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SUMMARY
Background: �Renal function is more frequently decreased in patients with monoclonal gammopathy. 10 % of patients with 
multiple myeloma present with acute renal failure and renal function is included in CRAB criteria for the diagnosis of multiple 
myeloma. 
Aim: �The aim of this study is to determine the prevalence of chronic renal failure (CRF), defined as a glomerular filtration rate 
(GFR) below 1.0 ml/s/1.73m2, in 101 patients with monoclonal gammopathy of undetermined significance (MGUS). 
Design: �retrospective study 
Material and methods: �We compared GFR estimates from serum creatinine (MDRD GFR) and serum cystatin C (CysC GFR) 
and looked at the correlation between free light chains (FLC) concentration and renal markers. We performed serum protein 
electrophoresis (SPE) with quantification of monoclonal intact immunoglobulin (MIg) and measured serum creatinine, cysta-
tin C, κ and λ FLC and β2microglobulin in all patients. 
Results: �We found CRF in 38.6% patients using estimation from serum cystatin C and 34.6 % using estimation from serum 
creatinine.  B2microglobulin has the highest number of significant correlations; cystatin C (0.90), CysC GFR (-0.69), crea-
tinine (0.70), MDRD GFR (-0.60), MIg concentration (0.24), κ FLC (0.22) λ FLC (0.34) and age (0.40). The best correlation 
results may be explained by the fact that β2microglobulin reflects both malignant cells burden and renal function.
Conclusions: �We found CRF in 38.6 % MGUS patients using estimation from serum cystatin C and in 34.6 % using estima-
tion from serum creatinine. The class of monoclonal immunoglobulin may influence results of glomerular filtration estimated 
from cystatin C but it does not influence GFR estimated from creatinine. Diabetic patients had not significantly lower GFR 
than patients without diabetes mellitus.
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SOUHRN
Šálek T., Moravčíková D., Humpolíček P., Tichý M., Palička V.: Prevalence míry snížení glomelurální filtrace 
u pacientů s monoklonální gamapatií neurčeného významu.
Cíl: �Cílem studie je stanovit prevalenci chronického selhání ledvin u 101 pacientů s monoklonální gamapatií neurčeného 
významu (MGUS). 
Typ studie: �retrospektivní studie. 
Materiál a metody: �Porovnali jsme glomerulární filtraci odhadovanou ze sérového kreatininu a cystatinu C a hodnotili jsme 
korelaci mezi koncentrací volných lehkých řetězců v séru a funkcí ledvin. U všech pacientů jsme provedli elektroforézu pro-
teinů séra s denzitometrickou kvantifikací monoklonálního imunoglobulinu a změřili jsme koncentraci kreatininu, cystatinu C, 
volných lehkých řetězců kappa a lambda, β2 mikroglobulinu. 
Výsledky: �Chronické selhání ledvin jsme nalezli u 38,6 % pacientů na základě odhadu ze sérového cystatinu C a u 34,6 % 
pacientů na základě odhadu ze sérového kreatininu. B2mikroglobulin má největší počet významných korelací; cystatin C 
(0,90), CysC GFR (-0,69), Kreatinin (0,70), MDRD GFR (-0,60), MIg koncentrace (0,24), κ FLC (0,22)  λ FLC (0,34) a věk 
(0,40). Tento velký počet korelací lze vysvětlit tím, že β2mikroglobulin odráží jak zátěž organismu maligními buňkami, tak 
pokles glomerulární filtrace. 
Závěr: �Chronické selhání ledvin jsme nalezli u 38,6 % pacientů při odhadu glomerulární filtrace z cystatinu C a u 34,6 % při 
odhadu ze sérového kreatininu. Třída monoklonálního imunoglobulinu může mít vliv na výsledky odhadu glomerulární filtrace 
ze sérového cystatinu C, odhad glomerulární filtrace ze sérového kreatininu není ovlivněn třídou imunoglobulinu. Diabetici 
neměli statisticky signifikantně nižší glomerulární filtraci než pacienti bez diabetu mellitu.
Klíčová slova: �chronické selhání ledvin, glomerulární filtrace, monoklonální gamapatie, volné lehké řetězce 



26	 Klinická biochemie a metabolismus 1/2013

ses production of an M-protein [15] and when accom-
panied by production of monoclonal FLC can cause 
kidney disease [16]. In the kidney nephron, FLC pass 
through fenestrated epithelia of the glomerular wall and 
when their quantity overwhelms the renal reabsorption 
capacity, they cause nephrotoxicity, such as the forma-
tion of waxy casts. Production of monoclonal FLC and 
abnormal κ/λ ratio predict the development of MGUS 
to further stages [17, 20].

Materials and methods

This study included 101 consecutive patients with 
MGUS from Thomas Bata Regional Hospital in Zlín 
from January 2009 to June 2011. This group consisted 
of 35 Caucasian men and 66 Caucasian women, with 
age ranged from 43 to 95 years. We have created 3 
age groups: 40 – 59 years, 60 – 79 years and 80 – 99 
years. 32 patients suffered from diabetes mellitus. All pa-
tients had an intact monoclonal immunoglobulin mole- 
cule; we did not include Light Chain only MGUS in our 
patient cohort. We retrospectively evaluated patients 
for the presence of CRF. The CRF is defined accor-
ding to National Kidney Foundation as GFR below 1.0 
ml/s/1,73m2 with or without kidney damage. It includes 
stage 3, stage 4 a stage 5 according to the level of 
GFR. It is not a particular clinical diagnose, it is the level 
of GFR. We originally planned to assess proteinuria, 
as a marker of kidney damage, but did not have urine 
samples from large proportion of the patients. Fasting 
blood samples were collected during routine medical 
check-up. We compared two methods of GFR estima-
tion. The first one was estimation from serum cystatin 
C (CysC GFR). Cystatin C was measured by an im-
munoturbidimetric technique using DAKO calibration 
on an Abbott Architect analyser. CysC GFR was calcu-
lated by Grubb equation: CysC GFR= 1.4115 x cysta-
tin C (mg/L)–1.680, (multiplied by 0.948 in females). The 
second one was an estimation from serum creatinine 
(MDRD GFR), using a standardized photometric enzy-
matic method traceable to NIST SRM 967 reference 
material on an Abbott Architect analyser [18]. Estima-
tion of GFR from serum creatinine was calculated us-
ing the four parameter MDRD equation: MDRD GFR 
= 515.3832 x creatinine -1.154 x age -0.203, (multiplied by 
0.742 in females) [18,19].   

All patients had determined serum levels of 
β2microglobulin determined using an immunoassay 
on the Axsym analyser; the concentration of intact 
monoclonal immunoglobulin was performed using 
SPE densitometry and calculation from total protein; κ 
and λ FLC and their ratios were determined by particle 
enhanced immunoturbidimetric assays (Freelite; The 
Binding Site, Birmingham, UK) using an Olympus ana-
lyser. We compared GFR in patients with and without 
diabetes mellitus.

The study has been approved by The Ethical Com-
mittee of Tomas Bata Hospital. We were allowed to 
collect and anonymously report retrospective data of 
patients. Now we realized that we did not need this ap-

Introduction

CRF is a very important medical, social and eco-
nomic issue. One patient out of nine suffers from this 
condition. The current definition was established by 
National Kidney Foundation in 2002. The presence of 
CRF is defined as decreased level of GFR below 1.0 
ml/s/1,73m2 with or without kidney damage for more 
than 3 months. Markers of kidney damage are patho-
logical findings in urine (usually increased proteinuria or 
albuminuria), blood or pathological findings in imaging 
studies [1]. Five stages are defined according to the 
level of GFR [1]. Czech society for clinical biochemistry 
adopted the same staging system in its recommen-
dation on determination of GFR. The most commonly 
used method to measure renal function is GFR [2]. The 
most frequently used substances to determine GFR 
are serum or plasma creatinine and cystatin C. MDRD 
equation and Grubb equation are recommended to 
estimate GFR [2]. Creatinine is not an ideal marker of 
renal function. It is influenced by factors such as age, 
gender, muscle mass and physical activity [3, 18], race, 
catabolic or anabolic state [3, 18] and is insensitive to 
small decreases in GFR [2]. Serum creatinine is an un-
reliable indicator in the elderly whose muscle mass has 
been reduced and therefore their results must be in-
terpreted carefully [5]. Substances with low molecular 
weight such as cystatin C (13.3kDa) or β2microglobulin 
(11.8 kDa) appear to be better indicators of GFR [4, 
18]. Cystatin C, a cysteine protease inhibitor [2, 18], is 
a relatively new marker of establishing GFR [6, 18]. It 
seems to be better than creatinine because its con-
centration in serum is independent of muscle mass. It 
is unlikely to be influenced by age or gender [7] and it is 
easily filtered by the glomerulus [6, 8]. However, cysta-
tin C can be influenced by extra renal factors such as 
corticosteroid administration and thyroid dysfunction 
[7, 9, 18]. The current reference method for determina-
tion of GFR is a DTPA isotope method. This method is 
invasive, time consuming and available only in special-
ised centres [10].

Major risk factors for chronic renal failure include 
diabetes mellitus, hypertension, atherosclerosis and 
family history of renal disease [1, 11]. Monoclonal gam-
mopathies may also cause renal damage [12, 16]. Re-
nal insufficiency is defined as serum creatinine levels  
> 177 µmol/l as part of the CRAB criteria for diagno-
sis of multiple myeloma described by the International  
Myeloma Working group in 2003 [13].
[C]	Calcium elevation in the blood S. Calcium >2.75 

mmol/l
[R]	Renal insufficiency S. Creatinine > 177 µmol/l
[A]	Anemia Hemoglobin < 100 g/l or 20g/l < normal
[B]	Lytic bone lesions or osteoporosis

MGUS is an asymptomatic pre-malignant disorder 
introduced in 1978 by Dr. Robert A. Kyle and charac-
terized by clonal proliferation of plasma cells. The eti-
ology of this disease is unknown, but it is related to 
genetic predisposition and the environmental factors 
[14, 15]. MGUS is frequently presented as an idiopathic 
rearrangement of immunoglobulin genes, which cau-
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proval for this article. The Spearman correlation coef-
ficient was used to assess correlation between the fol-
lowing parameters: cystatin C, creatinine, monoclonal 
immunoglobulin concentration, κ and λ FLC, FLC κ/λ 
ratio, β2microglobulin, gender and age. The influence 
of monoclonal immunoglogulin class on markers of 
GFR was evaluated using a mixed linear model (MLM).

Results and Discussion

The studied population had an average CysC GFR 
value of 1.23 ± 0.60 ml/s/1.73m2 and MDRD GFR of 
1.16 ± 0.37 ml/s/1.73m2. Results show that GFR es-
timates from cystatin C were over decision limit (1.0 
ml/s/1.73m2) in 62 patients and 39 patients had CRF 
(stage 3 had 29 patients, stage 4 had 8 patients and 
stage 5 had 2 patients). GFR estimates from creatinine 
were over decision limit in 66 patients and 35 patients 
had CRF (stage 3 had 34 patients, stage 4had 1 pa-
tient, nobody had stage 5). Discrepancies were found-
ed in 14 cases. 9 cases had CysC GFR in the range of 
CRF and MDRD GFR was over decision point 1.0 ml/s/ 
1.73m2. 5 patients had CysC GFR over decision limit 
1.0 ml/s/1.73m2, while MDRD GFR was in the range 
of CRF. Overall, more than 1/3 of patients had CRF by 
cystatin C or creatinine.

 The Spearman correlation analysis is shown in 
(Table 1). B2microglobulin has the highest number of 
significant correlations: cystatin C (0.90), CysC GFR  
(-0.69), creatinine (0.70), MDRD GFR (- 0.60), MIg 
concentration (0.24), κ FLC (0.22) λ FLC (0.34) and 
age (0.40). The best correlation results may be ex-
plained by the fact that β2microglobulin reflects both 
malignant cells burden and renal function [18]. The 
higher correlation with cystatin C compared to creati-

nine can be explained by decreased muscle mass in 
elderly patients [3]. The Spearman coefficient of cor-
relation between κ/λ FLC ratio and CysC GFR and 
MDRD GFR was approaching zero. We can explain 
it as the majority of our patients had physiological κ/λ 
FLC ratio.

MIg concentration has only two significant corre-
lations: κFLC and β2microglobulin. Increased serum 
β2microglobulin concentration probably reflects higher 
number of plasma cells in bone marrow [18]. Κ/λ FLC 
ratio was significant only in two cases: with MIg con-
centration (0.36) and with κ FLC (0.45).

The influence of monoclonal immunoglobulin class 
on markers of GFR is shown in (Table 2). We can see 
that CysC GFR shows statistically significant diffe- 
rences between biclonal paraproteins and IgA λ. There 
is an average value 0.92 with standard deviation 0.19 
for biclonal paraproteins and 1.6 as an average value 
with standard deviation 0.24 for IgA λ. We can con-
clude that the class of monoclonal immunoglobulin 
may influence results of glomerular filtration estimated 
from cystatin C but it does not influence GFR estimat-
ed from creatinine. We do not have explanation for 
these results. Gender was also evaluated as a factor 
to influence results of GFR (Table 3).  The age-de-
pendent differences in estimated GFR were statisti-
cally significant in both types of estimation (CysC GFR 
or MDRD GFR) (Table 4). There must be relationship 
between age and estimated GFR because the age is 
included in these equations [19]. The age dependent 
GFR decrease is sharper in CysC GFR than in MDRD 
GFR.  This may be explained by more rapid decrease 
in muscle mass in elderly patients due to chronic di-
seases associated with aging [3]. Diabetic patients 
had not significantly lower GFR than patients without 
diabetes mellitus (Table 5). 

Tab. 1: Spearman correlation coefficients between observed parameters
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Cystatine C -0.84* 0.79* -0.70* 0.19 0.06 0.20* 0.24* 0.03 0.90* -0.02 0.43*

cys C GFR -0.84* -0.66* 0.70* -0.15 -0.02 -0.22* -0.20* -0.08 -0.69* 0.01 -0.47*

Creatinine 0.79* -0.66* -0.83* 0.10 -0.02 0.23* 0.17 0.04 0.70* -0.23* 0.32*

MDRD GFR -0.70* 0.70* -0.83* -0.10 -0.03 -0.15 -0.11 -0.03 -0.60* -0.20* -0.36*

MIg  
concentration

0.19 -0.15 0.10 -0.10 0.02 0.25* 0.12 0.36* 0.24* 0.05 0.08

Class  
of paraprotein

0.06 -0.02 -0.02 -0.03 0.02 -0.18 -0.02 -0.07 -0.02 0.13 0.10

κFLC 0.20* -0.22* 0.23* -0.15 0.25* -0.18 0.24* 0.45* 0.22* -0.23* 0.12

λFLC 0.24* -0.20* 0.17 -0.11 0.12 -0.02 0.24* -0.15 0.34* 0.01 0.06

κ/λ 0.03 -0.08 0.04 -0.03 0.36* -0.07 0.45* -0.15 -0.02 -0.12 0.08

β2mikroglobulin 0.90* -0.69* 0.70* -0.60* 0.24* -0.02 0.22* 0.34* -0.02 -0.01 0.40*

Gender -0.02 0.01 -0.23* -0.20* 0.05 0.13 -0.23* 0.01 -0.12 -0.01 -0.05

Age 0.43* -0.47* 0.32* -0.36* 0.08 0.10 0.12 0.06 0.08 0.40* -0.05

Note: Marked correlation are significant on level of probability P < 0.05 (*)
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Conclusions

We have found CRF in 38.6 % patients using GFR 
estimation from cystatin C and in 34.6% patients using 
GFR estimation from creatinine. B2microglobulin has 
the highest number of significant correlations: cystatin 
C (0.90), CysC GFR (- 0.69), Creatinine (0.70), MDRD 
GFR (-0.60), MIg concentration (0.24), κ FLC (0.22) λ 
FLC (0.34) and age (0.40). The best correlation results 
may be explained by the fact that β2microglobulin re-
flects both malignant cells burden and renal function. 
The class of monoclonal immunoglobulin may influ-
ence results of GFR estimated from cystatin C but it 
does not influence GFR estimated from creatinine. We 
do not have explanation for these results. Diabetic pa-
tients had not significantly lower GFR than patients 
without diabetes mellitus. Further studies are needed 
to evaluate which parameter of GFR is most suitable 
and practical for patients with monoclonal gammopa-
thies, and to evaluate treatment options for patients 
with elevated FLC.
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