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Abstract: Introduction: In the kidney, cells in the 
thick ascending limb of the loop of the Henle synthe-
sized uromodulin (UMOD). This study aims to present 
the evaluation of the uromodulin serum concentration 
in diabetes mellitus type 2 (T2DM) patients in the ear-
ly detection of kidney damage.

Materials and methods: The study included 
50 T2DM patients mean age of 60.75 ± 11.23 years 
estimated glomerular filtration rate (eGFR) 114.38 ± 
22.12 ml/min and a control group of 20 healthy per-
sons. We measured serum concentration of haemoglo-
bin, urea, creatinine, uromodulin (ELISA method), and 
cystatin C (nephelometry). We determined formulas: 
Cockcroft-Gault# (combination Cockcroft- Gault for 
patients with BMI < 30 kg/m2 and Cockcroft-GaultLBW 
for patients with BMI ≥ 30 kg/m2), CKD-EPI (Chron-
ic Kidney Disease Epidemiology Collaboration equa-
tion), and simple Cystatin C.

Results: T2DM patients had lower hemoglobin 
serum concentration as well as eGFR calculated by 
formulas: Cockcroft- Gault# and CKD-EPI. T2DM 
patients had significantly higher BMI and cystatin C 
compared to control group. T2DM patients had signifi-
cantly lower serum uromodulin concentration (136.51 
± 84.34 vs 220.50 ± 92.39 ng/ml) than in controls. Sig-
nificant positive correlation between uromodulin and 
Cockcroft- Gault# (r = 0.432, p = 0.000), CKD- EPI (r 
= 0.439; p = 0.000) formulas as well as simple cystatin 
C (r = 0.250, p = 0.02), but negative correlation with 
age (r = -0.476, p = 0.000), BMI (r = -0.313, p = 0.002) 
and cystatin C serum concentration (r = -0.293, p = 
0.015) were found.

Conclusion: The role of serum uromodulin con-
centration is not still fortified. The results of this study 

showed that reduced uromodulin serum concentration 
indicated early kidney damage in T2DM patients.

Keywords: creatinine clearance, cystatin C, dia-
betes mellitus, eGFR, uromodulin.

INTRODUCTION

In the kidney, cells in the early distal tubule and 
the thick ascending limb (TAL) of the loop of the Hen-
le synthesized uromodulin (UMOD). UMOD is an 
80- 90 kDa molecule, also known as Tamm Horsfall 
protein (1). This protein is transported to the apical 
plasma membrane and then released into the tubular 
fluid (1, 2).

The role that UMOD has in the kidney remains 
unclear, although nephrologists have been researching 
this protein for the past 50 years. This proves the need 
for a better understanding of the role of this protein in 
health and disease states (3, 4). Although the physio-
logical role of uromodulin is not clearly defined, there 
is growing interest in determining this glycoprotein in 
serum and urine of patients with acute and chronic re-
nal failure as a marker of renal function (1, 3, 5).

In acute kidney injury (AKI), researchers showed 
a connection of UMOD to inflammation. A study by 
Sӓeman et al. (6) suggested a pro-inflammatory role 
of UMOD. Pfistershammer et al. (7) showed that scav-
enger receptors play a role in the anti-inflammatory 
effects of UMOD. El-Achkar and Wu (3) consider that 
during the AKI, on the basolateral side of the mem-
brane, there is a change in the structure of uromod-
ulin in the form of glycosylation and these changes 
determine whether the uromodulin will bind to one 
or another type of receptor, i.e. whether it will have a 
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pro-inflammatory or anti-inflammatory effect. Howev-
er, these authors support the anti-inflammatory effect 
of uromodulin.

Associations between the estimated glomeru-
lar filtration rate (eGFR) and stage of chronic kidney 
disease (CKD) and single-nucleotide polymorphism 
(SNP) in the UMOD gene were significant (8, 9). The 
minor T allele of the SNP confirmed a 20 % reduction 
in risk for development of CKD that was shown in the 
Atherosclerosis Risk in Communities Study after 15 
years of follow-up (10).

In the light of these findings and consequent po-
tential diagnostic significance, this study aimed to 
evaluate the uromodulin serum concentration in pa-
tients with type 2 diabetes mellitus (T2DM) in the ear-
ly detection of kidney damage.

MATERIALS AND METHODS

The study was approved by the institutional Ethi-
cal Committee and carried out following the principles 
of the Declaration of Helsinki. All patients compre-
hended in this study signed an informed consent form.

Patients 

The cross-section study included 50 patients (18 
males) with T2DM hospitalized in the Clinical Hospi-
tal Center Zemun, Clinic for Internal Medicine - De-
partment of Nephrology. The controls were 20 healthy 
subjects. Participants were previously diagnosed with 
T2DM. The patients diagnosed with active neoplastic 
disease, autoimmune disease, the end stage of CKD, 
acute complications of T2DM, pregnancy, and acute 
urinary tract infection were excluded from the study. 
The duration of T2DM was 10.04 ± 5.77 years (range 
5 - 30 years). The demographic characteristics of the 
patients and body mass index (BMI) were determined. 
Blood pleasure was measured in patients after 10 min-
utes of the rest period. Mean arterial pressure (MAP) 
was calculated according to the equation:

MAP = 1/3 (SBP- DBP) + DBP (11)
SBP - systolic blood pressure, DBP - diastolic 

blood pressure 

Laboratory Methods 

The serum concentration of hemoglobin (the he-
matological analyzer - the Beckman Coulter HMX), 
serum concentration of urea, and creatinine (the bio-
chemical analyzer DXC- 800 Beckman Coulter) were 
measured. Jaffe method was used to measure the se-
rum creatinine. Creatinine clearance was determined 
during 24-hour collection period from the measure-

ment of creatinine concentration in urine and serum 
sample. Then creatinine clearance was calculated:

The estimated glomerular filtration rate (eGFR) 
was determined according to the equations:

1. Cockcroft- Gault# - combination Cockcroft- 
Gault for patients with BMI < 30 kg/m2 and modifi-
cated Cockcroft-GaultLBW for patients with BMI ≥ 30 
kg/m2 (13)

A. Cockcroft- Gault 
eGFR = [((140–age) x body weight))/ (72xserum 

creatinine)] x 0.85 (correction factor for female) (13)
B. Cockcroft-GaultLBW
eGFR= (140- age) x LBW / serum creatinine x 

correction factor 
(correction factor for male =1.23; correction fac-

tor for female = 1.04)
LBW = 9720 x body weight/ 6680+ 216 x BMI 

for male
LBW= 9720 x body weight/ 8780+ 244 x BMI for 

female (14) 
2. CKD - EPI (Chronic Kidney Disease Epidemi-

ology Collaboration equation) (15)
eGFR = 141 x min(SCr/κ, 1)α x max(SCr /κ, 1)-1.209 

x 0.993age x 1.018 [female] x 1.159 [black]
Serum uromodulin was measured by ELISA 

method- test Euroimmune (Medizinische Labordiag-
nostica AG) (3). The cystatin C level was determined 
by immunonephelometric method commercially test 
N latex cystatin C using nephelometar BN II Sistems 
Assays (Siemens Healthcare). Simple cystatin C was 
calculated according to formula: 100/ serum cystatin 
C (16).

Statistical Analysis

The normal distribution of the variables was 
proved by the Kolmogorov-Smirnov test. The stu-
dent’s t-test and Pearson’s χ2 test were used to analyze 
data. Relationships between variables were estimated 
using univariate and multivariate regression. Receiv-
er operating curve (ROC) was used to detect the ideal 
values (cut-off points) in diagnostics i.e. separating 
T2DM patients from healthy subjects. SPSS software 
(version 10) was used to perform statistical analysis. 
The conventional p-value was used; all levels of sig-
nificance were set as p < 0.05.

RESULTS 

Table 1 presents the demographic and clinical 
parameters clinical in the two patient groups. T2DM 

eGFR (ml/min)
Creatinine serum x t (1440 min 24h) (12)

Creatinine urine x Days Urine Volumen
= =
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patients were significantly older (p < 0.01), had a sig-
nificantly higher BMI (p < 0.01) and serum urea con-
centration (p < 0.05), but lower haemoglobin serum 
concentration (p < 0.01) compared to controls. There 
was not found significant difference in sex (p > 0.05), 
MAP (p > 0.05), serum creatinine concentration (p > 

0.05) and 24 hour urine creatinine clearance (p > 0.05). 
T2DM patients had significantly lower eGFR calcu-
lated by formulas: Cockcroft- Gault# (p < 0.01) and 

Table 1. Demographic and clinical parameters in the two patient groups

Variable X (SD) T2DM$ Control group Significance p
Age (years) 60.75 ± 11.23 30.80 ± 8.34 p < 0.01
Sex (m/f) 18/32 9/11 p > 0.05
BMI (kg/m2)& 31.27 ± 5.59 24.44 ± 4.13 p < 0.01
MAP (mmHg)* 96.80 ± 10.93 95.33 ± 9.53 p > 0.05
Haemoglobin (g/l) 133.86 ± 13.08 146.45 ± 15.42 p < 0.01
Urea (mmol/l) 5.74 ± 2.24 4.52 ± 1.50 p < 0.05
Creatinine serum (μmol/ l) 71.60 ± 13.59 71.25 ± 13.89 p > 0.05
24 hour urine CrCl (ml/min) † 114.38 ± 22.12 112.48 ± 22.22 p > 0.05
Cockcroft-Gault# (ml/min)‡ 81.05 ± 22.99 132.96 ± 39.59 p < 0.01
CKD-EPI (ml/min/1.73m2) § 86.53 ± 14.96 108.60 ± 16.12 p < 0.01
Cystatin C (mg/l) 0.96 ± 0.22 0.78± 0.08 p < 0.01
Simple cystatin C (mg/l) 109.63 ± 20.47 128.71 ± 13.34 p < 0.01
Uromodulin (ng/ml) 136.51 ± 84.34 220.50 ± 92.39 p < 0.01

$T2DM - diabetes mellitus type 2; &BMI - body mass index; *MAP - Mean arterial pressure;†CrCl - creatinine clearance; ‡Cockcroft 
- Gault#: Cockcroft-Gault for patients with BMI < 30 kg/ m2 and modificated Cockcroft- GaultLBW for patients with BMI ≥ 30 kg/ 
m2; § CKD-EPI - Chronic Kidney Disease Epidemiology Collaboration equation

Table 2. Univariate regression analysis with uromoduline as independed variable

Parameter Standardized Coefficients 
β (95% CI)

Significance 
p

Age -0.440(-0.360--1.222) 0.000
Existence of T2DM$ 0.413(40.107-131.85) 0.000
BMI& -0.359(-9.320 - -2.115) 0.002
Cockcroft-Gault# ‡ 0.330(0.259-1.426) 0.005
Cystatin C -0.031(-263.104--37.287) 0.01
Simple cystatin C 0.282(0.208-2.336) 0.02
CKD - EPI § 0.392(0.847 -3.068) 0.01

$T2DM - diabetes mellitus type 2; &BMI - body mass index; ‡Cockcroft- Gault#: Cockcroft-Gault for patients with BMI < 30 kg/ 
m2 and modificated Cockcroft- GaultLBW for patients with BMI ≥ 30 kg/ m2; § CKD-EPI - Chronic Kidney Disease Epidemiology 
Collaboration equation

Figure 1. Correlation between serum concentration 
uromodulin and Cystatin C

Figure 2. Correlation between serum concentration 
uromodulin serum and eGFR calculated by formula 

Cockcroft-Gault#
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CKD- EPI (p < 0.01) as well as simple cystatin C for-
mula (p < 0.01), but significantly higher the cystatin C 
serum concentration (p < 0.01). In addition, the uro-
modulin serum concentration was significantly lower 
in T2DM patients than in controls (p < 0.01) (Table 1).

Univariate analysis showed significant associ-
ations between uromodulin serum concentration and 
age (p = 0.000), existence of T2DM (p= 0.000), BMI (p 
= 0.002), cystatin C (p = 0.01), simple cystatin C (p = 
0.02), eGFR calculated by formulas: Cockcroft-Gault# 
(p = 0.005) and CKD- EPI (p = 0.01) (Table 2). There 
were no associations between uromodulin and the du-
ration of T2DM (p > 0.05). Multivariate analysis indi-
cated that age is the most significant predictor of low 
uromodulin levels (β= -0.449, p = 0.000) and with each 
year of age lowers the uromodulin, when adjusted for 
the multivariate regression analysis of the existence of 
T2DM, age remains the most important predictor of 
low uromodulin.

Significant negative correlation between uromod-
ulin and age (r = -0.476, p = 0.000), BMI (r = -0.313, 
p = 0.002) were found. Figure 1 shows significant 
negative correlation between uromodulin and cystatin 
C serum concentration (r = -0.293, p = 0.015). Sig-
nificant positive correlation between uromodulin and 
eGFR calculated by formulas: Cockcroft Gault# (r = 
0.432, p = 0.000) (Figure 2) and CKD- EPI (r = 0.439, 
p= 0.000) (Figure 3) as well as simple cystatin C (r 
= 0.250, p = 0.02) were found. Diagnostic accuracy 
(area under the ROC curve) was 0.767 (95% CI 0.652 
- 0.883, p < 0.01). ROC showed that cut off point for 
serum uromodulin was 165 and this value provides 
sensitivity of 70% and specificity of 70% (Figure 4).

DISCUSSION

In the kidney, cells in the early distal convolute 
tubule and TAL of Henle´s loop produced UMOD. 
The daily secretion of UMOD in healthy persons is 
about 20 - 70 mg. On the surface of the TAL cells, 

there could be a gel structure formed by UMOD. Uro-
modulin is released by a specific unidentified protease 
from the luminal side of the membrane (3). Some stud-
ies demonstrated that there is also a basolateral secre-
tion of uromodulin; this mechanism is not still clear 
enough. Bachmann et al. (17) showed, using immu-
no- electron microscopy of the animal model of kid-
ney, that the ratio of apical to basolateral uromodulin 
is 2:1. A study by Jennings et al. (18) proved that 10% 
of UMOD secretion is basolateral.

The urinary uromodulin concentration is higher 
than serum uromodulin concentration. No circadian 
rhythm was found for the uromodulin serum concen-
trations (19). As uromodulin is produced by cells of the 
TAL of Henle, a lower serum concentration of UMOD 
may influence the function of these cells in CKD. In 
CKD, secretion of UMOD increases by functioning 
nephron. The increase in urinary excretion is connect-
ed with the increase in basolateral secretion and the in-
crease of serum UMOD concentration in CKD. Lower 
eGFR and a higher tubular atrophy score are connect-
ed to lower serum UMOD concentration (20).

Our study aimed to evaluate the uromodulin se-
rum concentration in T2DM patients. The mean uro-
modulin serum concentration was significantly lower 
in T2DM patients compared to controls. T2DM pa-
tients had the serum creatinine concentrations in the 
reference range, as well as 24 - hour urine creatinine 
clearance, and there was no difference compared to 
controls. However, T2DM patients were significantly 
elderly, had higher BMI and higher cystatin C serum 
concentration, significantly lower eGFR calculated by 
formulas: Cockcroft- Gault# and CKD-EPI. Although 
lower uromodulin serum concentration was in signif-
icant correlations with the duration of T2DM, higher 
BMI, eGFR calculated by those formulas, multivariate 
analysis indicated that age is the most significant pre-

Figure 3. Correlation between serum concentration 
uromodulin serum and eGFR calculated by formula 

CKD-EPI
Figure 4. ROC curve analysis 

of serum concentration uromodulin
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dictor of low uromodulin levels. ROC showed that the 
cut-off point for serum uromodulin was 165, and this 
value provides the sensitivity of 70% and specificity 
of 70%.

To date, most studies have investigated the as-
sociation of urinary uromodulin concentration with 
markers of kidney function and eGFR. Little is known 
about the significance of serum uromodulin concen-
tration. Risch et al. (19), in the cohort study of 289 
healthy participants (mean age 71 ± 7 years), inves-
tigated the uromodulin serum concentration. In this 
study, the association between uromodulin and age 
was significantly negative but between uromodulin 
and eGFR significantly positive which agrees with 
our findings. Age-related changes in renal structure 
and functions have been described, and they are not 
the only consequence of aging but also of hyperten-
sion, diabetes mellitus, and the frequency of glomer-
ulosclerosis progressively increased to 30% after the 
eighth decade of life. Baltimore’s longitudinal study 
(21) showed that after the third decade of life, eG-
FR decreased by 8 ml/ min per decade. Dawnay and 
Cattel’s study (22) showed that anephric patients and 
some patients on hemodialysis had immeasurable 
concentrations of UMOD; serum concentration of 
UMOD decreased after unilateral nephrectomy. How-
ever, patients who had received transplants exhibited 
increased uromodulin serum concentrations (22). Our 
findings on the positive relationship between serum 
uromodulin and kidney function agree with those of 
Thornley et al. (20) and Dawney and Cattel (22) and 
contrast those to Prajczer et al. (23). Prajczer et al. (23) 
found an inverse relationship between serum uromod-
ulin and eGFR.

Prajczer (23) studied patients with kidney biop-
sy-proven various glomerular diseases. In this glomer-
ulonephritis, as inflammatory kidney diseases, basolat-
eral secretion of uromodulin could be increased and 
furthermore could lead to higher serum concentrations 
despite a decrease in eGFR.

CONCLUSION

The results of the present study indicate that 
T2DM patients, after 5-30 years of follow-up with 
serum creatinine concentration and 24h urine creati-

nine clearance in the reference range, had significantly 
lower uromodulin serum concentration, lower eGFR 
calculated by formulas: Cockcroft-Gault# and CKD-
EPI compared to controls. These results indicate that 
T2DM patients had impaired renal function initially, 
which was not detected only by determining serum 
creatinine and 24-hour urine creatinine clearance. 
The most significant predictor of low values of uro-
modulin, except the existence of T2DM, was age. Al-
though the role of serum uromodulin concentration is 
not fortified yet, the results of this study show that re-
duced uromodulin serum concentration indicates early 
kidney damage in T2DM patients. So serum uromod-
ulin could predict renal injury earlier when compared 
to conventional kidney function markers -serum cre-
atinine and formulas: Cockcroft-Gault and CKD-EPI.
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Uvod. U bubregu, tubulske ćelije ushodnog kraka 
Henleove petlje sekretuju uromodulin (UMOD). Cilj 
ove studije je ispitati koncentraciju uromodulina u se-
rumu pacijenata sa dijabetes melitusom tip 2 (T2DM) 
u ranom otkrivanju oštećenja bubrega.

Materijal i Metode. Studija je obuhvatila 50 
T2DM pacijenata starosne dobi 60,75 ± 11,23 godina 
sa jačinom glomerulske filtracije (JGF)114,38 ± 22,12 
ml/min i kontrolnu grupu 20 zdravih osoba. Merili smo 
serumsku koncentraciju hemoglobina, uree, kreatinina, 
uromodulina (ELISA metoda) i cistatina C (nefelome-
trija). Odredili smo formule: Cockcroft-Gault# (kombi-
nacija Cockcroft-Gault za pacijente sa BMI < 30 kg/m2 
i Cockcroft-GaultLBW za pacijente sa BMI ≥ 30 kg/m2), 
CKD-EPI (Chronic Kidney Disease Epidemiology Cola-
boration equation) i simple Cistatin C.

Rezultati. T2DM pacijenti su imali nižu kon-
centraciju hemoglobina u serumu kao i JGF određenu 

formulama: Cockcroft- Gault# i CKD-EPI. T2DM pa-
cijenti su imali značajno viši BMI i cistatin C u pore-
đenju sa kontrolnom grupom. T2DM pacijenti su imali 
značajno nižu serumsku koncentraciju uromodulina 
(136,51 ± 84,34 vs 220,50 ± 92,39 ng/ml) nego u kon-
trolnoj grupi. Pronađena je značajno pozitivna korela-
cija između uromodulina i formula: Cockcroft- Gault# 
(r = 0,432, p = 0,000) i CKD- EPI (r = 0,439; p = 0,000) 
kao i simple cistatina C (r = 0,250, p = 0,02), a negativ-
na korelacija sa starošću (r = -0,476, p = 0,000), BMI 
(r = -0,313, p = 0,002) i serumskom koncentracijom 
cistatina C (r = -0,293, p = 0,015).

Zaključak. Uloga koncentracije uromodulina u 
serumu još nije utvrđena. Rezultati ove studije poka-
zuju da smanjena koncentracija u serumu ukazuje na 
rano oštećenje bubrega kod T2DM pacijenata.

Ključne reči: klirens kreatinina, cistatin C, di-
jabetes melitus, JGF, uromodulin.
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