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Abstract
Background and objectives: Chronic diabetes mellitus is marked by hyperglycemia and metabolic dysfunction, increasing the 
risk of complications such as nephropathy. This study aimed to evaluate key biochemical parameters among participants with 
diabetic nephropathy (DNp), diabetes control (DC), nephropathy control (NC), and healthy control groups.

Methods: A prospective case-control study was conducted with 200 participants categorized into four groups: DNp, NC, DC, 
and healthy controls. Biochemical parameters, including glucose, glycated hemoglobin, waste metabolites, proteins, enzymes, 
electrolytes, and lipids, were analyzed using an Advia 1800 chemical system analyzer (Siemens, Germany) with standard kits.

Results: Among the four investigated groups, the DNp group exhibited augmented fasting glucose (178.75 ± 61 mg/dL), gly-
cated hemoglobin (8.13 ± 1.7%), creatinine (5.67 ± 1.8 mg/dL), and blood urea nitrogen (72.02 ± 22.8 mg/dL), indicating poor 
glycemic control and impaired kidney function. In contrast, the DC group showed elevated random glucose levels (280 ± 3.1 
mg/dL). Elevated inflammatory markers (C-reactive protein, 6.35 ± 6.3 mg/L; lactate dehydrogenase, 1,216.43 ± 634 U/L) were 
observed in the NC group. Compared to the other groups, the DC group demonstrated augmented lipid profiles, including 
elevated triglycerides (230.67 ± 59 mg/dL), very low-density lipoprotein (48.5 ± 16.5 mg/dL), low-density lipoprotein (107.41 ± 
16 mg/dL), and cholesterol (169 ± 19 mg/dL). Statistical analysis was performed using one-way analysis of variance followed 
by a t-test to investigate differences among groups at P < 0.05.

Conclusions: Altered biochemical variations were noted among groups. The DNp group showed renal dysfunction and poor 
glycemic control, the DC group had dyslipidemia and hyperglycemia, and the NC group showed elevated inflammatory mark-
ers. Early testing is indispensable for the timely diagnosis and management of diabetic complications.
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Introduction
Diabetes mellitus is a chronic metabolic disorder characterized 
by persistent hyperglycemia. This may be due to impaired in-
sulin secretion or resistance to the peripheral actions of insulin, 
which cause alterations in energy metabolism. The characteristic 
feature of all kinds of diabetes mellitus is hyperglycemia, but 
each type has a different etiology, pathogenic processes, natural 
history, and treatment. Diabetes mellitus is categorized into two 
classes based on specific features and etiology: type 1 diabetes 
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mellitus and type 2 diabetes mellitus.1 Hyperglycemia detected 
during pregnancy is known as gestational diabetes mellitus.1 If 
diabetes mellitus is not treated, increased glucose significantly 
impairs health and leads to early death.2 Although the exact 
cause of diabetes is still unknown, the majority of patients have 
evidence of a response mechanism involving autoantibodies that 
destroy beta islet cells. Low levels of C-peptide in the blood or 
urine indicate little to no insulin production in type 1 diabetes 
mellitus patients.1 The main characteristic of all types of diabetes 
is chronic hyperglycemia. The hyperglycemic state is managed 
by coordinating fluid resuscitation, insulin therapy, and electro-
lyte replacement, and the patient’s routine test results are moni-
tored.3 Chronic hyperglycemia can lead to the development of 
many diabetes-specific complications that are generally catego-
rized as macrovascular or microvascular.4

Type 2 diabetes mellitus is a polygenic disease known as non-
insulin-dependent diabetes mellitus and ketosis-resistant diabetes 
mellitus that occurs in 90–95% of individuals. Type 2 diabetes 
mellitus is a disease characterized by tissue insulin resistance, a 
poor compensatory insulin secretory response, and insufficient 
insulin production by pancreatic islet cells. Insulin secretion is 
unable to maintain glucose levels in balance, leading to hypergly-
cemia. The main cause of type 2 diabetes mellitus is obesity or an 
increased body fat percentage, primarily in the abdominal area. 
Adipokine dysregulation and increased release of free fatty acids 
are two inflammatory mechanisms utilized by adipose tissue to 
enhance insulin resistance in this disease. Blood vessel, kidney, 
eye, and nerve complications occur in diabetes mellitus patients 
and are the major causes of morbidity and death from polygenic 
disorders.5

According to the World Health Organization, 108 million in-
dividuals worldwide were diagnosed with diabetes in 1980, and 
the prevalence of diabetes continues to rise yearly.6 The burden 
of non-communicable diseases, a significant health issue, is stead-
ily increasing. It is expected that the prevalence of diabetes mel-
litus will increase, resulting in a global public health burden of 
approximately 200 million people by 2040.7 Approximately 33 
million people have diabetes, indicating that Pakistan currently 
has the third-highest number of people with diabetes worldwide 
after China and India. Additionally, the prevalence of diabetes was 
substantially greater in urban regions (15.1%) than in rural areas 
(1.6%).8

Diabetic nephropathy (DNp) is a chronic consequence of both 
type 1 and type 2 diabetes. It is characterized by a decreased kid-
ney glomerular filtration rate (GFR) or increased urine albumin 
excretion. DNp is the primary cause of end-stage renal disease 
worldwide.9 In individuals with chronic diabetes, inadequate 
blood glucose regulation leads to structural alterations in the 
kidney. Thickened basement membranes, increased extracellular 
matrix, multicellular damage, and fibrosis are the most frequent 
pathological alterations in the glomerulus.10 Long-term exposure 
to a glucose-rich environment damages kidney cells more severely 
by activating the polyol pathway, increasing the hexosamine bio-
synthesis pathway, activating protein kinase C, and encouraging 
the synthesis of advanced glycation end products that are respon-
sible for DNp.

The present study was performed to compare the demographic, 
anthropometric, and biochemical profiles of DNp patients with 
those of diabetic patients, non-diabetic nephropathy patients, and 
healthy controls (HC), seeking to identify distinctive patterns and 
relationships that help in the early detection and management of 
DNp.

Materials and methods

Study design and execution
A case–control study was conducted to determine detailed history 
and risk factors (questionnaire) and to perform biochemical analysis 
at Gambat Institute of Medical Sciences, Gambat, Khairpur, from 
March 2023 to December 2023. This study was conducted in ac-
cordance with the ethical standards outlined in the Declaration of 
Helsinki (as revised in 2024) and was approved by the Ethics Com-
mittee of the Gambat Institute of Medical Sciences (P.PAQJIMS/
MC/ORIC/ERC-80), Gambat, Khairpur. All participants were in-
formed about the study project, and consent was subsequently ob-
tained from all participants. Written or verbal consent was obtained.

All groups were initially interviewed using a standard question-
naire composed of different subsections, as follows:
•	 The first section included demographic factors and detailed pa-

tient information.
•	 The second section included information on dietary habits 

(breakfasts, evening snacks, types of oil, sweets, fast foods, 
meat, vegetables, fruits, dairy products, etc.).

•	 The third part of the questionnaire included anthropometric 
measurements (weight, height, and body mass index (BMI)).
Initially, 290 participants were assessed for eligibility, and 200 

were included in the present study, as given below (Fig. 1).
Each group comprised 50 participants. Blood samples were col-

lected from all participants, and different biochemical and other 
tests were analyzed.

Inclusion and exclusion criteria
Participants aged 18–60 years of both genders who provided in-
formed consent and fulfilled the group-specific clinical inclusion 
criteria were enrolled in the study. The DNp group comprised pa-
tients with clinically confirmed DNp associated with type 1 or type 
2 diabetes mellitus. The NC group included non-diabetic individu-
als diagnosed with nephropathy. The DC group consisted of partic-
ipants with type 1 or type 2 diabetes mellitus but without evidence 
of kidney disease, whereas the HC group included healthy controls 
without any chronic conditions such as diabetes or renal disorders.

Participants with acute infections at the time of sampling, a his-
tory of major surgery within the previous three months, lactation 
or pregnancy, or severe comorbid conditions such as cardiomyopa-
thy, neuropathy, retinopathy, cancer, endocrine disorders, or liver 
disease were excluded from the study.

Questionnaire and interviews
A standard questionnaire was designed to conduct the study. The 
questionnaire was divided into three parts. The first section in-
cluded demographic factors and detailed patient information. The 
second section included information on dietary habits (breakfasts, 
evening snacks, types of oil, sweets, fast foods, meat, vegetables, 
fruits, dairy products, etc.). The third part of the questionnaire in-
cluded anthropometric measurements.

Determination of BMI
The height of the patients was measured using a calibrated measur-
ing device. The calculation formula for BMI was as follows:

Blood sampling and processing
Intravenous blood samples (12 h after fasting) and random blood 

BMI = 
Weight (kg) 
Height (m)2
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samples (2 h after a meal) were drawn from DNp, HC, DC, and NC 
participants. Intravenous blood samples (5 mL) were drawn from 
all patients and controls.

For biochemical examinations, venous blood samples were col-
lected in tubes specifically designed for each test. For the HbA1c 
test, ethylene diaminetetra acetic acid-containing tubes were used 
to prevent clotting. Glucose measurements, including fasting blood 
sugar and random blood sugar, were performed using tubes con-
taining sodium fluoride and potassium oxalate, which inhibit gly-
colysis and prevent coagulation, respectively. Serum samples for 
lipid profiling, C-reactive protein (CRP), lactate dehydrogenase 
(LDH), bone chemistry, creatinine (Crt), and electrolyte analysis 
were obtained using gel separator tubes after centrifugation, which 
provided a clear serum fraction for accurate analysis.

Biochemical analysis
The biochemical parameters—fasting and random blood sugar, 
HbA1c, lipid profile (cholesterol, low-density lipoprotein (LDL), 
high-density lipoprotein (HDL) and triglycerides (TG), very low-
density lipoprotein (VLDL)), LDH, CRP, urea, creatinine, and elec-

trolytes (sodium, chloride, bicarbonate, calcium, potassium, and 
phosphate)—were analyzed using a chemical system analyzer (Ad-
via 1800, Siemens, Germany) with appropriate kits.

Statistical analysis
The results were expressed as the mean ± standard deviation. For 
comparisons between groups (patients vs. healthy and diseased 
controls), one-way analysis of variance was performed using SPSS 
version 15 (SPSS Inc., Chicago, IL). A P-value of less than 0.05 
was considered statistically significant.

Results

Anthropometric and demographic results
The current study results demonstrated that the BMI of the HC 
group belonged to the ideal weight category, while in the DNp 
group, 40% were of ideal weight and 36% were underweight in-
dividuals. In contrast, the DC group prevalence belonged to obese 
(36%) and overweight (32%) participants. Detailed results are pre-

Fig. 1. Flow chart of study participants. The study participants were divided into four different groups as follows: I. DNp; II. Nephropathy control (NC); III. 
Diabetic control (DC); IV. HC.
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sented in Table 1. Reported BMI values were as follows: under-
weight below 18, ideal weight 18 to 25, overweight 25 to 30, and 
above 30 as obese.11

Demographic characteristics are shown in Table 2. Participants 
in the DNp and NC groups were 66% male, whereas 50% of partic-
ipants in the DC and HC groups were male. The maximum number 
of participants among all groups belonged to the middle class and 
had a sedentary lifestyle.

Glucose and glycated hemoglobin levels
A measure of the surge in blood glucose level induced by the in-
take of carbohydrates compared with a standard quantity of glu-
cose is the glycemic index. The results of this study revealed in-
creased fasting glucose concentrations, random glucose levels, and 
glycated hemoglobin levels in the DC and DNp groups among the 
four investigated groups. The results are shown in Table 3.

Inflammatory markers and waste metabolites
Proteins, as body components, are macromolecules that play vari-
ous important roles in the human body as messengers. Enzymes 
are proteins that act as biological catalysts by accelerating chemi-
cal reactions. Among all investigated groups, the concentrations 
of CRP and LDH were greater in the NC group than in the DNp 
group. The results are presented in Table 4.

Urea and creatinine are waste products produced during pro-
tein metabolism. Both of these waste products are carried to the 
kidneys and filtered into the urine. The assessment of these param-
eters and their concentrations is useful for evaluating kidney func-
tion. The concentrations of Crt and BUN decreased in the order of 
DNp > NC > HC > DC (Table 4).

Serum electrolytes
Electrolytes are essential for basic life functions, such as maintain-
ing electrical neutrality in cells and generating and conducting ac-
tion potentials in nerves and muscles. Important electrolytes, such 

as sodium (Na+), chloride (Cl−), potassium (K+), calcium (Ca2+), 
phosphate (HPO4

−), and bicarbonate (HCO3
−), were investigated 

in all groups. The results are shown in Table 5.

Lipid profile
Lipid profile patterns are associated with different lipid-related 
diseases in the blood. A lipid profile usually includes LDL, HDL, 
VLDL, TG, and cholesterol. Among all groups, low concentrations 
of LDL, HDL, and cholesterol were observed in the DNp group. 
The results are given in Table 6.

Discussion
DNp is a severe global health concern and a devastating complica-
tion associated with both type 1 and type 2 diabetes. It is a promi-

Table 3.  Assessment of blood glucose and glycated hemoglobin levels in diabetic nephropathy patients and control individuals

Parameter
Groups

DNp NC DC HC

FBS (mg/dL) 178.75 ± 61.4c 98.29 ± 3.5a 150.17 ± 45.5b 92.0 ± 7.5a

RBS (mg/dL) 163.20± 37.3c 88.14±19.8a 280±3.1b 155.34a

HbA1c (%) 8.13 ± 1.7b 4.27 ± 0.7a 8.73 ± 1.0b 4.92 ± 0.3a

All results are presented as mean ± standard deviation. Statistical analysis was performed using one-way analysis of variance followed by a post hoc Tukey’s multiple comparison 
test at the 95% confidence level (P < 0.05). Different superscript letters (a, b, c) denote statistically significant differences between groups; values sharing the same letter are not 
significantly different. DC, diabetic control; DNp, diabetic nephropathy; FBS, fasting blood sugar; HbA1c, glycated hemoglobin; HC, healthy control; NC, nephropathy control; RBS, 
random blood sugar.

Table 1.  Anthropometric measurements

Groups

DNp (%) DN (%) DC (%) HC (%)

Ideal weight 40 56 32 100

Under weight 36 30 – –

Over weight 14 – 36 –

Obese 10 14 32 –

DC, diabetic control; DNp, diabetic nephropathy; HC, healthy control; NC, nephropa-
thy control.

Table 2.  Demographic characteristics

Groups

DNp (%) NC (%) DC (%) HC (%)

Gender

  Male 66 66 50 50

  Female 34 34 50 50

Marital status

  Married 100 86 88 76

  Unmarried – 14 12 24

No. of children

  0–2 25 61.4 22.7 26.3

  3–5 32 24.3 # 42.1

  6–8 18 14.3 40.9 31.6

  ≥9 25 # 36.4 #

Life style

  Physically active 33 29 84 34

  Sedentary 67 71 16 66

Wealth Index

  Richer 10 – 18 12

  Middle 70 86 64 88

  Poorer 20 14 18 –

#, no child; –, no observed data. DC, diabetic control; DNp, diabetic nephropathy; HC, 
healthy control; NC, nephropathy control.
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nent driver of renal disease, and the number of diabetes cases is 
increasing globally.12 The current study aimed to investigate vari-
ous biochemicals, such as proteins, enzymes, waste metabolites, 
serum electrolytes, and lipid profiles, as predictive biomarkers and 
to compare them among DNp patients and other controls, such as 
diabetic patients, nephropathy patients, and healthy controls, for 
timely intervention and improved disease management.

Various anthropometric and demographic parameters, including 
low income, marital status, and higher BMI, have been reported to 
be associated with a lower quality of life and mental health scores. 

Recently, D’Souza et al.13 reported that general health, emotional 
well-being, and poor physical functioning were contributing fac-
tors to quality of life and played a significant role in increasing the 
risk of DNp. BMI was used as an essential parameter to evaluate 
the weight status of study participants. The empirical formula was 
used to calculate BMI (BMI = weight (kg) / height2 (m2)).14 Gen-
der-specific differences have been reported in the literature, with 
genetic and hormonal factors playing a significant role in DNp, 
specifically the protective roles of progesterone and estrogen in 
females. Furthermore, estrogen replacement therapy has provided 

Table 5.  Assessment of electrolytes in diabetic nephropathy patients and other control groups

Electrolytes
Groups

DNp NC DC HC

Na+ 134.91 ± 6.3a 130.86 ± 4.9b 131.33 ± 1.6b 137.44 ± 4.0a

Cl- 99.65 ± 8.8b 96.86 ± 6.7b 94.67 ± 2.8b 104.44 ± 3.5a

K+ 4.74 ± 0.8a 3.78 ± 0.8a 3.97 ± 0.3a 4.23 ± 0.3a

HCO3
- 17.78 ± 3.9b 20.5±0.6 b 15.38 ± 2.1b 29.6 ± 2.8a

Ca++ 7.78± 0.8b 8.60 ± 0.8b 10.45 ± 2.2a 9.42 ± 0.3a

HPO4
– 5.03 ± 2.1b 3.31 ± 1.1a 5.93 ± 1.8b 4.28 ± 0.4a

Statistical analysis was performed using one-way analysis of variance followed by a post hoc Tukey’s multiple comparison test at the 95% confidence level (P < 0.05). All results 
are presented as mean ± standard deviation. Different superscript letters (a, b, c) denote statistically significant differences between groups; values sharing the same letter are 
not significantly different. Cl−, chloride; Ca++, calcium; DC, diabetic control; DNp, diabetic nephropathy; HC, healthy control; HCO3

−, bicarbonate; HPO4
−, phosphate; K+, potassium; 

Na+, sodium; NC, nephropathy control.

Table 6.  Lipid profile assessment in diabetic nephropathy patients and other control groups

Groups

DNp NC DC HC

LDL 75.42 ± 29.5c 67.58 ± 24.2c 107.41 ± 16.6b 88.15 ± 11.2a

HDL 27.59 ± 14.6c 36.54 ± 16.6b 44.55 ± 11.3a 46.47 ± 3.2a

Ch 131.28 ± 31.4c 142.57 ± 34.1b 169 ± 19.67a 150 ± 12.7a

VLDL 29.46 ± 7.2d 36.00 ± 17.9c 48.50 ± 16.5b 12.22 ± 3.4a

TG 163.32 ± 58.2c 178.28 ± 73.0c 230.67 ± 59.1b 57.78 ± 13.0a

All results are presented as mean ± standard deviation. Statistical analysis was performed using one-way analysis of variance followed by a post hoc Tukey’s multiple comparison 
test at the 95% confidence level (P < 0.05). Different superscript letters (a, b, c) denote statistically significant differences between groups; values sharing the same letter are 
not significantly different. Ch, cholesterol; DC, diabetic control; DNp, diabetic nephropathy; HC, healthy control; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NC, 
nephropathy control; TG, triglycerides; VLDL, very low-density lipoprotein.

Table 4.  Assessment of inflammatory markers and waste metabolites in diabetic nephropathy patients and other control groups

Groups

DNp NC DC HC

Inflammatory markers

  CRP 5.44 ± 4.1b 6.35 ±6.3b 0.48 ± 0.2a 0.14 ± 0.09a

  LDH 492.54 ± 126.6b 1,216.43 ± 634.1c 488.17 ± 59.6b 337.78 ± 40.8a

Waste metabolites

  Crt (mg/dL) 5.67 ± 1.8b 4.86 ± 1.3b 0.67 ± 0.1a 0.71 ± 0.1a

  BUN (mg/dL) 72.02 ± 22.8c 44.14 ± 10.8b 10.33 ± 2.1a 12.11 ± 2.0a

All results are presented as mean ± standard deviation. Statistical analysis was performed using one-way analysis of variance followed by a post hoc Tukey’s multiple comparison 
test at the 95% confidence level (P < 0.05). Different superscript letters (a, b, c) denote statistically significant differences between groups; values sharing the same letter are 
not significantly different. BUN, blood urea nitrogen; CRP, C-reactive protein; Crt, creatinine; DC, diabetic control; DNp, diabetic nephropathy; HC, healthy control; LDH, lactate 
dehydrogenase; NC, nephropathy control.
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protective effects on renal outcomes in menopausal women.15

Glucose is a main and important molecule that provides en-
ergy for the body. However, consistently increased blood glucose 
concentrations are associated with the triggering or progression of 
different diseases, such as diabetes mellitus and its related compli-
cations. DNp is also a prominently connected disorder.16 An abnor-
mal increase in diabetes occurs due to insufficient insulin synthesis 
or altered cellular sensitivity. This causes enduring disturbances in 
the metabolism of key biomolecules such as lipids, carbohydrates, 
and proteins, subsequently leading to long-term complications.17 
Furthermore, increased glucose also causes glycation, which is 
a process involving the nonenzymatic attachment of glucose to 
major molecules such as proteins. HbA1c characterizes the level 
of glycated hemoglobin in red blood cells and is presented as a 
percentage. Glycation is an important indicator of the typical glu-
cose concentration over a specific duration, usually two to three 
months. HbA1c is a key biomarker that provides a comprehensive 
depiction of glucose metabolism for monitoring glycemic levels in 
diabetes management.18 In this study, elevated blood glucose and 
glycated hemoglobin levels were also observed in DNp patients.

High blood sugar levels result in irreparable injury to nephrons, 
which are delicate functional units of the kidneys. This causes the 
progressive loss of kidney function, including imbalanced electro-
lytes, altered essential fluids, and ultimately disrupted homeosta-
sis, possibly contributing to DNp. It is estimated that approximate-
ly 20–30% of diabetic patients develop DNp.19

Creatinine and blood urea nitrogen are waste metabolites in 
humans and are end products of nitrogen metabolism. Moreover, 
these fragments are easily filtered from nephrons because of their 
small size, which makes them suitable biomarkers for evaluating 
kidney function and detecting possible kidney disease.20,21 Creati-
nine is effectively filtered by the glomerulus and is considered a 
reliable indirect indicator of the GFR. An altered GFR results in in-
creased creatinine and urea levels, indicating impaired renal func-
tion. Compared with healthy individuals, type 1 and type 2 diabetic 
patients exhibit increased concentrations of renal biomarkers, such 
as creatinine and blood urea nitrogen, indicating the need for at-
tentive monitoring and management of DNp.19,22 In this study, the 
concentrations of BUN and Crt were greater in the DNp group than 
in the NC group.

Various vital biomolecules, such as proteins, have a number of 
critical functions in the body, including roles as messengers, body 
components, and biological catalysts. Previously, it has been re-
ported that CRP is an important independent risk factor, and its 
concentration is positively correlated with the progression and 
pathogenesis of type 2 DNp.23–25 A significant association between 
augmented CRP levels and heart disease in DNp patients has also 
been confirmed.25,26 Microalbuminuria is a precursor of nephropa-
thy in both type 1 and type 2 DNp patients. Higher CRP levels 
have been connected to the development of microalbuminuria and 
early-stage kidney impairment in diabetic patients.25,27 The present 
study demonstrated that the concentrations of CRP and LDH were 
greater in the NC group than in the DNp group. The association 
between LDH and kidney disease–related mortality has also been 
documented. These findings suggest the importance of LDH as 
a valuable biomarker for predicting disease severity and overall 
kidney disease. Previously, it has been reported that hemodialysis 
patients with LDH levels > 280 U/L are at increased risk of car-
diovascular mortality and all-cause mortality, whereas those with 
LDH levels < 240 U/L have improved survival outcomes, exhibit-
ing a positive correlation between LDH levels and mortality risk.28 
Another study reported a positive association between augmented 

LDH levels and increased risk of cardiovascular mortality in pa-
tients with DNp.29 A previously published study demonstrated that 
elevated LDH levels are correlated with poorer overall survival in 
patients with renal cell carcinoma, indicating that LDH may serve 
as a suitable prognostic marker for disease.30 Increased CRP lev-
els, which represent low-grade inflammation, are important mark-
ers of DNp, indicating that chronic inflammation is a critical factor 
in the progression of this complication.31

Electrolytes are essential for fundamental life functions, such as 
the maintenance of electrical neutrality in cells and the generation 
and conduction of action potentials in nerves and muscles.32 Im-
portant electrolytes, such as sodium, potassium, chloride, calcium, 
phosphate, and bicarbonate, were investigated in all groups. In-
creased or normal plasma sodium levels with higher blood glucose 
demonstrate a considerable reduction in total body water, indicat-
ing a critical necessity for fluid replacement to address the under-
lying dehydration.33 The progression of hyperkalemia is a com-
mon complication in patients with type 2 diabetes mellitus and can 
limit the effective use of renin–angiotensin–aldosterone system 
inhibitors, particularly in patients with diabetes and kidney dis-
ease.34 One recent study showed that sodium–glucose cotransport-
er-2 inhibitors preserve and even increase serum chloride levels in 
patients with type 2 diabetes mellitus without heart failure. The use 
of chloride concentrations via deliberate diuretics can reestablish 
body fluid distribution, providing a potential therapeutic approach 
for the management of related complications.35 An increased se-
rum calcium concentration has been connected to an increased risk 
of type 2 diabetes.36 An increase in serum phosphate concentra-
tion in elderly patients with type 2 diabetes and renal disease can 
result in metabolic and vascular dysfunction, aggravating the risk 
of complications and highlighting the significance of phosphate 
management in this disease.37 An investigation of healthy individ-
uals revealed an increased serum bicarbonate concentration and its 
association with a decreased risk of prediabetes and subclinical in-
flammation in males. This finding suggests a probable sex-specific 
association between bicarbonate and metabolic health.38

Lipid profile patterns are associated with different diseases and 
usually include LDL, HDL, VLDL, TG, and cholesterol. Among 
all groups under observation, low concentrations of LDL, HDL, 
and cholesterol were observed in the DNp group. The maintenance 
of glucose and lipid metabolism plays an important role in differ-
ent diseases, such as diabetes, metabolic syndrome, and others.39,40

There are various limitations to the present study, including a 
small sample size and a short study duration. Participants from a 
single institute may not be representative of the larger population. 
Moreover, some probable confounding variables, such as medica-
tion adherence and lifestyle factors, were not fully accounted for. 
Future studies with larger sample sizes and longer durations are 
suggested to validate these results and explore the association of 
biochemicals with disease, along with underlying mechanisms.

Future directions
There are several promising research avenues, such as explor-
ing effective biomarkers for the early detection and prediction of 
diabetes-related problems. Future studies should explore the cor-
relations between disease progression and specific biochemical pa-
rameters and conduct longitudinal studies to track time-dependent 
variations in biochemical parameters in individuals with diabetes 
and associated complications. Additionally, future research should 
aim to reveal the fundamental biochemically regulated mecha-
nisms driving this disease, thereby uncovering new avenues for 
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therapeutic development and improved patient care. The present 
project is likely to reveal unique biochemical profiles in patients 
with DNp, distinguishing them from diabetic patients, nephrop-
athy patients, and healthy individuals in specific regions. These 
findings will highlight the critical necessity for consistent moni-
toring of biochemical parameters in individuals with diabetes and 
diabetes-related complications, such as DNp, to improve disease 
management.

Conclusions
This study demonstrated that patients with DNp exhibited the most 
severe biochemical disturbances when compared with DC and HC. 
DNp exhibited markedly elevated glycemic indices and signifi-
cantly impaired renal function. Inflammatory and enzymatic mark-
ers varied across groups, with CRP elevated in DNp and NC, and 
LDH highest in NC. Lipid profiles displayed distinct patterns among 
groups, as DC exhibited prominent dyslipidemia with the highest 
lipid levels, while DNp presented the lowest concentrations.

Acknowledgments
We are also grateful to Syed Ghazanfar Hussain (a laboratory 
technician) at the Gambat Institute of Medical Sciences, Gambat, 
Khairpur, for facilitating a suitable environment for the execution 
of the work.

Funding
No specific financial support was received for this study.

Conflict of interest
ARP has been an editorial board member of Exploratory Research 
and Hypothesis in Medicine. since December 2018. The authors 
declare that they have no conflicts of interest.

Author contributions
Sample collection (HM), initial drafting of the manuscript (HM, 
FR), study design (SQA, ARP), data analysis (SQA, MS, SB), 
writing of the manuscript (SQA), critical analysis of the manu-
script (SQA), project supervision, and preparation of the manu-
script (ARP). All authors have made substantial contributions, read 
and approved the manuscript for submission.

Ethical statement
This study was conducted in accordance with the ethical standards 
outlined in the Declaration of Helsinki (as revised in 2024) and 
was approved by the Ethics Committee of the Gambat Institute 
of Medical Sciences (P.PAQJIMS/MC/ORIC/ERC-80), Gambat, 
Khairpur. All participants were informed about the study project, 
and consent was subsequently obtained from all participants. Writ-
ten or verbal consent was obtained.

Data sharing statement
All data generated and analyzed in the study are available in the 
manuscript.

References
[1]	 Kumar R, Saha P, Kumar Y, Sahana S, Dubey A, Prakash O. A Review 

on Diabetes Mellitus: Type1 & Type2. World J Pharm Pharm Sci 2020; 
9(10):838–850.

[2]	 O’Neil H, Todd A, Pearce M, Husband A. What are the consequenc-
es of over and undertreatment of type 2 diabetes mellitus in a 
frail population? A systematic review. Endocrinol Diabetes Metab 
2024;7(2):e00470. doi:10.1002/edm2.470, PMID:38411378.

[3]	 Gottlieb D, Silverman R, Schulman-Rosenbaum RC. Diabetes Manage-
ment in the Emergency Department. In: Schulman-Rosenbaum RC 
(ed). Diabetes Management in Hospitalized Patients: A Comprehen-
sive Clinical Guide. Cham: Springer; 2024:149–163. doi:10.1007/978-
3-031-44648-1_11.

[4]	 Baranowska-Jurkun A, Matuszewski W, Bandurska-Stankiewicz E. 
Chronic Microvascular Complications in Prediabetic States-An Over-
view. J Clin Med 2020;9(10):3289. doi:10.3390/jcm9103289, PMID: 
33066307.

[5]	 Chatterjee S, Khunti K, Davies MJ. Type 2 diabetes. Lancet 
2017;389(10085):2239–2251. doi:10.1016/S0140-6736(17)30058-2, 
PMID:28190580.

[6]	 Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, 
Ohlrogge AW, et al. IDF Diabetes Atlas: Global estimates of diabe-
tes prevalence for 2017 and projections for 2045. Diabetes Res Clin 
Pract 2018;138:271–281. doi:10.1016/j.diabres.2018.02.023, PMID: 
29496507.

[7]	 Ramesh S, Kosalram K. The burden of non-communicable diseases: 
A scoping review focus on the context of India. J Educ Health Promot 
2023;12:41. doi:10.4103/jehp.jehp_1113_22, PMID:37113407.

[8]	 Azeem S, Khan U, Liaquat A. The increasing rate of diabetes in 
Pakistan: A silent killer. Ann Med Surg (Lond) 2022;79:103901. 
doi:10.1016/j.amsu.2022.103901, PMID:35860160.

[9]	 Alicic RZ, Rooney MT, Tuttle KR. Diabetic Kidney Disease: Challenges, 
Progress, and Possibilities. Clin J Am Soc Nephrol 2017;12(12):2032–
2045. doi:10.2215/CJN.11491116, PMID:28522654.

[10]	 Tang G, Li S, Zhang C, Chen H, Wang N, Feng Y. Clinical efficacies, un-
derlying mechanisms and molecular targets of Chinese medicines for 
diabetic nephropathy treatment and management. Acta Pharm Sin B 
2021;11(9):2749–2767. doi:10.1016/j.apsb.2020.12.020, PMID:345 
89395.

[11]	 Wu Y, Li D, Vermund SH. Advantages and Limitations of the Body Mass 
Index (BMI) to Assess Adult Obesity. Int J Environ Res Public Health 
2024;21(6):757. doi:10.3390/ijerph21060757, PMID:38929003.

[12]	 Soomro MA, Khan S, Majid A, Bhatti S, Perveen S, Phull AR. Pectin 
as a biofunctional food: comprehensive overview of its therapeu-
tic effects and antidiabetic-associated mechanisms. Discov Appl Sci 
2024;6(6):298. doi:10.1007/s42452-024-05968-1.

[13]	 D’Souza MS, Labrague LJ, Karkada SN, Kamble P. Relationship be-
tween socio-demographic, clinical factors, and quality of life in 
adults living with diabetic nephropathy. Clin Epidemiol Glob Health 
2020;8(2):343–349. doi:10.1016/j.cegh.2019.08.019.

[14]	 Nonogaki K. Editorial: Insights in obesity: 2023. Front Endocrinol (Laus-
anne) 2024;15:1489087. doi:10.3389/fendo.2024.1489087, PMID: 
39605939.

[15]	 Giandalia A, Giuffrida AE, Gembillo G, Cucinotta D, Squadrito G, 
Santoro D, et al. Gender Differences in Diabetic Kidney Disease: 
Focus on Hormonal, Genetic and Clinical Factors. Int J Mol Sci 
2021;22(11):5808. doi:10.3390/ijms22115808, PMID:34071671.

[16]	 Pardina E, Tondo M, Escolà-Gil JC, Rossell J, Julve J. Molecular 
mechanisms involved in hyperglycemia-induced cellular damage. In: 
Mauricio D, Alonso N (eds). Chronic Complications of Diabetes Mel-
litus. Academic Press; 2024:25–38. doi:10.1016/B978-0-323-88426-
6.00012-9.

[17]	 Bello A, Abubakar I, Abubakar S, Manga SA, Solomon M. Kidney In-
dices and Serum Electrolytes of Diabetic Patients Attending Federal 
Teaching Hospital Gombe. J Environ Bioremed Toxicol 2021;4(2):31–
34. doi:10.54987/jebat.v4i2.631.

[18]	 Chehregosha H, Khamseh ME, Malek M, Hosseinpanah F, Ismail-Beigi 
F. A View Beyond HbA1c: Role of Continuous Glucose Monitoring. 
Diabetes Ther 2019;10(3):853–863. doi:10.1007/s13300-019-0619-
1, PMID:31037553.

https://doi.org/10.14218/ERHM.2025.00033
https://doi.org/10.1002/edm2.470
http://www.ncbi.nlm.nih.gov/pubmed/38411378
https://doi.org/10.1007/978-3-031-44648-1_11
https://doi.org/10.1007/978-3-031-44648-1_11
https://doi.org/10.3390/jcm9103289
http://www.ncbi.nlm.nih.gov/pubmed/33066307
https://doi.org/10.1016/S0140-6736(17)30058-2
http://www.ncbi.nlm.nih.gov/pubmed/28190580
https://doi.org/10.1016/j.diabres.2018.02.023
http://www.ncbi.nlm.nih.gov/pubmed/29496507
https://doi.org/10.4103/jehp.jehp_1113_22
http://www.ncbi.nlm.nih.gov/pubmed/37113407
https://doi.org/10.1016/j.amsu.2022.103901
http://www.ncbi.nlm.nih.gov/pubmed/35860160
https://doi.org/10.2215/CJN.11491116
http://www.ncbi.nlm.nih.gov/pubmed/28522654
https://doi.org/10.1016/j.apsb.2020.12.020
http://www.ncbi.nlm.nih.gov/pubmed/34589395
http://www.ncbi.nlm.nih.gov/pubmed/34589395
https://doi.org/10.3390/ijerph21060757
http://www.ncbi.nlm.nih.gov/pubmed/38929003
https://doi.org/10.1007/s42452-024-05968-1
https://doi.org/10.1016/j.cegh.2019.08.019
https://doi.org/10.3389/fendo.2024.1489087
http://www.ncbi.nlm.nih.gov/pubmed/39605939
https://doi.org/10.3390/ijms22115808
http://www.ncbi.nlm.nih.gov/pubmed/34071671
https://doi.org/10.1016/B978-0-323-88426-6.00012-9
https://doi.org/10.1016/B978-0-323-88426-6.00012-9
https://doi.org/10.54987/jebat.v4i2.631
https://doi.org/10.1007/s13300-019-0619-1
https://doi.org/10.1007/s13300-019-0619-1
http://www.ncbi.nlm.nih.gov/pubmed/31037553


DOI: 10.14218/ERHM.2025.00033  |  Volume 11 Issue 1, January 20268

Memon H.A. et al: Biochemistry of diabetic nephropathy patientsExplor Res Hypothesis Med

[19]	 Malhotra M, Ahmed F. Evaluation of Blood Glucose, Kidney Function 
Test, Electrolytes and Vitamin D in Chronic Kidney Disease Patients. 
Eur J Cardiovasc Med 2023;13(1):856–860.

[20]	 Carswell C, O’Neil S. Applied Anatomy and Physiology, the Kidney 
Disease Process, and Kidney Investigations. Thomas N, Noble H 
(eds). Renal Nursing: Care and Management of People with Kid-
ney Disease. 6th ed. Hoboken, NJ: Wiley Blackwell; 2024:14–51. 
doi:10.1002/9781394178797.ch2.

[21]	 Luo M, Zhang Z, Lu Y, Feng W, Wu H, Fan L, et al. Urine metabolomics 
reveals biomarkers and the underlying pathogenesis of diabetic kid-
ney disease. Int Urol Nephrol 2023;55(4):1001–1013. doi:10.1007/
s11255-022-03326-x, PMID:36255506.

[22]	 Mittal A, Sathian B, Kumar A, Chandrasekharan N, Sunka A. Diabetes 
mellitus as a potential risk factor for renal disease among Nepalese: 
A hospital based case control study. Nepal J Epidemiol 2010;1(1):22–
25. doi:10.3126/nje.v1i1.4108.

[23]	 Yeo ES, Hwang JY, Park JE, Choi YJ, Huh KB, Kim WY. Tumor necro-
sis factor (TNF-alpha) and C-reactive protein (CRP) are positively 
associated with the risk of chronic kidney disease in patients with 
type 2 diabetes. Yonsei Med J 2010;51(4):519–525. doi:10.3349/
ymj.2010.51.4.519, PMID:20499416.

[24]	 Swift DL, Johannsen NM, Earnest CP, Blair SN, Church TS. Effect of 
exercise training modality on C-reactive protein in type 2 diabe-
tes. Med Sci Sports Exerc 2012;44(6):1028–1034. doi:10.1249/
MSS.0b013e31824526cc, PMID:22157880.

[25]	 Li J, Chen J, Lan HY, Tang Y. Role of C-Reactive Protein in Kidney Dis-
eases. Kidney Dis (Basel) 2023;9(2):73–81. doi:10.1159/000528693, 
PMID:37065607.

[26]	 Friedman AN, Hunsicker LG, Selhub J, Bostom AG, Collaborative Study 
Group. C-reactive protein as a predictor of total arteriosclerotic out-
comes in type 2 diabetic nephropathy. Kidney Int 2005;68(2):773–
778. doi:10.1111/j.1523-1755.2005.00456.x, PMID:16014055.

[27]	 Liu F, Chen HY, Huang XR, Chung AC, Zhou L, Fu P, et al. C-reactive 
protein promotes diabetic kidney disease in a mouse model of type 
1 diabetes. Diabetologia 2011;54(10):2713–2723. doi:10.1007/
s00125-011-2237-y, PMID:21744073.

[28]	 Ryu SY, Kleine CE, Hsiung JT, Park C, Rhee CM, Moradi H, et al. As-
sociation of lactate dehydrogenase with mortality in incident he-
modialysis patients. Nephrol Dial Transplant 2021;36(4):704–712. 
doi:10.1093/ndt/gfaa277, PMID:33367881.

[29]	 Xiao X, Zhang J, Lang Y, Cai L, Yang Q, Liu K, et al. Associations of lac-
tate dehydrogenase with risk of renal outcomes and cardiovascular 
mortality in individuals with diabetic kidney disease. Diabetes Res 
Clin Pract 2023;203:110838. doi:10.1016/j.diabres.2023.110838, 
PMID:37478980.

[30]	 Xiao X, Zhang J, Lang Y, Cai L, Yang Q, Liu K, et al. Associations of lac-

tate dehydrogenase with risk of renal outcomes and cardiovascular 
mortality in individuals with diabetic kidney disease. Diabetes Res 
Clin Pract 2023;203:110838. doi:10.1016/j.diabres.2023.110838, 
PMID:37478980.

[31]	 Stanimirovic J, Radovanovic J, Banjac K, Obradovic M, Essack M, Zafi-
rovic S, et al. Role of C-Reactive Protein in Diabetic Inflammation. Me-
diators Inflamm 2022;2022:3706508. doi:10.1155/2022/3706508, 
PMID:35620114.

[32]	 Eshetu B, Worede A, Fentie A, Chane E, Fetene G, Wondifraw H, 
et al. Assessment of Electrolyte Imbalance and Associated Factors 
Among Adult Diabetic Patients Attending the University of Gondar 
Comprehensive Specialized Hospital, Ethiopia: A Comparative Cross-
Sectional Study. Diabetes Metab Syndr Obes 2023;16:1207–1220. 
doi:10.2147/DMSO.S404788, PMID:37131504.

[33]	 Patel N, Patel D, Farouk SS, Rein JL. Salt and Water: A Review of Hyper-
natremia. Adv Kidney Dis Health 2023;30(2):102–109. doi:10.1053/j.
akdh.2022.12.010, PMID:36868726.

[34]	 Neuen BL, Oshima M, Perkovic V, Agarwal R, Arnott C, Bakris G, et 
al. Effects of canagliflozin on serum potassium in people with diabe-
tes and chronic kidney disease: the CREDENCE trial. Eur Heart J 2021; 
42(48):4891–4901. doi:10.1093/eurheartj/ehab497, PMID:34423370.

[35]	 Kataoka H, Yoshida Y. Enhancement of the serum chloride concentra-
tion by administration of sodium-glucose cotransporter-2 inhibitor 
and its mechanisms and clinical significance in type 2 diabetic pa-
tients: a pilot study. Diabetol Metab Syndr 2020;12:5. doi:10.1186/
s13098-020-0515-x, PMID:31956343.

[36]	 Rooney MR, Pankow JS, Sibley SD, Selvin E, Reis JP, Michos ED, et al. 
Serum calcium and incident type 2 diabetes: the Atherosclerosis Risk 
in Communities (ARIC) study. Am J Clin Nutr 2016;104(4):1023–1029. 
doi:10.3945/ajcn.115.130021, PMID:27510541.

[37]	 Raikou VD, Kyriaki D, Gavriil S. Importance of serum phosphate in elder-
ly patients with diabetes mellitus. World J Diabetes 2020;11(10):416–
424. doi:10.4239/wjd.v11.i10.416, PMID:33133389.

[38]	 Omar AA, Radwani KJ, Al Thani MK, Abouzeid NH, Qabeel YE, Al 
Shamari M, et al. Association Between Serum Bicarbonate Levels and 
Prediabetes and Subclinical Inflammation in Young Healthy Adults: 
A Cross-sectional Study. Diabetes Metab Syndr Obes 2023;16:969–
977. doi:10.2147/DMSO.S402037, PMID:37038559.

[39]	 Younatan Y, Majid M, Phull AR, Baig MW, Irshad N, Fatima H, et al. 
Thymus linearis Extracts Ameliorate Indices of Metabolic Syndrome 
in Sprague Dawley Rats. Oxid Med Cell Longev 2023;2023:5648837. 
doi:10.1155/2023/5648837, PMID:37151604.

[40]	 Han YZ, Du BX, Zhu XY, Wang YZ, Zheng HJ, Liu WJ. Lipid metabo-
lism disorder in diabetic kidney disease. Front Endocrinol (Laus-
anne) 2024;15:1336402. doi:10.3389/fendo.2024.1336402, PMID: 
38742197.

https://doi.org/10.14218/ERHM.2025.00033
https://doi.org/10.1002/9781394178797.ch2
https://doi.org/10.1007/s11255-022-03326-x
https://doi.org/10.1007/s11255-022-03326-x
http://www.ncbi.nlm.nih.gov/pubmed/36255506
https://doi.org/10.3126/nje.v1i1.4108
https://doi.org/10.3349/ymj.2010.51.4.519
https://doi.org/10.3349/ymj.2010.51.4.519
http://www.ncbi.nlm.nih.gov/pubmed/20499416
https://doi.org/10.1249/MSS.0b013e31824526cc
https://doi.org/10.1249/MSS.0b013e31824526cc
http://www.ncbi.nlm.nih.gov/pubmed/22157880
https://doi.org/10.1159/000528693
http://www.ncbi.nlm.nih.gov/pubmed/37065607
https://doi.org/10.1111/j.1523-1755.2005.00456.x
http://www.ncbi.nlm.nih.gov/pubmed/16014055
https://doi.org/10.1007/s00125-011-2237-y
https://doi.org/10.1007/s00125-011-2237-y
http://www.ncbi.nlm.nih.gov/pubmed/21744073
https://doi.org/10.1093/ndt/gfaa277
http://www.ncbi.nlm.nih.gov/pubmed/33367881
https://doi.org/10.1016/j.diabres.2023.110838
http://www.ncbi.nlm.nih.gov/pubmed/37478980
https://doi.org/10.1016/j.diabres.2023.110838
http://www.ncbi.nlm.nih.gov/pubmed/37478980
https://doi.org/10.1155/2022/3706508
http://www.ncbi.nlm.nih.gov/pubmed/35620114
https://doi.org/10.2147/DMSO.S404788
http://www.ncbi.nlm.nih.gov/pubmed/37131504
https://doi.org/10.1053/j.akdh.2022.12.010
https://doi.org/10.1053/j.akdh.2022.12.010
http://www.ncbi.nlm.nih.gov/pubmed/36868726
https://doi.org/10.1093/eurheartj/ehab497
http://www.ncbi.nlm.nih.gov/pubmed/34423370
https://doi.org/10.1186/s13098-020-0515-x
https://doi.org/10.1186/s13098-020-0515-x
http://www.ncbi.nlm.nih.gov/pubmed/31956343
https://doi.org/10.3945/ajcn.115.130021
http://www.ncbi.nlm.nih.gov/pubmed/27510541
https://doi.org/10.4239/wjd.v11.i10.416
http://www.ncbi.nlm.nih.gov/pubmed/33133389
https://doi.org/10.2147/DMSO.S402037
http://www.ncbi.nlm.nih.gov/pubmed/37038559
https://doi.org/10.1155/2023/5648837
http://www.ncbi.nlm.nih.gov/pubmed/37151604
https://doi.org/10.3389/fendo.2024.1336402
http://www.ncbi.nlm.nih.gov/pubmed/38742197

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Materials and methods﻿

	﻿﻿Study design and execution﻿

	﻿﻿﻿Inclusion and exclusion criteria﻿

	﻿﻿﻿Questionnaire and interviews﻿

	﻿﻿﻿Determination of BMI﻿

	﻿﻿﻿Blood sampling and processing﻿

	﻿﻿﻿Biochemical analysis﻿

	﻿﻿﻿Statistical analysis﻿


	﻿﻿﻿﻿Results﻿

	﻿﻿Anthropometric and demographic results﻿

	﻿﻿﻿﻿Glucose and glycated hemoglobin levels﻿

	﻿﻿﻿﻿﻿﻿Inflammatory markers and waste metabolites﻿

	﻿﻿﻿Serum electrolytes﻿

	﻿﻿﻿Lipid profile﻿


	﻿﻿﻿﻿﻿﻿﻿Discussion﻿

	﻿﻿﻿Future directions﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿Ethical statement﻿

	﻿﻿﻿Data sharing statement﻿

	﻿﻿﻿References﻿


