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Abstract

Diabetes mellitus (DM) is a global epidemic that is correlated with long-term damage and causes dysfunction
of many organs like the kidney leading to diabetic nephropathy (DN) which need for heamodialysis (HD) to
protect progressive renal decline. This study was designed to evaluate the significance of glycated albumin
(GA), compared with fasting blood sugar (FBS) and glycated hemoglobin (HbAlc), were evaluated as an
indicator of glycemic control, also determinant of insulin. This study was conducted on 95 patients at age
rang (30-70) years, and patients include (35) HD patients with diabetes, (35) HD patients without diabetes
and (25) Type 2 diabetes mellitus, who attended atRamadi General Hospital and (25) samples as control
included in this study. This study showed that HbA1c% was significantly lower than simultaneous FBS and
GA% in HD patients in comparison with in diabetic patients and control, as illustrated in significantly shallow
slope of regression line between FBS with HbA1c and FBS with GA. Also, GA% was nearly corresponding
between before and after one hemodialysis in HD patients compared with HbA 1c.In conclusion, GA provides

a better measure to estimate glycemic control in HD patients with diabetes compared with HbAlc.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder
of carbohydrate leading persistent high level of blood
glucose due to insufficient amount of insulin. Chronic
hyperglycemia is associated with damage and causes
dysfunction of several organs such as kidney(:?.
Chronic kidney disease (CKD) is progressive loss of
kidney function over a period of months or years®. The
single most common of CKD is diabetic nephropathy
(DN), which occurs as a result of microangiopathy
caused by diabetes and is one of the most important
disorders leading to renal failure. Strict glycemic control
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is beneficial in preventing complications of diabetic
nephropathy®. Heamodialysis (HD) is successful in
prolonging the life of end-stage renal disease (ESRD)
patients. Selecting reliable clinical biomarkers to monitor
glycemic control is critical in HD patients with diabetes.
Glycated hemoglobin (HbAlc) and glycated albumin
(GA) are biomarkers used for estimating glycemic
control®. At present, HbAlc is widely used as a gold
standard index for glycemic control in clinical practice.
However, the HbA1c levels may be erroneous in patients
with CKD because of numerous factors as anemia
and the management of erythropoietin (EPO). GA has
been developed as an index for glycemic control and it
measures specifically the glycation product of albumin.
To date, GA has been suggested as a more reliable and
sensitive glycemic index to replace HbAlc in diabetic
patients with CKD ), because it is not influenced by
anemia and associated treatments. The main aim
of this study was assess whether GA might provide a



better indicator than HbAlc for glycemic control in HD
patients with diabetes.

Materials and Method

The Specimens collection were started from April,
2019 till end of June 2019. HD patient with diabetes
(35) and HD patient without diabetes (35) samples
were collected from the Industrial Renal department
and T2DM patients (25)from the Diabetes Center for
Treatment at Ramadi General Hospital. For the purpose
of comparison, (25) samples as control. Before the
collection of samples, a careful history was taken from
each patient according to a questionnaire. From each
patient and control, (5 ml) of blood were obtained by
venipuncture. The blood samples were divided into two
aliquots; 2ml was dispensed in EDTA tube and used
for HbAlc which determination by fast ion-exchange
resin separation method for the detection of HbAlc
in human blood according to®> which provided from
human company/Germany. While 3ml was dispensed
in plain tube to collect serum, the serum were used in
estimation FBS and GA. FBS determination according
to Pmethod, which provided with kit from linear
company/Spain. Determination of GAby ELISA:
According to Cat.No:YHB1374method as cited by
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manufacturing company kit, which provided from
Shanghai company/China. This kit uses enzyme-linked
immune sorbent assay based on biotin double antibody
sandwich technology to assay Human GA. To measure
the percent of GA, the conversion formula supplied with
kit was applied to all subjects; the formula is GA%=
([GA concentration/Total albumin]/1.14 x 100)+ 2.9.

Statistical: The statistical analyses were carried out
using SPSS version 25. One way ANOVA test was used
to find means and standard deviation (SD) for all variables
of the study. The difference significances in proportions
analyzed by LSD test. The correlations between variables
were confirmed by Pearson correlation analysis. P-value
>(.05 were considered to be significant.

Results and Discussion

Variation of FBS Levels during Study Period of
60 day: The results in table (1) corresponds with Inaba
et al.®who recorded that FBS in HD patients with
diabetes for three measures was stale. These results no
corresponds with Lin et al., ® who found that the mean
FBS levels after the first year of hemodialysis were
stable.

Table (1): The mean levels of FBS between the four study groups.

Mean+SD FBS1 (60 Mean+SD FBS 2 (30 Mean+SD FBS 3 (0 T- test P

Groups N day) Before of GA & | day) Before of GA & | day) at GA & HbA1C value
HbA1C meas. HbA1C meas. meas.

Control 25 89+19 88.4+18.6 88.2+16.3 0.165NS
Diabetes 25 218.5+44.6 216.8+46.3 211.8+48.4 0.547N8
HD patients with diabetes 35 189.8+58.8 188.5+61.5 187.6+60.8 0.371N8
HD patients without diabetes 35 94.8+11.6 92+12.4 90.7+9.6 0.252N8
Total 120 148.3+70.7 146.2+68.5 144.5+68.7 0.124 NS

*NS: Mean non-significant differences at P <0.05.

These results suggested that glycemic control of
control group and patients groups were stable during
the study period (60 days) before determined of GA
and HbAlc and a single determination immediately
before HD can be indicative of glycemic control in HD
diabetes patients. The stable glycemic control during
the preceding 2 mo may negate the different impact of
acute glycemic control changes between HbAlc and
GA in this study. In the first month of hemodialysis, the

average FBS levels reflect the initial degree of glycemic
control achieved at this stage of hemodialysis therapy.
The 3- months FBS levels reflect the long-term glycemic
control of hemodialysis therapy and the general condition
of the hemodialysis patient at this stage®.

Determination of Average Fasting Blood Sugar
(FBS) Level: Table (2) showed average of FBS was
a significant increase in diabetic group (215+11.1)



862 Medico-legal Update, January-March 2021, Vol. 21, No. 1

mg/dl, followed by HD patients with diabetes group
(188.7+18.39)mg/dl compared with other groups, while
the average of FBS was decreased in control group

and HD patients without diabetes were (88.5+4.88
and 92.2+2.7) mg/dl respectively compared with other
groups.

Table (2): The mean of average FBS between four study groups.

Groups N Mean£SD of Average FBSNV(70-100) mg/dl
Control 25 88.5 +4.88%

Diabetes 25 215+ 11.1°

HD patients with diabetes 35 188.7 £ 18.39¢

HD patients without diabetes 35 922+2.7%

Total 120 146.1 +26.36

*Different Letters (a, b, ¢): Means significant difference at P <0.05.

The results in table (2) agreement with Khalaf, 19;
Abid Hammed, (!"who recorded that the significantly
higher in diabetic patients and HD patients with diabetic
compared to control, but our results disagreed in another
part of study by Abid Hammed, (" when demonstrated
non-significant difference between diabetic patients and
HD patients with diabetes. The level of blood glucose
normally represents balance between the inflow of
glucose into blood and its uptake by the tissue. This
result demonstrated an increase in gluconeogenesis in
diabetic patients which is the predominant mechanism
responsible for increased hepatic glucose output in
patients with T2DM and it is correlated with fasting
plasma glucose level. The fasting hyperglycemia has

been result from an increased rate of glucose production
which including increased rate of hepatic glycogenolysis
and gluconeogenesis. While in HD patients, FBS affects
by dialysis fluid, and changes in glucose levels in the
dialysis fluid during and after hemodialysis (%11,

Determination of Glycoheamoglobin (HbA1):
Table (3) showed mean HbA1C was a significantly
increased in diabetic patients (10.41+1.16) % compared
with other groups, also a significant increase in HD
patients with diabetes (8.194+1.22)%. While the mean of
HbA1C was decreased in HD patients without diabetes
and control were (5+1.23 and 5.31+0.76)% respectively.

Table (3): The mean of HbAlc percent between four study groups.

Groups N Mean£SD of HbA1C NV (4.5-6.2)%
Control 25 5.31+0.76*

Diabetes 25 10.411.16°

HD patients with diabetes 35 8.194+1.22¢

HD patients without diabetes 35 5+1.234

Total 120 7.13+1.86

*Different letters (a, b, ¢): Means significant difference at P <0.05.

The results in table (3) agreed with Hadi and
Sultan," who recorded that the HbA1C increased in
diabetic patients compared with control. Also agreed
with Abid Hammed, (!"who showed that HbA1C was
significantly higher among T2DM (10.6+1.6) % and

HD patients with diabetes (8.5£1.8) %, compared with
control (4.8 £ 0.7)%. The rise in the HbAlc levels was
associated with the increasing level of FBS in diabetic
groups, indicating that testing of HbAlc appears as a
measure of chronic hyperglycemia in diabetic patients.



The HbAlc has been used as an objective marker of
average glycemic control because the levels of HbAlc
in the blood reflect the glucose levels which erythrocyte
has been exposed during its lifetime of the RBC'®). Thus,
the elevation of HbA1C levels in our study indicates
reduced control of blood glucose levels?).
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Determination of GA: Table (4) showed that the
mean GA% was a significantly increased in diabetic
patients and HD patients with diabetes were (30.5+4.15
and 29.2+4.5)% respectively, while the mean of GA%
was decreased in control (16.1£1.8)% followed by HD
patients without diabetes (17+1.12) %.

Table (4): The mean of GA percent between four study groups.

Groups N Mean+SD of GA%, NV(>18)%
Control 25 16.1+1.82

Diabetes 25 30.5+4.15°

HD patients with diabetes 35 29.2+4.5°

HD patients without diabetes 35 17 £1.122

Total 120 23.78+13.05

*Different Letters (a, b, ¢): Means significant difference at P <0.05.

Results in table (4) consistent with Lu et al.,);Chen
et al., 1 who recorded that mean of GA% increase
in HD patients with diabetes compared with HD
patients without diabetic and control. And consistent
with Fukami ez al., 1® who recorded that the mean of
GA% was increased in diabetes patients compared with
control. GA concentrations could accurately reflect
the glycaemic control in such patients without being
influenced by anaemia and hypoalbuminemia. GA may
be desirable in diabetic patients with ESRD complicated
with both renal anaemia and hypoalbuminemia. While
in HD patients without diabetes, increased GA and
impaired renal function should be closely monitored for
the development of arterial stiffness (1.

Correlation between FBS with GA% or FBS
with HbA1c% in study groups.

There were significant and positive correlations
between FBS with GA% (r =0.34, P < 0.01; Figure (1)
Al) and (r =0. 371, P < 0.01; Figure (2) A2) or FBS
with HbA1c% (r =0.459, P < 0.01; Figure (1) B1) and (r
=0.356, P <0.01; Figure (2) B2) in diabetic patients and
HD patients with diabetic respectively. As shown, the
correlation between FBS and GA% was similar between
HD patients with diabetes and diabetic patients, but FBS
and HbA1c% seemed to be significantly lower in HD
patients with diabetes than in diabetic patients.
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Figure (1):Correlation between average FBS values with GA% (Figure A2) or average FBS values with
HbA1c% (Figure B2) in diabetic patients group.
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Figure (2): Correlation between the average FBS values with GA % (Figure A3) or average FBS values with
HbA1c¢% (Figure B3) in HD patients with diabetic group.

Effect of a Single HD Session on GA% and
HbA1c%: These results show that serum GA% were
almost identical between before and after a single HD
session in HD patients with diabetes were (29.4+4.71
and 29.3+4.5) respectively. While HbAlc also identical
between before and after a single HD but to a lesser
degree from GA, where in HD patients with diabetes
were (8.5 +1.83 and 8.19 £1.2) respectively.

The ratio of GA/HbA1C in study groups: The GA/
HbAlc ratio was (3.0) in control groups and (2.93) in
diabetic patients with no significant difference between
these two groups. Also the GA/HbA1C ratio showed no
significant difference between HD patients with diabetes
(3.5) and HD patients without diabetes (3.3).

The results in figures (1, 2) identify with the
finding of study by Inaba et al., ® who recorded that
the significant and positive correlations between
average FBS with serum GA. Also identify with Gan
et al.,¥) who found that GA showed a strong correlation
with mean FBS and supply a more reliable marker
of glycemic control, compared with HbAlc which
showed heterogeneity correlation with average FBS was
indicated in HD patients. The results in table (5) agreed
with Gan et al.,¥ who indicated that the GA is superior
to HbA1C in estimating glycemic control in HD patients
with diabetes.While GA/HbA 1c¢ ratio symmetrical with
Inaba et al., ® who recorded that GA/HbA 1c ratio was
(2.9) in diabetic patients group and it raised significantly
in the HD patients with diabetes was (3.81).

These data clearly indicated that the substances that
accumulated into uremic serum did not affect GA values
at all. The only factor that associated independently
with GA value was the average FBS, which associated
to a greater degree with GA compared with HbAlc (1),
Although the specificity and positive predictive value of
HbA 1c were acceptable, they were not promising; thus,
to confirm diagnosis, we can not only rely on a slight
elevation of HbAlc. The elevated GA/HbAlc ratio in
diabetic dialysis patients, relative to diabetic subjects
without nephropathy, strongly suggests that HbAlc was
falsely reduced in diabetic subjects on hemodialysis.
HD patients draw iron and vitamin B12 for the purpose
of anemia correction such as external ESA. These
treatment increases the development of immature RBC,
which ultimately changes the original structure of the
hemoglobin. Such RBCs are given inadequate exposure
time to go through the process of glycosylation, which
may result in lower concentration of HbAlc. The lower
level of HbAlc may thus offer a false impression about
the overall glycemic regulation (! 16)

Conclusion: GA is a better marker for detecting
short term glycemic control in HD patients with diabetes
and the assessment of glycemic control by HbAlc in
those patients might lead to underestimation, where the
principle of treatment of DN is based on tight control of
hyperglycemia.
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