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<ABSTRACT>

Serum and urine cystatin C as renal makers of preeclampsia

Soo Jin Lee

Department of Medicine
The Graduate School, Yonsei University

Directed by Professor Dong Jae Cho

An altered renal function is an essential component of the
pathophysiology of preeclampsia and close monitoring of renal function
Is essential to ascertain the optimal time of delivery. Given the critical
role of acute kidney injury in the pathogenesis of preeclampsia, both
serum and urine cystatin C (CysC) were investigated as markers of renal
function in preeclampsia.

The serum and urine levels of CysC were determined in 22 patients
with preeclampsia and 44 gestational age-matched pregnant women by
particle-enhanced immunoturbidimetric assays. Comparatively, serum
creatinine, serum urea nitrogen, serum uric acid, and urine creatinine
concentrations were determined in each sample.

Compared to controls, serum concentrations of CysC (1.10 + 0.28 vs.
0.76 £ 0.20 mg/dL, p<0.001), creatinine (0.73 £ 0.13 vs. 0.61 £ 0.10
mg/dL, p<0.001), urea nitrogen (12.14 + 7.16 vs. 7.16 = 2.27 mg/dL,
p<0.001), and uric acid (6.32 = 1.05 vs. 3.69 + 0.66 mg/dL, p<0.001)
were significantly higher, and the estimated glomerular filtration rate
(eGFR) (100.63 + 20.3 vs. 125.72 + 25.36 ml/min/1.73m?, p<0.001)
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determined by Modification of Diet in Renal Disease (MDRD) formula
significantly lower in preeclampsia group. However, the urine CysC level
was not significantly different between preeclampsia and control group
(0.12 £ 0.14 vs. 0.07 = 0.22 mg/dL, p=0.44). A significant positive
correlation was found between serum CysC and the following serum
levels: uric acid (r=0.73, p< 0.01), urea nitrogen (r=0.61, p< 0.05), and
creatinine (r=0.71, p<0.01); whereas a negative correlation was found
beween serum CysC and eGFR (r=-0.63, p<0.01). Serum CysC had the
highest AUC compared to other analytes for identifying preeclampsia
when the cutoff level was 0.885 mg/dL (AUC: 0.977, [95% CI:
0.945-1.010], p<0.001, sensitivity and specificity 86.4%, and 81.1%),
and the odds ratio was 5.74 ([95% CI: 1.98-16.67], p<0.001).

Our data showed that serum CysC but not urine CysC could be used as
a marker of impaired renal function in preeclampsia. Furthermore, our
results demonstrated that serum CysC could serve as an adjunct to other

clinical markers for increasing surveillance for preeclampsia.

Key words: cystatin C, urine, preeclampsia
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I. INTRODUCTION

Preeclampsia affects 5-7% of all pregnancies and is a leading cause of
maternal and perinatal morbidity and mortality." The condition is characterized
by hypertension, proteinuria and a generalized systemic vasoconstriction arising
from circulatory disturbances secondary to generalized endothelial dysfunction.?
The degree of hypertension and proteinuria are poor prognostic factors for
maternal and fetal outcome and better diagnostic markers are need.® Although
numerous biochemical markers have been studied for the prediction of
preeclampsia, as of yet, there is no reliable marker for the disease.*

Alteration in the renal function is an essential component of the
pathophysiological process in preeclampsia and close monitoring of renal
function is essential to ascertain the optimal time of delivery. The serum levels
of creatinine and uric acid have been used to monitor renal function in
preeclampsia with limitations.” ® Recent studies have shown that serum cystatin
C (CysC) in pregnancy is closely correlated to glomerular filtration rate (GFR)
in both nonpregnant and pregnant hypertensive women.”® The serum level of
CysC is increased in pregnancy and even more so in preeclampsia, which is

closely correlated to functional and structural changes in the kidneys.” *° In



addition, placental expression of CysC is increased in preeclampsia which could
contribute to the elevated maternal plasma levels observed in preeclampsia.™*

CysC, a nonglycosylated 13-kDa protein, is an endogenous marker of renal
function because it is exclusively eliminated from the circulation by glomerular
filtration. It functions as a cysteine proteinase inhibitor involved in the
intracellular catabolism of proteins and produced at a constant rate by nucleated
cells.*? Because of its low molecular weight and its positive charge, CysC is
freely filtered by the renal glomeruli and almost completely absorbed and
catabolized in the renal proximal tubular cells.®* Serum CysC concentration
show no relation to muscle mass, body height, and gender, and are unaffected
by infection, hyperbilirubinemia and a wide variety of extrarenal disorders.'* *°

Previous studies have mainly concentrated on comparing serum CysC and of
serum creatinine as parameters of GFR. However, little attention has been
focused on urinary CysC excretion rates, probably due to its low concentrations
in urine.” Urine concentration of CysC is low, and its concentration in normal
subjects is about 100 ug/l. There have been several reports of significantly
increased excretion of urinary CysC in adults with decreased creatinine
clearance.™®!” Increased urinary CysC was noted especially in renal disorders
such as the tubular damage associated with Chinese herbs, HIV nephropathy,
and acute interstitial nephrities.’®*° In a different study, urinary excretion of
CysC accurately predicted the requirement of renal replacement therapy in
patients with acute tubular necrosis.”* Despite its low concentration in urine,
there have been reports stating that measurement of urine CysC is highly
accurate and precise with commercially available, automated nephelometric
assay.”

Given the critical role of acute kidney injury in the pathogenesis of
preeclampsia, we wanted to investigate both serum and urinary CysC as
markers of renal function in preeclampsia. Detecting patients at increased risk

for preeclampsia by using urinary CysC, a less invasive method, may help early



supportive care or to initiate potential future therapeutic interventions which
may consequently improve the maternal and fetal outcome of preeclampsia.



Il. MATERIALS AND METHODS

1. Subjects

The study was performed during a 5 months period from April 2008 to
September 2008. We included 44 uncomplicated normal singleton pregnancies
and 22 pregnant women diagnosed with preeclampsia delivered at the
Department of Obstetrics and Gynecology, Yonsei University Health System.
All pregnancies were dated according to routine ultrasound measurements at
17-18 weeks of gestation. Women with pre-pregnancy diabetes, hypertension or
chronic renal disease were excluded.

Pre-eclampsia was defined as follows: a systolic and diastolic blood pressure
of > 140 and > 90 mmHg, respectively, and proteinuria defined as > 300 mg
protein in a 24-h urine specimen or > 1+ protein by dipstick urine sample after
20 weeks of gestation in a woman with previously normal blood pressure.

Severe preeclampsia was diagnosed when the diastolic blood pressure was 110
mmHg or higher and when the dipstick urine was 2+ or more, or protein in a
24-hr urine collection was 2 g or more following the criteria set by the National
High Blood Pressure Education Program Working Group Report on High Blood
Pressure in Pregnancy (2000). All the participants in preeclampsia group were

in the severe preeclampsia group.

2. Sampling

On admission to our institution, venous blood samples were collected,
centrifuged at 3500 rpm (2000g) for 10 minutes and frozen at -80C in aliquots
and stored for later analysis. Spot urine samples (3ml) were collected in
duplicates and stored -80C for subsequent determination of CysC. All subjects

gave informed consent to the collection and use of urine and serum samples.



3. Methods
(1) Determination of serum and urine CysC, serum creatinine, serum urea

nitrogen, and serum uric acid.

Serum creatinine was measured using a Jaffe kinetic reaction on a Hitachi
7600 Clinical Analyzer with reagents obtained from Daiichi Pure Chemicals Co.
Ltd., (Tokyo, Japan) in accordance with the procedure recommended by the
reagent producer.

Serum uric acid was measured using an enzymatic method on a Hitachi 7600
Clinical Analyzer with reagents obtained from Daiichi Pure Chemicals Co. Ltd.,
in accordance with the procedure recommended by the reagent producer.

Serum urea nitrogen was measured using an enzymatic method on a Hitachi
7600 Clinical Analyzer with reagents obtained from Wako Pure Chemical
Industries, Ltd., (Osaka, Japan) in accordance with the procedure recommended
by the reagent producer.

Undiluted serum and urine CysC were measured using an automated
particle-enhanced immunoturbidimetric method on Advia 1650 (New York,
USA) with HiSens® Cystatin-C LTIA Reagent (HBI Co., Ltd, Kyunggi-do,
Korea) in accordance with the procedure recommended by the reagent producer.
The total coefficient of variation was 10 % at a standard CysC concentration of
0.4 mg/L. The assay was originally designed for serum CysC analysis and has a
lower limit of dectection of 0.32 mg/dL. The lower limit of detection for urine
CysC was not available for the assay, however, in our urine specimens, the
lowest detectable concentration of urine CysC was 0.01 mg/dL and any urine

values lower or undetected by the assay were represented as 0.005 mg/dL.

(2) Determination of estimated glomerular filtration rate (eGFR)

eGFR was calculated using the Modification of Diet in Renal Disease



(MDRD) formula.?* *

4. Statistical analyses

Differences between the two groups were tested with Student t-test and y° test
as appropriate. Association between variables was assessed with Pearson and
Spearman correlation coefficient as appropriate. The diagnostic performance of
serum CysC, serum uric acid, serum creatinine, and serum urea nitrogen to
detect preeclampsia was evaluated by ROC analysis. Sensitivities and
specificities were calculated at the optimum cut-off level. The AUCs were
compared pairwise.”” P value less than 0.05 was considered significant. The
statistical software SPSS 11.0 (SPSS Inc., Chicago IL, USA) was used for all

the calculations.



I1l. RESULTS

1. Clinical characteristics of preeclampsia and control group.

The clinical characteristics of preeclampsia and control group are shown in
Table 1. Overall, there was no significant difference in gestational weeks at
admission, maternal age, parity, weight, height, and body mass index (BMI)
between the two groups. Preeclampsia group had significantly higher systolic

and diastolic blood pressure at admission compared to control group.



Table 1. Clinical characteristics of preeclampsia and control group.

Preeclampsia Control P value
(n=22) (n=44)

Sampling Week (wks) 33.5+5.7 33.7%£5.1 0.85
Maternal Age (yrs) 329131 31.1+3.9 0.06
Parity 0.45+0.59 0.50+0.63 0.78
Systolic BP (mmHg) 159.2+14.9 115.4+9.8 <0.001
Diastolic BP (mmHg) 98.3+10.1 71.1+9.6 <0.001
Weight (Kg) 69.6+12.8 64.1+7.8 0.07
Height (cm) 160.046.7 159.945.2 0.9
BMI ( Kg/m?) 273154 26.5+2.9 0.08

Data: mean + SD
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2. Laboratory parameters between preeclampsia and control group.

The serum and urine concentrations of all analytes are shown in Table 2. The
serum concentrations of CysC (1.10 + 0.28 vs. 0.76 = 0.20 mg/dL, p<0.001), uric
acid (6.32 = 1.05 vs. 3.69 £ 0.66 mg/dL, p<0.001), creatinine (0.73 £ 0.13 vs.
0.61 + 0.10 mg/dL, p<0.001), and urea nitrogen (12.14 + 7.16 vs. 7.16 + 2.27
mg/dL, p<0.001) were all significantly higher, and the eGFR significantly lower
in preeclampsia group. However, the urine concentrations of CysC, creatinine, and

CysC- to-creatinine ratio did not differ significantly between the two groups.
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Table 2. Laboratory parameters of preeclampsia and control group

Preeclampsia Control P value
(n=22) (n=44)

Serum urea nitrogen (mg/dL) 12.1+4.3 7.2+2.3 <0.001
Serum creatinine (mg/dL) 0.7£0.1 0.6+0.1 <0.001
Serum uric acid (mg/dL) 6.3£1.0 3.7£0.7 <0.001
Serum CysC (mg/dL) 1.10+0.28 0.76x0.20 <0.001
Urine CysC (mg/dL) 0.12+0.14 0.07+0.21 0.44
Urine creatinine (mg/dL) 105.0+£79.6 68.8+43.9 0.06
Urine CysC/Cr ( x 109) 1.31+15 0.98+0.24 0.06
eGFR (ml/min/1.73m2) 100.6+20.3 125.7+25.4 <0.001

Data: mean = SD
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3. Correlation among the analytes.

The serum level of CysC was correlated to gestational weeks (r=0.37), serum
uric acid (r=0.73), serum creatinine (r=0.71), and serum urea nitrogen (r=0.61)
according to the Pearson correlation coefficient. The correlation coefficient
between serum CysC and the degree of proteinuria (r=0.60) was found using the
Spearman correlation. The serum CysC level and eGFR (r=-0.63) were inversely
correlated. All association were significant at the p<0.001 level. No significant
correlation was shown between serum and urine CysC.
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Table 3. Correlation coefficient among serum cystatin C and other variables

Correlation P value

Coefficient (r)
Gestational weeks 0.37 <0.001
Proteinuria 0.60f <0.001
Urine Creatinine 0.28 0.045
Serum uric acid 0.73 <0.001
Serum urea nitrogen 0.61 <0.001
Serum creatinine 0.71 <0.001
eGFR -0.63 <0.001
Urine CysC 0.12 0.3

T: Spearman correlation coefficient

r: Pearson correlation coefficient.
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4. Diagnostic performance of serum cystatin C, serum uric acid, serum creatinine,
and serum urea nitrogen as markers of preeclampsia.

To evaluate the discriminative capacity of each serum analyte to detect
preeclampsia, ROC analysis was performed using the data from both groups, and
the results are summarized in Figure 1, and Table 4. Based on the area under the
curves (AUC) as shown in Table 4, serum CysC had a superior diagnostic
accuracy for preeeclampsia than serum uric acid, serum creatinine, and serum urea
nitrogen (p<0.001). The AUCs of serum uric acid, serum creatinine, and serum
urea nitrogen did not reach statistical significance. The clinical cut off level was
calculated at the value with the highest accuracy (highest sensitivities and
specificities combined).
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Figure 1. ROC curves for serum CysC (AUC: 0.977, [95% CI: 0.945-1.010]),
serum uric acid (AUC: 0.863, [95% CI: 0.812-0.940]), serum urea nitrogen (AUC:
0.768, [95% CI: 0.750-0.924]), and serum creatinine (AUC: 0.861, [95% ClI:
0.689-0.939]) as markers of preeclampsia. The curves were compared to each
other pairwise. Serum CysC had a significantly larger AUC than serum uric acid,
serum creatinine, and serum urea nitrogen (p<0.001). The AUCs of serum uric
acid, serum creatinine, and serum urean nitrogen did not reach statistical
significance.
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Table 4. Diagnostic performance of serum cystatin C, serum uric acid, serum

creatinine, and serum urea nitrogen for identifying preeclampsia

AUC  Cutoff Sensitivity ~ Specificity PPV NPV OR
(mg/dL) [95% ClI]

Serum 0978~  0.885 86.4% 81.1% 70.4% 90.6% 5.74
CysC [1.98-16.67]
Serum 0863  4.65 84.4% 80.3% 81.3% 87.1% 3.6
uric acid [3.05-10.5]
Serum 0861  0.75 50.0% 94.3% 87.5% 80.5% 2.59
Creatinine [1.48-453]
Serumurea 0.768  10.55 68.2% 94.3% 88.2% 82.5% 2.96
nitrogen [1.59-5.49]

“ Serum CysC had a significantly larger AUC than serum uric acid, serum

creatinine, and serum urea nitrogen (p<0.001) (pair-wise comparison)

AUC: area under the curve;
PPV: positive predictive value;
NPV: negative predictive value;
OR: odds ratio.
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IV. DISCUSSION

Cystatin C is a basic protein, freely filtered by the glomerulus, and completely

reabsorbed by the proximal tubular cells.* Recent studies have shown that serum
CysC in pregnancy is closely correlated to GFR in both nonpregnant and
pregnant hypertensive women.” ® The serum level of CysC is increased in
pregnancy and even more so in preeclampsia, which is closely correlated to the
degree of endotheliosis and the changes in the glomerular volume.® *°
Furthermore, Strevens et al., demonstrated that serum CysC had a superior
diagnostic accuracy for preeclampsia compared to those of uric acid and
creatinine.’

In our study, the mean serum levels of CysC, uric acid, creatinine and urea
nitrogen were significantly higher in preeclampsia group compared to control
group, whereas there was no significant difference in the urine CysC concentration
between the two groups. However, although wuric acid and creatinine
concentrations were increased in preeclampsia group, the levels were not above
the corresponding upper reference limits for normal term pregnancy, which
reduces the usefulness of the variables for monitoring preeclamptic women.

Several explanations have been given for the increase in serum CysC
concentration in preeclampsia. First, although GFR is normally increased during
pregnancy, preeclampsia is characterized by a decrease in GFR, which could lead
to decrease in renal filtration of CysC.?* Another possible explanation might be
that some abnormal renal processes in preeclampsia might affect the filtration of
CysC differently. For example, glomerular endotheliosis which is more
pronounced in preeclampsia might cause a decrease in the glomerular pore size, in
the number of pores, or in the number of anionic sites in the glomerular barrier
which could affect the filtration of positively charged low molecular mass proteins
like CysC.' Recently, injury and depletion of podocytes in the glomerular
basement membrane leading to podocyturia has been described.?” Therefore, high
CysC levels likely reflect renal dysfunction in preeclampsia. Finally, Kristensen et
al., demonstrated increased placental expression and secretion of CysC which

18



could also contribute to the elevate serum levels in preeclampsia.™* CysC is known
to be expressed in most human tissues including kidney, liver, pancreas, intestine,
stomach, lung and placenta, an increased expression in cells outside the placenta
could also contribute to the elevated circulatory levels seen in preeclampsia.®®

The nature of the renal lesions in preeclampsia is uncertain. Previous studies of

the composition of the urinary proteins have led to the conclusion that
proteinuria of preeclampsia is attributable entirely to increased glomerular
permeability with little evidence of defective tubular reabsorption. In recent
years more sensitive indicators of renal tubular dysfunction have become
available including 2-microglobulin and CysC. A previous study by Krieger et
al., demonstrated increased urinary excretion of B2-microglobulin in
preeclampsia indicating presence of renal tubular lesions in the absence of
detectable proteinuria.?® Other studies have evaluated different urinary
biochemical parameters such as N-acetyl-B-D-glucosaminidase, total protein,
albumin, urea nitrogen, uric acid, and creatinine in women with preeclampsia
reflecting different abnormalities of renal glomeruli and tubules.®

Being noninvasive, urine test would be superior to one that requires a blood
sampling. In our study, we evaluated urine CysC in preeclampsia to determine
its role as a marker of renal damage and proteinuria in preeclampsia since
urinary CysC concentrations have not been widely studied. However, we were
not able to find any significant difference in the concentration of urine CysC
between preeclampsia and control group. The underlying pathophysiology for
this insignificant difference in urine CysC concentration needs to be further
evaluated. Possible explanations are decrease in GFR leading to decrease in renal
filtration of CysC in preeclampsia,®® and abnormal renal dysfunction such as
glomerular endotheliosis occurring in preeclampsia ultimately leading to
hypofiltration of CysC. Such hypofiltration of CysC could lead to even lower
levels of CysC in urine to be detected with accuracy.

Several important limitations to our study exist. One important limitation to our
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study is the failure to compare our data with the standard measurement of GFR
such as inulin clearance. Instead we used eGFR using the MDRD formula.”
Another important limitation lies in the cross sectional study design. In particular,
future studies should address if CysC levels vary with the severity of preeclampsia
and the degree of renal damage since all the patients in our preeclamptic group fall
into the “severe” preeclampsia group. Prospective cohort studies are needed to
clarify the temporal relation between alteration in CysC concentrations and the
occurrence of preeclampsia, and to determine whether elevated CysC
concentrations in the early pregnancy are predictive of poor maternal and fetal
outcomes in preeeclampsia.

In conclusion, ROC analysis of our data demonstrates that serum CysC has a
superior diagnostic accuracy for preeclampsia compared to that of serum uric acid
and serum creatinine.

. Although high blood pressure and proteinuria is regarded as the simples and
most useful markers of the development of preeclampsia, blood pressure levels are
variable, and proteinuria can be absent, even with other ominous features of
preeclampsia.® Serum CysC, reflecting GFR, is an indicator of different aspect of
renal features of preeclampsia, and could thereby be helpful in the diagnosis of
preeclampsia and possibly indicate the severity of disease.
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V. CONCLUSION

The results of the present study show that serum CysC levels in women with
preeclampsia were higher than the normal pregnant group whereas urine CysC did
not differ significantly between the two groups. The mechanism for the
insignificant difference in the urine CysC concentration remains insufficiently
understood. Serum CysC in our study significantly correlated with serum
creatinine, serum uric acid, and eGFR.

There was a linear relationship between serum CysC and GFR similar to serum
creatinine, but unlike creatinine, CysC is unaffected by extrarenal factors such as
age, muscle mass, hydration status, anemia, or infection. Renal impairment is a
commom feature of preeclampsia, and our study indicates that low molecular mass
serum proteins such as CysC could be useful markers of renal impairment in
preeclampsia.

Further prospective studies are needed in order to determine if serum CysC may
be used in preeclamptic pregnancy as a reliable endogenous marker for kidney
function so that it may provide an earlier diagnosis of acute kidney injury.

21



V1. REFERENCES

1. Zhang J, Meikle S, Trumble A. Severe maternal morbidity associated with
hypertensive disorders in pregnancy in the United States. Hyperten Pregnancy
2003;22(2):203-12.

2. Redman CW, Sargent IL. Latest advances in understanding preeclampsia.
Science 2005;308:1592-4.

3. Newman MG, Robichaux AG, Stedman CM, Jaekle RK, Fontenot MT,
Dotson T, et al. Perinatal outcomes in preeclampsia that is complicated by
massive proteinuria. Am J Obstet Gynecol 2003;188:264-8.

4. Lindheimer MD, Uman JG. Explaining and predicting preeclampsia. N Engl J
Med 2006;355:1056-8.

5. Strevens H, Wide-Swensson D, Grubb A. Serum cystatin C is a better marker
for preeclampsia than serum creatinine or serum urate, Scand J Clin Lab Invest
2001;61:575-80.

6. Thangaratinam S, Ismail KMK, Sharp S, Coomarasamy A, Kahn K. Accuracy
of serum uric acid in predicting complications of preeclampsia: a systemic
review. BJOG 2006;113:369-78.

7. Strevens H, Wide-Swensson D, Torffit O, Grubb A. Serum cystatin C for
assessment of glomerular filtration rate in pregnant and none pregnant women.
Indications of altered filtration process in pregnancy. Scand J Clin Lab Invest
2001;62(2):141-7.

8. Moodley J, Gangaram R, Khanyile R, Ojwang P. Serum cystatin C for
assessment of glomerular filtration rate in hypertensive disorders of pregnancy.
Hyperten Pregnancy 2004;23:309-17.

9. Franceschini N, Qiu C, Barrow D, Williams M. Cystatin C and Preeclampsia:
A case control study. Renal Failure 2008;30:89-95.

10. Strevens H, Wide-Swensson D, Grubb A, Hansen A, Horn T, Ingemarsson I,

et al. Serum cystatin C reflects glomerular endotheliosis in normal, hypertensive

22



and preeclamptic pregnancies. Br J Obstet Gynecol 2003;110:825-30.

11. Kristensen K, Larsson I, Hansson S. Increased cystatin C expression in the
preeclamptic placenta. Placenta 2007;13:189-95.

12. Grubb A. Diagnostic value of analysis of cystatin C and protein HC in
biological fluids. Clin Nephrol 1992;38(suppl 1):20-7.

13. Randers E, Erlandsen EJ. Serum cystatin C as an endogenous marker of
renal function: a review. Clin Chem Lab Med 1999;37:389-95.

14. Knight E, Verhave J, Spiegelman D, Hillege H, De Zeeuw D, Curhan G, et
al. Factors influencing serum cystatin C levels other than renal function and the
impact on renal function measurement. Kidney International 2004;65:1416-21.
15. Delanaye P, Cavalier E, Depas G, Chapelle JP, Krzesinski JM. New data on
the intraindividual variation of cystatin C. Nephron Clin Pract 2008;108:246-8.
16. Tian S, Kusano E, Ohara T, Tabel K, Itoh Y, Kawai T, et al. Cystatin C
measurement and its practical use in patients with various renal diseases. Clin
Nephrol 1997;48:104-8.

17. Hellerstein S, Berenbom M, Erwin P, Wilson N, DiMaggio S. The ratio of
urinary cystatin C to urinary creatinine for detecting decreased GFR. Pediatr
Nephrol 2004;19:521-5.

18. Kabanda A, Jadoul M, Lauwerys R, Bernard A, van Ypersele de Strihou C.
Low molecular weight proteinuria in Chinease herbs nephropathy. Kidney Int
1995;48:1571-6.

19. Kabanda A, Vandecam B, Bernard A, Lauwers R, van Ypersele de Strihou C.
Low molecular weight proteinuria in human immunodeficiency virus-infected
patients. Am J Kidney Dis 1996;27: 803-8.

20. Uchida K, Gotoh A. Measurement of cystatin C and creatinine in urine. Clin
Chim Acta 2002;323:121-8.

21.Herget-Rosenthal S, Poppen D, Pietruck F, Marggraf G, Philip T, Kribben A.
Predictive value of tubular proteinuria and enzymuria in nonoliguric acute
tubular necrosis. Clin Chem 2004;50:552-8.

23



22. Herget-Rosenthal S, Feldkamp T, Volbracht L, Kribben A. Measurement of
urinary cystatin C particle enhanced nephelometric immunoassay: precision,
interferences, stability and reference range. Ann Clin Biochem 2004,41:111-8.
23. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more
accurate method to estimate glomerular filtration rate from serum creatinine: a
new prediction equation. Modification of Diet in Renal Disease Study Group.
Ann Intern Med 1999;130:461-70.

24. Hallan S, Asberg A, Lindberg M, Johnsen H. Validation of the Modification
of Diet in Renal Disease formula for estimating GFR with special emphasis on
calibration of the serum creatinine assay. Am J Kidney Dis 2004; 44:84-93.

25. Hanley J, McNeil B. A method for comparing the areas under receiver
operating characteristic curves derived from the same cases. Radiology
1983;148:839-43.

26. Garovic V, Wagner S, Turner S, Rosenthal D, Watson W, Brost B, et al.
Urinary podocyte excretion as a marker for preeclampsia. Am J Obstet Gynecol
2007;196:321-7.

27. Krutzen E, Olofsson P, Back SE, Nilsson-Ehle P. Glomerular filatration rate
in pregnancy: a study in normal subjects and in patients with hypertension,
preeclampsia, and diabetes. Scand J Clin Lab Invest 1992;52:387-92.

28. Abrahamson M, Olafsson I, Palsdottir A, Ulvsback M, Lundwall A, Jensson
O, et al. Stucture and expression of the human cystatine C gene. Biochem J
1990;268:287-94.

29. Krieger MS, Moodley J, Norman R, Jialal I. Reversible tubular lesions in
pregnancy induced hypertension detected by urinary f2- microglobulin. Obstet
Gynecol 1984;63:533-6.

30. Hayashi M, Ueda Y, Hoshimoto K, Ota Y, Fukasawa I, Sumori K, et al.
Changes in urinary excretion of six biochemical parameters in normotensive
pregnancy and preeclampsia. Am J of Kidney Dis 2002;39:392-400.

31. Lafayette RA, Druzin N, Sibley R. Nature of glomerular dysfunction in

24



preeclampsia. Kidney Int 1998;54:1240-9.

25



2 Q3 cystatin C2

242 o9

3

8

-
It

oM 4
A]

o

=

217]

< ABSTRACT (IN KOREAN)>

’

- = (S TS T - O I e
= w =1 -~ = Myl D = R o| B5
DI CICRCLA - S G o S o5 B o5
0 ® . K ¥ g R
T Ex_F 35 TESEhg
0 T <

A R Y G W <
Z.#O U = ‘;JWE O_E X
SRR S [ b AE
7 o T T

X 1FL - _— U,.w x L
i) ooy o M AR - ,ma % o bk wm «
ol I~ m 0 = MVM o o o < N
‘Nﬂ — o #E 1: — X dl 1
= o X W i~ T Noom w oo
F I TN T R
X ﬂw o T oF mrm g X ﬂﬂrM < N O _&_. N/T T
T AR oo o T 2 ® o
N o o H N o T P mwa on O o Xlo
Il CRNC . R TR - G of 3 M ur
3 =F & 5T oo 8w K S og
03 X _foT it q Z#O ~— o &N —_ = H_T_ —n
B & F ool o oo BN a8
g o O T e < T B w. S

o z_.o OE Tl B = oﬁa ,_l*_od o %o
it x0T T K o 2oy o

o) = No A g 3

B g, ML oo B B S
Moo W O & o Te) pild o R Dy
;OH_ ‘mﬂ ﬂl Lt ﬂ..._ m ,_@.c M >
) o G L5
L S R R S = S T ©
o X KT T 5 S F w8
Y - SR IS = 2N oz

26



O] A]

>
1= —

ol\
=

o] A/ AtErel mlste] 4 CysC (1.10 +
0.28 vs. 0.76 £ 0.20 mg/dL, p<0.001), &4F (6.32 £ 1.05 vs.
3.69 + 0.66 mg/dL, p<0.001), creatinine (0.73 £ 0.13 vs. 0.61
+ 0.10 mg/dL, p<0.001), urea nitrogen (12.14 + 7.16 vs. 7.16
t 2.27 mg/dL, p<0.001) ©] EF st Egkom, A4
ol ¥ (100.63 £ 20.3 vs. 125.72 £ 25.36 ml/min/1.73m?,
p<0.001)& FostA @t} whdHo| F +7te] 2% CysC9
fol3k zol= gldth 3 CysCyE 24F (1=0.73), creatinine
(r=0.71), urea nitrogen (r=0.61), A}7-# oA%& (=-0.63)3}

Fe AV4E nodd PFSEE A5

==
QAN

AL = ROC curve oA otz 99 WAHEE FS4sto
Hlwst Ax CysC7F 09772 7} =9t} ([95% CIL:
0.945-1.0101, p<0.001). AAA FH CysC Fazx=

27



	TABLE OF CONTENTS
	ABSTRACT
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	1. SUBJECTS
	2. SAMPLING
	3. METHODS
	(1) Determination of serum and urine cystatin C, serumcreatinine, serum urea nitrogen, and serum uric acid
	(2) Determination of estimated glomerular filtration rate

	4. STATISTICAL ANALYSES

	III. RESULTS
	1. Clinical characteristics of preeclampsia and control group
	2. Laboratory parameters between preeclampsia and controlgroup
	3. Correlation among the analytes
	4. Diagnostic performance of serum cystatin C, serum uric acid,serum creatinine, and serum urea nitrogen as markers of preeclampsia

	IV. DISCUSSION
	V. CONCLUSIONS
	VI. REFERENCES
	ABSTRACT (IN KOREAN)

