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BRIEF COMMUNICATION

The Relationship Between Urine Uromodulin and Blood
Pressure Changes: The DASH-Sodium Trial

Christine Y. Bakhoum,'? Cheryl A.M. Anderson,® Stephen P. Juraschek,* Casey M. Rebholz
Lawrence J. Appel,>® Edgar R. Miller I1,>6 Chirag R. Parikh,>” Wassim Obeid,” Dena E. Rifkin,%°

Joachim H. Ix,%° and Pranav S. Garimella®

BACKGROUND

Uromodulin modulates the sodium-potassium-two-chloride trans-
porter in the thick ascending limb of the loop of Henle, and its
overexpression in murine models leads to salt-induced hypertension.
We hypothesized that individuals with higher baseline levels of urine
uromodulin would have a greater increase in systolic blood pressure
(SBP) for the same increase in sodium compared with those with lower
uromodulin levels.

METHODS

We used data from 157 subjects randomized to the control diet
of the Dietary Approaches to Stop Hypertension (DASH)-Sodium
trial who were assigned to 30 days of low (1,500 mg/d), me-
dium (2,400 mg/d), and high salt (3,300 mg/d) diets in random
order. Blood pressure was measured prerandomization and then
weekly during each feeding period. We evaluated the association
of prerandomization urine uromodulin with change in SBP be-
tween diets, as measured at the end of each feeding period, using
multivariable linear regression.

Uromodulin, the most abundant protein in the urine of
healthyadults, hasbeen postulated to have anumber ofimpor-
tant functional roles, including renal modulation of sodium
absorption and blood pressure regulation. Overexpression of
uromodulin in transgenic mice leads to salt-sensitive hyper-
tension and a robust decrease in blood pressure in response
to furosemide therapy.! In contrast, UMOD-knockout mice
have lower blood pressure and are resistant to salt-induced
hypertension.? Uromodulin modulates phosphorylation of
the sodium-potassium-two-chloride cotransporter through

RESULTS

Baseline urine uromodulin stratified by tertiles was <17.64, 17.65-
31.97, and =31.98 pg/ml. Across the tertiles, there were no significant
differences in SBP at baseline, nor was there a differential effect of so-
dium diet on SBP across tertiles (low to high, P = 0.81). After adjusting
for age, sex, body mass index, and race, uromodulin levels were not
significantly associated with SBP change from low to high sodium diet
(P=0.42).

CONCLUSIONS

In a randomized trial of different levels of salt intake, higher urine
uromodulin levels were not associated with a greater increase in
blood pressure in response to high salt intake.

Keywords: blood pressure; DASH; hypertension; salt sensitivity; so-
dium; uromodulin
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a tumor necrosis factor signaling pathway, thereby increasing
its functional activity and consequently, enhancing salt re-
absorption.’ In humans, genome-wide association studies
have found susceptibility variants for hypertension in the
UMOD gene.*

Prior literature has evaluated genetic alterations in
UMOD and its downstream effects on sodium transporters,
but whether or not urine uromodulin concentrations are
themselves associated with salt-sensitive hypertension is un-
known. Clinically, it is difficult to know the degree to which
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an individual patient is salt sensitive, and therefore, a urine
biomarker that could provide this information would be of
great utility. We hypothesized that individuals with higher
urine concentrations of uromodulin would have greater
increases in systolic blood pressure (SBP) in response to a
high dietary sodium intake, compared with those with lower
uromodulin concentrations. We tested this hypothesis using
stored specimens collected as part of the Dietary Approaches
to Stop Hypertension (DASH)-Sodium trial.

METHODS

The DASH-Sodium trial was a randomized trial designed
to evaluate the effect of 2 dietary patterns and 3 dietary so-
dium levels on blood pressure among adults with higher than
optimal baseline blood pressure.® A total of 412 participants
were randomly assigned to either the DASH diet or an
isocaloric control diet. In random order, participants were fed
diets with 3 sodium levels: high (3,300 mg/d = 150 mmol),
intermediate (2,400 mg/d = 100 mmol), and low
(1,500 mg/d = 50 mmol) for 30 consecutive days each
(Supplementary Figure S1 online).® There was an interval of
about 5 days between each sodium diet intervention arm.
Key exclusion criteria included use of antihypertensive
medications and an estimated glomerular filtration rate
<60 ml/min/1.73 m?. Uromodulin was measured, using the
MesoScale Diagnostics R-plex assay (Item S1 online), in
24-hour urine samples collected at the final screening visit
in participants in the control diet arm with available urine
samples (n = 157). Blood pressure was measured in triplicate
at each visit, and all 3 measurements were averaged for each
day. Measurements were made at the baseline of each study
arm, weekly during the first 3 weeks of each sodium inter-
vention, and again at 5 clinic visits during the last 9 days of
the intervention (Supplementary Figure S1 online).> As per

the study protocol, the average of the last 5 days was used to
calculate mean end-of-intervention SBP. Our primary out-
come was the difference in end-of-intervention SBP between
the low and high sodium diets. As secondary outcomes, we
evaluated SBP differences within each dietary sodium phase,
from baseline to the end-of-intervention, as well as from
week 1 to week 4 of each intervention.

RESULTS

The median 24-hour urine uromodulin concentration at
baseline was 23.8 pg/ml (interquartile range 15.0-40.9 ug/
ml). Across uromodulin tertiles, there were no significant
differences in participant age, sex, race, body mass index,
systolic or diastolic blood pressure, and prior use of blood
pressure medication (Supplementary Table S1 online).

In an analysis of end-of-intervention SBP, no signif-
icant interaction was found between dietary sodium
level and urine uromodulin concentration (P = 0.86).
Additionally, there was no significant difference in the
end-of-intervention SBP by baseline urine uromodulin
concentrations (P = 0.81). Results were similar after
adjusting for age, sex, body mass index, and race (P = 0.42,
Supplementary Table S2 online). Change in SBP from
week 1 to week 4 of each intervention was stratified by
uromodulin tertile and no significant difference was found
across the groups (Supplementary Figure S2 online). SBP
decreased within each intervention arm (by mean of
—-3.04 mm Hg in the high sodium diet, —-5.67 mm Hg in
the intermediate sodium diet, and —-9.73 mm Hg in the
low sodium diet). Again, there was no significant differ-
ence in within intervention SBP changes based on baseline
uromodulin concentrations (Table 1). Results were similar
when urine uromodulin was indexed to urine creatinine
and when total 24-hour urine uromodulin amount (pug)
was used (data not shown).

Table 1. Change in systolic blood pressure (SBP) within randomized groups from baseline to end-of-intervention, stratified by uromodulin

tertiles
Uromodulin tertile Mean change in SBP (mm Hg) SD of change in SBP P value

ASBP high sodium intake 1 -3.53 7.94 0.85
2 -2.76 6.74
3 -2.83 7.58

ASBP moderate sodium intake 1 -5.03 8.88 0.81
2 -5.67 6.00
3 -6.00 7.30

ASBP low sodium intake 1 -9.82 7.95 0.96
2 SII8S 6.34
3 -9.47 7.57
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DISCUSSION

Our results demonstrate that within the DASH-Sodium
trial, uromodulin is not associated with change in SBP in
response to an increase in sodium intake. The lack of an
association of uromodulin protein concentrations with
blood pressure responses observed here has multiple pos-
sible explanations. First, recent data on post-translational
modifications of uromodulin show that a serine protease,
hepsin, affects the release of uromodulin and its polymer-
ization within the urine.”® Thus, despite normal UMOD
expression and normal concentrations of uromodulin in
the urine, misprocessing of the protein may limit func-
tional activity. Second, while our study benefitted from a
randomized trial design testing different dietary sodium
intake levels, the study sample was relatively modest in
size, and blood pressure was measured over only 4 weeks.
A larger study and/or longer-term follow-up may have led
to different results.

Our study has a number of limitations. We do not have
data on UMOD genotype which precludes analysis of genetic
alterations and differential blood pressure responses to die-
tary sodium intake. Additionally, uromodulin was measured
at baseline during the screening period, when dietary so-
dium intake was variable. Differences in sodium intake may
influence urine concentrations of uromodulin.’ Also, be-
cause there was no designated washout period between so-
dium interventions, there may be carryover effects on blood
pressure from one diet to the next, particularly during week
1. This may have biased the results of our secondary out-
come. Finally, the sample size was relatively small, since we
restricted the study to persons in the control arm to avoid
the effect of other nonsodium aspects of the DASH diet on
blood pressure. The strength of this study is the rigorous
crossover design of the DASH-Sodium trial, where 24-hour
urine collections were obtained at the end of each interven-
tion to monitor dietary compliance.?

Within the DASH-Sodium trial, the effect of different
dietary sodium intake levels on SBP was similar irrespec-
tive of baseline urine uromodulin concentrations. Although
this analysis does not support the measurement of urine
uromodulin as a biomarker of salt sensitivity in humans,
studies specifically designed to address this question are
needed to confirm this finding.

SUPPLEMENTARY MATERIAL

Supplementary data are available at American Journal of
Hypertension online.
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