
Abstract. – BACKGROUND: The major renal
involvement in Familial Mediterranean Fever
(FMF) is the occurrence of amyloidosis that pri-
marily affects the kidneys manifested by protein-
uria and ending in death from renal failure. 

AIM: This study aims to investigate whether
serum cystatin (cys-C) levels could be used as
an early marker of renal involvement in FMF pa-
tients.

PATIENTS AND METHODS: Forty-six patients
with FMF during the attack period (AP), and 41
patients with FMF during attack-free periods
(AFP), and 11 patients with FMF associated amy-
loidosis, and 38 healthy controls were enrolled
in the study. We determined cys-C levels in the
serum of FMF patients and healthy controls. 

RESULTS: Serum cys-C levels were signifi-
cantly increased in patients with FMF and sec-
ondary amyloidosis, and serum cys-C is a more
accurate and efficient marker for detecting renal
involvement than estimated glomerular filtration
rate (e-GFR) in patients with FMF.

CONCLUSIONS: We propose a cutoff level of
the serum cys-C of 876.5 pg/mL for screening re-
nal involvement in patients with FMF, and amy-
loidosis should be strongly suspected when the
serum cys-C reaches 1565.5 pg/mL.

Key Words:
Familial mediterranean fever, Cystatin C, Amyloidosis.

Introduction

Familial Mediterranean Fever (FMF) is an au-
tosomal recessive disorder characterized by re-
current self-limited febrile episodes with serosi-
tis, synovitis and occasionally secondary renal
involvement1. Several non-specific immunologi-
cal abnormalities and elevations in acute phase
reactant levels were observed during the FMF at-
tacks, but this usually returns to normal in attack-

European Review for Medical and Pharmacological Sciences

Cystatin C in serum as an early marker
of renal involvement in 
Familial Mediterranean Fever patients 

K. DEVECI, A.K. GOKAKIN1, S. SENEL2, H. DEVECI3, A.U. USLU4, E. SANCAKDAR

Department of Clinical Biochemistry, 1Department of General Surgery, and 4Department of Internal
Medicine; School of Medicine, Cumhuriyet University, Sivas, Turkey
2Department of Rheumatology, School of Medicine, Erciyes University, Kayseri, Turkey
3Department of Physical Medicine and Rehabilitation, Numune State Hospital, Sivas, Turkey

Corresponding Author: Köksal Deveci, MD; e-mail: drkdeveci@gmail.com.tr 253

free periods2. Amyloidosis secondary to FMF is
primarily nephropathic, and most patients with
amyloid nephropathy experience chronic renal
failure (CRF) within 5 years of the onset of pro-
teinuria3,4. Routine urinalysis in search of early
albuminuria is imperative in the care of affected
individuals, as it appears early in the course of
renal involvement5.

In clinical medicine, glomerular filtration rate
(GFR) provides the best index of overall kidney
function, and proteinuria adds additional infor-
mation on renal and nonrenal prognosis. Mild in-
crease in the excretion of albumin (30-299 mg/24
hr or a spot urine albumin-to-creatinine ratio of
30-299 mg/g) is termed as micro albuminuria
(MA). MA is an early indicator of renal involve-
ment that may occur secondarily in systemic or
renal diseases6,7. Moreover, impaired renal func-
tion may be present even in patients with normal
urinary albumin excretion rate8. Plasma creati-
nine concentration is the most widely used mea-
sure for estimation of GFR. Cys-C (cys-C), a
cysteine protease inhibitor, is freely filtered by
the renal glomeruli, metabolized by the proximal
tubule, and identified as a promising marker of
renal failure. Cys-C is produced at a constant rate
by nucleated cells and released into blood stream
with a half-life of 2 hr. Its concentration is almost
totally dependent on GFR6,9.

This study aims to investigate whether serum
cys-C levels could be used as an early marker of
renal involvement in FMF patients

Patients and Methods

Study Design
The study was conducted in the Faculty of

Medicine of Cumhuriyet University, Depart-
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ments of Internal Medicine-Rheumatology, and
Department of Biochemistry between December
2010 and February 2012. The study protocol was
approved by the Ethics Committee of the Univer-
sity. Written informed consent was obtained from
all patients and controls.

Patients
The study groups consisted of 46 FMF pa-

tients in the attack-free period (AFP) and without
amyloidosis, 41 patients with FMF in the attack
period (AP) without amyloidosis, and 11 patients
with FMF associated amyloidosis (in attack free
period). The diagnosis of FMF was established
according to the Tell-Hashomer criteria10. FMF
associated amyloidosis was detected by either re-
nal or rectal biopsy. The nine MEFV mutations
(M694V, M680I, E148Q, A744S, P369S,
V726A, R761H, F479L, K695R) were systemati-
cally investigated in the patients. All patients
were receiving colchicine during blood sampling.
Assessment of the disease severity was per-
formed by using the modified scoring systems of
Pras et, al11. The healthy control (HC) group con-
sisted of 38 individuals with no history of other
potential health problems. Exclusion criteria
were as follows: presence of systemic diseases,
including chronic renal failure, diabetes mellitus,
ischemic heart disease, and malignancy; trauma;
heavy exercise; and use of drugs with potential
effects on biochemical parameters. Demographic
and clinical characteristics of all patients, and
HC were recorded.

In order to adequately assess the renal function
eGFR was calculated by using Cockroft-Gault,
and chronic kidney disease epidemiology collab-
oration (CKD-EPI) formulae12. Attack-free peri-
ods (defined as being free of attacks for at least 3
weeks) and acute phases were determined based
on clinical (fever, abdominal pain, arthritis), and
laboratory findings (high levels of hs-CRP, fib-
rinogen, white blood cell counts and erythrocyte
sedimentation rate).

Totally, 8 ml sample of venous blood was taken
in the morning before breakfast from each individ-
ual patient who admitted during AP or AFP to In-
ternal Medicine and Rheumatology Clinic. The
blood samples of patients during FMF attack were
obtained after 24-48 hours from the acute attack
initiation. Venous blood was taken from HC, as
same as in FMF patients. The serum samples were
obtained by centrifuging blood samples at 3,000
rpm for 15 min at 4°C. Afterwards, serum samples
were stored at –70°C until analysis.

High sensitive-C-reactive protein (Hs-CRP),
erythro sedimentation rate (ESR), fibrinogen, TNF-
alpha, IL-6 and cys-C levels and white blood cells
(WBC) count were measured on the same day of
obtaining venous blood samples. Serum TNF-al-
pha and IL-6 levels were measured by using an
ELISA kits (Boster Biological Technology Co.,
Ltd., Wuhan, China). Serum cys-C levels were
measured using a ELISA kit (BioVendor, Labora-
torni medicina a.s., Karasek, Czech Republic).

Statistical Analysis
Statistical analysis was performed with the Sta-

tistical Package for the Social Sciences (SPSS)
14.0 Package (SPSS Inc., Chicago, IL, USA). De-
scriptive statistics were presented as arithmetic
mean ± standard deviation. Results which did not
follow normal distribution are expressed as medi-
an (range) values. For the tests of normality, we
used the Kolmogorov-Smirnov test. As serum cys-
C was normally distributed, it was handled with
Student’s t test and ANOVA supplemented with
post hoc Bonferroni test when a statistically sig-
nificant difference between the subgroups was
noted. Urinary albumin was not normally distrib-
uted, thus, Mann-Whitney U test and Kruskall-
Wallis test with post hoc Dunn’s test were used for
comparisons among subgroups. Depending on
normality of variables, Pearson’s or Spearman’s
test was used for bivariate correlations. Multivari-
ate relationships were examined with linear re-
gression models. Differences were assessed by
Chi-squared test for categorical variables. Receiv-
er-operating characteristic (ROC) curves were
constructed to determine the optimum cutoff for
cys-C levels that could discriminate amyloidosis
from healthy subjects or non-amyloidosis FMF
patients, as well as FMF from healthy subjects.
The area under the curve (AUC) was calculated to
quantify sensitivity and specificity. p values of less
than 0.05 were regarded as significant.

Results

There were no differences between groups in
terms of age, sex, age of onset, duration of dis-
ease, number of attacks per year, colchicine
dosage, degree of severity of the disease, and
MEFV gene mutations. M694V gene mutation
was the most common mutation in all groups.
Demographic and clinical characteristics of FMF
patients, amyloidosis patients, and HC are exhib-
ited in Table I.
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AP-FMF AFP-FMF Amyloidosis HC

Patients, n 41 46 11 38
Gender, male/female 14/27 10/36 10/1 17/21
Age (range), years 30.98 ± 10.53a 28.62 ± 10.66a 41.73 ± 20.47 31.58 ± 10.47
Age of onset, years 23.66 ± 12.42a 22.29 ± 11.29a 37.60 ± 18.53 NA
Disease duration, years 8.4 ± 8.3 6.5 ± 6.9 6.5 ± 5.2 NA
Number of attacks per month 1.94 ± 1.17 2.22 ± 0.97 2.10 ± 1.44 NA
Colchicine dose (mg/day) 1.86 ± 0.79 1.68 ± 0.78 1.50 ± 0.52 NA
Degrees of severity 6.39 ± 2.68 6.30 ± 1.83 6.80 ± 2.53 NA
MEFV gene mutations, n
No 1 3 0
M694V 20 18 4
M680I 4 7 0
E148Q 3 2 2
M726A 1 1 1
A744S 1 0 0
M694V/ E148Q 0 3 0
M694V/ M680I 7 6 3
E148Q/ M726A 0 3 0
M680I / R761H 0 0 1
M694V/M726A 4 1 0

Table I. Demographic and clinical characteristics of the study population.

Acute phase reactants and proinflammatory
cytokines were detected significantly higher in
AP-FMF group (p < 0.05) when compared to
other groups as expected. Serum creatinine
(mg/dL), and urinary albumin (mg/g Cr) were
detected significantly higher in amyloidosis
group (p < 0.005), when compared to other
groups. Also, eGFR (mL/min) was detected sig-
nificantly lower in amyloidosis group (p <
0.005), when compared to other groups. The cys-
C levels were detected significantly highier in all
FMF patients regardless the attack situation and
amyloidosis development when compared to HC
(p < 0.05). The comparison of cys-C levels in
FMF groups revealed that the most increase was
noted in amyloidosis group (1576.18±1153.47
pg/ml). Additionally, it appears that increase of
cys-C levels is not related to attack period, be-
cause there was no difference between AP-FMF
group and AFP-FMF group in terms of cys-C
levels (Figure 1). Laboratory analyses of the
study population are presented in Table II. The
variables that may have an affect on cys-C levels
were analyzed in FMF patients and only renal in-
volvement markers, eGFR (p < 0.0001) and pro-
teinuria (p = 0.002) showed significant difference
(Table III). 

Parameters Related to the Cys-C Levels of
Serum in FMF Patients

The correlations between the cys-C levels of
serum and the albumin creatinine ratio were ana-

lyzed in all FMF patients. The serum level of
cys-C was found to be directly correlate with al-
buminuria in AP-FMF and AFP-FMF patients (r
= 0.417, p = 0.007 and r = 0.308, p = 0.037, re-
spectivetly). The serum level of cys-C was found
to directly correlate with eGFR in AFP-FMF and
amyloidosis patients (r =  –0.302, p = 0.044, r = –
0.664, p = 0.018, respectivetly). The serum level
of cys-C was found to be directly correlate with
serum creatinine in amyloidosis patients (r =
0.594, p = 0.042). The levels of AP-FMF patients
was found to be directly correlate with fibrinogen
(r = 0.508, p = 0.022). We performed a stepwise
multiple regression analysis with these factors.
The serum level of cys-C was related to urinary
albumin, fibrinogen and serum creatinine. Para-
meters related to the cys-C levels of serum in
FMF patients were shown in Table IV. 

Sensitivity and Specificity of 
Serum Cystatin C

Receiver operating characteristic (ROC) analy-
ses were performed to define the diagnostic pro-
file of the serum levels of cys-C for detecting es-
timated glomerular filtration rate (eGFR) < 60
mL/min/1.73 m2 among subjects with FMF. The
serum level of cys-C showed an AUC of 0.921
(95% CI, 0.785-1.057) with a cutoff value of
771.0 (sensitivity, 100.0%; specificity, 61.7%).

In order to evaluate the ability of serum cys-C
to discriminate amyloidosis patients from healthy
controls and FMF patients, we performed ROC
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curve analyses. A cutoff point of 876.5 pg/mL
was used to distinguish amyloidosis from FMF,
showing moderate performance, almost equal to
urinary albumin and superior to eGFR. A cutoff
point of 786.5 pg/mL was used to distinguish
Amyloidosis from healthy controls, showing
moderate performance, almost equal to urinary
albumin and superior to eGFR. However, setting
a cutoff of 525.5 pg/mL to distinguish FMF from
HC and IBS, yielded a sensitivity of 66.7% and a

specificity of 59.4%. In addition, a cutoff point
of 606.5 pg/mL was set to discriminate AP-FMF
from AFP-FMF, demonstrating superior ability
of serum cys-C from urinary albumin and eGFR
to discriminate AP-FMF from AFP-FMF. Table V
summarizes serum cys-C performance in com-
parison with urinary albumin and eGFR, while
Figure 2 depicts this comparative significance of
serum cys-C in amyloidosis and FMF diagnosis
and activity monitoring.
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Figure 1. Serum cystatin C in FMF (AFP-FMF, AP-FMF and amyloidosis) patients and HC. Box plots indicate the median as
well as the 25th and 75th percentile. Error bars indicate 10th and 90th percentiles. Serum cystatin C levels were significantly
elevated in amyloidosis patients compared to HC or AFP-FMF and AP-FMF patients.

AP-FMF AFP-FMF Amyloidosis HC

hs-CRP (mg/L) 38.03 ± 26.74b.f 1.81 ± 1.73c 34.32 ± 27.86e 2.02 ± 1.54
ESR (mm/h) 21.58 ± 16.28c 14.34 ± 26.65d 51.60 ± 44.93e 5.67 ± 0.57 
WBC (103/mm3) 8.617 ± 2.71 7.89 ± 3.97 10.48 ± 36.33 6.15 ± 1.55
Fibrinogen (mg/dl) 316.05 ± 61.57a 260.09 ± 44.94e 317.80 ± 103.04 281.96 ±31.16
TNF-alpha (pg/ml) 124.05 ± 48.08f 104.43 ± 40.01e 124.09 ± 59.72f 86.18 ± 22.24
Serum IL-6 (pg/ml) 187.78 ± 220.73a.c.f 80.17 ± 46.65 80.64 ± 53.31 58.58 ± 27.88
Serum creatinine (mg/dL) 0.63 ± 0.1d 0.60 ± 0.17d 1.39 ± 1.29f 0.70 ± 0.16
eGFR (mL/min) Cockroft–Gault 140.26 ± 48.74c 145.72 ± 50.12c 105.47 ± 69.87 127.45 ± 42.78
CKD-EPI 140.33 ± 48.47c 151.20 ± 48.53c 101.01 ± 64.34 131.62 ±39.35
Urinary albumin (mg/g Cr) 112.24 78.04 5358.58 52.17

(4.44-49885.17)d (3.50-1685.71)d (18.07-339303.92)f (9.93-109.24)
Serum Cystatin C (pg/ml) 750.44 ± 401.05d.e 661.93 ± 300.19d 1576.18 ± 1153.47f 497.66 ± 194.97

Table II. Laboratory analyses of patients and controls.



Discussion

The major complication of FMF is the devel-
opment of secondary (AA) amyloidosis13.

Routine urinalysis in search of early albumin-
uria is imperative in the care of affected individu-

als, as it appears early in the course of renal in-
volvement5.

Some studies have suggested that cys-C may
be superior to serum creatinine or creatinine-
based estimating equations as a marker of kidney
function, whereas others have found no differ-
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Categorical variables Serum Cystatine C in pg/mL (mean ± SD) p

Gender
Male 797.13 ± 384.24 0.138
Female 670.05 ± 336.59

Disease activity
Active 750.44 ± 401.05 0.244
Inactive 661.93 ± 300.19

Renal involvement
eGFR > 60 710.41 ± 375.98 < 0.0001*
eGFR < 60 2384.20 ± 1142.05
Proteinuria
Normoproteinuria 600.75 ± 258.00 0.002*
Micro proteinuria 714.83 ± 362.74
Macro proteinuria 1194.37 ± 998.48

Disease severity
Mild 781.43 ± 527.78 0.913
Intermediate 835.70 ± 604.95
Severe 809.15 ± 479.68

Colchicine usage
Yes 802.79 ± 545.40 0.291
No 555.6 ± 424.06
MEFV gene mutations
No 686.67 ± 191.04 0.272
M694V 913.89 ± 627.20
M680I 673.38 ± 227.74
E148Q 1042.00 ± 882.18
M726A 615.00 ± 264.02
M694V/E148Q 277.00 ± 71.35
M694V/M680I 583.27 ± 3 62.89
E148Q/M726A 910.00 ± 275.77

Table III. Mean serum Cystatine C in FMF by potential categorical co-variables.

AP-FMF AFP-FMF Amyloidosis HC

Continuous Correlation p Correlation p Correlation p Correlation p
variables Coefficienta Coefficienta Coefficienta Coefficienta

Age –0.011 0.946 0.006 0.972 0.354 0.259 –0.058 0.718
Disease duration 0.023 0.378 0.028 0.874 0.031 0.933 NA
Degrees of severity 0.363 0.156 0.094 0.580 –0.461 0.180 NA
Urinary albumin 0.417 0.007* 0.308 0.037* 0.112 0.719 0.021 0.893
eGFRb –0.279 0.090 –0.302 0.044* –0.664 0.018* 0.073 0.662
Serum creatinine 0.297 0.063 0.276 0.073 0.594 0.042* –0.008 0.964
hs-CRP –0.041 0.797 0.254 0.089 –0.224 0.484 –0.147 0.353
ESR 0.143 0.397 –0.083 0.622 0.231 0.521 –0.866 0.333
Fibrinogen 0.508 0.022* 0.196 0.371 0.086 0.872 –0.056 0.772

Table IV. Correlation of serum Cystatin-C with continuous variables in FMF patients and control groups.

NA not applicable, other abbreviations are defined in Table II. *Statistically significant; aPearson’s correlation or Spearman’s
correlation between variables following Gaussian or non-Gaussian distribution, respectively; bA mean eGFR value, comprising
three different formula; Cockroft-Gault, and CKD-EPI were used to perform the analysis.
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ence14-17. The results of this study clearly indicate
that cys-C levels were significantly increased in
all FMF patients with or without amyloidosis,
and serum cysC is a more accurate and efficient
marker for detecting renal involvement than e-
GFR in patients with FMF.

Micro albuminuria is widely studied renal dys-
function marker; however, renal involvements
not related to amyloidosis may present with nor-
moalbuminuria. To overcome these limitations,
many clinicians additionally used creatinine in
evaluation of such patients. However, serum cre-
atinine also depends on creatinine production,
extrarenal elimination and tubular handling18.
Moreover, tubular involvement may precede
glomerular involvement because several tubular
proteins and enzymes are detectable even before
the appearance of microalbuminuria and a rise in
serum creatinine19,20. Therefore, other biomarkers
for estimation of renal function have been
searched for and one of them was cys-C21. In e-
GFR > 60 mL/min/1.73 m2 and normoalbumin-
uric FMF patients, the cys-C levels of serum
were significantly increased. It was thought that
this increment was probably due to the tubular
phase before glomerular manifestation. This sug-
gests that the cys-C levels of serum are related to
subclinical tubular impairment and can be an ear-
ly measurable marker of renal involvement be-
fore onset of albuminuria. Besides the amyloido-
sis, other renal lesions have been described in pa-
tients suffering from FMF22-26.

In previous studies, variable results were de-
tected about the relationship between age, sex,

weight, inflammation, and cys-C levels27,28. Sato
et al29 reported in their study about patients with
RA that inflammation has no effect on cys-C lev-
els. Similarly, in our study no increase was found
in cys-C levels in attack periods and we were not
able to find out any inflammation marker that as-
sociated with cys-C levels. These results made us
to assume that the cyc-C levels in FMF patients
may be an independent marker of renal involve-
ment.

In this study serum cys-C levels gave a greater
AUC compared to e-GFR, to distinguish patients
with amyloidosis from FMF, and from healthy
controls. Impartial comparison using Youden in-
dex-based cutoff points for detecting amyloidosis
showed that, cys-C had better screening potential
than the e-GFR. When a Youden index-based cut-
off point of serum cysC 1565.5 pg/mL was ap-
plied to our study population, the specificity and
positive predictive value reached 100%. There-
fore, amyloidosis should be strongly suspected
when the serum cysC in a patient with FMF
is1565.5 pg/mL (Table V and Figure 2). Similar-
ly, in previous trials based on different popula-
tions, cys-C was found to be superior to e-GFR
to detect the decrease of GFR17,30. Sato et al29

concluded that a reduced GFR should be strongly
suspected when the serum cys-C level increases
to 1365 pg/ml in a patient with amyloidosis sec-
ondary to RA.

The results of this study reveal that the serum
cys-C levels may be an accurate, effective, and ear-
ly marker in detection of renal involvement in pa-
tients with FMF. We propose, cutoff level for
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AUC Sensitivity Specificity
Cutoff (95% CI) (95% CI) (95% CI)

Amyloidosis/FMF Cystatin C > 876.5 0.764 (0.518-1.010) 71.4 (57.1-85.7) 71.9 (64.9-79.9)
Urinary albumin > 120.4 0.769 (0.539-1.000) 85.7 (71.4-100) 64.9 (56.1-70.2)
eGFR > 110.5 0.365 (0.068-0.661) 42.9 (28.6-57.1) 33.7 (24.6-49.1)

Amyloidosis/HC Cystatin C > 786.5 0.778 (0.491-1.064) 83.3 (66.7-100) 86.1 (75.0-99.4)
Urinary albumin > 115.0 0.782 (0.495-1.070) 83.3 (71.4-100) 88.9 (77.8-94.4)
eGFR > 110.0 0.433 (0.095-0.771) 50.0 (33.6-57.1) 50.0 (33.3-66.7)

FMF/HC Cystatin C > 525.5 0.683 (0.574-793) 66.7 (61.4-71.9) 59.4 (50.0-65.6)
Urinary albumin >59.7 0.782 (0.525-0.753) 68.4 (63.2-73.7) 53.1 (46.9-59.4)
eGFR > 113.0 0.580 (0.461-0.700) 63.2 (52.6-68.4) 53.1 (46.9-59.4)

AP-FMF/AFP-FMF Cystatin C > 606.5 0.657 (0.524-0.790) 68.4 (63.2-73.7) 50.0 (46.2-53.8)
Urinary albumin > 70.2 0.611 (0.473-0.750) 63.2 (57.9-68.4) 42.3 (38.5-46.2)
eGFR > 112.5 0.495 (0.352-0.639) 60.5 (55.3-65.8) 42.3 (38.5-46.2)

Table V. Cutoff values, AUCs, sensitivity, and specificity of serum Cystatin C, Urinary albumin, and eGFR in distinguishing
Amyloidosis from HC and FMF, as well as distinguishing AP-FMF from AFP-FMF.

Cystatin-C, Urinary albumin and eGFR levels expressed in pg/mL, mg/g Cr and mL/min, respectively. AUC area under the
curve, other abbreviations are defined in Table II.



serum cys-C level as 876.5 pg/mL for screening re-
nal involvement in patients with FMF, and amyloi-
dosis should be strongly suspected when the serum
cys-C levels reach 1565.5 pg/mL. Further clinical
studies are required to confirm these findings and
to generalize them to all patients with FMF.
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