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Introduction
Uromodulin (UMOD) is the most abundant 

urinary glycoprotein exclusively synthesized in 
epithelial cells of the thick ascending limb of the loop 
of Henle. Besides its well-known protective roles in 

urinary tract infection and kidney stone forming, 
recent studies revealed its important role in water 
and electrolyte homeostasis in the thick ascending 
limb of the loop of Henle1. Mutations of the UMOD 
gene cause autosomal dominant tubulointerstitial 
kidney diseases1. Moreover, genome-wide association 
studies found association of common variants in the 
promoter region of the UMOD gene with uromodulin 
excretion and susceptibility to chronic kidney disease 
and arterial hypertension (AH)2-5. It has been 
proposed that uromodulin regulates sodium uptake 
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SUMMARY – Although changes in dietary sodium intake alter blood pressure (BP) in salt-sensitive 
individuals, pathophysiological mechanisms are still unknown. It has been reported that uromodulin is 
involved in sodium tubular transport, and genome-wide association studies pointed to UMOD gene as 
one of the most important gene candidates for arterial hypertension. Our aim was to analyze urinary 
uromodulin, salt intake and BP in 326 young middle-aged subjects (mean age 36±8 years, 49.4% male). 
In a subgroup of 175 individuals, ambulatory blood pressure monitoring and echocardiogram were per-
formed. Uromodulin was determined by ELISA. According to the JNC-7 criteria, subjects were clas-
sified as optimal BP (n=103, men 72%), prehypertension (PHT) (n=143, men 43%) and hypertension 
(HT) (n= 80, men 38%). There were no differences in age, salt intake, estimated glomerular filtration 
rate, sodium excretion and uromodulin among BP groups. However, in PHT subjects, uromodulin was 
positively associated with fractional sodium excretion and negatively with 24-h sodium excretion and 
diastolic BP dip. These findings point to the effect of uromodulin on sodium reabsorption along the 
nephron and consequently circadian BP alteration in prehypertensives.
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in the thick ascending limb of the loop of Henle by 
modulating the effect of tumor necrosis factor-α on 
NKCC2A expression6. Changes in dietary sodium 
intake in healthy salt-sensitive individuals modify both 
uromodulin excretion and nighttime blood pressure 
(BP) dipping7,8. Although a diminished potential for 
sodium excretion during excessive salt intake has been 
recognized in these individuals, the exact underlying 
mechanism is still unknown9. In addition to the effect 
on diurnal BP pattern, excessive salt intake increases 
the risk of prehypertension (PHT), another precursor 
of sustained hypertension that affects 25%-50% of 
adults worldwide10-14. 

Our aim was to analyze association of urinary 
uromodulin with diurnal BP pattern and sodium 
excretion in a group of middle-aged normotensives, 
prehypertensives and untreated mild hypertensives.

Subjects and Methods 
This cross-sectional study included 326 apparently 

healthy untreated subjects aged 18-45 years, randomly 
selected from general medicine practice registries. 
Exclusion criteria were kidney, heart, thyroid and liver 
diseases, psychiatric disorders, secondary hypertension, 
atherosclerotic peripheral disease, stroke, myocardial 
infarction, or any chronic or acute infection. Data 
were collected during a period from April 2016 until 
April 2018. All subjects were studied in the morning 
between 8:00 a.m. and 9:30 a.m. after an overnight fast. 
Basic anthropometric measurements were performed 
in all study subjects in a standardized manner. BP 
was measured in the sitting position using Omron 
M6 device with a cuff appropriate to the length 
and circumference of the arm after a 5-min rest and 
expressed in mm Hg and repeated 3 times in order 
to avoid bias. The 24-hour ambulatory blood pressure 
monitoring (ABPM) was recorded by Mobil-O-
Graph® (I.E.M. GmbH, Stolberg, Germany) in 175 
subjects, and 164 measurements were appropriate for 
further analyses according to the predefined criteria. 
It was programmed to measure BP every 20 minutes 
during daytime period (6 a.m.-11 p.m.) and every 30 
minutes during nighttime period (11 p.m.- 6 a.m.), thus 
providing extended, continuous BP recordings during 
a patient’s normal daily activities and while sleeping. 
Mobil-O-Graph® fulfilled the European Society of 
Hypertension (ESH) criteria15. Fasting venous blood 
samples (10.5 mL) and spot urine samples were collected 
in all subjects and 24-h urine collection was obtained in 

a subgroup of 175 participants. Complete blood count 
was determined by laser scattering technology (XN-
1000, Sysmex analyzer, Sysmex Europe, Norderstedt, 
Germany); biochemistry panel was obtained after 10-
min blood centrifugation. Serum creatinine and urinary 
creatinine were assessed by photometry with alkaline 
picrate (Architect analyzer, Abbott, IDMS, Abbott 
Park, IL, USA); serum urate levels were assessed by 
spectrophotometric uricase enzyme-based method; 
serum and urine electrolytes were determined by 
indirect potentiometric method; glomerular filtration 
rate (eGFR) was estimated using CKD-EPI creatinine 
equation {eGFR, mL/min/1.73 m2=141 x min(SCr/κ, 
1)αxmax(SCr /κ, 1)-1.209x0.993Agex1.018 [if female]
x1.159 [if Black]}16. Creatinine clearance (CCr) was 
calculated from creatinine concentration in the collected 
urine sample, urine flow rate and plasma concentration 
(PCr). Fractional sodium excretion (FENa) was 
calculated using the equation [(urine sodium×serum 
creatinine)/(serum sodium×urine creatinine)]×100%17. 
Estimated 24-h sodium and potassium excretions 
were calculated using Tanaka equation18. Uromodulin 
was measured from urinary samples stored at -60 °C 
by enzyme-linked immunosorbent assay (ELISA, Bio-
Vendor, Brno, Czech Republic) [nonidexed uromodulin 
(nUM)] and standardized to urinary creatinine [indexed 
uromodulin (iUM)]. The study protocol was consistent 
with the Declaration of Helsinki, as well as with local 
institutional guidelines, and was approved by the local 
ethics committees. Written informed consent was 
obtained from all participants. 

Statistical analysis
Data were described using descriptive statistical 

methods. The variance of category variables was 
tested by the χ2-test and Fisher exact test. Differences 
between variables in two independent groups were 
tested by Mann-Whitney U test. Differences among 
three and more groups were tested by ANOVA (post-
hoc Bonferroni, Scheffe) or Kruskal-Wallis test (post-
hoc Conover). The correlation between numerical 
variables was evaluated by Spearman’s correlation 
coefficient ρ (rho). All p values were two-sided. The 
level of significance was set to α=0.05. The analysis 
was conducted using the MedCalc Statistical Software 
version 18.2.1 (MedCalc Software bvba, Ostend, 
Belgium; http://www.medcalc.org; 2018) and IBM 
SPSS Statistics 23 (IBM Corp., Release 2015, IBM 
SPSS Statistics for Windows, Version 23.0, Armonk, 
NY, USA).



Results
Basic demographic, anthropometric and clinical 

measures of enrolled subjects are shown in Table 1. 
Although not significantly different, optimal BP 
(OBP) and PHT groups were younger than HT 
group. PHT had intermediate values of body mass 

index (BMI) and waist circumference (WC) compared 
to OBP and HT groups, but significance was only 
present between OBP and HT, and PHT and HT 
(but not between OBP and PHT).  

Significantly higher values of serum creatinine and 
uric acid were found in patients with PHT and HT 
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Table 1. Baseline data of participants according to The Seventh Report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure ( JNC-7) blood pressure categories

OBP PHT HT p

(n=103) (n=140) (n=80)
*SBP (mm Hg) 108.3 (7.1) 126.9 (80.8) 143.9 (94.2) <0.001‡

*DBP (mm Hg) 70.9 (6.2) 80.8 (6.5) 94.2 (8.2) <0.001‡

Sex, M [n (%)] 74 (71.8) 61 (42.7) 30 (37.5) <0.001†

Age, (g) [median (25%-75%)] 36 (30-42) 37 (29-44) 39 (33-45)
0.07

**BMI (kg/m2) 25.6 (22.5-28.7) 26.6 (23.8-30) 28.56 (24.71-32.64) 0.009
**WC (cm) 90 (78.5 – 99.8) 92 (84-102) 99.5 (89.3-109.8) 0.001

Uric acid (µmol/L) 252 (211-307) 297 (244.5-370) 328 (274-412.8) <0.001

Serum potassium (mmol/L) 4.3 (4.2-4.63) 4.4 (4.1-4.7) 4.3 (4.1-4.5) 0.09

Serum sodium (mmol/L) 140 (139-141) 140 (139-142) 140 (139-141) 0.48
§Serum creatinine µmol/L) 68 (63-76) 75 (65-86) 74 (65-86.3) 0.001

CKD-EPI eGFR (mL/min/1.73 m2) 107 (96.3-115) 105 (91-113) 104.5 (94-110) 0.32

Potassium, spot urine (mmol/L) 32 (23-44) 35 (22.7- 48.3) 36.8 (26- 46) 0.12

Sodium, spot urine (mmol/L) 103 (74-149) 118 (89.5-162.5) 127 (91-160) <0.09
 **Albumin, urine portion (mg/L) 7.5 (4-13) 7 (5-13) 11 (5.4-18) 0.02

ACR urine (mg/g creatinine) 4.14 (2.64-6.05) 4.1 (2.3-6.6) 4.7 (2.8-8.3) 0.54

A1mCR urine (mg/g creatinine) 5.6 (3.3-7.7) 4.3 (3.2-6.7) 5.1 (3.6-8.4) 0.07

RVM urine (kg/L) 1018 (1013-1024) 1020 (1015-1025) 1018.5 (1015-1020) 0.05
§§Estimated 24h-kaliuria (mmol/24 h), 
Tanaka equation

42.4 (25-59.5) 44.9 (29-61.8) 52.4 (36-67.6) 0.03

Estimated 24-h natriuresis (mmol/24 h), 
Tanaka equation

134 (82-189) 138.5 (100.3-193.3) 158 (124-198) 0.09

Na/K ratio, urine 3.3 (2.5-4.5) 3.3 (2.4-5.2) 3.1 (2.4-4.1) 0.71

Salt intake (g/day) 8.9 (6.5-11) 8.7 (6.1-11.2) 9.8 (7.3-11.6) 0.42

FENa, urine (%) 0.6 (0.33-0.80) 0.60 (0.40-0.80) 0.60 (0.50-0.80) 0.47

Uromodulin (µg/mL) 49.8 (32-74.6) 56.1 (29.8-78) 52 (27-70) 0.56

Uromodulin (mg/g creatinine) 43 (27-66) 42.9 (25.5-65.3) 40.6 (24.1-60.4) 0.73

†χ2-test; Kruskal Wallis test [median (25%-75%)]; ‡ANOVA; post hoc Conover; *significant differences OBP vs. PHT, OBP vs. HT, PHT 
vs. HT; **significant differences OBP vs. HT, PHT vs. HT; §significant differences OBP vs. PHT, OBP vs. HT; §§significant difference OBP 
vs. HT; OBP = optimal blood pressure; PHT = prehypertension; HT = hypertension; BMI = body mass index; WC = waist circumference; 
SBP = systolic blood pressure; DBP = diastolic blood pressure; eGFR = estimated glomerular filtration rate; ACR = albumin creatinine ratio 
in spot urine; A1mCR = alpha-1-microglobulin creatinine ratio in spot urine; RVM = urine relative volume mass; spot urine Na/K ratio = 
sodium to potassium ratio in spot urine; FENa = fractional sodium excretion 
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compared to OBP. There were no differences in eGFR, 
as well as in serum and urine electrolyte concentrations 
among BP groups (Table 1). There were no differences 
in creatinine clearance, urinary creatinine excretion, 
24-h sodium and potassium excretion, as well as in 
24-h albuminuria (data not shown). The estimated 
24-h urine potassium excretion from spot urine using 
Tanaka equation was higher in HT compared to 
PHT and OBP, and the same trend was observed for 

estimated 24-h urine sodium excretion. There was a 
trend to higher fractional sodium excretion (FENa) 
in higher BP groups. Sodium/potassium ratio in 
urine (Na/K) and estimated salt intake were higher 
than recommended without differences among the 
groups. Trend to higher uromodulin values in higher 
BP groups was observed. However, we failed to find 
differences in uromodulin tercile distribution among 
BP categories. Significant differences were found 
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Table 3. Ambulatory blood pressure monitoring parameters of participants according to The Seventh Report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure ( JNC-7) blood 
pressure categories

  OBP PHT HT
p*

  (n=47) (n=68) (n=60)
§24 h SBP (mm Hg) 118.22 (7.72) 131.05 (10.76) 138.05 (15.21) <0.001
§24 h DBP (mm Hg) 72.29 (5.83) 79.15 (6.73) 89.32 (11.13) <0.001
§Daytime SBP (mm Hg) 120.98 (7.93) 134.08 (10.47) 139.93 (16.13) <0.001
§Daytime DBP (mm Hg) 74.96 (6.22) 81.94 (6.89) 91.54 (10.97) <0.001
§Nighttime SBP (mm Hg) 108.76 (9.45) 121.14 (13.13) 126.98 (18.53) <0.001
§Nighttime DBP (mm Hg) 63.53 (6.89) 70.02 (8.27) 81.56 (12.66) <0.001
§24 h PP (mm Hg) 44.93 (5.5) 51.35 (10.38) 47.9 (8.61) 0.002
§Daytime PP (mm Hg) 45.03 (5.7) 51.82 (10.48) 49.57 (11.27) 0.004
§Nighttime PP (mm Hg) 44.33 (5.56) 50.75 (11.35) 46.85 (10.13) 0.005
§24 h MAD (mm Hg) 92.77 (6.02) 101.19 (6.37) 110.42 (12.05) <0.001
§Daytime MAD (mm Hg) 95.55 (6.38) 104.05 (6.15) 113.19 (12.19) <0.001
§Nighttime MAD (mm Hg) 83.7 (7.29) 91.84 (8.96) 101.85 (13.09) <0.001
24 h HR (/min) 76.36 (9.97) 75.77 (10.77) 77.48 (9.62) 0.65
Daytime HR (/min) 79.75 (10.83) 79.71 (10.95) 80.75 (9.9) 0.84
Nighttime HR (/min) 65.11 (9.55) 64.48 (10.39) 67.93 (10.2) 0.16
SBP dip (mm Hg) [median 
(25%-75%] 10.1 (5.6-14.4) 9.9 (6.25-13.38) 10 (6-12.4) 0.97†

II DBP dip (mm Hg) [median 
(25%-75%)] 15.2 (9.8-19.7) 14.4 (9.35-20.58) 10.7 (5.6-16.1) 0.02†

CoV 24 h SBP 13.67 (2.59) 14.33 (4.26) 13.52 (4.52) 0.5
CoV 24 h DBP 11.41 (2.29) 11.37 (3.53) 10.48 (3.46) 0.25
Sleep-through surge 
SBP[median (25%-75%)] 19.6 (10.2-25.8) 15.1 (6.2-24.9) 16 (10.3-22.9) 0.80†

Sleep-through surge DBP 
[median (25%-75%)] 15.4 (6.8-23.8) 13.7 (7.6-21.2) 12.3 (7.8-21) 0.86†

*ANOVA [arithmetic mean (SD)], significant difference p<0.05 (§post hoc Scheffe) OBP vs. PHT, OBP vs. HT, PHT vs. HT; †Kruskal 
Wallis test, significant difference ||p<0.05 (post hoc Conover) OBP vs. PHT and PHT vs. HT; OBP = optimal blood pressure; PHT = 
prehypertension; HT = hypertension; SBP = systolic blood pressure; DBP = diastolic blood pressure; PP = pulse pressure; MAD = mean 
arterial diastolic; CoV 24 h SBP = coefficient of variation of 24-h systolic blood pressure; CoV 24 h DBT = coefficient of variation of 24-h 
diastolic blood pressure; HR = heart rate
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in tubular function markers and ABPM parameters 
among uromodulin terciles according to BP categories 
(Table 2). However, the lowest values of estimated salt 
intake and spot urine Na/K ratio were recorded in first 
tercile nUM and iUM in OBP group (p=0.03). In 
PHT group, there were significant differences in 24-h 
potassium and 24-h sodium excretion (p<0.001 both) 
between the first and third tercile uromodulin, with 
the highest values in the first tercile. The highest values 
of A1mCR were found in third terciles compared to 
the first and second terciles of uromodulin in OBP 
and PHT groups (p=0.02 and p<0.001, respectively). 
The lowest value of FENa was observed in the first 
tercile uromodulin in OBP group, being statistically 
significant between the first and third terciles (p=0.03). 
Higher sodium excretion was observed in the first 
and second terciles compared to the third tercile 
uromodulin in HT group (p=0.01) (data not shown). 
As expected, PHT group had intermediate values of 
most ABPM variables compared to OBP and HT 
groups. Importantly, pulse pressure (PP) was highest in 
PHT (Table 3). Furthermore, there were no differences 
in nocturnal BP dipping distribution among the 
groups, but the lowest DBP dip was observed in HT 
(p=0.02). Interestingly, extreme dippers for DBP in 

the PHT group had the lowest values of nUM (27 vs. 
56/52 µg/mL; p=0.006) and iUM (37 vs. 53/56 mg/g 
creatinine; p=0.02) compared to OBP/HT. The lowest 
value of SBP sleep-through surge was found in the 
first tercile of iUM compared to the second and third 
terciles in OBP group (p<0.001), and highest DBP 
dip was observed in the first tercile of nUM in PHT 
group (p=0.02) (Table 2). iUM correlated positively 
with spot urine sodium (Rho 0.207; p=0.04) and spot 
urine Na/K ratio (Rho 0.214; p=0.04), A1mCR (Rho 
0.317; p<0.001) and FENa (Rho 0.272; p=0.01) in 
OBP (Fig. 1). iUM correlated positively with A1mCR 
(Rho 0.347; p<0.001) and FENa (Rho 0.208; p=0.02) 
in PHT group, but negatively with estimated 24-h 
sodium excretion (Tanaka equation) (Rho -0.188; 
p=0.03) in PHT. nUM correlated negatively with 
spot urine potassium (Rho -0.21; p=0.01) and sodium 
(Rho-0.187; p=0.03) in PHT (Fig. 1). iUM correlated 
negatively with measured 24-h sodium excretion 
(Rho -0.301; p=0.03) in HT group. We failed to find 
correlation of uromodulin and serum uric acid. nUM 
correlated positively with daytime systolic BP (SBP) 
(Rho 0.324; p=0.04) and SBP sleep-through surge 
(Rho 0.372; p=0.03) in OBP group, but negatively 
with diastolic BP (DBP) dip (Rho -0.287; p=0.03) in 
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Fig. 1. Associations of A1mCR, FENa and natriuresis with iUM in OBP and PHT groups.
OBP = optimal blood pressure; PHT = prehypertension; iUM = indexed uromodulin; A1mCR = alpha-1-microglobulin creatinine ratio; 

FENa = fractional sodium excretion



PHT and 24-h mean arterial pressure (MAP) (Rho-
0.289; p=0.04) in HT group (Fig. 2). iUM correlated 
positively with daytime SBP (Rho 0.324; p=0.04), 
SBP sleep-through (Rho 0.519; p=0.002) and DBP 
sleep-through surge (Rho 0.384; p=0.03) in OBP 
group, negatively with 24-h PP (Rho -0.281; p=0.04) 
and nighttime PP (Rho -0.311; p=0.02) in PHT, and 
negatively with 24-h DBP (Rho -0.289; p=0.04), 
daytime DBP (Rho -0.273; p=0.04), nighttime SBP 
(Rho -0.293; p=0.04) and daytime MAP (Rho -0.294; 
p=0.03) in HT group (Fig. 2). 

Discussion
This study revealed association of urinary uro-

modulin with sodium excretion and BP in the young 

middle-aged, apparently healthy subjects. Since dis-
tal nephron is the site of both uromodulin synthesis 
and electrolyte transport, this association is expected 
and in line with previous experimental, genetic and 
observational studies4-7,19,20. Negative associations of 
uromodulin and urinary electrolytes have been ob-
served, especially in the condition of high salt intake, 
as found in this study, conversely to positive associ-
ations reported in two population-based studies that 
included older participants with chronic diseases and 
pharmacotherapy4-7,19,20. According to our knowledge, 
this is the first study that revealed bi-directional asso-
ciation of uromodulin with sodium excretion and di-
urnal ambulatory BP parameters among the BP cat-
egories, positive in OBP and negative in PHT group. 
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Fig. 2. Associations of ABPM parameters and iUM in OBP, PHT and HT.
ABPM = ambulatory blood pressure monitoring; OBP = optimal blood pressure; PHT = prehypertension; iUM = indexed uromodulin; 

SBP = systolic blood pressure; PP = pulse pressure; DBP = diastolic blood pressure 
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As other authors found correlation between uromod-
ulin and sodium reabsorption in proximal tubule, we 
also observed positive associations of uromodulin 
with FENa and A1mCR, two markers of proximal 
tubule function19-23. Although we did not find sig-
nificant differences in uromodulin excretion between 
the BP groups, we observed differences in A1mCR 
and sodium excretion between the uromodulin ter-
ciles according to the BP categories. Specifically, the 
highest value of A1mCR was found in the third ter-
cile of iUM in OBP and PHT groups, which is con-
sistent with the proposed mechanism of uromodulin 
induced higher sodium reabsorption in Henle’s loop 
and consequently, lower sodium reabsorption in the 
proximal tubule24,25. Opposite to A1mCR, the low-
est sodium excretion was found in the third tercile of 
nUM only in PHT group. As there were no differ-
ences in salt intake among the BP groups, this might 
suggest higher sodium reabsorption exclusively in 
Henle’s loop and therefore, higher global sodium re-
tention in PHT compared to OBP group. As another 
study failed to find association of hyperuricemia with 
prehypertension in a Croatian adult population, we 
found no relation of uromodulin with uric acid ei-
ther26. 

We found positive associations of uromodulin and 
ABPM values in OBP, but negative in PHT and HT 
groups. Other authors also report on positive or neg-
ative correlation of uromodulin and BP depending on 
population characteristics, study design and method-
ology, but this is the first study that found associations 
with diurnal BP parameters4,20,27,28. More precisely, 
uromodulin was associated positively with morning 
BP surge in OBP group, and negatively with DBP 
dip in PHT group, with the highest measured nUM. 
The lowest morning BP surge observed in the first ter-
cile of iUM in OBP and the highest DBP dip in the 
first tercile of nUM in PHT group support the idea 
of favorable effect of lower uromodulin excretion on 
diurnal BP pattern. Furthermore, the lowest values of 
uUM and iUM were observed in the subgroup of ex-
treme DBP dippers of PHT. 

Since there were no differences in uromodulin 
excretion among BP categories, these findings might 
suggest that factors other than the amount of excreted 
protein itself could predispose prehypertensives to the 
effect of uromodulin on tubular function and conse-
quently, circadian BP alteration as an early forerunner 
of sustained hypertension. 

The advantage of this study was a relatively ho-
mogeneous cohort of middle-aged apparently healthy, 
untreated subjects with normal renal function. Mea-
surements were performed in standardized conditions 
using validated methods. The main drawback might be 
a relatively small number of all participants and not 
well-matched groups in terms of number and gender. 
A cross-sectional character of our study also was a 
limiting factor for causality and mechanistic conclu-
sions, and additional studies are necessary to explore 
the pathways linking BP, thick ascending limb of the 
loop of Henle function, and uromodulin excretion in 
specific cohorts and in a larger number of subjects.

References
1. Rampoldi L, Scolari F, Amoroso A, Ghiggeri G, Devuyst O. 

The rediscovery of uromodulin (Tamm-Horsfall protein): 
from tubulointerstitial nephropathy to chronic kidney disease. 
Kidney Int. 2011;80:338-47. doi.org/10.1038/ki.2011.134

2. Köttgen A, Glazer NL, Dehghan A, Hwang SJ, Katz R, Li 
M, et al. Multiple loci associated with indices of renal function 
and chronic kidney disease. Nat Genet. 2009;41:712-7. doi: 
10.1038/ng.377

3. Köttgen A, Pattaro C, Böger CA, Fuchsberger C, Olden M, 
Glazer NL, et al. New loci associated with kidney function 
and chronic kidney disease. Nat Genet. 2010;42:376-84. doi: 
10.1038/ng.568

4. Padmanabhan S, Melander O, Johnson T, Di Blasio AM, Lee 
WK, Gentilini D, et al. Genome-wide association study of 
blood pressure extremes identifies variant near UMOD asso-
ciated with hypertension. PLoS Genet. 2010;6(10):e1001177. 
doi: 1371/journal.pgen.1001177 

5. Trudu M, Janas S, Lanzani C, Debaix H, Schaeffer C, Ikehata 
M, et al. Common noncoding UMOD gene variants induce 
salt-sensitive hypertension and kidney damage by increasing 
uromodulin expression. Nat Med. 2013;19:1655-60. https://
doi.org/10.1038/nm.3384

6. Graham LA, Padmanabhan S, Fraser NJ, Kumar S, Bates 
JM, Rafii HS, et al. Validation of uromodulin as a candi-
date gene for human essential hypertension. Hypertension. 
2014;63:551-8. https://doi.org/10.1161/HYPERTENSIO-
NAHA.113.01423

7. Torffvita O, Melanderb O, Hulténb UL. Urinary excretion rate 
of Tamm-Horsfall protein is related to salt intake in humans. 
Nephron Physiol. 2004;97:31-7. doi: 10.1159/000077600

8. Bankir L, Bochud M, Maillard M, Bovet P, Gabriel A, Burnier, 
M. Nighttime blood pressure and nocturnal dipping are asso-
ciated with daytime urinary sodium excretion in African sub-
jects. Hypertension. 2008;51:891-8. https://doi.org/10.1161/
HYPERTENSIONAHA.107.105510

9. Kimura G, Dohi Y, Fukuda M. Salt sensitivity and circadian 
rhythm of blood pressure: the keys to connect CKD with car-
diovascular events. Hypertens Res. 2010;33:515-20. https://
doi.org/10.1038/hr.2010.47

Acta Clin Croat, Vol. 62, No. 2, 2023320



10. Viera AJ, Zhu S, Hinderliter AL, Shimbo D, Person SD, Ja-
cobs DR. Diurnal blood pressure pattern and development 
of prehypertension or hypertension in young adults: the 
CARDIA study. J Am Soc Hypertens. 2012;5:48-55. doi: 
10.1016/j.jash.2010.12.002

11. Guo X, Zou L, Zhang X, Li J, Zheng L, Sun Z, et al. Prehy-
pertension: a meta-analysis of the epidemiology, risk factors, 
and predictors of progression. Tex Heart Inst J. 2011;38:643-
52. PMID: 22199424

12. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green 
LE, Izzo JL, et al. The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure. The JNC 7 Report. JAMA. 
2003;289:2560-71. doi: 10.1001/jama.289.19.2560

13. Jelaković B, Željković-Vrkić T, Pećin I, et al. Epidemiolo-
gy of hypertension in Croatia. EHUH study. J Hypertens. 
2006;24(S4):242.

14. Egan BM, Stevens-Fabry S. Prehypertension – prevalence, 
health risks, and management strategies. Nat Rev Cardiol. 
2015;12:289-300.

15. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, 
Böhm M, et al. 2013 ESH/ESC Guidelines for the manage-
ment of arterial hypertension. J Hypertens. 2013;31:1281-
357. https://doi.org/10.3109/08037051.2013.812549

16. Levey AS, Stevens LA. Estimating GFR using the CKD 
Epidemiology Collaboration (CKD-EPI) creatinine equa-
tion: more accurate GFR estimates, lower CKD prevalence 
estimates, and better risk predictions. Am J Kidney Dis. 
2010;55:622-7. doi: 10.1053/j.ajkd.2010.02.337

17. Espinel CH. The FeNa test use in the differential diagnosis 
of acute renal failure. JAMA. 1976;236:579-81. doi: 10.1001/
jama.236.6.579

18. Tanaka T, Okamura T, Miura K, Kadowaki T, Ueshima H, 
Nakagawa H. A simple method to estimate population-
al 24-h urinary sodium and potassium. J Hum Hypertens. 
2002;16:97-103. https://doi.org/10.1038/sj.jhh.1001307

19. Pruijm M, Ponte B, Ackermann D, Paccaud F, Guessous I, 
Ehret G, et al. Associations of urinary uromodulin with clin-
ical characteristics and markers of tubular function in the 
general population. Clin J Am Soc Nephrol. 2016;11:70-80. 
https://doi.org/10.2215/CJN.04230415

20. Troyanov S, Delmas-Frenette C, Bollée G, Youhanna S, Bruat 
V, Awadalla P, et al. Clinical, genetic, and urinary factors as-
sociated with uromodulin excretion. Clin J Am Soc Nephrol. 
2016;11:62-9. https://doi.org/10.2215/CJN.04770415

21. Ying WZ, Sanders PW. Dietary salt regulates expres-
sion of Tamm-Horsfall glycoprotein in rats. Kidney 
Int. 1998;54:1150-6. https://doi.org/10.1046/j.1523-
1755.1998.00117.x

22. Yu H, Yanagisawa Y, Forbes MA, Cooper EH, Crockson RA, 
MacLennan IC. Alpha-1 microglobulin: an indicator pro-
tein for renal tubular function. J Clin Pathol. 1983;36:253-9. 
http://dx.doi.org/10.1136/jcp.36.3.253

23. Liakos CI, Vyssoulis GP, Markou MI, Kafkas NV, Toutou-
zas KP, Tousoulis D. Twenty-four-hour urine α1 microglob-
ulin as a marker of hypertension-induced renal impairment 
and its response on different blood pressure-lowering drugs. 
J Clin Hypertens. 2016;18:1000-6. https://doi.org/10.1111/
jch.12811

24. Mutig K, Kahl T, Saritas T, Godes M, Persson P, Bates J, et al. 
Activation of the bumetanide-sensitive Na+, K+, 2Cl-cotrans-
porter (NKCC2) is facilitated by Tamm- Horsfall protein in a 
chloride-sensitive manner. J Biol Chem. 2011;286:30200-10. 
doi: 10.1074/jbc.M111.222968

25. Padmanabhan S, Graham L, Ferreri NR, Graham D, McBride 
M, Dominiczak AF. Uromodulin, an emerging novel pathway 
for blood pressure regulation and hypertension. Hypertension. 
2014;64:918-23. https://doi.org/10.1161/HYPERTENSIO-
NAHA.114.03132.h 

26. Vučak J, Katić M, Bielen I, Vrdoljak D, Ivezić Lalić D, Kran-
jčević K, et al. Association between hyperuricemia, prediabe-
tes, and prehypertension in the Croatian adult population – a 
cross-sectional study. BMC Cardiovasc Disord. 2012:12:117. 
https://doi.org/10.1186/1471-2261-12-117

27. Iwai N, Kajimoto K, Kokubo Y, Tomoike H. Extensive genet-
ic analysis of 10 candidate genes for hypertension in Japanese. 
Hypertension. 2006;48:901-7. https://doi.org/10.1161/01.
HYP.0000242485.23148.bb

28. Garimella PS, Biggs ML, Katz R, Ix JH, Bennett MR; Devara-
jan P, et al. Urinary uromodulin, kidney function, and cardio-
vascular disease in elderly adults. Kidney Int. 2015;88:1126-
34. https://doi.org/10.1038/ki.2015.192 

J. Josipović et al. Uromodulin and sodium excretion in prehypertensives

Acta Clin Croat, Vol. 62, No. 2, 2023 321



J. Josipović et al. Uromodulin and sodium excretion in prehypertensives

Acta Clin Croat, Vol. 62, No. 2, 2023322

Sažetak

UROMODULIN – POVEZNICA IZMEĐU NATRIURIJE I DNEVNOG RITMA ARTERIJSKOG TLAKA KOD 
PREDHIPERTONIČARA 

J. Josipović, L. Šimičević, Ž. Dika, N. Bulj, M. Vrsalović i B. Jelaković 

Promjene u dnevnom unosu kuhinjske soli u osoba osjetljivih na sol utječu na arterijski tlak (AT), ali točan patofiziološki 
mehanizam još nije u potpunosti razjašnjen. Cilj ove studije je bio istražiti izlučivanje uromodulina (UM) i natrija mokraćom 
i povezanost s AT u mlađih odraslih osoba. U 326 ispitanika (medijan dobi 36, IQR 18-48, 64,6% muškarci) analizirani 
su uzorci krvi i mokraće uzeti natašte i izmjeren je AT u ordinaciji, a kod 175 ispitanika učinjeno je kontinuirano mjerenje 
arterijskoga tlaka. UM je određen metodom ELISA. Prema klasifikaciji JNC-7 optimalni AT, predhipertenzija (PHT) 
i hipertenzija (HT) su dijagnosticirani u 103 (72% m), 143 (43% m) i 80 (38% m) ispitanika. Nije bilo razlike u dobi, 
unosu kuhinjske soli, procijenjenoj stopi glomerularne filtracije niti u izlučivanju natrija i UM mokraćom između kategorija 
AT. Uočena je pozitivna povezanost UM s frakcijskom ekskrecijom natrija, a negativna s 24-satnom natriurijom i noćnim 
sniženjem dijastoličkoga AT u PHT. Ovi rezultati upućuju na povezanost UM s tubularnom reapsorpcijom natrija i 
promjenama dnevnoga ritma AT u predhipertoničara. 

Ključne riječi: Uromodulin; Natriurija; Kontinuirano mjerenje arterijskog tlaka; Predhipertenzija


