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Determination of cumulative glucose levels HbA1C and some biochemical 
variables in the serum of Diabetic nephropathy patients
Eman S. AL-sofi, Huda Y . AL-Attar

Abstract: The study included measuring the concentrations of each of the cumulative sugar HbA1C Glycosylated 
hemoglobin, urea, creatinine, uric acid, glucose, glucose uric acid, albumin, total protein and calcium, in addition to 
identifying the concentrations of some electrolytes (sodium, potassium, chloride, calcium) in (35) blood samples from 
patients with diabetic nephropathy (14 males, 12 females) aged (16-62) years who came to some laboratories in the city 
of Mosul and compared them to control samples (26) samples. The results showed a significant increase in cumulative 
sugar, uric acid, glucose and potassium concentrations in the serum of patients of both sexes. An insignificant increase 
in urea and creatinine concentrations and a significant decrease in albumin, sodium and chloride concentrations, while 
calcium and total protein did not show a significant difference compared to control samples. When comparing cases of 
infection between males and females, the results showed a significant increase in the cumulative sugar level for males 
and an insignificant increase in glucose concentration. In contrast, creatinine, uric acid, total protein and albumin did not 
significantly differ for males compared to infected females.
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Introduction
Diabetic neuropathy is one of the most common com-

plications of diabetes, which affects a third of patients with 
type 2 diabetes1, and is characterized by the occurrence of 
many pathological severe changes that may lead to death, 
and about 40% of these patients eventually develop kidney 
disease2 compared to other causes of kidney failure.

The increase in the concentration of sugar in the blood 
is the main factor for diabetic nephropathy because it affects 
the physiological functions of the kidneys and leads to their 
damage. In addition to other factors that contribute to the in-
fection, including genetic predisposition, high blood pressu-
re and atherosclerosis3 Capillary damage occur in diabetic 
nephropathy, which leads to protein loss through diuresis, 
a decrease in the filtering activity of the renal glomerulus, 
and an increased risk of death from heart and blood vessels 
disease4,5.

The illness affects the efficiency of the kidneys in re-
moving toxins and excreting excess fluids from the body 
and thus their accumulation in the blood6 and symptoms of 
morbidity appear after ten years in diabetics (type 1). Howe-
ver, symptoms appear quickly in diabetics (type 2) and are 
represented by high blood pressure, increased choleste-
rol concentration, swelling of the feet, loss of appetite, fa-
tigue and nausea1,7 Research has indicated that patients 
with type 1 diabetes develop symptoms similar to those 
of the end-stage kidney deficit early compared to patients 
with type 2 diabetes8,9. Many tests are considered guides 
to indicate kidney function and detect morbidity in diabe-
tic patients, including measuring the concentration of urea, 
creatinine, uric acid, total protein, albumin and sugar, and 
cumulative sugar10.

Hemoglobin glucose (cumulative sugar) HbAIC is one 
of the essential proteins associated with red blood cells11 

as its level increases with the increase in the concentration 
of glucose in the blood, and this measurement is used to 
determine the concentration of glucose in the blood for the 
previous three months9, which helps to maintain blood su-
gar. Blood glucose level is used to assess metabolic chan-
ges during treatment3.

Urea is synthesized in the liver and is one of the pa-
thways for protein breakdown into amino acids. The level of 
urea represents the amount of protein that is consumed and 
excreted by the kidneys12 A defect in the filtering activity of 
the renal glomerulus leads to a change in the concentration 
of urea in blood, as well as the condition in cardiovascu-
lar diseases and liver diseases13. As for creatinine test, it 
is more accurate, and its concentration is affected by age 
and weight, this changes the efficiency of the glomerular 
filtration and increases its concentration in cases of renal 
failure and urinary retention3. Another test that falls within 
the determination of kidney functions is uric acid, whose 
concentration is controlled by many factors such as heredi-
ty, high blood pressure, diabetes and bone diseases, which 
affect the efficiency of the kidneys, and consequently to the 
formation of stones and possibly to renal failure14.

Tests for protein are indicators of kidney, liver, and 
bowel disease3. In addition to the seventh variable, elec-
trolytes are among the essential elements inside and outsi-
de cells, including fluids and blood. Calcium is a necessary 
element for the body, and the potassium test helps diag-
nose diseases of the bones, heart, nerves and kidneys. At 
the same time, magnesium has an essential role in diagno-
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sing diseases. Disorders of the nervous system, muscles 
and kidney efficiency, as well as its role in the transport of 
calcium and potassium, as well as sodium, have a role in 
maintaining osmotic pressure and are considered a guide 
in diagnosing kidney diseases and estimating chloride con-
centrations has a role in determining renal diseases and 
adrenal gland functions13,15.

To determine the effect of cumulative sugar level and 
biochemical variables on diabetic patients, this study disco-
vered the serum concentrations in diabetics patients of both 
types who suffer from renal impairment.

Materials and methods 
The blood samples were collected from (35) patients 

(14 males, 12 females) of different ages ranging from (16-
62) years who arrived at some laboratories in the city of Mo-
sul, as well as (26) blood samples were collected from heal-
thy people of the same age groups. The following tests were 
performed on the blood serum: Measuring the cumulative 
glucose level HbA1C Multimeter (AFIAS) Korea-Boditech 
Corporation. Using an AFIAS device and measuring urea 
concentration Urea in Switzerland-AGAPPE and Measuring 
creatinine concentration creatinine, total protein, albumin, 
Elements (CI-, K+, Na+) by France-BIOLABO kit and Con-
centration measurement Uric Acid, Glucose, Calcium Ca+ 
in several sizes Spain-Linear.

Statistical analysis
The results were statistically analyzed, using a test 

t-test to show the difference between two groups at the le-
vel of significance (α = 0.05), as well as finding the linear 
correlation coefficient to find the relationship between bio-
chemical variables, HbA1C and Creatinine at the level of 
significance (α = 0.05, α = 0.01), with finding the coefficient 
of determination to show the effect of age on the change in 
HbA1C, in addition to finding the significance of the rela-
tionship between them through the ANOVA table16.

Results and discussion
The results of table (1) showed a significant increase 

in the concentrations of cumulative sugar, HbA1c, uric acid 
and glucose in the patients' serum compared to the control 
groups and a non-significant decrease in the concentrations 
of urea and creatinine; the reason for the increase in the 
cumulative sugar level may be due to damage to the blood 
vessels17. When glucose concentrations rise, glucose mole-
cules stick to molecules of proteins and platelets, and this 
leads to disruption of their function as a result of protein 
molecules sticking together; this narrows the diameter of 
the arteries and thus reduces the amount of oxygen that 
reaches the tissues, so high levels of HbAIC lead to great 
risks of cardiovascular disease Hematologic and stroke18,19.

The increase in urea and creatinine levels is due to the 
rise in sugar levels as a result of insulin secretion disturban-
ce20, nephropathy that leads to arterial hypertension and a 
defect in its physiology, and the cause of high creatinine 
concentration may be urinary retention that leads to renal 
failure as a result of a defect in the filtering activity of the re-
nal glomeruli10, which leads to an increase in it in the blood, 
and is accompanied by the deposition of uric acid forming 
kidney stones in case it is higher than the normal level15. 
The high concentration of glucose in the blood affects the 

nerves of the kidney nephrons over time10.
The results of table (1) showed a significant decrea-

se in albumin and electrolytes (sodium and chloride) in pa-
tients of both sexes compared to the control groups. This 
is due to the large quantities of albumin excreted daily in 
this type of patient and for both types (first and second), 
which causes kidney damage and then cardiovascular com-
plications3. And the reason for the decrease in chloride and 
sodium is due to the significant correlation between these 
two elements and the fact that the volume of extracellular 
water decreases, the state of respiratory acidosis and the 
slowness of metabolic processes, and this causes renal im-
pairment6,21.

Calcium and total protein did not significantly differ in 
both sexes compared to the control groups, unlike potas-
sium, as it showed a significant increase. The reason may 
be its effect on the concentration of hormones, including in-
sulin and thyroid hormones17,22.

To show the effect of the sex factor on the variable's 
concentrations, the results of table (2) showed a significant 
increase in the concentration of cumulative sugar and glu-
cose and an insignificant rise in both the concentration of 
urea and creatinine in the serum of both males and females 
compared to the control groups, but it was found that there 
was a significant increase in the concentration of uric acid 
in females than in males and this is as a result of metabolic 
disorder, especially after menopause and the change in the 
level of hormones17,19, and a significant decrease in the con-
centration of total protein and chloride in the blood serum 
of both sexes was shown. The reason is mainly due to the 
presence of chloride in extracellular fluids, formation of res-
piratory acidosis and impaired renal function in regulating 
water balance23.

As for a reason for the decrease in total protein, it is due 
to the high glucose, which helps to get infections in the renal 
tissue and its damage, leading to the loss of large amounts 
of protein through urine. Accordingly, the concentration of 
protein in the serum is lower than the normal limits24.

The results of table (2) showed an insignificant decrea-
se in the albumin concentration in males and a significant 
reduction in females compared to the control groups. The 
reason is attributed to the complications of diabetes, which 
leads to a defect in the function of the kidneys and the occu-
rrence of cardiovascular complications, and thus the excre-
tion of large amounts of protein through Urine15.

It is noteworthy from the same table that the calcium 
concentration did not show a significant difference in males, 
while it showed an insignificant decrease in females com-
pared to the control groups. This is attributed to a defect in 
kidney function that leads to glomerular filtration disorder 
and vitamin D deficiency, which causes osteoporosis and 
osteoporosis17,25.

A significant decrease in sodium concentration was 
also observed in the serum of males and an increase in 
the serum of females compared to the control groups. The 
reason is fluid loss due to diarrhea and frequent urination 
of diabetic patients and the effect of renal impairment as-
sociated with diabetes mellitus. The increase in potassium 
concentration in both females and males is due to the disor-
der of the kidneys' functioning, its low filtering capacity, the 
acid-base imbalance that affects the concentration and the 
accompanying nephropathy and heart disease22.

To find the relationship between the concentration of 
the cumulative sugar level and the rest of the biochemical 
variables in diabetic nephropathy patients, according to the 
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linear correlation coefficient, the results of table (3) showed 
a significant direct relationship between the cumulative su-
gar level and each of the concentrations of urea, creatinine, 
uric acid and glucose, and this is due to the direct relations-
hip between glucose concentration and cumulative sugar26.

The table results also showed an insignificant inverse 
relationship between the cumulative sugar concentration 
and each of the total protein, albumin and elements (cal-
cium, chloride, potassium, sodium).

The results of table (4) showed that there was a signifi-
cant positive relationship between creatinine concentration 
and each of (HbA1C, urea, uric acid, glucose), the cause 
is due to diabetic nephropathy, and this is the main cau-
se of chronic renal failure, so both urea and creatinine are 
good indicators that help determine kidney functions during 
nephropathy in patients with diabetes27 There was a signifi-
cant inverse relationship between the concentration of crea-
tinine and each of the total protein, albumin and elements 
(calcium, chloride, potassium and sodium).

The results of table (5) showed that there is a direct 
relationship between the cumulative sugar level HbA1C and 
age; according to the correlation coefficient and determina-
tion, the reason is due to increasing age, many physiologi-
cal variables occur, such as a decrease in the function of 
the pancreatic islets, the sensitivity of tissues to insulin, the 

activity of insulin receptors, and in muscle tissues, glucose 
consumption gradually decreases in general, and the level 
of glucose increases with age28,29.

Through a table of variance analysis ANOVA The re-
sults of table (6) showed a significant effect of age on the 
level of HbA1C, which led to a decrease in the diagnostic 
efficiency of the level of HbA1C, as with age the number of 
RBCs decreases physiologically30 This leads to a decrease 
in bone marrow production, especially in the elderly, and a 
decrease in kidney function31.

Conclusions
We conclude that there is an increase in the cumulative 

sugar level of the affected males compared to the control 
samples. With no significant difference for the other indi-
cators, values   for females, no significant difference was re-
corded.
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Table 1. Concentrations of variables in the blood serum of diabetic nephropathy patients compared to control groups 
Variable concentrations standard deviation ± average.



4

Table 3. The relationship between HbA1C and other bio-
chemical parameters in patients with diabetic nephropathy.

Table 4. The relationship between concentration creatinine 
and other biochemical parameters in patients with diabetic 
nephropathy

Table 2. Concentrations of biochemical variables in the blood serum of male and female patients compared to control 
groups standard deviation ± average.
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