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RESEARCH

GLYCATED ALBUMIN AND HBA1C IN DIABETIC NEPHROPATHY

(Albumin Glikat HbA1c dan Penyakit Nefropati Diabetik)

Elvan Dwi Widyadi, Jusak Nugraha, Ferdy Royland Marpaung

ABSTRAK

Nefropati diabetik merupakan komplikasi kronis yang sering terjadi di pasien penyakit Diabetus Melitus (DM), perubahan status 
glikemik harus diketahui lebih awal untuk mencegah komplikasi lebih lanjut. HbA1c sering digunakan sebagai pengendali glikemik 
jangka panjang (tiga/3 bulan). Albumin terglikasi merupakan tolok ukur baru yang dikembangkan untuk mengendalikan glikemik 
dalam waktu yang lebih singkat (2 minggu). Penelitian ini bertujuan untuk mengetahui kenasaban Albumin Glikat (GA) terhadap 
HbA1c di pasien nefropati diabetik. Dari 89 pasien DM yang diteliti, 34 didiagnosis sebagai diabetes nefropati. Kadar HbA1c diukur 
dengan metode Turbidimetric Inhibition Immunoassay (TINIA) dan GA diperiksa secara enzimatik. Analisis statistik dilakukan dengan 
menggunakan kenasaban Pearson, yang bermakna pada p<0,005. Cut off untuk GA: adalah 16% dan untuk HbA1c: 6,5%. Rerata 
GA: adalah 20,73% dan 7,42% HbA1c. Pada penelitian ini, dengan uji Pearson diketahui kenasaban yang baik antara GA dan HbA1c 
(r=0,785, p-nilai<0,0001). Albumin Glikat memiliki kenasaban yang kuat terhadap HbA1c. Oleh karena itu, GA dapat digunakan untuk 
mendeteksi indeks glikemik dalam jangka waktu singkat (2 minggu) di pasien pengidap nefropati diabetik.

Kata kunci: Albumin glikat, HbA1c, nefropati diabetik, diabetes melitus

ABSTRACT

Diabetic nephropathy is a chronic complication often occurring in Diabetes Mellitus (DM) patients. Glycemic control should 
be known early in order to prevent further complications. HbA1c is often used as a long term glycemic control (3 months). 
Glycated Albumin (GA) is a newly developed parameter for a short time glycemic control (2 weeks). The aim of this study was to 
know the correlation of GA and HbA1c in Diabetic Nephropathy patients. Out of 89 DM patients studied, 34 were diagnosed as 
Diabetic Nephropathy. HbA1c levels were measured by Turbidimetric Inhibition Immunoassay (TINIA), GA was determined by an 
enzymatic method. Statistical analysis was performed using Pearson correlation,which is significant for p<0.005. The cut off for 
GA: was 16% and for HbA1c: 6.5%. The mean of GA: was 20.73% and HbA1c 7.42%. In this study, by using Pearson’s test, a good 
correlation between GA and HbA1c (r=0.785 p-value<0.0001) could be found. Glycated albumin is well correlated with HbA1c. 
Therefore, GA can be used to detect a short time glycemic index (2 weeks) in Diabetic Nephropathy patients.

Key words: Glycated albumin, HbA1c, diabetic nephropathy, diabetes mellitus

INTRODUCTION

Diabetic Nephropathy is a chronic complication 
often occurring in DM patients. The accumulation 
of blood glucose for a long time will cause a non-
enzymatic bond with protein through covalent 
bond which then re-unites with a similar compound 
causing a specific crosslinked Advance Glycocylation 
End Products (AGEs). The change in glycemic status 
must be known earlier to avoid further complications 

because the accumulation of AGEs will stimulate the 
increase of oxidative-stress in tissues, thus damaging 
the surrounding tissues.1-3

The diagnosing and supervising of diabetes at 
this stage and keeping the blood glucose level in 
normal limits must be taken into accordance with 
diabetes treatment. The epidemologically research 
results: Collaboration Analysis of Diagnostic Criteria 
in Europe (DECODE). Funagata study, study prevent-
NIDDM reported that fluctuation of high blood glucose 
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concentration will be endangering macrovascular 
disease, including heart and vascular disease in 
the first stage of glucose intolerance. Filtering and 
interfering diabetes in the early stage will be a great 
aid in preventing diabetes complications, heart and 
vascular disease. Other studies from the Diabetes 
Control and Complication Study, United Kingdom 
Prospective Diabetes Study and Kumamoto study show 
evidences that diabetic patients with bad glycemic 
level control will develop in diabetic nephropathy, 
neuropathy and retinopathy.4

HbA1c is often used as a long-term glycemic 
control by predicting glycemic status of patients 
in 3 months according to the erythrocyte life span. 
This observation has several drawbacks as it can 
cause false reading results either low or high results 
related to patients who suffer from disorders: kidney 
malfunction, anemia, some Hemoglobinopathy and 
pregnant mothers. Glycation or Glycated Albumin (GA) 
is a newly developed parameter to score the glycemic 
status. Glycated Albumin is expected to control the 
glycemic status especially with diabetic nephropathy 
complication in which GA in evaluating the glycemic 
level is not influenced by other hemoglobin and 
erythrocyte disorders. Besides this GA is able to provide 
a glycemic state earlier than 2 weeks, so the change of 
blood glucose fluctuation is easily evaluated.1,2 This 
research was done to analyze the correlation of GA 
examination result towards HbA1c as the glycemic 
benchmark in a diabetic nephropathy patient. 

METHODS

Samples taken at random about 89 patients 
diagnosed as DM patients and examined either as 
Outpatients or Inpatients treated in the Dr. Soetomo 
Hospital Surabaya. Thirty four of them were 
diagnosed as diabetic nephropathy patients. Venous 
blood samples and serum were taken at the Clinical 
Pathology Laboratory Diagnostic Centre Building 
Dr. Soetomo Hospital Surabaya, the research was done 
from December 2014 to April 2015.

The samples were examined for HbA1c and GA. 
The method used to examine GA was by enzymatic 
method using reagent GA–L and performed using 
TMS 1024Ii device.6 The examination of HbA1c was 
done by Turbidimetric Inhibition Immunoassay (TINIA) 
method calculating HbA1c using a percentage with 
the equation: %HbA1c = 100 × HbA1c/Hb reagent 
used Hb1c flex® cartridge and reaction was done in 
Dimension instrument Rlx,7 Cut off for GA: was 16%8 
and HbA1c: 6.5%,9 other examinations of clinical 
chemistry (BUN, SC, albumin, hemoglobin, GDP, 2JPP) 
were done with an automated instrument.

The type of research was an analytical cross-
sectional observation by using Pearson correlation 
statistical test. Statistical analysis was done by using 
Excel 20017 and SPSS 17. The correlation of GA and 
HbA1c value was tested by statistical parameter, 
Pearson’s test. Among all of the tests, p value<0.05 was 
considered as a significant difference. The range of GA 
and HbA1c was determined by calculating the mean ± 
2 SB. Cut off for GA: was 16% and for HbA1c: 6.5%.

RESULTS AND DISCUSSION

The demography data and clinical parameters of 
research samples are illustrated in Table 1.

Demography data were represented by age and 
gender while parameters measured were HbA1c, 
Glycated Albumin (GA), Fasting Blood Glucose (FBG), 
2 Hours Post Prandial (2HPP), Serum Creatinine (SC), 
Blood Urea Nitrogen (BUN), proteinuria, albumin, 
hemoglobin. Demography data from research samples 
were of an average age of 57 years corresponding 
to the prevalence of diabetic patients with chronic 
complication.

Table 1. The characteristic of research subjects

Parameter Mean±SB
Male 14
Female 20
Age 57.7±12
HbA1c 7.4±2
GA 20.7±8
FBG 122.9±97
2HPP 242.8±124
SC 4.2±3
BUN 46.4±30
Protein +2
Albumin 2.38±1.1
Hb 7.3±5

Note: GA: Glycated Albumin, FBG: Fasting Blood Glucose, 2HPP: 
2 Hours Post Prandial, SC: Serum Creatinin, BUN: Blood Urea 
Nitrogen, Hb: Hemoglobin

GA>16%; HbA1c >6.5% 

GA>16%; HbA1c < 6.5% 

HbA1c >6.5%; GA<16% 

HbA1c<6.5%; GA<15%

Figure 1. Distribution of HbA1c and GA examination results 
in Diabetic Nephropathy patients with a cut off 
HbA1c: 6.5% and cut off GA: 16% 
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Besides this, the examination results of GA and HbA1c 
above the cut off also showed a chronic process of diabetic 
disease. Meanwhile, the mean increase of creatinine and 
the presence of proteinuria and anemia (Hb<10 g/dL) 
in this research were aimed as the diagnosis of Diabetic 
Nephropathy. 

The results of GA and HbA1c by using the cut off 
GA 16% and HbA1c 6.5% as in figure 1 showed that 
there were 15 (44%) samples showing results for both 
GA and HbA1c above the cut off, Ten (30%) samples 
showed results for both GA as well as HbA1c below 
the cut off. Meanwhile, 8 (23%) samples of GA were 
above the cut off and HbA1c below the cut off and 1 
(3%) sample was below the cut off and HbA1c above 
the cut off GA.

The distribution of demographic data for diabetic 
patients, in Table 2 showed that the number of females 
were 20 subjects while the number of males was only 
14 people, with at cut off GA: >16% and HbA1c: >6.5% 
the distribution of mean results of GA and HbA1c 
in diabetic patients with different concentrations of 
albumin, hemoglobin and proteinuria resulted in a 
value above the cut off.

In this research, the correlation between the 
results of GA and HbA1c was calculated by Pearson’s 
Test to see whether a correlation existed between GA 
and HbA1c or not in predicting the levels of glycemic 
index in nephropathy diabetic patients. Table 3 
shows the result of Pearson Test as r=0.785 and a 
p value=<0.0001 which was very significant.

The correlation between GA and HbA1c as shown 
in Figure 2 at the intersection of the sample and the 
slope with r=0.875 and the p value of <0.001 showed 
a significance.

The study data were taken randomly from 89 
samples of patients diagnosed with diabetes, 34 of 
them were patients with diabetic nephropathy as 
shown in Table 1. The average age of the samples was 
57±12 with 20 females more than 14 males, at this age 

there is a tendency resulting in a degeneration process 
that will naturally form glycated-protein. However, 
this process will be more developed in patients with 
diabetes.9 The average result of GDP examination and 
the increased 2JPP showed high levels of blood glucose 
in patients with diabetes corresponding to increasing 
levels of average GA and Hb1c with a cut off value 
as a measurement of glycemic as well as showing the 
process of chronic hyperglycemia in diabetic patients.3 

The increased creatinine followed by the increasing 
levels of blood glucose would activate oxidative stress 
in type 2 diabetic patients,3,10 resulting in decreased 
renal function, as explained by Terawaki11 and Huang 
et al.12 who reported that the significant increase of 
creatinine was correlated to the increasing oxidative 
stress in patients with chronic renal diseases and 
patients in the final stage. Diabetic nephropathy 
disease was characterized by the average result of 
examining SC, BUN and proteinuria of 4.25±3.05; 
46.41±30.36. The proteinuria in this case was shown 
by micro albuminuria, an early marker of renal 
involvement in type 2 diabetes with complications.13

The results of GA and HbA1c examination in Table 
2 showed that the increase of both corresponded to 
the increasing age of 57.78±12 since the incidence 
of diabetes is most commonly found at that age. The 

Table 2. Distribution of GA and HbA1c check results towards the demographic distribution data

Sex Albumin Hemoglobin Proteinuria
Male Female > 3 < 3 > 10 < 10 > +2 = +2

n = 14 n = 20 n = 17 n = 17 n = 24 n = 10 n = 19 n = 15
GA 18.4±6.2 22.3±9.7 22.5±10.1 18.9±6.5 19.5±7.6 23.4±10.5 19.1 ±8.3 22.7± 8.8
HbA1c 6.7±1.8 7.8±2.5 7.9±2.5 6.9±1.9 7.5±2.3 7.22±2.3 6.7±1.4 8.3 ±2.9

Table 3. Correlation between GA & HbA1c by Pearson’s test

R P value
GA towards HbA1c 0.785 <0.0001

Figure 2. The correlation between GA and HbA1c
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gender factor in this study indicated that the results 
of GA and HbA1c examination were higher in females 
than in males (see Table 2). In previous studies, 
HbA1c levels in males were higher than in females as 
reported by The Atherosclerosis Risk in Communities 
(ARIC) study.14 This may be caused due to the fact 
that there were more samples of females than males. 
The result of GA examination could be influenced 
by the concentration of albumin, which in this study 
was shown in Table 2 from the GA examination of 
22.5±10.1 in the albumin samples with more than 3 g/
dL. Meanwhile, the GA examination of 22.7±8.8 with 
proteinuria 2+ was greater than the GA examination 
of 18.9±6.5 with an albumin of less than 3. The result 
of GA examination of 19.1±8.3 with proteinuria of 
more than 2+ corresponded to the limitations of GA 
examination towards the existing proteinuria which 
was massive such as in nephrotic syndrome and chronic 
renal disease stage 3 or 4 followed by decreasing levels 
of albumin.14 The result of HbA1c examination could 
be influenced by Hemoglobin levels; meanwhile in 
this study, the average result of both HbA1c levels 
examination in Hb less than 10 mg/dL and more than 
10 mg/dL showed no significant difference of 7.5 mg/
dL and 7.22 mg/dL.

Glicated albumin and HbA1c as the results of 
formation changes of albumin serum or the age 
of red blood cells from non-enzymatic glycation 
are influenced by diseases or medications such as: 
liver, severe renal, thyroid, anemia, malnutrition, 
malignancy, pregnancy, and steroid treatment.2 The 
result of GA and HbA1c examination in this study has 
each characteristic as shown in Figure 1. The result of 
GA and HbA1c examination was more than 16% cut-off 
and 6.5% as many as 15 samples of 34 (44%) which 
were examined. GA was more than 16%. HbA1c was 
less than 6.5% in 8 (eight) samples out of 34 (23%). 
Lately, many studies compared the accuracy of GA with 
HbA1c as an indicator for control of long-term glycation 
in patients with CKD either pre dialysis or dialysis. GA 
has a good and meaningful correlation towards the 
patient’s blood glucose with/without CKD stage 4 and 
5 and furthermore, GA was said to be a better indicator 
in monitoring glycation in patients with CKD with/
without dialysis.15 HbA1c has been proven to be reliable 
and can be used as a marker for predicting the course 
of the disease in diabetic patients. However, it is invalid 
if applied to patients with nephropathy diabetes. Some 
conditions in patients with CKD could influence the 
concentration of HbA1c, so it could result in both false 
low and high results. Besides blood glucose, HbA1c is 
influenced by several other factors, such as the age of 
erythrocytes, recombinant erythropoietin treatment 

(rHuEpo), uremia, blood transfusion, and hemodialysis. 
The faster the circulation of erythrocytes, the shorter 
the exposure of glucose will be, which in turn will 
decrease the levels of non-enzymatic glucose binding 
to the hemoglobin. This process will decrease the 
HbA1c, thus in patients with CKD the age of red blood 
cells will be shortened. The low level of HbA1c can 
be observed by monitoring the concentration of blood 
glucose.16 GA was less than 16%, and HbA1c was more 
than 6.5% in one subject out of 34 (3%), this condition 
was caused due to the very low concentration of 
albumin 1.6g/dL and accompanied with proteinuria 
3+. It is stated that the limitation of GA examination 
is related to a massive proteinuria such as in nephrotic 
syndrome and stage 3 or 4 of chronic kidney disease 
which are accompanied by a decrease of albumin level. 
Glycated albumin less than 16% and HbA1c less than 
6.5% occurred in 10 out of 34 samples (30%) caused 
by the success of monitoring and treating diabetes, 
so that the glycemic status of diabetic nephropathy 
patients was still within the normal limits.

The analysis result of statistical test by Pearson 
in Table 3 showed a very significant correlation 
between GA and HbA1c in monitoring glycemic status 
in diabetic nephropathy patients with r=0.785 and 
–p value<0.001 (thus very significant). This also 
appears in Figure 2 in the equation of linier regression 
showing a very strong correlation by contacting with 
slope line.

The limitation of this research was that it was an 
observation by studying the correlation between GA 
and HbA1c, the number of samples in this research was 
not counted statistically, so they could not be used as a 
generalization of study results, the parameter used in 
this research was not adequate enough to support the 
existence of diabetic nephropathy disease such as that 
there was no creatinine clearance data to evaluate the 
function of kidney. Diagnosis of diabetic nephropathy 
generally does not use the staging of renal damage. 

CONCLUSIONS

GA has a strong correlation with HbA1c. Therefore, 
GA could be used to detect glycemic index in a short 
period (2 weeks) in diabetic nephropathy patients. 
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