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Abstract

Background: Interstitial fibrosis and tubular atrophy (IFTA)
are common findings on biopsy in chronic kidney disease
(CKD) and are strongly predictive of kidney failure. IFTA is
poorly correlated with estimated glomerular filtration rate
(eGFR) and albuminuria, the most common measures of
kidney function. Thus, IFTA is prognostically important, yet
its presence and severity are invisible to the clinician except
when kidney biopsies are obtained. Objectives: The ob-
jective of this study was to investigate (1) the cross-sectional
association between urine uromodulin (UUMOD) and IFTA
and (2) to determine whether uUMOD levels were associ-
ated with diuretic response after a furosemide stress test.
Methods: We performed logistic regression to evaluate the
association between uUMOD and fibrosis. We used linear re-
gression models to assess the association of uUMOD with
diuretic response. Results: Among 52 participants, the mean

age was 42 + 16 years, 48% were women, 23% had diabetes,
and the median eGFR was 56 mL/min/1.73 mZ2. The mean
uUMOD concentration was 5.1 (8.4) pg/mL. Each halving of
uUMOD was associated with 1.74 higher odds (95% Cl: 1.10,
2.75) of grade 2 or 3 fibrosis. However, this association was no
longer significant after adjusting for baseline eGFR and albu-
minuria. Each halving of uUMOD was associated with a de-
creased response to furosemide. This association was also no
longer significant after adjusting for baseline eGFR and albu-
minuria. Conclusion: In a population of individuals with a wide
range of kidney function undergoing clinically indicated kidney
biopsies, we did not find an association between uUMOD and
interstitial fibrosis or response to loop diuretics after adjusting

for eGFR and albuminuria. © 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction
Interstitial fibrosis and tubular atrophy (IFTA) are

common findings on biopsy in chronic kidney disease
(CKD) [1]. Despite IFTA being poorly correlated with
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estimated glomerular filtration rate (eGFR) and albumin-
uria [2], it is very strongly predictive of progression to
kidney failure [3]. Thus, IFTA is common and prognos-
tically important, yet its presence and severity are invisible
to the clinician except in instances where a kidney biopsy is
obtained. The diuretic response to a single dose of furo-
semide (the furosemide stress test, FST [4]) is a useful
prognostic tool to non-invasively evaluate tubular function
and has been associated with degree of IFTA [5]. Several
biomarkers of tubule function that correlate with IFTA have
emerged as potential candidates to improve our under-
standing of global kidney function in addition to glomerular
filtration [6]. Urine uromodulin (uUMOD) is one such
biomarker that is shown to be associated with kidney
function decline and additionally implicated in the role in
sodium reabsorption and diuretic response [7, 8].
uUMOD is the most abundant urine protein in healthy
adults [9]. Higher levels of uUMOD may serve as a
surrogate for kidney tubule functional capacity. We have
previously demonstrated that lower levels of uUMOD are
associated with higher risk of acute kidney injury (AKI)
and CKD progression, independent of eGFR and urine
albumin-to-creatinine ratio (UACR). The relationship
uUMOD with IFTA and its association with the FST are
relatively unknown. Thus, the objectives of this study
were to investigate (1) the cross-sectional association
between uUMOD and IFTA in persons undergoing a
kidney biopsy for clinical indications and (2) to deter-
mine whether uUMOD levels were associated with di-
uretic response after an FST. We hypothesized that lower
uUMOD would identify individuals with greater severity
of IFTA on kidney biopsy and that it would be associated
with a lower urine output in response to furosemide.

Methods

We evaluated a cohort of 52 participants older than 18 years of age
who underwent native and allograft kidneys biopsies for clinical
indications and had available urine sample for biomarker assay. The
details of this study have been previously described [5]. For the FST,
subjects who had not received diuretics in the previous 7 days received
an intravenous dose of furosemide of 1 mg/kg. Those that had re-
ceived diuretics previously were given a dose of 1.5 mg/kg. The doses
of furosemide used were in accordance to the FST protocol previously
published [10]. Strict urine output quantification was done for the first
6 h. The following day, participants underwent a kidney biopsy. All
participants provided written informed consent, and the study was
approved by the Institutional Review Board of the parent institution.
A renal pathologist was blinded to the clinical diagnosis and evaluated
the kidney biopsies. Fibrosis percentage was assessed by an optic
lector machine (morphometry) using the Analyzer Olympus BX51
Microscope, image Software Image-PN-Plus 6, and Camera: VF
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Evolution C (half Cybernetics). uUMOD was measured at the be-
ginning of the study in duplicate using the Meso Scale Discovery
R-PLEX Human Uromodulin kits. The analytic range was
244-1,000,000 pg/mL. Urine creatinine was also measured at the
beginning of the study, concurrently with uUMOD.

Given skewed distributions, we log-base-0.5 transformed
uUMOD to facilitate interpretation of parameter estimates as “per
halving” of uUMOD. Due to our sample size, for the primary
outcome, interstitial fibrosis score was categorized into two groups
according to fibrosis percentage: <25% (grade 1) and >25% (grade
2 or 3). We utilized logistic regression to evaluate the association
between uUMOD and fibrosis. We used linear regression models
to evaluate the association of uUMOD with urine output. Models
were adjusted for the following potential confounders that were
selected a priori based on biological plausibility: age, sex, urine
creatinine, obesity, diabetes mellitus, hypertension, eGFR, and
urine albumin. We performed similar analyses with p-cresol
sulfate, another proximal tubule marker, for comparison.

All analyses were conducted using Stata/MP Version 15.1
(StataCorp LCC, College Station, TX, USA). p values <0.05 were
considered statistically significant for all analyses.

Results

All 52 study participants were Hispanic, the mean
(£SD) age was 42 + 16 years, 48% were women, 23%
had diabetes, and the median eGFR (IQR) was 56 mL/
min/1.73 m? (32, 88). The mean (+SD) uUMOD was
5.1 (8.4) pg/mL. Participants in the lowest tertile
(Table 1) had a greater prevalence of hypertension and
diabetes mellitus and lower eGFR. Degree of fibrosis
was also greatest in the lowest tertile of uUMOD in
unadjusted analysis. Participants in the highest tertile
of uUMOD had the highest urine output in response to
FST (1.6 [1.3, 2.2] L).

Relationship between uUMOD and Moderate or

Severe Interstitial Fibrosis

In primary analyses, each halving of uUMOD was
associated with 1.71 higher odds of grade 2 or 3 fibrosis
(OR: 1.71, 95% CI: 1.10, 2.67). This association remained
statistically significant after adjusting for DM (OR: 2.02,
95% CI: 1.18, 3.44). However, after further adjusting for
eGFR and urine albumin, the association was no longer
statistically significant (OR: 1.36, 95% CI: 0.75, 2.44), as
shown in Table 2. The results were similar when stratified
by transplant status (Table 3).

Relationship between uUMOD and Urine Output in

Response FST

Table 4 shows the association between uUMOD and
urine output. Each halving of uUMOD was associated
with lower 2-h cumulative urine output (81 [-144, —18],
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Table 1. Baseline characteristics of study participants based on median uUMOD concentration

Variables Tertile 1 Tertile 2 Tertile 3
Range, ug/mL <1.84 1.85-3.7 >3.8
N 19 16 17
Age, years (SD) 41 (17) 42 (16) 42 (15)
Female sex, n (%) 7 (39) 10 (59) 8 (47)
Obesity, n (%) 2(11) 1 (6) 0
Diabetes mellitus, n (%) 6 (33.3) 5 (29.4) 1(6)
Hypertension, n (%) 9 (50) 6 (35) 7 (41)
ACEi use, n (%) 2 (11.1) 4 (23.5) 2(11.8)
ARB use, n (%) 4 (22.2) 5 (29.4) 8 (47.1)
Loop diuretic use, n (%) 12 (67) 10 (59) 8 (47)
Thiazide use, n (%) 2(11) 1 (6) 1(6)
Potassium-sparing diuretics, n (%) 3(17) 2 (12) 4 (23.5)
NSAID use, n (%) 1(6) 0 0
Native kidney 8 (44.4) 11 (64.7) 14 (82.4)
Fibrosis, n (%)
1 5 (27.8) 11 (64.7) 12 (70.6)
2 6 (33.3) 4 (23.5) 3(17.7)
3 7 (38.9) 2(11.8) 2(11.8)
Median fibrosis (morphometry) (IQR) 43 (22, 61) 18 (11, 39) 9 (8, 25)
Reason for biopsy, n (%)
Acute allograft dysfunction 10 (55.6) 5(31.2) 2(11.8)
Lupus nephritis 2 (11.1) 2 (12.5) 2(11.8)
Nephrotic syndrome 0 4 (25) 6 (35.3)
Non-nephrotic proteinuria 1(6) 0 2(11.8)
Proteinuria and renal dysfunction 2 (11.1) 2 (12.5) 1 (6)
Other 3 (15.8) 3 (18.9) 4 (23.5)
Missing 1(6) 0 0
Furosemide dose, mean (SD) 84 (25) 81 (25) 92 (24)
Median total urine output, liters (IQR) 1.3 (09, 1.7) 1.2 (1, 1.5) 1.6 (1.3, 2.2)
Median uACR (IQR) 041 (0.15, 0.91) 0.28 (0.11, 1.10) 0.46 (0.28, 0.93)
Median eGFR, mL/min/1.73 m? (IQR) 32 (14, 53) 55 (40, 87) 87 (74, 121)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; NSAID, nonsteroidal
anti-inflammatory drug; uACR, urine albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate.

Table 2. Association of uUUMOD concentration (per halving) with
moderate or severe fibrosis (grade 2 or 3)

Table 3. Association of uUMOD concentration (per halving) with
moderate or severe fibrosis (grade 2 or 3) by transplant status

Events (n = 24/52) OR (95% Cl) p value Events (n = 24/33) OR (95% Cl) p value

Model 1 1.74 (1.10, 2.75) 0.02 Native

Model 2 1.75 (1.10, 2.78) 0.02 Model 1 2.67 (1.15, 6.23) 0.02

Model 3 1.30 (0.79, 2.17) 0.30 Model 2 2.73 (1.14, 6.51) 0.02

Model 3 3.58 (0.99, 12.95) 0.05
Model 1: adjusted for age, sex, urine creatinine. Model 2:  Transplant

model 1 + diabetes mellitus. Model 3: model 2 + baseline eGFR Events (n = 10/19)

and urine albumin. Model 1 0.77 (0.30, 1.95) 0.58
Model 2 0.79 (0.31, 2.02) 0.63
Model 3 0.44 (0.09, 2.17) 0.32

p = 0.01). However, these associations were no longer
significant after adjusting for other covariates including
eGFR and urine albumin (=55 [-125, 14], p = 0.11).

Urine Uromodulin, IFTA, and Furosemide
Response

Model 1: adjusted for age, sex, urine creatinine. Model 2:
model 1 + diabetes mellitus. Model 3: model 2 + baseline eGFR
and urine albumin.
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Table 4. Association of uUUMOD concentration (per halving) with
urine output response to furosemide stress test

B coefficient (95% Cl) Standard error p value
Model 1 -81 (—144, —18) 314 0.01
Model 2 -72 (=134, -10) 30.9 0.02
Model 3 55 (=125, 14) 343 0.1

Model 1: adjusted for age, sex, urine creatinine. Model 2:
model 1 + furosemide dose. Model 3: model 2 + baseline eGFR
and urine albumin.

Similarly, when we evaluated the association stratified
by kidney transplant status, the association between
uUMOD and diuretic response was not statistically sig-
nificant until the addition of baseline eGFR and urine
albumin, as shown in Table 5.

For further evaluation, we also evaluated p-cresol
sulfate, another proximal tubule function marker
(Table 6), but did not find a significant association in any
of the models with diuretic response.

Discussion

In this study, among persons with CKD undergoing
kidney biopsies for clinical indications, lower uUMOD
was associated with a higher degree of IFT A but was not
statistically significant after taking into consideration
eGFR and albuminuria. uUMOD or Tamm-Horsfall
protein is a 95 kDa glycoprotein produced by the thick
ascending limb of the loop of Henle and early distal
convoluted tubule [11]. Multiple studies have found an
association between higher uUMOD levels and higher
eGFR, suggesting that uromodulin may be a marker of
greater kidney functional reserve [7, 9, 12]. Ur-
omodulin excretion has positively and linearly been
associated with renal length and volume measured via
ultrasound [8]. We have previously demonstrated that
lower uUMOD concentrations are associated with CKD
progression, independent of eGFR and uACR [7]. One
study of 19 persons with glomerulonephritis showed
that greater tubule damage on biopsy was associated
with lower uUMOD levels [13]. Melchinger and col-
leagues evaluated the association between uUMOD and
IFTA among participants with native kidneys. The
authors found that per each doubling of uUMOD, there
was 2.5% lower severity of IFTA, independent of
baseline eGFR and albuminuria [14]. In this study, we
wanted to not only evaluate the association between
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Table 5. Association of uUMOD concentration (per halving) with
urine output response to furosemide stress test by transplant
status

3 coefficient (95% Cl) Standard error p value

Native
Model 1 -77 (-144, -18) 34.84 0.04
Model 2 -74 (146, -2) 35.05 0.04
Model 3 -54 (-127, 20) 358 0.15
Transplant
Model 1 —228 (398, —58) 79.31 0.01
Model 2 -205 (-356, —53) 70.12 0.01
Model 3 —144 (-301, 13) 71.23 0.07

Model 1: adjusted for age, sex, urine creatinine. Model 2:
model 1 + furosemide dose. Model 3: model 2 + baseline eGFR
and urine albumin.

Table 6. Association of fractional excretion of p-cresol sulfate
with urine output response to furosemide stress test

[ coefficient (95% Cl) Standard error p value
Model 1 -6 (-125, 113) 58.93 0.92
Model 2 3 (=113, 120) 57.97 0.95
Model 3 3 (-108, 113) 54.84 0.96

Model 1: adjusted for age, sex, urine creatinine. Model 2:
model 1 + furosemide dose. Model 3: model 2 + baseline eGFR
and urine albumin.

uUMOD and IFTA in a cohort of Hispanic participants with
native and transplanted kidneys but also study the functional
role of uUMOD in response to a diuretic challenge.

Uromodulin regulates the activity of the sodium-
potassium chloride transporter and renal outer med-
ullary potassium channel, two primary ion transporters
involved in NaCl reabsorption by the TAL segment.
Thus, we hypothesized that higher utUMOD may as-
sociate with greater urine output in response to the
FST. While this association was observed in the un-
adjusted model, it was attenuated after multivariable
adjustment. It is plausible that we did not find a sig-
nificant association with IFTA and urine output due to
our relatively small sample size.

Our study has several strengths. First, our prospective
study evaluated the association between uUMOD and
interstitial fibrosis, the final common pathway of CKD.
Having a biomarker that could potentially determine the
degree of fibrosis would be of significant clinical utility.
Second, we evaluated participants with native kidneys as
well as transplants.

Bullen/Vaingankar/Madero/Lopez Gil/
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Our study also has limitations. First, we had a small
number of participants which limited the power of study.
Second, the FST was designed to evaluate the severity of
AKI which was not the goal of our study. Rather, the
original study evaluated the association of kidney his-
tology with urine output after a protocolized FST.

In summary, in a population of individuals across a
wide range of kidney function undergoing clinically
indicated kidney biopsies, we did not find an associ-
ation between uUMOD and interstitial fibrosis or re-
sponse to loop diuretics after adjusting for eGFR and
albuminuria.
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