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Abstract: Diabetic kidney disease remains a major contributor to chronic kidney disease (CKD) morbidity. Earlier detection beyond serum creatinine 
alone is needed. Symmetric dimethylarginine (SDMA) and cystatin C have been proposed as sensitive markers of reduced glomerular filtration. 

Objective:  To measure and compare the levels of symmetric dimethylarginine, creatinine and Cystatin C in diabetic patients with and without 
microalbuminuria as markers for diagnosis of chronic kidney disease Methods: This was a case-control study involving 110 diabetic patients with or 

without microalbuminuria who visited the Departments of Pathology at Nishtar Hospital, Multan Patients were divided into cases (diabetic patients 

with microalbuminuria) and controls (diabetic patients without microalbuminuria).5 mL blood sample was collected for random blood glucose level, 

HbA1C, renal function tests (urea & creatinine), SDMA and cystatin C. Results: Among cases (with microalbuminuria), the mean HbA1C (%), SDMA 
(µmol/L), serum creatinine (mg/dL), serum cystatin C (mg/L) and eGFR (ml/min/1.73m2) was 8.3± 2.1, 1.4 ±0.8, 0.9 ± 1.0, 0.02 ± 0.02 and 94.6 ± 

41.2, receptively. Among controls (without microalbuminuria), the mean HbA1C (%), SDMA (µmol/L), serum creatinine (mg/dL), serum cystatin C 

(mg/L), and eGFR (ml/min/1.73m2) were 7.1 ± 2.4, 1.1 ± 0.9, 0.7 ± 0.4, 0.007± 0.005, and 108.0 ± 53.5, respectively.  Conclusion: There were higher 

levels of SDMA, serum creatinine, and Cystatin C among diabetic patients with microalbuminuria than among patients without microalbuminuria. 
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Introduction 

The non-communicable diseases (NCDs), for example, diabetes mellitus 
(DM) and kidney disease, are the most important cause of global mortality 

and morbidity. DM is believed to be a rapidly expanding, persistent 

disease worldwide. Globally, about one in eleven adults suffers from DM, 

with Type 2 Diabetes Mellitus (T2DM) responsible for 90 percent of these 
cases (1). Both microvascular and macrovascular complications 

distinguish the DM disease. Among microvascular complications, it is 

notable that up to 25 to 40 percent of the CKD (chronic kidney disease), 

also referred to as diabetic kidney disease (DKD), is attributed to diabetes, 
making it the leading cause for kidney failure on a global level (2). 

Approximately one-third of the individuals with T1DM (Type 1 Diabetes 

Mellitus) and around 50 percent of those with T2DM will eventually 

develop CKD (3). 
CKD is a leading health-related issue among all diseases. More than 100 

million adults suffer from the disease in the high-income countries, while 

the disease burden is 387.5 million in countries with lower-middle income 

(4). The disease is more common among adults than among younger 
individuals. The CKD staging is dependent on the estimated rate of 

glomerular filtration, as well as albuminuria, in accordance with 

recommendations for improving kidney disease outcomes worldwide. If 

the disease is diagnosed at an early stage, it can help in preventing 
complications, especially cardiovascular complications, leading to 

mortality.  

Albuminuria is categorized into three grades based on the ACR (albumin-

to-creatinine ratio) observed in a spot urine sample. The 1st grade is 
identified as a normal to slightly enhanced albuminuria, indicated by an 

ACR (albumin-creatinine ratio) of below 30mg/g. The 2nd grade, A2, 

denotes moderately enhanced albuminuria along with ACR ranging from 

30 to 300mg/g (referred to in novel terminology as what was once known 
as "microalbuminuria"). The A3, which is the third grade, indicates 

severely enhanced albuminuria (formerly referred to as 

macroalbuminuria/dipstick +ve proteinuria) along with ACR of above 

300mg/g or albumin excretion ratio (AER) exceeding 300 mg/24 hour. 
The likelihood of over DKD development is linked to the albumin 

excretion levels (5). It is significant to highlight that albuminuria serves 

as an independent marker for CKD, even when the GFR (glomerular 

filtration rate) is above 60mL/min/1.73 m². 
The serum levels of creatinine and urea are nowadays the most commonly 

used diagnostic tools for CKD. According to studies, an important 

relationship is found between eGFR (estimated glomerular filtration rate) 

and serum creatinine (SCr), which explains why the disease is only 
detected when 40-50 percent of the renal parenchyma is impaired (6). 

Metabolomics has played a crucial role in discovering novel biological 

markers for CKD, including dimethylarginines. Symmetric 

dimethylarginine (SDMA) was originally observed in the accumulation 
of kidney failure and could be a risk factor in deteriorating kidney 

function in T2DM. 

The SDMA is an amino acid that is released during protein degradation 

from cells. It was initially isolated from human urine in 1970. Mostly, 
SDMA clearance is accomplished through glomerular filtration. SDMA 

is also linked to cardiovascular disease, according to a recent report, 

which found that higher levels of SDMA can lead to certain heart diseases 

among patients who have T2DM and a persistent urinary albumin 
excretion rate (UAER) >30 mg/24 h. 

This research aims to gain a deeper understanding of the role of 

symmetrical dimethylarginine in patients being evaluated for renal 
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disease. This research may aid clinicians in the early detection of kidney 

diseases and the development of more effective care plans for patients. 
The cost of care would also be reduced if the illness is detected early. 

This study was conducted to measure and compare the levels of 

symmetric dimethylarginine (SDMA), creatinine, and Cystatin C in 

diabetic patients with and without microalbuminuria as markers for the 
diagnosis of chronic kidney disease. 

Methodology  

A case-control study was conducted in the Department of Pathology at 

Nishtar Hospital, Multan, from January 2024 to January 2025. Patients 
aged 18 years or older, of either gender, diagnosed with T2DM with or 

without microalbuminuria, were included in the study. The sample size of 

110 was calculated using Cochran's formula, with a power of 95% and a 

significance level of 5%. Patients with normal or non-persistent elevated 
urinary albumin excretion rate, on dialysis, a history of cardiac disease or 

CAD, physical or mental disability, malignancies, or inflammatory 

diseases, thyroid issues, uncontrolled hypertension, chronic inflammatory 

disease, and pregnant women were excluded.  

After obtaining approval from the ethics review committee, informed 

consent was obtained. Patients were divided into cases (diabetic patients 

with microalbuminuria) and controls (diabetic patients without 

microalbuminuria). Age, medical history, and disease duration were 
recorded for every patient. The body mass index (BMI) was calculated 

based on the measurements of height and weight for all participants. A 5 

mL blood sample was collected for random blood glucose level, HbA1C, 

renal function tests (urea & creatinine), SDMA, and cystatin C. Serum 
was separated by centrifugation at 5000 rpm for 5 minutes.  

The collected data were entered into the computer software SPSS version 

27. Frequency and percentages were calculated for qualitative/categorical 

variables. Quantitative variables, i.e., duration of disease, height, weight, 
BMI, HbA1C, serum urea, creatinine, SDMA, Cystatin C level, and 

eGFR, were presented as means and standard deviations. An independent 

sample t-test was used for comparison between the two groups—

correlation of microalbuminuria with different biomarkers, such as 
SDMA, creatinine, and Cystatin C. The p-value of ≤0.05 was considered 

significant. 

Results 

A total of 110 patients were included in the study, with 55 patients in each 
group. Table I demonstrates that among cases, the duration of disease was 

<1 year for 2(3.6%) and 1-5 years for 25 (45.5%), while >5 years for 28 

(50.9%) cases. Among controls, the duration of disease was <1 year for 

16 (29.1%) and 1-5 years for 23 (41.8%), while >5 years for 16 (29.1%) 
controls. Table II shows that among the cases, 6 (10.9%) had a BMI 

<18.5, 21 (38.2%) had a BMI of 18.5-24.9, and 11 (20%) had a BMI of 

25.0-29.9, while 17 (30.9%) cases had a BMI >30. Among the controls, 6 

(10.9%) had a BMI <18.5, 19 (34.5%) had a BMI of 18.5-24.9, and 10 
(18.2%) had a BMI of 25.0-29.9, while 20 (36.4%) controls had a BMI 

>30. 

In cases, the meanduration of disease was 6.7±5.6 years, BMI was 

26.5±6.7, HbA1c was 8.3±2.1%, serum urea was 37.8±24.9mg/dL, 
SDMA was 1.4±0.8µmol/L, serum creatinine was 0.9±1.0 mg/dL, serum 

cystatin C was 0.02±0.02mg/L and eGFR was 94.6 ±41.2 ml/min while 

among controls were 3.8±4.6 years, 26.2±6.4, 7.1±2.4%, 34.0±26.4 

mg/dL, 1.1±0.9µmol/L, 0.7±0.4 mg/dL, 0.007±0.005 mg/L and 
108.07±53.51 mg/min, respectively. 

Table III shows that when an independent samples t-test was applied to 

both groups, significant results (P < 0.05) were found regarding the 

duration of disease (p = 0.004), HbA1c (p = 0.008), SDMA (p = 0.032), 
and serum cystatin C (p = 0.000). In contrast, insignificant results were 

observed regarding BMI (p = 0.84), serum urea (p = 0.44), serum 

creatinine (p = 0.21), and eGFR. 

A strong positive relationship exists between serum urea and serum 
creatinine (r = 0.804, p < 0.01), consistent with impaired renal function 

(Table IV). Similarly, serum creatinine and SDMA showed a moderate 

positive correlation (r = 0.487, p < 0.01). On the other hand, a significant 

negative correlation was found between eGFR and serum creatinine (r = 
-0.679, p < 0.01). eGFR and serum urea also exhibited a moderate to 

strong inverse relationship (r = -0.576, p < 0.01), indicating reduced renal 

clearance. Higher SDMA levels were associated with lower eGFR(r = -

0.381, p < 0.01). HbA1c and Serum cystatin C show no significant 
relationships with other parameters.

Table 1: Duration of Disease between Both Groups 

Duration of Disease Cases (n=55) Cases (n=55) 

Frequency (n) Percentage (%) Frequency (n) Percentage (%) 

<1 year 2 3.6 16 29.1 

1-5 years 25 45.5 23 41.8 

>5 years 28 50.9 16 29.1 

Table 2: Body Mass Index between Both Groups 

BMI Cases Controls 

Frequency (n) Percentage (%) Frequency (n) Percentage (%) 

<18.5 6 10.9 6 10.9 

18.5-24.9 21 38.2 19 34.5 

25.0-29.9 11 20.0 10 18.2 

>30 17 30.9 20 36.4 

Table 3: Independent T-test between Both Groups 

 Levene's Test for Equality of Variances t-test for Equality of Means 

F Sig. T df Sig. (2-tailed) 

Duration of disease 0.998 0.320 2.925 108 0.004* 

BMI 0.000 0.991 0.192 108 0.848 

HbA1C 0.381 0.538 2.700 108 0.008* 

Serum urea 0.268 0.606 0.775 108 0.440 

SDMA 0.833 0.364 2.171 108 0.032* 

Serum creatinine  4.373 0.039 1.262 108 0.210 

Serum cystatin C 4.823 0.030 4.632 108 0.000* 
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eGFR 0.158 0.692 -1.474 108 0.143 

Table 4: Pearson Correlation Coefficient among Cases (with Microalbuminuria) 

Variables 1 2 3 4 5 6 

1. HbA1C -      

2. Serum urea (mmol/L) -.110 -     

3. SDMA (µmol/L) -.124 .410** -    

4. Serum creatinine (mg/dL) -.265 .804** .487** -   

5. Serum cystatin C (mg/L) .158 -.041 -.122 -.066 -  

6. eGFR (ml/min/1.73m2) .112 -.576** -.381** -.679** .096 - 

Discussion 

 

CKD is a major health issue, especially prevalent in lower-middle-income 

countries. Early symptoms are minimal, as the kidneys function until the 
disease reaches its final stage. Biomarkers like SDMA and creatinine can 

diagnose early-stage CKD. In diabetic patients, elevated serum cystatin C 

levels can indicate diabetic nephropathy before significant albuminuria. 

Cystatin C is considered a more reliable marker than SCr since it is less 
influenced by muscle mass and protein intake. Therefore, the current 

study was carried out to measure and compare the levels of symmetric 

dimethylarginine (SDMA), creatinine, and cystatin C in diabetic patients 

with and without microalbuminuria as markers for the diagnosis of CKD.  
The findings of this study showed that most patients had a disease 

duration of more than 5 years, while the controls had a duration of 1-5 

years. The mean age of patients was 6.76±5.607 years, while that of 

controls was 3.8±4.6 years (p=0.004). Sapkota and coworkers reported in 
their study that the mean duration of diabetes among patients was 6±3.13 

years, while among controls it was 4±1.8 years (p=0.27) (7). But a study 

undertaken by Abdel Wahid and associates reported mean duration of 

diseases among patients was 7.7±7.1 years, and among controls was 

7.6±7.2 years (8). 

Study revealed that among patients and controls, the majority were obese, 

followed by normal, overweight, and underweight. The mean BMI of the 

patients was 26.5±6.7 (overweight), while that of the controls was also 
26.2±6.4 (overweight) (p = 0.84). The results of a study conducted by 

Amelia confirmed that the mean BMI of patients was 32.4±6.7 (classified 

as obese), while that of controls was 30.6±5.9 (also classified as obese) 

(9). However, the results of this study are comparable with a study 
undertaken by Colombo et al, who asserted that the mean BMI of patients 

was 26.6±5.3, while for controls it was 26.2±6.2 (p=0.68) (10). 

Hemoglobin A1c (HbA1c) is a crucial measure in the management and 

diagnosis of diabetes. The results of this study highlighted that the mean 
HbA1c (%) of patients was 8.3±2.1, while for controls, it was 7.1±2.4 

(p=0.008). Almost comparable results were reported by Li et al., which 

means the mean HbA1c of patients was 8.1±2.4, while for controls it was 

7.3±1.8 (11). However, the results of a study performed by Pasternak et 
al are comparable with our study results, which means the HbA1c of 

patients was 7.8±1.9, while for controls it was 7.3±1.5 (12). 

Serum urea, also known as blood urea nitrogen, is a blood test that 

measures the amount of nitrogen in the form of urea, a waste product of 
protein metabolism, providing insights into kidney function, fluid 

balance, and certain metabolic processes. A study revealed that a 

significant majority of patients and controls had elevated serum urea 

levels. The mean serum urea (mg/dL) levels among patients and controls 
were 37.8±24.9 and 34.0±26.4, respectively (p=0.440).  

The SDMA serves as a biomarker for kidney function in human medicine. 

The mean SDMA levels among patients and controls were 1.4 ± 0.8 
µmol/L and 1.1 ± 0.9 µmol/L, respectively (p = 0.032). Numerous studies 

conducted on patients with CKD showed comparable results regarding 

SDMA levels between cases and controls with normal kidney function 

(13, 14). Among individuals who have impaired kidney function, a robust 
association was observed between measured glomerular filtration rate and 

SDMA. 

It is worth noting that most patients and controls had SCr concentrations 

within the normal range. The mean SCr (mg/dL) among patients was 0.9 
± 1.0, while among controls, it was 0.7 ± 0.4 (p = 0.210). The results of 

our study are comparable with a study carried out by Penno et al, who 

elucidated that both patients and controls had SCr concentration within 

the normal range (15The mean SCr (mg/dL) among patients was 0.8 ± 

0.2, which was also the value among controls. Similar results were also 
reported by a study performed by Peralta et al, who stated that the mean 

SCr (mg/dL) among patients was 1.1 ±0.4, while among controls it was 

0.9+0.2 (16). 

Cystatin C is considered a more sensitive and specific marker for 
estimating glomerular filtration rate, a measure of kidney function, 

compared to traditional markers such as serum creatinine (SCr). The 

serum cystatin C concentration is unaffected by age, race, gender, muscle 

mass, and protein intake, unlike SCr. When GFR declines, the level of 
cystatin C begins to increase proportionally. It can identify mild 

reductions in kidney function, referred to as "preclinical kidney 

dysfunction.” The study showed that the mean serum cystatin levels 

among patients were 0.022 ± 0.023 mg/L, while those among controls 
were 0.007 ± 0.005 mg/L (p = 0.000). However, a study performed by 

Liao et al highlighted that mean serum cystatin levels among patients 

were 1.0± 0.4 mg/L, and among controls were 0.9 ± 0 mg/L (17). A study 

done by Stankute et al also highlighted that mean serum cystatin levels 

among patients were 1.05+0.38 mg/L, and among controls were 

0.91+0.26 mg/L (18). 

The glomerular filtration rate is a crucial measure of kidney function used 

to assess how effectively the kidneys filter waste products from the blood. 
During the study, the estimated glomerular filtration rate was also 

assessed among both groups. The study revealed that the mean eGFR 

(ml/min/1.73 m²) among patients was 94.6 ± 41.2, while among controls 

it was 108 ± 3.5 (p = 0.143). Comparable results were also reported by a 
study conducted by Levey et al., who confirmed that both groups were 

within the normal range. The meaneGFR (ml/min/1.73m2) among 

patients was 94.1+22.9 while among controls was 102.2±21.3 (19). 

Another study carried out by Sukkar et al also showed similar findings 
that mean eGFR (ml/min/1.73m2) among patients was 77.2+27.2, while 

among controls was 86.2+22.0 (20). 

This study is unique in the local setting as it is the first to investigate 

markers such as SDMA, creatinine, and Cystatin C in diabetic patients. It 
will provide valuable local evidence on the performance of these markers 

in diagnosing kidney disease in T2DM patients with and without 

microalbuminuria, thereby contributing to more accurate and effective 

clinical practices within our population. 
The study's limitations include its confinement to the Departments of 

Nephrology and Pathology at Nishtar Hospital, Multan, which may limit 

the generalizability of the findings. Additionally, due to time constraints, 

the study included only 110 patients, which may affect the robustness and 
representativeness of the results. 

Conclusion 

The concentrations of SDMA, serum creatinine, and Cystatin C were 
higher among diabetic patients with microalbuminuria compared to those 

without microalbuminuria. Further studies are needed on a large scale 

regarding this topic. 
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