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Abstract  
Background:  Preeclampsia is a complex and serious multi-

system disorder of pregnancy with a worldwide incidence of  
5-7% and contributes significantly to maternal and perinatal  
morbidity and mortality. Altered renal function is an essential  
component of the pathophysiological process in PE, so close  
monitoring of renal function is important to ensure a timely  

delivery before serious renal damage occurs.  

Aim of the Work:  To evaluate diagnostic value of cystatin  
C serum levels as an alternative marker of renal function in  
women with severe preeclamptic toxemia versus matching  
cases of normal pregnancy and compare it with the traditional  
markers of renal function, Creatinine, urea and serum uric  
acid.  

Patients and Methods:  A case-control study includes 80  
Primigravidae with singleton pregnancy and gestation ≥28  
weeks and were divided into two groups, Group 1: (40 patients)  
with severe preeclampsia and Group 2: (40 patients) as a  
control group (normotensive and nonproteinuric). Markers of  
kidney function were investigated in two groups of pregnant  
women and comparison between both groups as regards to  
cystatin C serum levels, creatinine, blood urea and serum uric  

acid was done.  

Results:  The difference in the mean serum uric acid level  
(5.10±0.96 versus 4.70±0.63mg/dl) was significantly higher  
in preeclampsia (p=0.027), the specificity was 100% and  
sensitivity of the test was 87.5%, the difference in the mean  
serum concentration of creatinine (0.94 ±0.16 versus 0.86±  
0.12mg/dl) was significantly higher in preeclampsia (p=0.028),  
the specificity of the test was 100% and the sensitivity was  
82.5%. Serum cystatin C level has a mean (1.26±0.21 versus  
0.75±0.05mg/l) which was significantly higher in preeclampsia  
(p=0.001) with a specificity 100% and sensitivity 96%.  

Conclusion: It is concluded that among serum creatinine,  
blood urea, serum uric acid & serum cystatin C, Serum cystatin  
C is the earliest & a better marker of renal dysfunction in  
preeclampsia.  
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Introduction  

PREECLAMPSIA  is a disorder of widespread  
vascular endothelial malfunction with vasospasm  
which occurs after 20 weeks' gestation and can  
present up to 4-6 weeks' post-partum. It is clinically  
defined by hypertension and proteinuria, with or  
without pathologic edema. PE is subdivided into  
mild and severe, with severe form showing more  
prominent signs and symptoms of end-organ dam-
age that may end in life-threatening disease. PE  
can cause renal impairment, hepatic dysfunction,  
jaundice, abdominal pain, disseminated intravas-
cular coagulation, convulsions or normotensive  
proteinuria. This variability was explained as the  
sum of consequences of diffuse endothelial dys-
functio [1] .  

The renal dysfunction can be due to disruption  
of the glomerular filtration barrier through glomer-
ular capillary endothelial cell injury, podocytes  
are also disrupted. This leads to proteinuria and  
hypertension. Arteriolar endothelial injury also  
occurs in PE and may induce significant narrowing  
of arteriolar Lumina. So glomerular filtration is  
compromised and this results in glomerular hypop-
erfusion and diminished glomerular filtration rate  
with renal compensation in the form of elevated  
blood pressure [2] .  

In the last 40 years, serum creatinine (SCr) has  
become the most commonly used serum marker  
of renal function. Its rate of appearance in the  
bloodstream is related to muscle mass and is af-
fected by age and gender [3] . SCr circulates in the  
bloodstream unbound to any plasma proteins and  
is freely filtered by the glomerulus. It is not reab-
sorbed by the proximal tubules, but is secreted in  
small amounts, that are subject to intra- and inter- 
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individual variation [4] . As its plasma concentrations  
increase, tubular secretion of SCr increases, leading  

to an overestimation of GFR in patients with mod-
erate to severe decreases in GFR (<50mL/min) [5] .  

Cystatin C is a 122-amino acid, 13 kilo Dalton  
protein which is a member of the family of cysteine  
proteinase inhibitors. It is the product of a  

“housekeeping” gene expressed in all nucleated  

cells and is produced at a constant rate [6] . Because  
of its small size and basic pI (~9.0), CysC is freely  
filtered by the glomerulus. It is not secreted, but  

it is reabsorbed by tubular epithelial cells and  

subsequently catabolized so that it does not return  

to the blood flow [7] . CysC is almost an ideal  
marker of GFR because of its features such as:  

easy passage through the glomerular filter, absent  
tubular secretion and absent extra renal excretion.  

A significant number of studies indicate that cysC  
is superior to SCr as a marker of the GFR [8] ,  
especially in the early stages of chronic kidney  
disease (CKD), i.e. in the creatinine “blind” area  

(in GFR between 60-90ml/min/1.73m
2

) [9] . Refer-
ence values differ in many populations and with  

sex and age. Across different studies, the mean  

reference interval was between 0.52 and 0.98mg/L  
[10] .  

The level of cysC during the first and second  
trimester of pregnancy does not differ significantly  

from its level in non-pregnant women. In the third  
trimester, an increase occurs, up to 29-39% when  

compared to the previous two trimesters [11] . A  
significant increase in the serum level of cysC in  
pregnancy can be found in PE. Moreover, its level  
is not only significantly higher in the pregnant  

women who develop PE when compared to women  

with normal pregnancies, but the increased levels  

of serum cysC are also present a few weeks or  

months before the development of PE. This increase  
is due to impaired renal function, and increased  

placental production of cysC [12] .  

Aim of the work:  

To evaluate diagnostic value of cystatin C serum  

levels as an alternative marker of renal function  

in women with severe preeclamptic toxemia versus  

matching cases of normal pregnancy and compare  
it with the traditional markers of renal function,  

Creatinine, urea and serum uric acid.  

Patients and Methods:  

This study involved 40 pregnant women with  
severe preeclampsia and 40 women with normal  
pregnancy (control group) in the 3 rd  trimester  

attending Department of Obstetrics and Gynecol-
ogy, at Tanta University Hospital from April 2016  

to April 2017. All patients were subjected to thor-
ough history taking with special emphasis on Ges-
tational age (in weeks), History of medical disease  

(as chronic hypertension, renal disease, diabetes  

mellitus, thyroid disorders, liver diseases) and  
Clinical examination regarding Blood pressure and  

Body mass index. Obstetrical abdominal ultrasound  
was done by Fukuda Denshi Uf-850XTD for Ges-
tational age (BPD, AC, FL), Amniotic fluid, Via-
bility and Doppler study of umbilical, middle  
cerebral and uterine arteries. Routine investigations  

as Fasting blood sugar, Liver enzymes, complete  

blood count, urine analysis, serum urea, Uric acid,  

Creatinine and Estimation of serum cystatin were  

done. After that statistical analysis of the data was  

done by IBM computer using SPSS (statistical  
program for social science) version 20 as follows:  

Description of quantitative variables as range;  

mean and SD; description of qualitative variables  

as number and percentage. ANOVA test (Analysis  
of Variance) was used to compare quantitative  

variables between groups; Chi-square test was used  

to compare qualitative variables between groups.  
Receiver operator characteristic curve (ROC) was  

used to find out sensitivity, specificity, +ve predic-
tive value (+PV), –ve predictive value (–PV) and  
accuracy.  

Results  

Markers of kidney function were investigated  

in the two groups. All renal parameters including  
cystatin C were significantly raised in PE group  
compared with control group. The difference in  

the mean serum uric acid level (5.10 ±0.96 versus  
4.70±0.63mg/dl) was significantly higher in the  

preeclampsia (p=0.027), the difference in the mean  
serum concentration of creatinine (0.94 ±0.16 versus  
0.86±0.12mg/dl) was significantly higher in preec-
lampsia (p=0.028), the difference in the mean  
concentration of blood urea (25.55 ±5.71 versus  
22.85±5.39mg/dl) was significantly higher in preec-
lampsia (p=0.033). Serum cystatin C level has a  
mean (1.26±0.21 versus 0.75±0.05mg/l) which  
was significantly higher in preeclampsia (p=0.001).  

AUC for serum uric acid level was 0.910, the  
specificity was 100% and sensitivity of the test  

was 87.5%, with accuracy 94%. AUC for serum  

creatinine level was 0.972, the specificity was  
100% and sensitivity of the test was 85%, with  

accuracy 91%. AUC for serum cystatin C level  

was 0.814, the specificity was 100% and sensitivity  

of the test was 96%, with accuracy 97.5%.  
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Table (1): Comparison between the two studied groups ac-
cording to renal function.  

Range  
Mean±S.D Median  t-test  p-value  

Min. – Max.  
SCr.:  

Study  
Control  

Urea:  
Study  
Control  

Uric acid:  
Study  
Control  

CysC:  
Study  
Control  

0.7-1.3  
0.5-1.0  

15-42  
15-35  

3.3-6.2  
3-5.5  

0.97-1.89  
0.67-0.88  

0.94±0.16  
0.86±0.12  

25.55±5.71  
22.85±5.39  

5.1 ±0.96  
4.7±0.63  

1.26±0.21  
0.75±0.05  

1  
0.85  

25  
22  

5.5  
4.6  

1.24  
0.74  

4.434  

4.129  

5.113  

97.247  

0.028*  

0.033*  

0.027*  

0.001 *  

Table (2): Sensitivity, specificity and accuracy for cystatin C,  
creatinine and uric acid with cases and control  
group.  

AUC  Sensit- 
ivity  

Specif- 
icity  PPV NPV  Accur- 

acy  

     

CysC  0.814  96  100  100  95  97.5  
Uric acid  0.910  87.5  100  100  89  94  
SCr.  0.972  82.5  100  100  85  91  
AUC:  Area under curve.  

ROC curve  
1.00  

.75  

.50  

.25  

0.00  
0.00  

1- Specificity  
Diagonal segments are produced by ties  

Fig. (1): ROC (receiver operating characteristic only curve)  
for cystatin C, creatinine and uric acid showing that  
serum cystatin C has superior diagnostic accuracy  
than creatinine and serum uric acid and serum uric  
acid was better than serum creatinine.  

Discussion  

Preeclampsia can cause changes in many organ  
systems, the predominant pathology, which is  
endothelial dysfunction, starts as early as 8-18  

week but the signs and symptoms appear in the  
late mid-trimester. One of the most common com-
plications of PE is renal dysfunction [13] . In order  
to arrest the disease process in early stages and to  
prevent complications, various predictors have  
been proposed. BUN and SCr are commonly ele-
vated parameters in any renal failure. Searching  
for an ideal renal marker in PE, which may over-
come the limitations of the traditional markers, the  
present study on cysC was done. Markers of kidney  
function were investigated in the two groups, the  
difference in the mean serum concentration of  
creatinine (0.94±0.16 versus 0.86±0.12mg/dl) was  
significantly higher in PE (p=0.028), the difference  
in the mean blood urea (25.55 ±5.71 versus 22.85  
± 5.39mg/dl) was significantly higher in PE  
(p=0.033). These data agree with the studies carried  
out by Singh et al., [14] ., Roberto et al., [15]  and  
Mikic et al., [16] .  

Serum uric acid levels decrease in first trimester  
and then increase during pregnancy, with the levels  
in the third trimester being significantly higher  
compared to the levels of non-pregnant women.  
Hyperuricemia is often associated with preeclamp-
sia [17] . In this study, the difference in the mean  
serum uric acid level (5.10±0.96 versus 4.70±0.63  
mg/dl) was significantly higher in PE (p=0.027).  
Similar results were reported in studies by Singh  
et al., [14] , Sharma et al., [18]  and Mikic et al., [16] .  

Cystatin C is glomerular filtration rate marker  
that performs better diagnostically than creatinine.  
Its main advantage is that it is less dependent on  
body composition than creatinine [11] . In PE, the  
serum concentration of cysC relates significantly  
to structural and functional changes in the kidneys.  
[12] . In this study, the difference in the mean serum  
concentrations of cystatin C (1.26 ±0.21 versus  
0.75±0.05mg/l) was significantly higher in PE  
(p=0.001).  

In a cross-sectional study by Singh et al., [14] ,  
75 subjects enrolled, 25 of normal pregnancy, 25  

of GH and 25 of PE. serum cysC, blood urea, SCr  
and serum uric acid were estimated in all subjects.  
They found that all renal parameters including  
cysC were significantly raised in GH and PE com-
pared with control group; However, only serum  
cysC levels was significantly higher in patients  
with PE than GH and control pregnant females,  
the mean was 1.62±0.32mg/l, 1.26±0.28 mg/l and  
0.96±0.23mg/l respectively. Roberto et al., [15] .,  
made a study on 67 women with PE and 20 nor-
motensive pregnant women matched for gestational  
age. Levels of blood urea, SCr and cysC were  
evaluated. CysC level in PE women was signifi- 
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cantly higher than in the normotensive one. In a  
study by Sharma et al., [18] , 60 patients (30 with  
PE and 30 healthy pregnant females) were included.  
Estimation of cysC, SCr, urea, uric acid was made.  

Serum cysC concentrations were significantly  
higher in PE patients (1.31 ±0.4mg/L) compared  
to the healthy pregnant females (0.96 ±0.2mg/L)  
with p-value <0.001. Similarly, serum uric acid  
was also significantly higher in PE patients than  

controls (p=0.002). In a study by Mikic A.N. et  
al.,  [16] , Markers of kidney function were investi-
gated in two groups of pregnant women: One with  

PE (n=32) and the other of healthy pregnant women  

(n=60). Serum levels of cysC, creatinine and uric  

acid were significantly higher in the PE group than  

in the control group.  

In this study receiver operating characteristic  

analysis of the various renal markers revealed that  
serum cystatin C has superior diagnostic accuracy  

than creatinine and serum uric acid to detect renal  

dysfunction in PE, for serum uric acid level, the  
specificity was 100% and sensitivity was 87.5%,  
with accuracy 94%. For serum creatinine, the  

specificity was 100% and sensitivity was 85%,  
with accuracy 91%. For serum cystatin C, the  

specificity was 100% and sensitivity of the test  

was 96%, with accuracy 97.5% which were maxi-
mum. These finding agrees with Singh A. et al.,  
[14]  where cysC had a higher sensitivity (94%) and  
specificity (88%) than other conventional markers.  

We have come across one study by Padma et  
al., [19] , in which levels of serum cysC, SCr and  
uric acid were measured in samples from 69 healthy  
women at term as well as in 27 samples of patients  

with GH and in 20 patients with PE. Levels of all  
three components were significantly higher in PE  

patients with the mean±SD being 1.47±0.9vs.  
1.06±0.2 for cysC, 0.95 ±0.2 vs. 0.67±0.1 for SCr  
and 6.13± 1.8 vs. 4.28± 1.1 for uric acid respectively.  
In GH cysC was significantly higher, 1.25 ±0.9  
unlike SCr, 0.67±0.14 and uric acid, 4.30 ± 1.0.  
Receiver operating characteristic (ROC) plots  

demonstrated that the diagnostic accuracy of SCr  
was superior to serum uric acid and serum cysC,  

and serum uric acid was better than serum cysC.  

One possible reason could be that they have used  
Jaffe's reagent-based kinetic assay than enzymatic  
methods used in our study, which has been shown  

to be more accurate with reference method.  

Conclusion:  
Although blood urea, serum creatinine and  

serum uric acid are good predictors for renal dys-
function in preeclampsia when positively elevated  
yet normal value doesn't exclude kidney affection.  

However, serum cystatin C is an accurate and early  

predictor for renal dysfunction in preeclampsia  
and can detect any renal affection when others  

(blood urea, serum creatinine and serum uric acid)  

are normal.  
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