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Cystatin-C as a Marker for Renal Impairment in Preeclampsia
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Preeclampsia is a devastating pregnancy-associated disorder characterized by the onset of hypertension, proteinuria, and edema
with limited plausible pathophysiology known. Cystatin-C, a novel marker for the detection of renal impairment, is increased in
preeclampsia at an early stage. This study was aimed to evaluate the diagnostic efficiency of Cystatin-C as an early marker of renal
function in preeclampsia comparing it to the traditional renal markers. A hospital based comparative cross-sectional study was
performed on 104 women (52 diagnosed cases of preeclampsia and 52 healthy pregnant women). Concentrations of Cystatin-C,
creatinine, urea, and uric acid were measured in both the study groups. Mean serum Cystatin-C and uric acid levels were elevated
in preeclampsia cases compared to controls (1.15 ± 0.37 versus 0.55 ± 0.12; 5.40 ± 1.44 versus 3.97 ± 0.68, resp.). ROC curve depicted
that Cystatin-C had the highest diagnostic efficiency (sensitivity, 88.24%; specificity, 98.04%) compared to creatinine and uric acid.
SerumCystatin-C consequently seemed to closely reflect the renal functional changes, which are believed to lead to increased blood
pressure levels and urinary excretion of albumin and may thus function as a marker for the stage of the transition between normal
adaptive renal changes at term and preeclampsia.

1. Introduction

Hypertension is one of the common medical complications
of pregnancy and contributes significantly to maternal and
perinatalmorbidity andmortality [1]. Hypertensive disorders
in pregnancy are responsible for 76,000maternal and 500,000
infant deaths each year worldwide. A World Health Organi-
zation (WHO) analysis of maternal deaths reveals that hyper-
tensive disorders are responsible for 16.1%maternal deaths in
developed countries and is a major contributor to maternal
death in Africa (9.1%) and Asia (9.1%) [2]. Preeclampsia
(PE), a multisystem disorder of unknown etiology, is char-
acterized by development of hypertension to the extent of
140/90mmHg or more with proteinuria after the 20th week
in a previously normotensive and nonproteinuric woman
with proteinuria [1]. It is defined as maternal systolic blood
pressure > 140mmHg and/or diastolic blood pressure >
90mmHg measured on two occasions separated by at least

6 hours and proteinuria > 300mg in a 24-hour period or
qualitative, >1+, after 20 weeks of gestation following the
guidelines of the American College of Obstetricians and
Gynecologists (ACOG), 2002.

The kidneys play an essential role, both in the adaptive
physiology of normal pregnancy and in the pathophysiology
of PE [3] and some changes in renal function are found to be
common to term pregnancy and PE [4]. But, the challenge to
every clinician in the present context is to diagnose the renal
impairment at an early stage to prevent this leading cause
of fetal morbidity and mortality to progress into a severe
stage (eclampsia) [5]. Efforts to find an effective predictive
test early in pregnancy have not been successful in a low-
risk population and there is no gold standard diagnostic test
to define PE [6]. The condition is a multisystem disorder,
where different aspects of the disease are used in different
classifications of hypertensive disorders in pregnancy. This
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makes it difficult to establish a clear-cut population of
women at risk or women with developed PE for investigation
and also confuses interpretation of the literature in the
field where separate classifications are used [7]. The only
consistently found pathological lesion in PE is the renal lesion
termed glomerular endotheliosis, which has been regarded as
pathognomic for the condition. PE, which is characterized by
widespreadmaternal endothelial dysfunction, inevitablymay
compromise glomerular dynamics and barrier function [4].
Assessment of renal function is, therefore, important in the
evaluation of the pregnant patient with hypertension.

Creatinine is the most widely used biomarker of kidney
function but is impervious in the early stages of renal impair-
ment [8]. Serum creatinine levels are elevated in patients with
renal malfunction especially with the significant decrease in
glomerular filtration.Vasodilation of the renal vessels in preg-
nancy causes 50–80% increase in plasma flow and change in
glomerular filtration rate (GFR), which further complicates
the use of serum creatinine as a marker of GFR in pregnancy
[9]. Uric acid (UA) is filtered, reabsorbed, and secreted by the
kidney. Hypovolemia, an early change in PE, increases UA
reabsorptionwhich could increase serumUA concentrations.
However, increasedUAprecedes the reduction in plasma vol-
ume [10]. Increased UA production from maternal, fetal, or
placental tissues through increased tissues breakdown and/or
increased xanthine oxidase activity may also be the cause of
increased concentration [11]. Uric acid is also a predictive
marker of eclampsia and fetal outcome [12]. Uric acid was
popularly used as a marker of GFR when monitoring renal
function in PE. Its serum concentration increased with the
severity of PE and was assigned as a good predictor in clinical
observation, even a pathogenic factor in the pathophysiology
of PE. But results of some investigationsmadeUA assessment
in the estimation of hypertensive disorder of pregnancy fall
into disfavor [13].

All these explanations suggest that these traditional
markers of renal function are unable to assess the renal
impairment at an early stage and also to detect the reduced
GFR in early stages of kidney dysfunction; hence search
for new biomarker like Cystatin-C is suggested. In order to
overcome this hindrance in estimating renal function in preg-
nant women, studies have demonstrated that serum Cys-C
can reliably reflect the GFR in both healthy and hypertensive
pregnant women [13].

Therefore, this studywas undertaken to see the diagnostic
efficacy of serumCys-C as amarker of early renal impairment
in PE and compare it with other traditional renal markers.

2. Aims and Objectives

(i) To compare serum Cystatin-C, creatinine, and uric
acid levels in PE and normal pregnant women.

(ii) To evaluate the diagnostic value of serum Cystatin-
C level as an alternative marker of renal function in
preeclampsia.

3. Methods

Thestudywas conducted at theDepartment ofObstetrics and
Gynecology in collaboration of Department of Biochemistry,

BPKIHS, Dharan, Nepal, after being approved by the Institu-
tional Ethical Review Board (IERB), BPKIHS. An informed
consent was obtained from all the study participants. Renal
function was investigated in two groups of pregnant women:
one with preeclampsia (𝑛 = 51) and the other of healthy
pregnant women (𝑛 = 51).

Blood pressure measurement and urine analysis were
performed at the beginning of the pregnancy to exclude
preexisting proteinuria or renal disease. Maternal conditions
potentially affecting GFR during the study (pregestational
hypertension, diabetes, and other concomitant renal dis-
eases), if present, were not included.

The common inclusion criteria for both groups were
normal fetal morphology and the absence of concomitant
disease and gestation between ≥24 and 36 gestational weeks.
Additional inclusion criteria for preeclampsia were a systolic
blood pressure level of 140mmHg or higher or a diastolic
blood pressure level of 90mmHg or higher that occurred
after 20 weeks of gestation complicated with proteinuria,
defined as the presence of 0.3 g or more of protein in a 24 h
urine specimen. Other parameters included in the study were
gestational age, parity, and body mass index (BMI). Systolic
blood pressure (SBP), diastolic blood pressure (DBP), and
mean arterial pressure (MAP) were also noted in both the
study groups.

The results fromPE groupwere comparedwith that of the
healthy age and gestational week matched control group.

SerumCystatin-C levelsweremeasured byNephelometry
method using a Fully AutomatedAutoanalyser (Accent 2000)
with intra- and interassay % CV less than 5% and according
to the procedure recommended by reagent manufacturer.
Serum creatinine levels were measured by Jaffe’s method, in
cobas C311 Autoanalyser (Roche Diagnostics) with intra- and
interassay % CV less than 2.45% and according to the pro-
cedure recommended by the manufacturer. Serum uric acid
levels weremeasured by standardized enzymatic PAPmethod
with uricase and peroxidase, in cobas C311 Autoanalyser with
intra- and interassay % CV less than 2.44% and according
to the procedure recommended by the manufacturer. Serum
urea was estimated by standard urease method in cobas
C311 Autoanalyser with intra- and interassay % CV less than
2.44% and according to the procedure recommended by the
manufacturer. In patients with PE, total urinary protein levels
were measured by modification of the dye binding method
used by Fujita et al. [14] and with commercial uric 3V SGO
3100.

4. Statistical Analysis

Data were initially checked for normal distribution by
Kolmogorov-Smirnov test. For normally distributed data,
mean with SD, Pearson’s correlation, and Student’s 𝑡-tests
were applied. If data was not normally distributed, non-
parametric tests were applied. Independent Student’s 𝑡-test
was used to compare Cys-C levels, creatinine, urea, and uric
acid between the two groups. Pearson’s correlation was used
to correlate Cys-C levels with POG, BMI, SBP, DBP, MAP,
urea, and uric acid in PE and control groups, respectively.
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Table 1: Baseline and clinical parameters of study participants.

General characteristics PE (𝑛 = 51) Control (𝑛 = 51) 𝑝 value
Age (years) 26.84 ± 5.20 25.84 ± 4.54 0.304a

POG (weeks) 35.02 ± 4.59 29.35 ± 3.35 0.001a∗

BMI (Kg/m2) 28.71 ± 4.30 24.47 ± 2.86 0.001a∗

SBP (mmHg) 146.86 ± 10.67 104.31 ± 10.24 0.001a∗

DBP (mmHg) 95.69 ± 8.77 71.76 ± 7.67 0.001a∗

MAP 112.74 ± 8.21 8.21 ± 7.86 0.001a∗

aIndependent 𝑡-test; ∗𝑝 value < 0.05 is considered to be significant.

Table 2: Biochemical parameters in preeclampsia and control group.

Biochemical parameters PE (𝑛 = 51) Control (𝑛 = 51) 𝑝 value
Cystatin-C (mg/L) 1.15 ± 0.37 0.55 ± 0.12 0.001a∗

Creatinine (mg/dl) 0.4 (0.3, 0.5) 0.5 (0.35, 0.57) 0.178b

Urea (mg/dl) 15.60 ± 6.10 15.91 ± 5.01 0.783a

Uric acid (mg/dl) 5.40 ± 1.44 3.97 ± 0.68 0.001a∗

aIndependent 𝑡-test; bMann–Whitney𝑈 test (0.4 is the median value and 0.3 and 0.5 represent the 25th and 75th percentile); ∗𝑝 value <0.05 is considered to
be statistically significant.

Table 3: Multiple linear regression analysis of DBP with the ANOVA table for the model.

Variables Coefficient SE 𝑡-value 𝑝 value
Intercept 114.55 15.65 — —
Age (years) −0.208 0.235 1.488 0.144
POG (weeks) −0.017 0.289 −0.114 0.910
BMI (kg/m2) −0.420 0.271 −3.166 0.003∗

Cystatin-C (mg/L) 0.214 0.271 1.434 0.159
Creatinine (mg/dl) 0.119 2.132 0.904 0.371
Urea (mg/dl) 0.121 0.189 0.922 0.362
Uric acid (mg/dl) 0.207 0.851 1.475 0.148
Coefficient: regression coefficient; SE: standard error. ∗𝑝 value <0.05 is considered to be statistically significant.

Spearman’s correlation was used to correlate creatinine and
Cys-C levels in PE and control groups, respectively. Multiple
linear regression was also performed to explore the associa-
tion between the predictors, namely, age, POG, BMI, Cys-C,
creatinine, urea, andUA andDBP in PE. ROC curve was used
to evaluate the diagnostic utility of Cys-C, creatinine, andUA
as a marker of renal function in PE.

5. Results

Descriptive characteristics of the study participants are illus-
trated in Table 1. Overall, most of the study participants in
both the study groups were multigravida and nullipara. Our
study shows that the female developed PE in late gestational
period (26.84 ± 5.20). The details of the baseline and clinical
parameters have been summarized in Table 1. The mean
gestational age of pregnant women with PE was 35.02 ± 4.59.
BMI was higher in preeclamptic patients than in control
group (28.71 ± 4.30 versus 24.47 ± 2.86). Mean SBP and DBP
(mm of Hg) were higher in preeclamptic patients than in
control group (146.36 ± 10.67; 112.74 ± 8.21 and 104.31 ± 10.24;
71.76 ± 7.67, resp.). MAPwas significantly higher in PE (112.74

± 8.21) than in control group (82.61 ± 7.86). The details of
the baseline and clinical parameters have been summarized
in Table 1.

Mean serum Cystatin-C level was higher in PE compared
to the control group (1.15 ± 0.37 versus 0.55 ± 0.12) and was
statistically significant. Median serum creatinine was higher
in PE compared to control group but the distribution between
the two groups was statistically insignificant: 0.40 (0.30, 0.50)
versus 0.50 (0.35, 0.57). Serum urea was slightly lower in
PE compared to control group (15.60 ± 6.10 versus 15.91 ±
5.01) without any statistical significance. Serum uric acid
was significantly higher in preeclamptic patients compared
to control group; values are 5.40 ± 1.44 versus 3.97 ±
0.68, respectively, as depicted in Table 2. Multiple regression
analysis showed that the predictors significantly predict the
outcome of DBP and only BMI remained as a single predictor
significantly influencing the DBP as illustrated in the table as
shown in Table 3. Levels of Cystatin-C have been shown to be
unaffected in various age groups. The results of the present
study found similar findings; that is, the concentration of
serum Cystatin-C was unchanged between various age but
the difference was not significant (Table 4).
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Table 4: Comparison of Cystatin-C with various age groups in PE and control group.

Variables 1 (<20 yrs) 2 (20–24 yrs) 3 (25–30 yrs) 4 (>30 yrs) 𝑝 value
Cystatin-C (mg/L)a

PE 1.10 ± 0.14 1.24 ± 0.39 1.01 ± 0.15 1.23 ± 0.49 0.292
Control group 0.58 ± 0.10 0.55 ± 0.11 0.55 ± 0.11 0.54 ± 0.18 0.978
aANOVA.

Table 5: Showing sensitivity and specificity of various renal markers.

Parameters AUC (95% CI) Sensitivity Specificity +LR −LR PPV NPV

Cystatin-C 0.993 88.24% 98.04% 45.0
(6.4–314.17)

0.12
(0.06–0.25) 97.83% 89.29%

Creatinine 0.423 62.75% 27.45% 0.86
(0.66–1.13)

1.36
(0.77–2.40) 46.38% 42.42%

Uric acid 0.815 79.07% 71.19% 3.78
(2.02–7.05)

0.40
(0.27–0.61) 66.67% 82.35%

There was a significant positive correlation between Cystatin-C level and uric acid (𝑟 = 0.33; 𝑝 value < 0.05). There was also a significant negative correlation
between eGFR and serum Cystatin-C level (𝑟 = −0.777, 𝑝 < 0.001). The negative correlation implies that as the eGFR level decreases with the progression of
kidney disease, there is a subsequent rise in serum Cystatin-C level.

eGFR as calculated by CKD-EPI equation by serum
Cystatin- C level (according to KDIGO 2012) was signifi-
cantly reduced in PE as compared to control group. Mean
eGFR in PE was 85.86 ± 28.53 and 130.58 ± 14.22 in control
group with the difference being statistically significant. The
details have been illustrated in Table 4. Receptor operating
characteristics (ROC) curve was used to determine the
diagnostic efficacy of three markers, namely, Cys-C, creati-
nine, and uric acid in PE. Cystatin-C showed the superior
diagnostic accuracy compared to the other two traditional
renal markers. From the curve, the cut-off value for Cystatin-
C was determined with maximum sensitivity and specificity
to be 0.9. Similarly, for creatinine, the cut-offwas taken as 0.38
and for UA 4.25, respectively. ROC curve has been shown in
Figure 1 and sensitivity and specificity of all the threemarkers
have been illustrated (Table 5).

6. Discussion

Renal impairment in PE has been implicated to various
reasons, themost likely being hemodynamic changes [15] and
glomerular endotheliosis [16], as well as podocyte damage
[17]. Our study showed that serum Cystatin-C is significantly
higher in PE compared to control group. This finding was
in accordance with [15, 18, 19]. Preeclamptic patients are at
increased risk of renal impairment, though the dysfunction
is usually undershadowed during the gestational period. The
patients who developed PE are also at increased risk of
developing PE in their subsequent pregnancies [20, 21]. The
renal impairment if undiagnosed early can progress to renal
failure and also lead to other vascular disorders later in life
[22–24]. Mean BMI in PE was higher than control group
(refer to Table 1). BMI is one among the three risk factors
for increased SBP and DBP, the other two being increased
maternal age and gestational age.Multiple regression analysis
showed that the predictors significantly predict the outcome
of DBP and only BMI remained as a single predictor which
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Figure 1: ROC curve to determine the diagnostic utility of Cystatin-
C, creatinine, and uric acid in PE. Cystatin-C showed the superior
diagnostic accuracy compared to the other two traditional renal
markers. From the curve, we determined the cut-off value for
Cystatin-C with maximum sensitivity and specificity to be 0.9.
Similarly, for creatinine, the cut-off was taken as 0.38 and for uric
acid 4.25, respectively.

significantly influenced the DBP as depicted in Table 3.
Several investigations have indicated that serum Cystatin-
C is a better marker for GFR than serum creatinine, in
particular for individuals with small to moderate decreases
in GFR [25]; only few investigations regarding Cystatin-C
levels in pregnancy have been published [18, 26, 27].Though,
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it would have been logical to expect a decreased value of
serum Cystatin-C as the renal plasma flow increases during
pregnancy leading to about 40% higher GFR, determined as
the plasma clearance rate of the lowmolecularmass substance
Iohexol [28]. To this, numerous explanations have been put
forward for the fact that serum Cystatin-C does not decrease
during pregnancy.

Production of Cystatin-C might be increased during
pregnancy due to an increased number of nucleated cells
which is supported by a study showing serum Cystatin-C is
increased during twin pregnancy [18, 25]. It is more likely
that the increase in Cystatin-C levels in pregnancy is due to
an altered filtration process than to an increased production
rate, as the serum levels of Cystatin-C were not found to
correlate to fetal or placental weight in a study conducted by
[29] suggesting that Cystatin-C does not cross the placental
barrier. Thus, we speculate that there could be a shift towards
a more cationic glomerular barrier in pregnant women,
resulting in higher serum concentrations of Cystatin-C dur-
ing pregnancy. Hence, it would be necessary to monitor
kidney function during pregnancy by serum Cystatin-C for
detection of abnormal kidney function, as serum Cystatin-C
seems to reflect an altered filtration process in pregnancy at an
early period serum. Cystatin-C is considered to be a superior
marker for assessment of renal function and GFR (refer to
Table 2) more closely than traditional renal markers, namely,
creatinine and uric acid, as Cystatin-C level is not affected by
age, gender, race, ethnicity, muscle mass, and diet [30, 31].
The present study analyzed if the level of Cystatin-C varied
among the age groups in PE and control group. We did not
find any rise in Cystatin-C levels in higher age group, though
the difference between the two groups was not statistically
significant as shown in Table 4.

As demonstrated by ROC, analysis of the data in the
present study is depicted in Figure 1 and Table 5. Serum
Cystatin-C showed a highest diagnostic accuracy compared
to serum creatinine and serum uric acid [18, 26, 32]. Serum
uric acid showed a higher diagnostic accuracy than creatinine
and has also been shown to be a useful predictor of fetal
outcome in preeclampsia [33–36], though increasing serum
levels in PE reflects an enhanced reabsorption in the proximal
tubules and not a reduced Cystatin-C [37]. This finding
was in accordance with the study done by [18], in which
they found that Cystatin-C was higher among all of the PE
patients than the control group. Serum creatinine is also
of limited use in the assessment of the GFR, which can be
reduced by 50% without causing abnormal serum creatinine
concentrations [38–40]. Several of the patients with the most
severe preeclampsia had normal creatinine levels in our study,
whereas all patients with severe preeclampsia had Cystatin-
C levels raised above the upper reference limit for normal
term pregnancy. Preeclampsia can be diagnosed easily by
determining hypertensionwith proteinuria, but the diagnosis
of the true condition associated with the increased risk
can still be elusive, as pregnant women can present with
hypertension and proteinuria due to other conditions as
well, and a preeclamptic state can be present without raised
blood pressure or albuminuria [41].Moreover, blood pressure
levels and proteinuria are unstable markers, often varying

within a wide range during the course of the disease [42].
The estimation of serum Cystatin-C could be helpful in the
diagnosis of PE, reflecting a different feature of the disease as
a stable indicator of an altered filtration process and may also
prove valuable for the monitoring of GFR in renal disease in
pregnancy and in PE [43] (Table 2).

7. Conclusion

Preeclampsia is still a leading cause of maternal morbidity
and mortality in developed and underdeveloped countries
like ours. Renal dysfunction plays a central and initial role in
pathophysiology of PE. Hence, assessment of renal function
plays a vital role in monitoring and prediction of severity in
PE. Thus, an early marker of renal impairment is needed in
the diagnosis and thereby preventing progression of PE to
eclampsia.
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