobin 
(HbA1c) evaluation [1]. Although HbA1c 
is the reference test used for long term 
blood glucose monitoring over the last 2-3 
months, its utility has its limits related to 
certain clinical situations or to analytical 
methods employed, which may cause 
false results for HbA1c that are not truly 
correlated with the mean glycemia [2,3]. 

In the latest decades, glycated 
albumin (GA) gained more attention as 
being a new parameter for glycaemic 
control monitoring. GA is a fructosamine 
formed by non-enzymatic glycation process 
of serum albumin and it reflects short to 
intermediate term mean glycaemic levels 
due to the half life time of the albumin, 
which is approximately 3 weeks [4-6]. 

GA levels are not affected by changes in 
erythrocyte lifespan, and measurement of 
GA is not influenced by conditions such as 
hemolytic anaemias or bleeding episodes 
that might falsely reduce HbA1c levels, 
or iron deficiency anemias, thalassemia 
or other hemoglobinopathies which may 
falsely elevate HbA1c levels, invalidating 
HbA1c measurements in the management 
and diagnosis of diabetes. Also, GA can 
be useful for patients with wide variations 
in blood glucose, those at higher risk 
for hypoglycaemia or presenting with 
advanced chronic kidney disease. 

Given the fact that GA represents an 
intermediate measure between HbA1c and 
blood glucose, it might be helpful in clinical 
decision making, particularly when new 
antihyperglycemic treatments are initiated. 
Thus, the use of GA has been proposed as 
a complementary biomarker for diabetes 
mellitus monitoring particularly useful 
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in short to intermediate term glucose monitoring and in 
situations when HbA1c test cannot be reliable [7,8]. We 
aimed to investigate the levels of GA, HbA1c and fasting 
glycemia in a group of patients with type 2 diabetes.

Methods 
Study design and patients
The observational study included randomly selected 

adult patients with type 2 diabetes (n=135) hospitalized 
in Clinical Centre of Diabetes, Nutrition and Metabolic 
Diseases in Cluj-Napoca, Romania, between years 2013 
and 2018. The diagnosis of type 2 diabetes and diabetes 
chronic complications was established according to the 
American Diabetes Association criteria [1]. Hypertension 
was diagnosed in the presence of office BP of ≥140 mmHg 
systolic or ≥90 mmHg diastolic or the use of antihypertensive 
drugs [1]. Patients were not included if they were diagnosed 
with any unstable clinical conditions, hematological 
diseases (e.g. anemia, thalassemia), malignancies, nephrotic 
syndrome, liver cirrhosis, hyperthyroidism, hypothyroidism, 
had estimated glomerular filtration rate <30 ml/min/1.73m2, 
had steroid medications, had a blood transfusion within 6 
months of study entry, were pregnant or breast feeding. All 
these conditions might have interfered with study evaluation 
of HbA1c and GA levels [3,4].

In accordance with the World Medical Association 
Declaration of Helsinki revised in 2000, Edinburgh, and 
institutional guidelines, the protocol was approved by the 
local Ethics Committee of the Iuliu Haţieganu University 
of Medicine and Pharmacy Cluj-Napoca, Romania. All 
patients were aware of the investigational nature of the 
study and provided written informed consent before any 
study procedure.

Study protocol and assessments
Age, sex, smoking status, duration of diabetes and 

hypertension, presence of chronic diabetes complications 
(neuropathy, retinopathy, nephropathy and atherosclerotic 
cardiovascular disease), other concomitant diseases and 
antidiabetic medication were collected from patients’ 
medical files. Height, weight and abdominal circumference 
were measured in fasting state, light dress and with no 
shoes and body mass index was calculated. Office systolic 
and diastolic blood pressure and heart rate were measured 
in both arms using an automatic device (Colin Press-Mate 
BP-8800C Sphygmomanometer Monitor, Japan) after 10 
minutes of rest in a sitting position.

Fasting venous blood samples were obtained from 
each patient for the assessment of glycemia, HbA1c, 
complete blood count and creatinine. Parameters were 
assessed on the day of blood collection using commercially 
available methods at Central Laboratory of the Emergency 
County Hospital Cluj, Romania (Beckman Coulter AU480 
Chemistry Analyzer, USA). Glycemia was determined 
using the hexokinase method and HbA1c was measured in 
ethylenediamine tetra-acetic acid (EDTA) anticoagulated 

blood samples using turbidimetric immunoinhibition method. 
Serum samples were stored frozen at −80 °C for subsequent 
GA analysis in the year 2018. GA was measured using a 
standardized enzymatic quantitative method (QuantILab®, 
Instrumentation Laboratory SpA - A Werfen Company, Milan, 
Italy) and was reported as a percentage of total albumin 
measured in the same serum sample, minimizing the effects 
of variations among patients and in albumin concentrations. 
The percentage of GA was obtained by a math calculation: 
glycated albumin/total albumin x 100 [9]. Creatinine 
was measured by a colorimetric method and glomerular 
filtration rate was estimated using CKD-EPI equation by 
accessing www.mdrd.com. Calibrators and controls used 
during laboratory assessments were utilized according to 
manufacturer’s instructions. The coefficients of variation of 
the used reagents and instruments were less than 2%. 

Statistical analysis
Data analysis was performed using the IBM SPSS 

Statistics for Windows, Version 22.0 (Armonk, NY: IBM 
Corp). Kolmogorov–Smirnov test was used to test the 
normal distribution of all continuous variables. Continuous 
variables were tested for outlier using the outlier labelling 
rule based on multiplying Interquartile Range by a factor 
of 2.2. Data were expressed as mean ± standard deviation 
or median and 25th and 75th percentiles, or numbers 
and percentages. Correlations between parameters were 
evaluated using Spearman or Pearson coefficients. A value 
of p<0.05 was considered statistically significant.

Results
Characteristics of the study participants
The characteristics of the study participants are 

presented in Table I.

Variables Study group (n=135)
Age (years) 62.1±8.6
Male gender n, (%) 62 (45.9)
Currently smoking n, (%) 16 (11.9)
Diabetes duration  (years) 10.0 (4.0; 15.0)
Hypertension duration (years) 11.0 (6.0; 17.0)
Office systolic blood pressure (mmHg) 138.1±19.1
Office diastolic blood pressure (mmHg) 82.6±12.6
Heart rate (beats/minute) 76.4±11.7
Body mass index (kg/m2) 31.8±6.1
Waist circumference in males (cm) 108.7±13.2
Waist circumference in women (cm) 107.6±12.2
Fasting glycemia (mg/dl) 162±13.7
Glycated albumin, GA (%) 28.0 (21.0; 40.0)
Glycated haemoglobin, HbA1c (%) 8.9±2.3
Estimated glomerular filtration rate (ml/
min/1.73m2)

77.1±22.1

Values are means +/− standard deviation or median and 25th and 75th 
percentiles or numbers and percentages.

Table I. Characteristics of the study participants.
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Hypertension was diagnosed and treated with 
antihypertensive medication in 118 (87.4%) patients; 
dyslipidemia was diagnosed in 126 (93.3%) patients, while 
overweight or obesity was present in 121 (89.6%) patients 
enrolled in the study. Patients were treated with oral 
antidiabetic drugs (n=33, 24.4%), insulin (n=85, 63.0%) 
or were not receiving any antihyperglycemic treatment 
when enrolled (n=17, 12.6%). There were no significant 
changes in chronic antidiabetic medication reported in the 
3 months prior to hospital admission, except for insulin 
dose adjustments according to glycemia levels. 

The most frequent chronic microvascular 

complication in the studied population was peripheral 
neuropathy (54.3%), while retinopathy (28.9%) and 
nephropathy (34.8%) were present in lower percentages. 
Atherosclerotic cardiovascular disease was present in 
46.7% of the study population.

Correlations
The correlations between GA, HbA1c and fasting 

glycemia are presented in Figure 1, Figure 2 and Figure 
3. We found that GA significantly correlated with HbA1c 
(r=0.19; p=0.029) and fasting glycemia (r=0.32; p<0.001), 
while HbA1c significantly correlated with fasting glycemia 
(r=0.40; p<0.001) and. 

Figure 1. Correlation of glycated albumin (GA) with glycated 
hemoglobin (HbA1c).

Figure 2. Correlation of glycated albumin (GA) with fasting 
glycemia.

Figure 3. Correlation of glycated hemoglobin (HbA1c) with 
fasting glycemia.
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Discussion
We found that GA significantly correlated with 

both HbA1c and fasting glycemia in the patients with 
type 2 diabetes included in our observational study. This 
significant correlation found between GA and HbA1c 
confirms that GA is an indicator of protein glycation as good 
as HbA1c, and that GA is directly dependent on protein 
exposure to glucose. GA and HbA1c are both parameters 
that reflect blood glucose control but over different time 
periods. The measurement of HbA1c is considered the gold 
standard for monitoring mean glycemia over the last 2-3 
months [1], while GA reflects the glycaemic control over 
the last 3 weeks [4]. Previous studies have shown that GA 
correlated with both HbA1c and blood glucose values, and 
that short term assessment of glycemia may be useful as a 
complement to HbA1c measurement [10-12]. 

The low strength of the correlation between GA 
and HbA1c we report in our study could be explained by 
the time period of the glycemic control reflected by each 
of these parameters. This is thought to be because GA 
reflects a shorter-term status of glycemic control compared 
to HbA1c [10]. In a prospective study, variations in GA 
appeared to be more marked than those of HbA1c, while 
the highest GA levels were not consistent with those of 
HbA1c levels [13]. However, a strong correlation between 
HbA1c and GA was reported in cross-sectional studies 
involving participants without known diabetes [14] and in 
those with type 2 diabetes [15]. 

The low strength correlation we found between GA 
and HbA1c could have been further investigated if data 
regarding postprandial blood glucose would have been 
available for the patients included in our study. It has been 
suggested that GA may more strongly reflect postprandial 
glycemia and range of plasma glucose fluctuations than 
HbA1c [13]. This finding can be explained by the fact 
that short-term worsening or improvement in glycemic 
control might be better reflected by GA than by HbA1c 
fluctuations. Nathan et al. found that mean pre- and 
postprandial glycemia means were approximately equally 
significant associated with both GA and HbA1c. However, 
fasting glycemia displayed a stronger association with both 
glycation products than individual pre- or postprandial 
values [11]. We also found a positive correlation between 
fasting glycemia, GA and HbA1c. Since mean postprandial 
glycemia was not uniformly reported for patients included 
our study, we could not assess the correlation between this 
parameter, GA and HbA1c. 

We should mention that our study population was 
included based on certain criteria in order to avoid false 
elevated or false decreased levels of both HbA1c and 
GA. It is well known that the presence of certain diseases 
(e.g. advanced chronic kidney disease, anemia and 
thalassemia) or physiological conditions (e.g. pregnancy) 
might influence HbA1c levels, while other diseases might 
impair GA levels (e.g. nephrotic syndrome, liver cirrhosis, 

hyperthyroidism and hypothyroidism) [3,6]. However, GA 
could be an additional tool for evaluating blood glucose in 
pregnant women, new-borns, and patients with advanced 
chronic kidney disease or on dialysis because it reflects the 
status of mean glycemia more rapidly than HbA1c [16,17].

Strict glycaemic control in patients with diabetes 
is known to be associated with lower incidence of chronic 
microvascular and macrovascular complications. Intensive 
treatment with insulin or oral antihyperglycemic drugs 
has been established to delay the onset and to slow the 
progression of microangiopathy in patients with type 
1 and type 2 diabetes included in the Diabetes Control 
and Complications Trial (DCCT) and United Kingdom 
Prospective Diabetes Study, respectively [18,19]. In these 
two large prospective studies, lower levels of HbA1c 
were significantly associated with lower incidence of 
chronic complications. Later on, in the DCCT study and its 
continuation, Epidemiology of Diabetes Interventions and 
Complications (EDIC) study, HbA1c and GA showed similar 
associations with microvascular complications [20]. When 
investigating the interrelationships among different measures 
of glycemia chronic complications, Nathan et al. reported 
that HbA1c and GA had similar associations with retinopathy 
and nephropathy, and the association was strengthened when 
both glycation products were considered together [11]. In 
the Atherosclerosis Risk in Communities (ARIC) study that 
included patients with type 2 diabetes, GA was strongly 
associated with diabetes microvascular complications, 
with prognostic value comparable to HbA1c [11]. In our 
observational study, we could only evaluate the presence of 
chronic diabetes complications as well as the levels of GA 
and HbA1c, but we could not find any relevant associations 
between chronic complications and these parameters. 

An important aspect related to clinical decision 
making after glucose-lowering therapy initiation should be 
mentioned when assessing the differences between HbA1c 
and GA. Recent studies have shown that the prediction of 
therapy success was superior for GA compared to HbA1c 
when evaluating glycaemic control at an early stage after 
starting a new glucose-lowering treatment [21,22]. Given 
these findings, it was suggested that GA might be a useful 
complementary biomarker for assessing glucose control, 
particularly in situations when earlier clinical decision making 
is necessary. In our observational study, we evaluated the 
blood glucose control parameters and antidiabetic medication 
when patients were included in the study and no previous 
or follow-up data are reported. Our observational study has 
certain limitations: the population sample size was restricted 
to a certain number of available GA measurements and the 
lack of consistent data regarding postprandial glycemia. 

Conclusions
GA significantly correlated with both HbA1c 

and fasting glycemia in patients with type 2 diabetes. 
While HbA1c is recognized as being the reference test 
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for diabetes mellitus control monitoring, GA might be a 
useful complementary biomarker for short to intermediate 
term blood glucose fluctuations, particularly important 
in situations when HbA1c test may be biased or even 
unreliable, or earlier clinical decision making is mandatory.
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