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Abstract

Background: Diabetic nephropathy is a global health concern and it is the most common etiology of
end-stage kidney disease, strict glycaemic control reduces the development and progression of
diabetes-related complications. Markers of long-term glycemic control are essential tools in the care
of diabetic patients. The objective of this study is to investigate the correlations between glycated
albumin concentration which is a tool of glycemic control, and different stages of diabetic
nephropathy. Methods: This is a prospective case control study included a total of 90 participants
who were classified into 4 groups according to urinary albumin excretion as: Group (1) (Control):
includes 15 healthy control, group (I1): (Normoalbuminuria): includes 25 patients with urinary
albumin excretion < 30 mg/gm Cr., group (l11): (Microalbuminuria): includes 25 patients with urinary
albumin excretion from 30 to 300 mg/gm Cr and group (IV): (Macroalbuminuria, group): includes 25
patients with UAE > 300 mg/gm Cr. From all subjects, complete history was taken and they were
subjected to full examinations and some laboratory investigations including (renal and liver functions,
lipid profile, HbAlc, glycated albumin, etc..). Also, abdominal ultrasonography and Fundus
Examination were in done. Results: The results showed that there was a significant increase in AST,
cholesterol, triglycerides, LDL, urea, creatinine, A/C ratio, fasting and random blood sugar and
HBA1c and glycated albumin values with increasing degree of albuminuria, while, albumin and HDL
had taken the opposite trend. There was a significant positive correlation between Glycated albumin
and age, BMI, FBG, RBG, HBALC, Cholesterol, LDL (P<0.01) and with HDL, ALT, AST (P=0.04),
albumin (P=0.03), however, Glycated albumin level was not affected significantly by HTN, IHD or
stroke. ROC curve results of serum Glycated Albumin as a marker of diabetic nephropathy showed
that the optimal cutoff was <14.47 and area under curve (AUC) was 0.99 %, with a highly significant
P. value, sensitivity was 98.1% and specificity was 94.4%. Conclusion: Glycated albumin can be
used as an indicator for assessing short term glycemic control in type 2 diabetic subjects with different
degree of renal impairment but not with massive albuminuria. Also, glycated albumin is directly
proportional with HbAlc and provides short term glycemic control due to rapid albumin turnover (2-
3weeks). In addition, the results revealed that macroalbuminuria patients have a higher incidence of
micro and macrovascular complications.
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Introduction

Diabetic nephropathy (DN) is defined as
albuminuria (albumin excretion rate > 300
mg/24 h) and declining renal function in a
patient with known diabetes in the absence of
urinary tract infection or any other renal
disease, it is a public health concern of
increasing proportions and reasons for a
significant reduction in life expectancy of
diabetic patients (Aldukhaye, 2017). 1t is the
most common etiology of end-stage kidney
disease (ESKD), strict glycaemic control
reduces the development and progression of
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diabetes-related complications, and there is
evidence that improved metabolic control
improves outcomes in diabetic subjects with
advanced chronic kidney disease (CKD)
(Frederiek et al., 2011). About of 20-40% of
type 2 diabetic patients with microalbuminuria
(MA\) progress to manifested nephropathy after
20 years from the onset of diabetes;
approximately 20% develop end-stage renal
disease (Gaede et al., 2008).

Markers of long-term glycemic control are
essential tools in the care of diabetic patients,
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currently, measurement of HbAlc is the most
commonly used and best evaluated marker for
both glycemic control and prediction of
vascular complications (ADA, 2012). However,
HbAlc measurements are affected by variant
hemoglobin (Hb) and some diseases that
shorten the lifespan of erythrocytes such as
hemolytic anemia and renal anemia (Goldstein
et al, 2004).

Glycated albumin (GA) may represent a better
marker of glycemic control than HbAlc
indiabetic patients (Peacock et al., 2008).
Glycation is the bonding of a sugar molecule,
such as glucose, to a lipid or protein molecule,
such as albumin, thus, glycated albumin refers
to albumin to which glucose has bonded .
Albumin is present not only in blood, but also
in major organs and body fluids (Vos et al.,
2011). Albumin serves to maintain cell shape
and plays an important function in the
distribution of hormones, nutrients and some
drugs in the body (Hasslacher et al., 2014). It
was reported that the amount of glycated
albumin decreases when blood glucose levels
are low and increases when blood glucose
levels are high (Koga and Kasayama, 2010).

Glycated albumin is not influenced by the
above mentioned factors which affect HbAlc
concentrations but instead reflects glycemic
control over a shorter period of time (2-3
weeks) due to the much shorterhalf-life of
albumin (Hasslacher et al., 2014).Additionally,
Glycated proteins influences renal function and
thus alter the permeability properties of the
glomerular capillary wall and are preferentially
transported across the glomerular filtration
barrier into the mesangial space (Daniels and
Hauser, 1992). Earlier  work  suggests
preferential tubule cell uptake of the gly-
cated forms of protein which have adverse
effect on renal microvasculature (Viswanathan
et al., 2009).
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The objective of this study is to investigate the
correlations  between  glycated  albumin
concentration which is a tool of glycemic
control, and different stages of diabetic
nephropathy.

Subjects and Methods

This is a prospective case control hospital based
study which recruiting four groups of
individuals attending at Internal Medicine
department of Minia University Hospital
between September 2016 to April 2017. A total
of 90 participants were included in this study
(15 healthy control subjects and 75 diabetic
patients) and were classified into 4 groups
according to urinary albumin excretion (UAE)
level as follow:

Group (1) (Control group): includes 15
healthy control subjects to evaluate and
compare the data of patients who already had
diabetes  with  either  normo, micro,
macroalbuminuria.

Group (I1): (Normoalbuminuria group):
includes 25 patients with urinary albumin
excretion less than 30 mg/g of creatinine
(mg/gm Cir).

Group (I11): (Microalbuminuria, group):
Includes 25 patients with urinary albumin
excretion from 30 to 300 mg/gm Cr.

Group (IV): (Macroalbuminuria, group):
Includes 25 patients with UAE more than 300
mg/gm Cr.

We excluded from this study all patients of type
1 diabetes mellitus, patients with obstructive
uropathy, patient with inflammatory condition,
any patient taking medications such as steroids
or non-steroidalanti-inflammatory and patient
with HCV+ve AB& HBs Ag +ve.

All patients and controls were subjected to the
following:

1. Thorough complete history taking

3. Laboratory Investigations

2. Thorough clinical examination

4. Radiological Investigation

5. Fundus Examination
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Results
Table (1): Demographic and clinical presentations in studied groups:
Groups
. P. value
Variable Group () Group (1) | Group (111) | Group (1V) (Sig.)
Control Normo Micro Macro '
Age (year) 25.3+5.7 54,2 +9.2 549 + 8.1 56.8+ 9.4 0.00**
Sex Male 4 (16.0%) 4 (16.0%) 6 (24.0%) 13 (52.0%) 0.03*
Female 21(84.0%) | 21(84.0%) | 19(76.0%) | 12 (48.0%) '
Smoking 2 (13.3%) 3 (12.0%) 2 (8.0%) 4 (16.0%) 0.86"°
Alcohol 0 2 (8.0%) 0 1 (4.0%) 0.38"°
BMI 225°+34 | 262°+41 | 235°+27 26.4°+48 | 0.00**
Diabetes 0 25 (100.0%) | 25 (100.0%) | 25 (100.0%) | 0.00**
1:5 6 (24.0%) 8 (32.0%) 3 (12.0%)
Duration >5:10 - 18 (72.0%) | 14(56.0%) | 14 (56.0%) .
of DM (yr) |- 10:15 - 1 (4.0%) 3 (12.0%) 5 (20.0%) 0.17"
>15:20 - 0 0 2 (8.0%)
> 25 - 0 0 1 (4.0%)
Medication Oral - 15 (60.0%) | 15 (60.0%) 8 (32.0%)
of DM Insulin - 10 (40.0%) | 10(40.0%) | 16 (64.0%) | 0.16"™°
Both - 0 0 1 (4.0%)
HTN 0 3 (12.0%) 2 (8.0%) 7 (28.0%) 0.04*
IHD 0 2 (8.0%) 5 (20.0%) 6 (24.0%) | 0.119"°
Stroke 0 0 3 (12.0%) 4(16.0%) | 0.096"°
. 113.6 + 112.4 + 120.8 + NS
Systolic BP 112.7+8.8 13.8 149 10.6 0.182
Diastolic BP 72.7+45 72.8+8.4 720+7.6 77.2+11.0 | 0.13.1™%
a,b,c Means in the same row with different superscript are significantly different.
Table (2): Laboratory characteristics of studied groups.
Groups
. P. value
Variable Group (1) Group (1) Group (111) Group (1V) (Sig.)
Control Normo Micro Macro
ALT (U/L) 21.5+5.2 26.9+12.9 25.7 +11.4 28.3+17.2 0.439"°
AST (U/L) 205" +5.4 276°+114 | 303 +133 31.2°+12.2 0.00**
Albumin (g/dL) 455" +0.19 4.39° +0.24 4.29° +0.22 3.85° + 0.43 0.00**
Cholesterol (mg/dL) | 138.8°+39.1 | 183.9°+46.3 | 198.6°+60.6 | 219.2°+485 | 0.00**
Triglycerides (mg/dL)| 110.9°+39.4 | 1275 +249 | 1381®+61.2 | 156.7°+818 0.04*
LDL (mg/dL) 76.3° + 26.4 103.9°+37.6 | 1249 +40.2 | 146.2°+23.1 | 0.008**
HDL (mg/dL) 40.3+3.3 39.7+55 38.4+6.4 37.7+6.1 0.419"°
Urea (mg/dL) 27.7°+4.7 31.7°+11.4 458°+17.1 74.1%+ 33.3 0.00**
Creatinine (mg/dL) 0.61°+0.14 0.73°+0.38 1.23°+0.72 2.49°+1.16 0.00**
GFR 129.9° + 10.2 96.3" + 25.7 65.6° + 25.5 29.9°+17.9 0.00**
AJ/C ratio 0.001° +0.009 | 0.007°+0.003 | 0.10°+0.06 3.32°+2.19 0.00**
Fasting BG 77.7°+10.2 1575°+52.2 | 165.8%°+65.6 | 175.6°+635 | 0.00**
Random BG 105.1°+11.9 | 233.6°+74.1 | 258.2°+847 | 268.9°+67.6 | 0.00**
HbA1C 3.31° +0.55 8.45% +2.13 9.41%+2.38 8.26% + 2.41 0.00**
Glycated Albumin 12.84°+1.01 | 20.30°+3.63 | 26.03*+352 | 20.97°+1.84 | 0.00**

a, b,c
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Table (4): Optimal cutoff, AUC, P.Value, Sensitivity & Specificity of Serum Glycated Albumin.

Optimal o -

cutoff AUC P. value Sensitivity Specificity
Glycated <1447 | 0991 | <0.001%* 98.1 94.4
Albumin

Table (3): Correlations between Glycated Albumin and other variables.

Correlations Corl_’e_lation P. v_alue
coefficient (r) (Sig.)
Glycated Albumin * age 0.62 0.00**
*BMI 0.28 0.00**
* Urea 0.14 0.17"®
* Creat. 0.15 0.18"°
*FBG 0.52 0.00**
*RBG 0.63 0.00**
* HbA1C 0.82 0.00**
* A/C ratio -0.02 0.85""°
* Cholesterol 0.39 0.00**
* TG 0.15 0.16"™
*LDL 0.37 0.00**
*HDL -0.27 0.04*
* AST 0.21 0.04*
*ALT 0.22 0.04*
* Albumin -0.24 0.03*

Table (5): Clinical and Laboratory characteristics of the studied groups as per KDOQI guidelines.

eGFR Groups
Ve eGFR _290 eGFR 6_0—89 eGFR 3_0—59 eGFR 5 30 P._ V.
(ml/min) (ml/min) (ml/min) (ml/min) (Sig.)
(n=23) (n=13) (n=22) (n=17)
M/F 5:18 3:10 8:14 7:10 0.48
Age (year) 523+76 527+78 57.6+95 58.4+9.1 0.07"
HTN 2 (8.7%) 1 (7.7%) 3 (13.6%) 6 (35.3%) 0.09"°
IHD 1 (4.3%) 1 (7.7%) 5 (22.7%) 6 (35.3%) 0.06"°
Stroke 1 (4.3%) 1(7.7%) 3 (13.6%) 2 (11.8%) 0.72"
Alcohol 3 (13.0%) 0 0 0 0.07™
HbA1C 8.82°+271 | 9.63°+191 8.85° + 2.51 7.66° + 1.46 0.04*
Urea (mg/dL) | 31.09°+9.3 | 41.00°+20.2 48.95° + 16.1 86.18% + 31.9 0.00**
Creat. (mg/dL)| 0.57°+0.13 0.94°+0.18 1.49° +0.31 3.12°+1.08 0.00**
Glycated Alb. | 20.9°+4.7 25.7°+35 23.0°+3.2 21.8°+28 0.00**
Discussion a statistical significant difference between all
Table (1) shows baseline demographic and groups and between them and group 111, 1. Also,
clinical data of the studied groups. There was a there was a significant difference in between
female predominance with a significant change groups as regard prevalence of hypertension

in age among groups (p=0.03), also, there was a (p=0.04).

significant increase between groups in BMI

where group I1, IV were the highest groups with Results of table (2) show that there was no
significant change between groups as regard
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ALT values, but there was significant
statistical increase in  AST, albumin,
cholesterol,  triglycerides, = LDL, urea,
creatinine, A/C ratio, fasting and random blood
sugar and HBAlc, glycated albumin values
(P<0.01) except for Triglycerides and LDL
(P<0.048,0.008 respectively) where group 1V
was the highest among all groups except in
albumin values where group | was the highest
and in glycated albumin where group Il was
the highest.

As regard Albumin concentration, there was a
significant decrease in group IV versus control
group (p<0.05) with a significant difference
between all groups (p<0.01). As regard
cholesterol there was a significant elevation in
between group IV and group Il but no
significant change between any of them and
group Il .As regard Triglyceride, there no
significant change between IV and neither
group Il nor group I but there was a
significant elevation in group IV versus control
group (p=0.048). As regard LDL there was a
significant change between group IV and both
group 1,11 but no difference between group IlI
and neither group Il nor group IV. Regarding
urea and creatinine concentrations, there was a
significant difference between group 1V and
group Il and between group Il and group II.
There was a significant difference between
group IV and the other Three groups in A/C
ratio. As regard fasting, random blood sugar
and HBALC there was statistical differences in
between the three studied groups and the
control group. As regard GA, there was a
significant differences between group Il
versus group 1V, group Il versus group |.

The results shows that regarding abdominal
ultrasound and fundus changes, there were no
significant statistical differences in between
groups, there were 2 patients in group IV with
fatty liver, one patient in group Il and group IlI
had fatty liver with mild splenomegaly. As
regard fundus examination, there were 10
patients with diabetic retinopathy in group 1V
and one patient in group Il , Also there was
two patients with corneal opacity in group 1V,
one patient in group 111, only one patient had a
myopic fundi in group Il. There was a
significant statistical difference in between
groups (p<0.01).
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Table (3) show correlation between Glycated
Albumin and other variables. There was a
significant  positive  correlation  between
Glycated albumin and age, BMI, FBG, RBG,
HBALC, Cholesterol, LDL (P<0.01) and with
HDL, ALT, AST (P=0.04), albumin (P=0.03).
The results show that there was no significant
statistical difference between patients who had
HTN, IHD or Stroke and those who did not
have any of them regarding Glycated Albumin
level.

Table (4) presents the optimal cutoff of <14.47
and area under curve (AUC) of 0.99%, with a
highly significant P. value, sensitivity of 98.1%
and specificity of 94.4 0f serum Glycated
Albumin as a marker of diabetic nephropathy

(fig. 1).

Results of table (5) show clinical and laboratory
characteristics of the studied groups  per
KDOQI guidelines which show prevalence of
females than males in all groups .There was a
significant elevation in level of Glycated
Albumin in patient with eGFR (60-89) versus
the other three groups(p<0.01)There was a
significant statistical difference in level of
HBA1c(P=0.04) at which patients with eGFR
(60-89) had significant higher level of HBAlc
versus patients with eGFR(<30) (p<0.01).There
was no significant statistical difference in
prevalence of stroke, IHD ,HTN in between
groups.

Conclusion

In summary, our results revealed that glycated
albumin can be used as an indicator for
assessing short term glycemic control in type 2
diabetic subjects with different degree of renal
impairment but not with massive albuminuria.
Also, glycated albumin is directly proportional
with HbAlc and provides short term glycemic
control due to rapid albumin turnover (2-
3weeks). In addition, the results revealed that
Macroalbuminuric patients have a higher
incidence of micro and macrovascular
complications.
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