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Abstract

Background: Diabetes, a prevalent metabolic disorder worldwide, 
significantly impacts various bodily organs. Type 2 diabetes, in par-
ticular, leads to chronic complications affecting the brain, eyes, car-
diovascular system, and kidneys. Diabetic nephropathy, characterized 
by altered glomerular filtration rate (GFR) and increased urinary al-
bumin excretion, represents a progressive kidney dysfunction. This 
study aimed to explore the association between serum cystatin C lev-
els and diabetic nephropathy as a predictive marker.

Methods: In this investigation, a total of 179 patients were catego-
rized into four groups: a diabetic nephropathy group, a nephropathy 
group, a diabetes group, and a healthy control group. After obtaining 
informed consent and recording demographic indicators and clinical 
symptoms, a 5 mL blood sample was collected from each participant 
to assess the cystatin C levels using the enzyme-linked immunosorb-
ent assay method.

Results: The study findings revealed no significant differences in 
demographic indicators among the groups (P > 0.05). Additionally, 
the average serum cystatin C level in the diabetes group did not sig-
nificantly differ from that in the control group (P > 0.05). However, 
a notable increase was observed in the mean serum cystatin C levels 
between the healthy group and both the diabetic nephropathy and ne-
phropathy groups (P = 0.001).

Conclusion: The study findings indicate that serum cystatin C levels 
serve as a potential warning and predictive factor for nephropathy in 
diabetic patients.
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Introduction

Diabetes mellitus is a metabolic disorder marked by elevated 
blood glucose levels due to inadequate insulin production or 
impaired cellular response to insulin [1]. Certainly, diabetes 
mellitus is indeed a prevalent chronic condition globally. It 
ranks among the top five causes of mortality worldwide [2, 3].

In diabetes, there is a disruption in carbohydrate metabo-
lism, leading to impaired utilization of sugars by cells as an 
energy source. This primarily results from either insufficient 
insulin production or dysfunction in insulin’s action [4, 5]. 
Diabetes, being a chronic condition with gradual progression, 
indeed places a significant burden on affected families. The as-
sociated complications further exacerbate the impact, affecting 
both the financial aspect and overall quality of life [6].

Chronic kidney disease (CKD) arises when a condition 
impairs kidney function, leading to gradual kidney damage 
over several months or years. This condition is associated 
with various chronic disorders, including diabetic nephropa-
thy (kidney disease resulting from poorly controlled diabetes), 
retinopathy affecting vision, neuropathy affecting the periph-
eral nervous system, atherosclerosis in large blood vessels and 
elevated blood pressure. The underlying reason of these com-
plications is an extreme rise in blood glucose levels. Addition-
ally, it is worth noting that glomerular diseases can also impact 
kidney function. These diseases affect the glomeruli, which are 
the involved system of blood vessels accountable for filtering 
waste and surplus fluids in the kidneys [7, 8].

Hyperglycemia, a common feature of diabetes, has been 
associated with inflammation. Research indicates that elevat-
ed blood glucose levels can trigger inflammatory responses 
throughout the body [9]. In addition, tissue fibrosis in some 
organs due to long-term diabetes has been reported [10, 11]. 
Additionally, chronic hyperglycemia may lead to tissue fibro-
sis in various organs. Among these, the kidney system is pre-
dominantly susceptible to efficient and tissue disorders preju-
diced by diabetes-related inflammation [12]. Disturbance in 
this system can be one of the main causes in the progression of 
the disease and its irreversible complications leading to death 
[10, 13].

Persistent inflammation can lead to tissue damage in sen-
sitive organs, including the heart, blood vessels, and kidneys. 
Additionally, it increases the likelihood of fibrosis develop-
ment [14]. CKDs can progress to end-stage renal disease 
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(ESRD) and cardiovascular complications, imposing a sig-
nificant societal and economic burden. Regardless of the un-
derlying cause, resident fibroblasts play crucial roles in CKD 
development. These fibroblasts transform into myofibroblasts 
upon injury, expressing alpha smooth muscle actin (αSMA) 
and producing excessive extracellular matrix (ECM) proteins, 
ultimately leading to renal fibrosis. Additionally, these resident 
fibroblasts contribute to inflammation during kidney injury by 
activating nuclear factor-κB (NF-κB) signaling and producing 
pro-inflammatory cytokines [15]. Therefore, early diagnosis 
and solving this problem has always been one of the impor-
tant issues for maintaining the health of people with diabetes 
[16]. In the present day, the increased incidence of metabolic 
diseases and associated complications has underscored the 
significance of identifying predictive factors, capturing the 
attention of researchers [17]. Also, many biomarkers play an 
important role in the diagnosis and prognosis of diabetic ne-
phropathy [18].

Multiple studies have demonstrated the close association 
between proteinuria, glomerular filtration rate (GFR), creati-
nine clearance, blood pressure, and glomerular lesions with 
the development of diabetic nephropathy [19, 20]. In addition, 
serum creatinine has been used as one of the markers of renal 
dysfunction [21].

Cystatin C, a low molecular weight protein consisting 
of 122 amino acids, is ubiquitously produced by all nucle-
ated cells in the body. It functions as an inhibitor of cysteine 
proteinases [22]. The serum concentration of cystatin C is 
the same in adults and children over 1 year old [23]. Indeed, 
cystatin C exhibits remarkable characteristics. Despite its low 
molecular weight and positive charge, it manages to traverse 
the glomerular membrane freely and subsequently undergoes 
reabsorption in the proximal tubule. This unique behavior con-
tributes to its diagnostic relevance in renal function assessment 
[24]. The initial measurement of cystatin C in the blood shows 
the amount of glomerular filtration [25]. An increase in serum 
cystatin C is associated with a decrease in GFR and is therefore 
an indicator of kidney damage [26]. However, our research, 
despite the scarcity of existing studies regarding this protein’s 
role as a predictor in diabetic nephropathy, seeks to investigate 
the fluctuations in serum cystatin C levels specifically among 
patients diagnosed with end-stage diabetic nephropathy.

Materials and Methods

This cross-sectional study examined variations in serum cys-
tatin C levels among patients with end-stage diabetic nephrop-
athy who were referred to Dr. Ganjavian Dezful Hospital in 
2017. The study involved four distinct groups: a healthy group, 
a diabetes group, a nephropathy group, and a diabetic nephrop-
athy group, all of whom sought care at Dr. Ganjavian Dez-
ful Hospital during the same year. While the studied groups 
shared similar intervening variables, the diseases under inves-
tigation differed. The healthy group comprised 50 individuals, 
the diabetes group had 39 participants, the nephropathy group 
included 49 subjects, and the diabetic nephropathy group con-
sisted of 41 patients. Random sampling was employed across 

all groups. Diabetic status was determined based on the 2016 
American Diabetes Association (ADA) guidelines, which con-
sider fasting plasma blood sugar levels exceeding 126 mg/dL 
(confirmed by two measurements) and specific diabetes symp-
toms (such as excessive thirst, overeating, frequent urination, 
or plasma glucose levels exceeding 200 mg/dL). Additionally, 
indicators of advanced nephropathy included a low GFR of 
30 mL/min and urine protein levels of +2. Disease diagnoses 
within each group were established through consultation and 
approval by internal medicine and metabolic disease special-
ists, as well as nephrologists.

This study was performed in line with the principles of 
the Declaration of Helsinki. The Ethics Committee of Dezful 
University of Medical Sciences approved and supervised the 
conduction of this study under the ethics code of IR.DUMS.
REC.1397.003.

Sampling

Upon selecting and enrolling the samples for our study, we me-
ticulously documented demographic information and clinical 
symptoms. To investigate the association between diagnostic 
analytes and cystatin C levels in the serum of our study par-
ticipants, we collected 10 mL of whole blood from each sub-
ject. The blood was drawn into anticoagulant-free test tubes to 
facilitate serum separation. Subsequently, we measured vari-
ous serum variables, including blood sugar, hemoglobin A1c 
(HbA1c), blood urea nitrogen (BUN), creatinine, albumin, as-
partate aminotransferase (AST or SGOT), alanine aminotrans-
ferase (ALT or SGPT), alkaline phosphatase (ALP), sodium 
(Na), potassium (K), calcium (Ca), and cystatin C. After sepa-
ration, the sera were stored at -70 °C until further analysis. 
Diagnostic data were obtained using the BT1200 biochemi-
cal analyzer, meticulously calibrated for each analyte, at the 
central laboratory of Dr. Ganjavian Dezful Hospital. Serum 
cystatin C levels were quantified using the enzyme-linked im-
munosorbent assay (ELISA) method, employing a specific hu-
man cystatin C serum ELISA kit (Abcam, Cambridge, USA).

Determination of serum cystatin C level

In this study, in order to determine the serum level of cysta-
tin C in the studied samples in the case and control groups, 
blood sampling was done. Then the sera were separated from 
the blood samples of the subjects through centrifugation for 15 
min at 2,500 rpm.

Measurement of the serum level of cystatin C in the stud-
ied samples was done by ELISA method using a commercial 
human cystatin C serum ELISA kit (Abcam, Cambridge, 
USA). The collected serum samples were measured according 
to the manufacturer’s instructions.

Data analysis method and statistical analysis

Initially, after collecting the data, we proceeded with the cod-
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ing process. Subsequently, we utilized SPSS version 16 soft-
ware and employed statistical techniques for data analysis. 
Descriptive statistical methods, including the construction of 
frequency distribution tables and calculation of central and 
dispersion indices, were applied to characterize the study sub-
jects and objectives. Additionally, to assess differences among 
study groups and test hypotheses, inferential statistical meth-
ods were applied. These included the Kolmogorov-Smirnov 
test, Levene’s test, Chi-square test, Fisher’s exact test, inde-
pendent t-test, two-way analysis of variance (ANOVA), and 
the Mann-Whitney U test.

Results

Demographic indicators

This cross-sectional study was conducted in 2017 with the 
aim of investigating changes in the amount of cystatin C in 
the serum of patients with end-stage diabetic nephropathy re-
ferred to Dr. Ganjavian Dezful Hospital in the healthy group, 
the diabetes group, the nephropathy group, and the diabetic 
nephropathy group, with a sample size of 179 people (90 men 
and 89 women). The number of samples was 50 (27 men and 
23 women) in the healthy group, 39 (20 men and 19 wom-
en) in the diabetes group, 49 (30 men and 19 women) in the 
nephropathy group, and 41 (27 men and 14 women) in the 
diabetic nephropathy group. The results showed that the four 
studied groups were not significantly different in terms of 
gender composition (P = 0.513). Also, the average age of the 
samples was 43.16 ± 15.36 years in the healthy group, 41.03 
± 12.22 years in the diabetes group, 44.80 ± 13.75 years in 
the nephropathy group, and 43.07 ± 8.07 years in the diabetic 
nephropathy group. The results showed that the four studied 
groups were not significantly different in terms of age (P = 
0.601).

Differences on laboratory parameters

The average level of fasting blood sugar and the percentage 
of glycosylated hemoglobin were 91.78 ± 9.16 and 5.34 ± 
0.59 mg/dL in the healthy group, 294.56 ± 76.85 mg/dL in the 
diabetes group, 122.55 ± 24.44 and 8.31 ± 0.89 mg/dL in the 
nephropathy group, and 176.50 ± 40.77 and 7.93 ± 0.64 mg/
dL in the diabetic nephropathy group. The results showed that 
there was a significant difference in terms of the level of fast-
ing blood sugar between the control group, the nephropathy 
and diabetic nephropathy groups (P < 0.001), but the average 
difference in the case of glycosylated hemoglobin between the 
diabetes and diabetic nephropathy groups was not significant 
(P > 0.05) (Fig. 1).

Data analysis to compare BUN and creatinine parameters 
of the groups showed that there was a significant difference be-
tween the healthy group and each of the nephropathy and dia-
betic nephropathy groups (P < 0.001), as well as between the 
whole healthy, nephropathy and diabetic nephropathy groups. 
Diabetic nephropathy group showed the absence of signifi-
cant difference in serum albumin levels (P > 0.05). The differ-
ence between the mean albumin of the control group and the 
diabetes group was 0.8732 g/dL (P > 0.05, mean difference: 
0.8732, 95% confidence interval (CI): -0.02843 to 1.775), with 
the nephropathy group of 0.165 g/dL (P > 0.05, mean differ-
ence: 0.1650, 95% CI: -0.7242 to 1.054), and with diabetic 
nephropathy group of 0.424 g/dL (P > 0.05, mean difference: 
0.4244, 95% CI: -0.4240 to 1.273). The results showed that in 
the groups with diabetes, the average difference of albumin 
was more than that in the control group (Fig. 2).

Analysis of biochemical data showed that the mean serum 
level of AST in the diabetic nephropathy group was signifi-
cantly lower than those in the other groups (P < 0.001). Also, 
the mean serum ALT level in the diabetic nephropathy group 
was significantly lower than those in the control group and the 
nephropathy group (P < 0.001). Also, there was no significant 

Figure 1. The average level of fasting blood sugar and the percentage of glycosylated hemoglobin of the studied samples by 
group.
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difference in blood ALP levels between the control group and 
the diabetes, nephropathy and diabetic nephropathy groups (P 
< 0.01). The serum level of blood ALP in the control group 
was significantly lower than those in the other groups. The 

serum level of ALP in the diabetes group was significantly 
higher than that in the nephropathy group (P = 0.045) (Fig. 3).

Similar profiles of differences were found for serum so-
dium levels, which showed significant changes between the 

Figure 3. Average serum level of ALT, AST and ALP of the examined samples by group. ALP: alkaline phosphatase; ALT: alanine 
aminotransferase; AST: aspartate aminotransferase.

Figure 2. Average serum levels of urea nitrogen, creatinine and blood albumin of the studied samples by group.
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diabetic nephropathy group and each of the other groups (P 
< 0.001). The mean serum level of potassium in the diabetic 
nephropathy and nephropathy groups was significantly higher 
than those in the diabetes and control groups (P < 0.001). No 
significant changes were found in potassium (P > 0.05).

Cystatin C serum level analysis

The results of the investigations showed that the average 
blood serum level of cystatin C was 0.738 ± 0.127 mg/L in the 
healthy group, 0.760 ± 0.084 mg/L in the diabetes group, 1.208 
± 0.239 mg/L in the nephropathy group, and 1.249 ± 0.255 
mg/L in the diabetic nephropathy group. The mean serum lev-
el of cystatin C in the diabetic nephropathy and nephropathy 
groups was significantly higher than those in the diabetes and 
control groups (P < 0.001). No significant difference was ob-
served between the diabetes group and the control group in 
terms of serum cystatin C level (P > 0.05). Also, the differ-
ence in the mean serum cystatin C level between the diabetic 
nephropathy and nephropathy groups was not significant (P > 
0.05) (Fig. 4).

In the analysis of factors related to kidney damage, the 
relationship between laboratory indicators of albumin, cre-
atinine, BUN, and cystatin C was investigated. The results of 
the analysis showed that the amount of albumin among the 
studied groups has no significant difference. With the occur-

rence of nephropathy, the average difference between albumin 
and creatinine decreases significantly (P < 0.001) compared 
to the control and diabetes groups. But the average difference 
between albumin and cystatin C was not significant among 
the groups (P > 0.05). Also, the average difference of BUN to 
cystatin C, creatinine and albumin, with the occurrence of ne-
phropathy and diabetic nephropathy, compared to the control 
and diabetes groups, has increased significantly (P < 0.001). 
However, this difference in mean BUN to cystatin C, creati-
nine and albumin was not significantly different between the 
groups. Also, the results showed that the average difference 
between creatinine and cystatin C in the control and diabetes 
groups was 0.168 and 0.157 mg/dL, respectively, which was 
not statistically significant. But this difference was significant 
in nephropathy and diabetic nephropathy groups (P < 0.001) 
(Fig. 5) (Table 1).

Discussion

Diabetic nephropathy, a progressive kidney disorder, mani-
fests in individuals with both type 1 and type 2 diabetes. The 
risk of developing this condition is heightened by factors such 
as high blood pressure and hereditary kidney disease [27]. Al-
though the precise etiology remains unclear, elevated blood 
sugar levels and hypertension are implicated in the pathogen-
esis of diabetic nephropathy [28-30]. In contemporary times, 

Figure 4. The mean serum level of cystatin C in the blood of the examined samples by group.
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the prevalence of metabolic diseases has escalated significant-
ly, leading to various complications. Consequently, research-
ers have placed substantial emphasis on identifying predictive 
factors associated with these conditions [31].

The study findings reveal significant differences in aver-
age fasting blood sugar levels among various groups. Specifi-
cally, the fasting blood sugar level in control subjects is the 
lowest and significantly distinct from that in individuals with 
diabetes and diabetic nephropathy. Additionally, there is a no-
table increase in the average percentage of glycosylated hemo-
globin between the diabetes and diabetic nephropathy groups 
compared to the control and nephropathy groups. However, 
this difference between the two diabetic groups (diabetes and 
diabetic nephropathy) was not statistically significant.

The study findings indicate a substantial disparity in BUN 
serum levels across the examined groups. Specifically, the av-
erage BUN level in samples from both the nephropathy and 
diabetic nephropathy groups was significantly higher than that 
in the control and diabetes groups. Additionally, the average 
blood serum creatinine level in samples from the nephropathy 
and diabetic nephropathy groups was markedly elevated com-
pared to the control and diabetes groups.

Subsequent to the examination of blood serum cystatin 
C levels, the findings revealed the following average serum 

concentrations: healthy group: 0.738 ± 0.127 mg/L; diabetes 
group: 0.760 ± 0.084 mg/L; nephropathy group: 1.208 ± 0.239 
mg/L; diabetic nephropathy group: 1.249 ± 0.255 mg/L.

This finding shows that the occurrence of nephropathy 
and kidney problems leads to a significant increase in blood 
serum cystatin C levels. However, diabetes itself does not have 
a specific effect on serum cystatin C levels. Specifically, the 
average serum cystatin C level in the diabetic nephropathy and 
nephropathy groups is significantly higher than those in the 
diabetes and control groups. Interestingly, there is no signifi-
cant difference in mean serum cystatin C levels between the 
two groups of diabetic nephropathy and nephropathy. Further-
more, no significant difference is observed between the diabe-
tes group and the control group in terms of serum cystatin C 
levels. Thus, having diabetes does not appear to substantially 
impact the amount of cystatin C.

In their 2013 study, Jeon and colleagues evaluated the as-
sociation between urinary cystatin C levels and the progres-
sion of type 2 diabetic nephropathy. The study included 237 
type 2 diabetic patients who were followed up for 29 months. 
The researchers found that both the urinary cystatin C-to-cre-
atinine ratio (CCR) and urinary non-albumin protein-to-cre-
atinine ratio (NAPCR) were significantly different based on 
the degree of albuminuria. After adjusting for clinical factors, 

Figure 5. The average serum level of creatinine, albumin and cystatin C of the examined samples by group.
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both urinary CCR and NAPCR were associated with a decline 
in the estimated glomerular filtration rate (eGFR). The study 
suggests that urinary cystatin C and NAP may serve as predic-
tors of diabetic nephropathy progression [32].

A study by Bilgin et al [33] was conducted on 90 diabetic 
patients in 2021 with the aim of comparing the level of ferritin, 

cystatin C and high-sensitivity C-reactive protein (hs-CRP) in 
blood in type II diabetes patients according to the urine al-
bumin level. They concluded that the mean ferritin level in 
patients with macro albuminuria is significantly higher than 
that in patients with normal urine albumin and the mean level 
of cystatin C in patients with micro albuminuria and macro al-

Table 1.  Difference in the Mean Serum Levels of Creatinine, Albumin and Cystatin C Blood Factors of the Examined Samples by 
Group Using Tukey’s Multiple Comparisons Test

Comparison of renal factors in different groups Mean difference 95% CI difference P-value
Control albumin
  Control BUN -12.08 -16.75 to -7.398 0.001
  Control creatinine 3.598 2.749 to 4.446 0.001
  Diabetic BUN 3.766 2.360 to 5.172 0.001
Diabetic albumin
  Diabetic BUN -9.882 -15.18 to -4.586 0.001
  Diabetic creatinine 2.713 1.757 to 3.669 0.001
  Diabetic cystatin C 2.870 1.374 to 4.366 0.001
Nephropathy albumin
  Nephropathy BUN -68.31 -73.03 to -63.58 0.001
  Nephropathy creatinine -5.253 -6.106 to -4.400 0.001
  Nephropathy cystatin C 2.871 1.406 to 4.335 0.001
Diabetic nephropathy albumin
  Diabetic nephropathy BUN -75.37 -80.53 to -70.20 0.001
  Diabetic nephropathy creatinine -2.737 -3.669 to -1.804 0.001
  Diabetic nephropathy cystatin C 3.090 1.939 to 4.241 0.001
Control creatinine
  Control BUN -15.67 -20.38 to -10.97 0.001
  Control cystatin C 0.1681 -1.240 to 1.576 ns
Diabetic creatinine
  Diabetic BUN -12.59 -17.89 to -7.299 0.001
  Diabetic cystatin C 0.1574 -1.339 to 1.653 ns
Nephropathy creatinine
  Diabetic nephropathy BUN -63.06 -67.78 to -58.33 0.001
  Nephropathy cystatin C 8.124 6.659 to 9.588 0.001
Diabetic nephropathy creatinine
  Diabetic nephropathy BUN -72.63 -77.80 to -67.47 0.001
  Diabetic nephropathy cystatin C 5.826 4.675 to 6.977 0.001
Control BUN
  Control cystatin C 15.84 8.053 to 23.63 0.001
Diabetic BUN
  Diabetic cystatin C 12.75 4.462 to 21.04 0.001
Nephropathy BUN
  Nephropathy cystatin C 71.18 63.06 to 79.29 0.001
Diabetic nephropathy BUN
  Diabetic nephropathy cystatin C 78.46 72.08 to 84.84 0.001

BUN: blood urea nitrogen; CI: confidence interval.
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buminuria is significantly higher than that in patients with nor-
mal urine albumin, but the mean hs-CRP in patients was not 
significantly different according to the level of urinary albu-
min. In addition, the average level of glycosylated hemoglobin 
in patients with macro albuminuria was significantly higher 
than that in patients with normal urinary albumin and micro 
albuminuria. Also, the results showed that cystatin C alone can 
explain about 7% of diabetic nephropathy [33].

In an investigation conducted by Neelaveni et al, the se-
rum concentration of cystatin C exhibited a direct and signifi-
cant correlation with urinary albumin levels. This association 
suggests that the elevation in cystatin C may occur during the 
tubular phase before the onset of glomerular dysfunction. Con-
sequently, both serum and urine cystatin C levels could serve 
as measurable indicators of subclinical tubular disorders, po-
tentially identifying renal dysfunction prior to the manifesta-
tion of albuminuria [34].

In 2022, Aldenbratt et al investigated the utility of serum 
cystatin C as a measure of renal function in diabetic patients 
[35]. The study, titled “Cystatin C and renal function estima-
tion: the search for better measurements of renal function in 
diabetic patients”, compared serum cystatin C levels with con-
ventional estimates based on serum creatinine measurements. 
The findings strongly support the early detection of renal func-
tion decline using cystatin C levels. This research has impor-
tant implications for optimizing early intervention strategies in 
diabetic nephropathy [36].

In their study, cystatin C demonstrated a stronger asso-
ciation with GFR compared to creatinine, using the Cock-
croft formula, and the Modification of Diet in Renal Disease 
(MDRD) equation [35].

The concentration of cystatin C exhibits a stepwise in-
crease that significantly correlates with the decline in GFR, 
indicating an inverse relationship. This finding supports the 
utility of cystatin C for early detection of kidney function de-
cline. The study suggests that cystatin C is highly effective for 
measuring kidney function and may play a crucial role in early 
diagnosis, prevention, and treatment strategies for diabetic ne-
phropathy [35, 37].

In their study, Tanabe et al highlighted that cystatin C 
serves as an endogenous marker for glomerular filtration. 
Consequently, its serum concentration is intricately linked to 
the GFR. Notably, diabetes exerts a notable impact on cysta-
tin C levels: it leads to an 8.5% increase in serum cystatin C 
levels while concurrently causing a 3.9% decrease in serum 
creatinine levels [25]. The study findings revealed significant 
associations between serum cystatin C levels and several bio-
markers. Specifically, an elevated level of CRP was positively 
correlated with cystatin C levels. Conversely, a decrease in 
white blood cell count and serum albumin was also linked to 
higher cystatin C levels. Additionally, creatinine levels exhib-
ited an inverse relationship with cystatin C [25]. Furthermore, 
the study findings indicated that age, gender, and race exerted 
a more pronounced impact on creatinine levels compared to 
cystatin C. However, it is essential to recognize that cystatin C 
is influenced by factors beyond GFR. These additional factors 
should be taken into account when estimating GFR based on 
serum cystatin C levels [25].

Conclusion

The findings from this study indicate that diabetes does not 
significantly impact the concentration of cystatin C. Instead, 
this biomarker appears to be influenced by kidney dysfunc-
tion and the occurrence of nephropathy. Furthermore, the study 
highlights that serum cystatin C level may serve as a valuable 
warning sign and predictive factor for nephropathy in diabetic 
patients. However, it is essential to recognize that alterations in 
blood serum creatinine levels also play a crucial role in moni-
toring diabetic individuals.
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