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INTRODUCTION

The incidence of diabetes mellitus is increasing
worldwide. Diabetic nephropathy (DN) is one of
the most severe complications of type 2 diabetes
mellitus (T2DM). DN usually accompanied by
proteinuria and decline in renal function. One of the
most important leading causes of the end stage renal
failure in developed countries is DN and it increases
cardiovascular disease risk by 20-40-fold. In the past two
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decades, the prevalence of the end stage renal failure
has increased dramatically." So, the reliable diagnostic
tools and treatment strategies are needed.

Many tests have been used to detect early renal
impairment in diabetic patients; however, accurate
markers to detect early changes in kidney function
and kidney injury are controversial. Measurement of
glomerular filtration rate (GFR) is the most common
test for determining the kidney function and serum
creatinine is widely used for the rapid estimation of
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GFR. According to the National Kidney Foundation for
the diagnosis and stratification of chronic kidney diseases
guidelines,? renal function is moderately decreased if GFR
is 60 ml/min and severely decreased if GFR is 30 ml/min. In
addition, proteinuria is present in patients with advanced
stage of DN. The urine albumin excretion rate is a useful
standard tool for detecting early stage of DN and monitoring
its progression and it has been widely accepted as one of
the earliest and most sensitive markers detecting renal
damage and predicting further cardiovascular morbidity.*!
But urinary albumin excretion does not necessarily reveal
patients with kidney failure.[

Human cystatin C (CysC) is a nonglycosylated, low molecular
weight, a basic protein that belongs to the superfamily of
cysteine proteinase inhibitors. It is steadily expressed in most
tissues and is present in relatively high concentrations in
body fluids. In the kidney, itis removed from the bloodstream
by filtration and is completely reabsorbed and catabolized in
proximal tubules.” The uniqueness of CysC has made it an
endogenous indicator for GFR evaluation. CysC production
is not affected by age, sex and muscle mass.”*! This marker
is powerfully associated with GFR measures by intravenous
infusion of iothalamate.['**!]

Early detection of renal damages can remove the consequences
of DN. Therefore, the early diagnosis and treatment of DN
are critical.">! As a result, powerful markers for the staging
and monitoring of DN are very necessary. CysC is one of the
most important new markers for diagnosis of kidney disease;
but, use of this marker as a routine diagnostic tool in clinical
laboratories is still controversial. In addition, few data exist on
CysClevels in different ethnic groups, and there are no other
studies that investigate the role of this marker in the Kurdish
population. The increase of urinary albumin excretion more
than 25 ug/ml and decrease of GFR <60 ml/min are considered
as markers of renal impairment. Moreover, hemoglobin Alc
(HbA1c)is currently the most commonly used marker for the
determination of the glycemic status in people with diabetes
and it is frequently used to guide therapy and especially
medical treatment of people with diabetes. For this reason,
we measured urinary albumin, GFR, HbAlc, and CysC to
evaluate the possible correlation between these markers.
Finally, for the first time we evaluated the diagnostic value of
CysC for detection of the early onset of DN in patients with
T2DM in Kurdish population.

MATERIALS AND METHODS

Study population

This cross-sectional study was conducted on diabetic patients
who admitted to the diabetes center of Sanandaj Tohid
Hospital (Kurdistan, Iran). The study group consisted of 126
patients (28 male and 98 female) aged 51.27 + 1.32 (range,

| June 2015 |

18-78), who had been diagnosed with T2DM according
to the World Health Organization Diagnostic Criteria for
Diabetes Mellitus.!"** For evaluating the correlation between
Cys C and kidney function, we estimated GFR in both
groups according to Modification of Diet in Renal Disease
(MDRD) formula,* and then we divided all patients into
two groups based on estimating GFR (eGFR). Patients with
renal insufficiency had GFR lower than or equal to 60 ml/min
and patients with the normal renal function had GFR higher
than 60 ml/min. Fifty aged matched healthy subjects (25 male
and 25 female) without a known history of DM, aged 47.2
+ 9.7 (range, 30-67) voluntarily participated in the study as
controls. Control subjects had normal eGFR and they were
statistically similar in terms of age with patients (P > 0.05).
Furthermore, for assessment of Cys C diagnostic efficacy in
the diagnosis of early renal damages, we measured urine
microalbumin. According to corresponding manufacturers’
recommendations, patients with two early morning urine
microalbuminuria levels >25 ug/ml, were considered to have
DN. Subjects with simultaneous cardiovascular, hepatic,
or other medical conditions were excluded from the study.
Written informed consent for participation was obtained, and
the project was approved by the Research Ethics Committee
of Kurdistan University of Medical Sciences (Iran) and
conformed to the Declaration of Helsinki. All patients and
control individuals were from Kurdistan, a province in
western Iran with a population that is Kurds.

Urinary and blood sample collection and analysis: Fasting
blood samples were collected; serum were separated and
stored at -70°C pending simultaneous analysis. Whole
blood was employed for measuring of HbAlc and serum
samples were used for determination of creatinine and CysC
using commercial kits, according to the manufacturer’s
instructions.

The early-morning urine specimen was used for urinary
albumin assay. The urine samples were collected in
sterile bottles without any preservatives and the physical,
chemical, and microscopic properties of the urine were
recorded by general urine analysis then stored at -80°C
pending analysis.

Serum CysC (BioVendor, Czechia) and urinary albumin
(Orgentec Diagnostika, Mainz, Germany) were determined
based on standard sandwich enzyme-linked immunosorbent
assay technology. The concentration of serum CysC and urine
albumin were expressed as ng/ml and pg/ml, respectively.

The serum creatinine was measured on same day by an
autoanalyzer (RA 1000, Bayer, Ireland) using the Jaffe’
method according to the manufacturer’s specifications (Pars
Azmoon, Tehran, Iran) and then GFR estimated by MDRD
equation from serum creatinine level [
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Glycated Hb was measured colorimetrically using Pishtaz
Teb Commercial Kit (Pishtaz Teb Diagnostics, Tehran, Iran).

Statistical analysis

Results of serum CysC and urine microalbumin were
compared with eGFR levels. Statistical analyzes were
performed using SPSS version 16 (SPSS Inc., Chicago, IL,
USA). Since holding the normality assumption is crucial
when testing hypothesis, the nonparametric one-sample
Kolmogorov-Smirnov test was applied to determine this
assumption. Results were presented as mean + standard
deviation (SD) if normality assumption met; otherwise
median + intermediate quartile range (IQR) was used.
Wherever applicable, the independent samples t-test or
Mann-Whitney statistical tests were used to compare mean/
median differences between two experimental groups. One-
way ANOVA followed by post-hoc, Tukey’s, and Dunnett’s
tests were used to analyze mean differences between more
than two groups. If normality assumption was violated,
Kruskal-Wallis test was used instead. The Pearson/
Spearman correlation coefficient was determined to show
the association between two variables. In all performed
hypothesis tests, a P < 0.05 was considered as statistically
significant.

To establish a sensitivity specificity relationship, receiver
operating characteristic (ROC) curves were constructed.
Cut-off values that provided the best combination of
sensitivity and specificity indices were determined by ROC
curve analysis. Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), positive
likelihood ratio, and negative likelihood ratio were also
calculated.#

RESULTS

GEFR levels were determined for all subjects in the study.
With reference to MDRD equation, 26 patients were
identified with eGFR above 60 ml/min and 100 subjects

below 60 ml/min. The average levels of CysC (both mean
and median) were significantly higher in patients with eGFR
<60 ml/min compare to those with eGFR >60 ml/min or
healthy subjects (Wilcoxon-Mann-Whitney test, P = 0.007).
Twenty to 80 years old subjects were classified into six
groups in term of age (each 10 years were considered as a
separate group). We found CysC levels were independent
of sex and age. Furthermore, no statistically significant
result was observed between urine microalbumin and
eGEFR levels (Wilcoxon-Mann-Whitney test, P = 0.196), sex
and patients’ age. The full details of statistical analyzes are
given in Table 1. In this table, figures in brackets represent
either SD for the mean or IQR if the median is reported as
the central tendency index of data.

Table 2 shows the correlation between CysC and urine
microalbumin, HbAlc and eGFR. There was an inverse
correlation between serum CysC and eGFR (r, = -0.16,
P =0.05). Besides, the association between CysC and urine
microalbumin with HbA1C levels was investigated using
Spearman correlation coefficient, , The results showed a
decrease in the urine microalbumin as HbAlc decreased,
r, = 0.17. However, this wasn't recognized as statistically
significant (P = 0.06). Similar conclusion could be made
about the association between CysC and HbA1C (r,=0.12,
P =0.18). It should be noted that Spearman correlation
showed a significant association between CysC and urine
microalbumin levels (r = 0.22, P = 0.014).

For determination of diagnostic efficacy of CysC, we used
microalbumin = 25 pg/ml for the early stage of DN. Table 3
shows the diagnostic value of this marker. Using a cut-off
level of 886 ng/ml for serum CysC, sensitivity and specificity
and their confidence intervals (Cls) were respectively 100%
(CI: 0.4-1.0) and 38% (CI: 0.30-0.46). Areas under the curve
for serum CysC was 0.61 (CI: 0.35-0.87) [Figure 1].

The point estimates of PPV and NPV for serum CysC is
given in Table 2.

Table 1: Serum CysC and urine microalbumin concentrations based on eGFR

Variable Mean (SD) Median (IQR) P value Statistical analysis
Cystatin C (ng/ml)
eGFR <60 (ml/min) (n=26) 1312.41 (553.91) 1273.65 (665.77) 0.0066 Wilcoxon-Mann-Whitney
eGFR >60 (ml/min) (n=100) 993.25 (378.09) 932.00 (462.96)
Male (n=28) 1146.75 (473.64) 1230 (685.17) 0.230 Independent two samples T-test
Female (n=98) 1034.07 (425.85) 935.6 (440.92)
Age (years) 51.34 (13.22) 52 (17) 0.205 Kruskal-Wallis rank sum test
Microalbumin (ug/ml)
eGFR <60 (ml/min) (n=26) 4.04 (4.56) 2 (3.75) 0.196 Wilcoxon-Mann-Whitney
eGFR >60 (ml/min) (n=100) 3.53 (4.79) 1(3.0)
Male (n=28) 4.07 (4.97) 2 (3.0) 0.292 Wilcoxon-Mann-Whitney
Female (n=98) 3.51 (4.67) 1(3.0)
Age (years) 51.34 (13.22) 52 (17) 0.425 Kruskal-Wallis rank sum test

SD = Standard deviation; IQR = Intermediate quartile range; eGFR = Estimated glomerular filtration rate; CysC = Cystatin C
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DISCUSSION

In this study, we assessed the diagnostic value of serum
CysC for diagnosis of early renal damages in a Kurdish
population with T2DM.

Our results show that there is no correlation between
CysC and HbAlc, so CysC cannot be used for monitoring
of diabetic patients. One of the most important forms of
Hb that is measured primarily to recognize the average
plasma glucose concentration over prolonged periods
of time is glycated HbAlc. In diabetes mellitus, higher
amounts of glycated Hb, which indicates poorer control
of blood glucose levels, have been associated with
cardiovascular disease, nephropathy, and retinopathy.™!
The major damages of the glomerular membrane such
as the charge selectivity and barrier integrity mainly
determine by urinary microalbumin and this marker is
considered as the standard test for detection of glomerular
damage.?**!

The increase of urinary albumin excretion and decrease
of eGFR are two important markers of early stage renal
damages. We showed that CysC has a high correlation
with these markers for diagnosis of renal damage. In

Sensitviy
1.003>

0.50-

0.25-

Figure 1: ROC curves for serum cystatin C. ROC = receiver operating
characteristic

Table 2: Correlation between CysC with urine and serum
markers in diabetic patients

Variable Urine microalbumin  HbA1c eGFR P value
CysC 0.014 0.18 0.05 r,
0.22 0.12 -0.16

r.=Spearman correlation coefficient; CysC = Cystatin C; HbA1c = Hemoglobin A1c;
eGFR = Estimated glomerular filtration rate

healthy people, urinary concentration of albumin is very
low. Increase in urinary excretion of albumin occurs in
diabetes mellitus following of glomerular damage.*!
Chronic hyperglycemia and poor blood glucose control
lead to the basement membrane thickening, followed by
increase albumin outflow to the urine and this stage is
called microalbuminuria. It is believed that microalbumin
excretion may be affected by position, exercise, urinary tract
infection, stress response, and protein intake. Moreover,
albumin excretion rate has a day-to-day deviation of up to
40%.%% Studies from various laboratories demonstrated that
patients with diabetic mellitus have a higher concentration
of urinary albumin that is directly correlated with worsening
prognosis.[?”231l Likewise, the results of the present
study showed a significant increase in urine albumin
concentration in DM patients in comparison to the controls
which confirms the contribution of microalbuminuria in the
clinical complication of DM. Moreover, a clear increasing
trend in microalbumin level was observed from DM patients
with eGFR >60 ml/min to DM patients with eGFR <60 ml/
min. This observation is in line with the results of other
studies indicating that level of microalbumin as a marker of
glomerular damage is correlated with the GFR as a marker
of glomerular function.

CysC, also called microprotein, is a homocysteine protease
inhibitor synthesized by various nucleated cells. Our
results showed that the great majority of diabetic patients
had a significant increase in serum CysC. The serum
levels of CysC significantly increased in DM patients with
eGFR <60 ml/min as compared to DM patients with eGFR
>60 ml/min and healthy subjects and showed a positive
correlation with microalbuminuria. In addition, our results
showed a significant negative correlation between CysC
and eGFR. Similar to other studies,®'* our results suggests
that CysC may be involved in the development of DN in
diabetic patients.

While the gold standard for calculating GFR is measured
by intravenous infusion of exogenous markers; one of the
limitations of our study is the calculation of GFR based on
endogenous markers. However, GFR estimated by MDRD
formula has a great sensitivity and specificity and almost
can reflect the actual value of GFR.[']

In line with previous studies,* our results showed that
CysCis a better marker for evaluation of kidney damages in
DM patients and has a high diagnostic value for screening
of DN. Although, it seems to be a better interpretation

Table 3: The diagnostic value for serum CysC

Variable Cut-off point (ng/ml) LR+

LR- PPV NPV

CysC 886

1.61 (1.42, 1.83)

0.0 (0.00, NaN) 0.04 (0.01, 0.10) 1.00 (0.91, 1.00)

LR = Likelihood ratio; PPV = Positive predictive value; NPV = Negative predictive value; CysC = Cystatin C

| June 2015 |

Journal of Research in Medical Sciences 574



Javanmardi, et al.: Diagnostic value of CysC in T2DM

of CysC in the diagnosis of early renal damages, further
studies in other population with larger sample size are
needed. Furthermore, sensitivity is reported for CysC in
our study is more than other studies.*®! In other words,
among the other studies, we showed the highest sensitivity
for this marker in kidney damages. A highly sensitive test
means that there are few false negative results, and thus
fewer cases of the disease are missed.

CONCLUSION

Serum CysC levels increased significantly in association with
decreasing GFR in diabetic patients as compared to control
subjects and have a direct correlation with microalbuminuria.
Serum CysC concentration was higher in DM patients with
eGFR <60 ml/min as compared to DM patients with eGFR >60
ml/min and healthy subjects and has an inverse correlation
with this marker. However, there was not any correlation
between CysC and HbAlc. In summary, our results suggested
that measurement of serum CysC concentrations is a useful
marker for screening of DN in diabetic patients; but, it cannot
be used for monitoring of these patients.
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