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Implication for health policy/practice/research/medical education:
In a study on 90 eligible kidney transplant recipients, we found serum uromodulin levels are significantly related to serum 
creatinine levels and estimated glomerular filtration rate, but there is no significant association between serum uromodulin 
levels and urinary tract infection incidence.
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Introduction
Uromodulin, also known as the Tamm-Horsfall protein, 
is a glycoprotein produced by the thick ascending limb of 
the loop of Henle and the early distal convoluted tubule 
(1, 2). It is the most abundantly excreted protein in the 
urine of healthy adults and plays several important roles, 
including the prevention of renal stones, the regulation of 
arterial blood pressure, and the prevention of urinary tract 
infection by binding and inhibiting bacterial adhesion to 

the uroepithelium (3-9). Uromodulin is also present in 
serum, but its molecular structure and functions are not 
well-known (3).

Based on the results of epidemiological studies, urinary 
uromodulin appears to have a direct correlation with 
kidney size and renal function as measured by glomerular 
filtration rate (GFR), and also has a reverse association 
with increasing the age (over 60 years) and diabetes (1,10). 
In old age, high serum uromodulin levels are accompanied 

Introduction: There is some evidence to suggest that low levels of uromodulin in urine and 
serum are associated with decreased renal function and increased mortality risk.
Objectives: This study is designed to measure circulating uromodulin levels and explore their 
relationship to urinary tract infection and renal function in kidney transplant recipients.
Patients and Methods: In this cross-sectional study, 90 eligible kidney transplant recipients 
were evaluated 6–12 months of post-transplantation. Fasting blood samples were taken 
to determine the serum level of uromodulin with urea, creatinine, and other biochemical 
characteristics. Urine samples were taken for analysis and culture. Kidney function was 
estimated based on the chronic kidney disease epidemiology collaboration (CKD-EPI) 
creatinine equation and the modification of diet in renal disease (MDRD) equation.
Results: Patients’ serum uromodulin levels were significantly correlated with their serum 
creatinine (P = 0.024) and estimated glomerular filtration rate by the EPI equation (eGFR-
EPI, P = 0.038). There was no significant association between serum uromodulin levels and 
incidence of urinary tract infection of post-transplantation (P > 0.05).
Conclusion: Serum and urine uromodulin levels may be regarded as the predictive indicators 
of renal function. However, given the lack of studies on the association between serum 
uromodulin levels and urinary tract infection risks in kidney transplant recipients, further 
research is needed to clarify uromodulin’s protective effect against urinary tract infection.
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by a slow decrease in the GFR and a reduction in the risk 
of urinary tract infection and mortality (1,11,12).

Despite the recent increase in survival rates, the long-
term outcomes of kidney transplant have not significantly 
improved. Urinary tract infection affects about 5%–36% 
of kidney transplant recipients, while both are the most 
prevalent infectious disease in this group and may lead to 
reduced kidney function (13,14). 

Both serum and urine uromodulin may protect kidney 
against urinary infections, and they may be considered to 
be as the biomarkers of renal function (1–3,15,16). The 
measurement of serum uromodulin levels is easier than 
that of urinary uromodulin levels, since the latter requires 
24-hour urinary collection (1). Therefore, measuring 
serum uromodulin levels may serve to assess the 
proportion of healthy nephrons in patients with chronic 
kidney disease (CKD) (17). However, it is still not entirely 
clear whether uromodulin levels can predict urinary tract 
infection.

Objectives 
Studies on the association between serum uromodulin 
levels and renal function in kidney transplant recipients 
are limited. Moreover, uromodulin’s relationship with 
urinary tract infection has not yet been investigated. 
The present study was conducted to evaluate serum 
uromodulin level and its association with urinary tract 
infection and kidney function in kidney transplant 
recipients. 

Patients and Methods 
Study design and subjects 
A cross-sectional study was conducted on kidney 
transplant recipients referred to the Imam Reza hospital 
(Tabriz, Iran). Inclusion criteria were age 18–70 years 
and appropriate kidney function, as indicated by serum 
creatinine levels <1.6 mg/dL. Exclusion criteria were 
incidence of acute kidney rejection during the first months 
after kidney transplant recipients, incidence of serious 
infections (e.g., HIV, CMV, and HBV), active or chronic 
infection or inflammatory disorders, and concurrent 
treatment with antibiotics. A total of 90 patients were 
enrolled voluntarily 6–12 months after kidney transplant 
recipients, and they signed a written consent form prior 
to the intervention. 

Anthropometric and biochemical assessments 
General information on age, gender, transplantation 
type, education, and smoking habits was collected from 
participants at baseline. Subjects’ height without shoes 
was measured using a standard tape with 0.1 cm precision. 
Their body weight (including light clothing and excluding 
shoes) was determined on a calibrated Seca scale with 
0.1 kg precision (Seca 762; Vogel and Halke, Hamburg, 
Germany). Their body mass index (BMI) [weight (kg)/ 

height (m)2] was calculated, as was their weight one month 
after transplantation. Blood pressure was measured with 
a mercury sphygmomanometer placed around each 
subject’s right arm while there were in a seated position 
after a 5-minute rest period. 

Venous blood samples were drawn after an overnight 
fast. Fasting blood sugar, serum urea, creatinine, 
cholesterol, and triglyceride levels were measured 
through standard clinical laboratory methods. Serum 
uromodulin levels were measured using the human 
ELISA kit (Euroimmun Medizinische Labordiagnostika 
AG, Lübeck, Germany), according to the manufacturer’s 
instructions. GFR was considered to be the best overall 
index of kidney function and estimated based on the 
chronic kidney disease epidemiology collaboration (CKD-
EPI) creatinine equation (2009) and the modification of 
diet in renal disease (MDRD) equation, using the online 
eGFR calculator on the national kidney foundation 
website (https://www.kidney.org/professionals/KDOQI/
gfr_calculator). A single urine sample was taken from 
each patient for analysis and culture. Urine sampling 
method was trained to minimize false positive results. 

Ethical issues 
Human rights were respected in accordance with the 
Helsinki Declaration 1975, as revised in 1983. The 
ethical committee of Tabriz University of Medical 
Sciences approved this study (ethical code; IR.TBZMED. 
REC.1396.585). The informed consents were taken from 
the patients. Besides, this study was extracted from the 
M.D thesis of Saman Mokari, (the project number of 
58351) at this University. 

Statistical analysis 
Data were analyzed using SPSS software, version 21.0 
(IBM Corp., Armonk, NY, USA). The normal distribution 
of variables was evaluated through the Kolmogorov-
Smirnov test. Results were reported as means (SD) if 
not otherwise stated. For the association between serum 
uromodulin levels and kidney function was assessed 
through Pearson’s correlation test since and the linear 
regression test (after adjusting for age and gender). In 
addition, the association between serum uromodulin 
levels with the incidence of urinary tract infection was 
determined using Spearman’s rho correlation test and a 
logistic regression test after adjusting for age and gender, 
since the significance level was set at P = 0.05. 

Results 
Adjusted to inclusion criteria, this study consisted of 90 
kidney transplant recipients. Participants’ general and 
demographic characteristics are presented in Table 1. 
Their mean age was 44.1 ± 13.05 years, since 41.1% of 
them were women. Their anthropometric and serum 
biochemical characteristics are presented in Table 2. 
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Their average body weight and BMI were 69.61 ± 11.59 kg 
and 25.77 ± 4.42 kg/m2, respectively. Mean body weight 
change 6–12 months after transplantation (average 7.46 ± 
1.65 months) was 4.06 ± 7.45 kg. 

The mean serum levels of urea and creatinine were 
38.78±12.19 mg/dL and 1.26±0.25 mg/dL, respectively. 
The GFR was 63.62 ± 15.02 mL/min according to the 
CKD-EPI equation and 57.45 ± 12.61 mL/min according 
to the MDRD equation. Average serum uromodulin levels 
were 85.35±44.34 ng/mL. Around, 68 out of 90 kidney 
transplant recipients, (75.6%) had negative urine culture, 
while 14 (15.6%) patients had positive urine culture 
indicating the existence of urinary tract infection. 

The correlation of serum uromodulin levels with kidney 
function, urinary tract infection incidence, and other 
baseline parameters are summarized in Tables 3 and 4. 
Serum uromodulin levels were significantly correlated 
with serum creatinine levels (P = 0.024) and eGFR-EPI 
values (P = 0.038) since; the correlation coefficient was 
approximately 0.2 in both cases, indicating weak but 
significant relationships. However, according to Tables 
3 and 4, serum uromodulin levels had no statistically 
significant relationship with the incidence of urinary tract 
infection and BMI (P > 0.05). 

According to Table 5, serum uromodulin levels also 
showed a significant association with serum creatinine 
levels and eGFR-EPI values based on a linear regression 
test after adjusting for age and gender. There was a 
significant and positive linear association between serum 
uromodulin levels and eGFR-EPI values (Figure 1). Serum 
uromodulin levels showed no significant association with 
urinary tract infection incidence based on the logistic 
regression test after adjusting for age and gender. 

Discussion 
Survival is the main goal of post-kidney transplant 
recipients care, therefore identifying biomarkers of kidney 

Table 1. The demographic information of participants (n = 90)

No. (%)
Age* 44.1 ± 13.05 
Gender 

Women 37 (44.1) 
Men 53 (58.9) 

Transplant type 
Living donor 76 (84.4) 
Dead brain donor 14 (15.6) 

Smoking 
Yes 80 (88.9) 

No 10 (11.1) 
Literacy 

Illiterate 19 (21.1) 
Under diploma 37 (41.1) 
Diploma 22 (24.4) 
Undergraduate degree 3 (3.3) 
Bachelor and higher 9 (10) 

* Mean ± SD.

Table 2. The anthropometric and serum biochemical characteristics of 
participants (n = 90)

Mean ± SD

Weight (kg) 69.61 ± 11.59 
Weight differences after transplantation 4.06 ± 7.45 

BMI (kg/m2) 25.77 ± 4.42 

SBP (mm Hg) 122.93 ± 11.39 

DBP (mm Hg) 76.41 ± 9.36 

FBS (mg/dL) 108.26 ± 34.65 

Total cholesterol (mg/dL) 187.48 ± 43.6 

Triglyceride (mg/dL) 189.39 ± 114.79 

Urea (mg/dL) 38.78 ± 12.19 

Creatinine (mg/dL) 1.26 ± 0.25 

eGFR–EPI (ml/min) 63.62 ± 15.02 

eGFR–MDRD (mL/min) 57.45 ± 12.61 

Uromodulin (ng/mL) 85.35 ± 44.34 

Urine culture* 

Yes 68 (75.6%) 
No 14 (15.6%) 

* Data are presented as No. (%).

Table 3. The correlation of serum Uromodulin with kidney function and 
urinary tract infection 

r P valuea 

Serum urea (mg/dL) -0.201 0.075 
Serum creatinine (mg/dL) -0.254 0.024 

eGFR –EPI (mL/min) 0.234 0.038 

eGFR – MDRD (mL/min) 0.220 0.052 
UTI b -0.032 0.789 

MDRD, modification of diet in renal disease; UTI, urinary tract infection; 
eGFR, estimated glomerular filtration rate. 
a P values are based on the Pearson correlation test. 
b P value is based on the Spearman rho correlation test.

Table 4. The association of serum Uromodulin with some baseline 
parameters

r P valuea 

Gender -0.118 0.302 
Age -0.043 0.710 

Weight (kg) -0.050 0.664 

Weight differences -0.169 0.138 

BMI (kg/m2) -0.007 0.949 

FBS (mg/dL) 0.029 0.838 

Total cholesterol (mg/dL) 0.131 0.327 

Triglyceride (mg/dL) -0.039 0.772 

SBP (mm Hg) -0.005 0.963 
DBP (mm Hg) -0.004 0.970 

BMI, body mass index, FBS, fasting blood sugar; SBP, systolic blood 
pressure; DBP, diastolic blood pressure 
a P value is based on the Spearman rho correlation test.
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function and other health issues in kidney transplant 
recipients is highly relevant. Uromodulin is the most 
abundant urinary protein in mammals and plays many 
important roles, including maintenance of water and 
electrolyte balance, ion transport, and bacterial clearance 
from the urinary tract. Low, urinary uromodulin and 
serum uromodulin levels have been associated with 
increased mortality risk and therefore may be useful 
markers of cardiovascular and renal function (18). 

According to our findings, a significant and positive 
linear association between serum uromodulin levels and 
eGFR-EPI values was seen. Similarly, Steubl et al reported 
that serum uromodulin levels may anticipate graft function 
like eGFR, 1–3 months after renal transplantation, since 
decreased serum uromodulin levels are related to ensuing 
graft loss (19). It has also been previously reported that 
urinary uromodulin levels are higher in kidney transplant 
recipients than in other patients, while that they are prone 
to graft dysfunction and outcome 5.3 years after transplant 
(20). Risch et al showed that serum uromodulin level 
had inverse associations with serum levels of creatinine 
and urea, and a positive correlation with eGFR values in 
healthy participants (15). Additionally, Sejdiu et al found 
an association between low urinary uromodulin levels and 
higher risk of end-stage renal disease and cardiovascular 
disease mortality among 131 patients with type 1 diabetes 
(21). According to a large cohort study on community-
dwelling adults in Pittsburgh, higher urinary uromodulin 
levels are associated with a lower incidence of CKD (22). 
It has also been reported that high uromodulin levels in 
patients with CKD may anticipate the development of the 
disease (23). 

While uromodulin’s protective role on kidney function 
is not fully understood, it may involve anti-inflammatory 
effects after tubular injury and prevention of urinary tract 
infection and stone formation (1,24). Higher urinary 
uromodulin levels have been suggested to indicate 
improved tubular functions, including production of 
erythropoietin and maintenance of acid-base and mineral 
metabolism homeostasis (24). 

The present study has not shown a significant 

association between serum uromodulin levels and the 
incidence of urinary tract infection in kidney transplant 
recipients. While no prior study assessing this association, 
however, there is some evidence that, urinary uromodulin 
has a protective effect against urinary tract infection. 
According to the study by Stahl et al, low urinary 
uromodulin levels are significantly associated with a 
higher risk of developing urinary tract infection, higher 
incidence of initial graft dysfunction, and the need for 
dialysis in kidney transplant patients (25). 
The results of a prospective longitudinal cohort study with 
older community-dwelling adults have shown that higher 
urinary uromodulin levels are significantly associated 
with lower urinary tract infection incidence, independent 
of other traditional urinary tract infection risk factors 
(12). Likewise, another prospective cohort study on 
patients undergoing coronary angiography demonstrated 
an association between higher serum uromodulin 
concentrations and a reduced risk of mortality due to 
fatal infections (18). Moreover, experimental studies 
with uromodulin knockout mice have shown increased 
susceptibility to urinary tract infection (26). As one of 
the first-line host defenses against bacterial urinary tract 
infection, uromodulin could bind and inhibit bacterial 
adhesion to the uroepithelium and facilitate the urinary 
washout of bacteria. On the other hand, it can induce 
protective immune responses against uropathogenic 
bacteria. However, its role in preventing urinary tract 
infection in humans has not been definitively proved 
(12,27). 

Conclusion 
According to results, serum uromodulin levels are 
significantly related to serum creatinine levels and eGFR 
values, but there is no significant association between 
serum uromodulin levels and urinary tract infection 
incidence in kidney transplant recipients. Further studies 
are needed to investigate this relationship, as well as the 

Table 5. The association of serum Uromodulin with kidney function and 
urinary tract infection

B (95% CI) P valuea 

Serum urea (mg/dL) -0.048 (-0.108, 0.013) 0.121 
Serum creatinine (mg/dL) -0.001 (-0.002, 0.000) 0.040 

eGFR –EPI (mL/min) 0.071 (0.001, 0.141) 0.048 

eGFR – MDRD (mL/min) 0.058 (-0.003, 0.119) 0.061
UTI b 1.004 (0.985, 1.024) 0.653

UTI; urinary tract infection.
a P values are based on the linear regression test after adjusting for age
and sex.
b P values are based on the logistic regression test after adjusting for
age and gender.

Figure 1. The linear association between serum Uromodulin and eGFR
–EPI based on the linear regression model.
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association between serum uromodulin and, urinary 
uromodulin levels and their post- kidney transplant 
recipient’s time-trend. 

Study limitations 
The main limitation of the present cross-sectional 
study was its small sample size. Moreover, it could have 
benefited from the measurement of urinary uromodulin 
levels in order to assess their relationship to serum 
uromodulin levels. 
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