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Abstract

Rationale & Objective: Uromodulin is released by tubular epithelial cells into the serum and 

lower levels are associated with more severe interstitial fibrosis and tubular atrophy (IF/TA). Low 
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serum uromodulin (sUMOD) levels are associated with mortality and cardiovascular disease. 

However, little is known about the association of sUMOD with long-term kidney outcomes in 

older adults, a population with a high prevalence of IF/TA.

Study Design: Case-cohort study and case-control

studySetting & Participants: Random subcohort (n=933) and additional cases of end-stage 

kidney disease and kidney function decline (≥30% decline in estimated glomerular filtration rate 

(eGFR)) during follow-up of the Cardiovascular Health Study (CHS).

Predictor: sUMOD Outcomes: ESKD (n=14) from the random subcohort and all additional 

ESRD cases from outside the random subcohort (n=39) during follow-up (10 years, case-cohort 

study); kidney function decline of ≥30% eGFR at 9 years of follow-up in individuals with repeated 

eGFR assessments from the random subcohort (n=56) as well as additional cases (n=123). 224 

participants from the random subcohort served as controls (case-control study).

Analytical Approach: Modified multivariable Cox regression for ESRD and multivariable 

logistic regression for kidney function decline. Both analyses adjusted for demographics, eGFR, 

urinary albumin-creatinine ratio, and other kidney disease progression risk factors.

Results: Mean age of the random subcohort was 78 years, 40% were male, 15% black. Mean 

sUMOD level was 127±64 ng/ml and eGFR 63±19 ml/min/1.73 m2. In multivariable analysis, 

each 1 SD higher sUMOD was associated with a 63% lower risk of ESRD (HR, 0.37; 95% CI, 

0.14–0.95). In demographic adjusted analyses of kidney function decline, each 1 SD higher 

sUMOD was associated with a 25% lower odds of kidney function decline (OR, 0.75; 95% CI, 

0.60–0.95); after multivariable adjustment, the association was attenuated and no longer 

significant (OR, 0.88; 95% CI, 0.68–1.14).

Limitations: Possibility of survival bias in the kidney function decline analysis.

Conclusions: Higher levels of sUMOD may identify elderly persons at reduced risk for ESRD.

Keywords

Uromodulin; sUMOD; Tamm-Horsfall-Protein; tubular function; chronic kidney disease (CKD); 
end-stage renal disease (ESRD); cardiovascular disease (CVD); mortality; estimated glomerular 
filtration (eGFR); kidney function decline; renal end point

Introduction

Chronic kidney disease (CKD) is a major public health problem especially in the elderly 

population, with approximately 15–20% of US Americans >65 years affected (1). CKD is 

associated with increased risk for cardiovascular disease and mortality (2); therefore 

understanding risk factors for CKD progression and development of end-stage renal disease 

(ESRD) are important.

Estimation of glomerular filtration rate (eGFR) is problematic in elderly persons because the 

influence of non-renal factors on serum concentrations of creatinine (3). Beyond glomerular 

filtration, serum creatinine concentrations are influenced by muscle mass, and aging is 

strongly linked with muscle atrophy and frailty, rending serum creatinine particularly 
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insensitive to losses in kidney function in older persons. In addition, markers of glomerular 

filtration do not reflect the extent of interstitial fibrosis and tubular atrophy (IF/TA), which is 

highly prevalent in the elderly population, and has been shown to strongly associate with 

adverse renal outcomes such as ESRD and kidney function decline in young patients with 

IgA nephropathy (4, 5) and the general CKD population (6, 7).

However, ascertainment of renal histology is not typically feasible in clinical practice, as 

biopsies are invasive and not without risk (8). Non-invasive biomarkers to assess tubular 

health are needed. Uromodulin may be a marker of tubular function; it is expressed only in 

the thick ascending limb of the loop of Henle and the collecting duct, and then released into 

both the tubular lumen and the blood (9–11). Serum uromodulin (sUMOD) has been 

associated with tubular atrophy in CKD (12) and correlates inversely with eGFR (13–15).

A recent study demonstrated that lower levels of sUMOD were associated with incident 

CKD in patients that underwent coronary angiography (16). sUMOD was also associated 

with long-term graft survival in kidney transplant recipients (17). However, data are limited 

on the relation between sUMOD and kidney function decline and development of end-stage 

renal disease (ESRD) especially in older community-living individuals.

We therefore examined the association of sUMOD with ESRD and kidney function decline 

in the Cardiovascular Health Study (CHS), a large community-based cohort of older adults.

Methods

Study Participants

CHS is an observational, community-based cohort study, that was started in 1989 and 

included men and women aged ≥65 years from 4 U.S. communities: Forsyth County, NC; 

Sacramento County, CA; Washington County, MD; and Pittsburgh, PA (18). A total of 5,888 

Medicare eligible participants were enrolled including 5,201 Caucasians and 687 African 

Americans. All gave informed consent for participation, and local institutional review boards 

approved the study methods. The baseline examination included a medical history, physical 

examination, laboratory testing, and assessment for the presence of CVD. Participants were 

seen for yearly study visits until 1998–1999 and interviewed by telephone between study 

visits. After 1998–1999, participants were contacted by telephone every 6 months until 

another study visit in 2005–2006.

Study Design

Figure 1 illustrates the sampling method for this study. The baseline visit for this study was 

1996–1997 because this was the first time urine was collected in CHS, and adjustment for 

levels of albuminuria is essential in studies of kidney function decline. A random subcohort 

of 960 individuals was selected from the total of 4413 who attended this visit; 933 of these 

individuals had frozen samples available for sUMOD measurement.

We studied the association of sUMOD and ESRD using a case-cohort design. This design 

includes a subcohort randomly selected from the entire cohort. In addition, it includes all 

cases of ESRD that occurred in participants from outside the random subcohort we selected. 
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This subsampling technique enables an unbiased evaluation of the hazard for an outcome in 

a cohort without the need to sample the entire cohort (19, 20).

To analyze the association of sUMOD with kidney function decline, we conducted a case-

control study. For this analysis we used the same random subcohort we already selected for 

the ESRD analysis. Within this subcohort every participant that attended a follow-up visit in 

2005–06 and had stored serum samples was categorized into cases vs. controls (see 

definitions of cases and controls below). Furthermore, we supplemented the group of cases 

with all additional cases from outside of the random subcohort that represented to the 2005–

06 follow-up visit.

As defining kidney function decline requires returning and giving blood for creatinine 

measurement at the 2005–06 visit, and as many individuals had died in the interim, we 

required cases and controls to have survived, returned to the 2005–06 visit, and have cystatin 

C measured.

Exposure

Serum samples were obtained at the 1996–1997 study visit and stored at −70 °C until they 

were thawed for measurement in singlicate. sUMOD measurements were performed at the 

University of Cincinnati Children’s Hospital Medical Center, using a commercial ELISA 

(Euroimmun Medizinische Labordiagnostika AG, Lübeck, Germany) as described 

previously based on the manufacturer’s instructions (13). This assay is based on a 

colorimetric sandwich immunoassay using a polyclonal antibody against human UMOD as 

the capture antibody and a biotinylated polyclonal antibody against human UMOD as the 

detection antibody. Validation data of the ELISA are: intra-assay coefficient of variation 

(CV) 1.8–3.2%, inter-assay CV 6.6–7.8%, mean linearity recovery 97%, lower limit of 

detection (LOD) 2.0 ng/ml.

Outcomes

To assess the outcome of ESRD, we merged CHS data with Centers for Medicare and 

Medicaid Services (CMS) claims data until 06/2009. We used the ESRD eligibility flag for 

fee for service Medicare that begins on the first day of the fourth month after dialysis 

initiation. A prior linkage of CHS data with United States Renal Data System (USRDS) had 

been conducted through 2003 (21), and when compared with the USRDS data the CMS 

linkage had 70.1% sensitivity (95% CI, 59.4%–79.5%) and 99.9% specificity (95% CI, 

99.8%-99.9%) for ESRD. This approach has been used previously (22).

Kidney function decline was defined as a reduction of ≥30% of eGFR from baseline (1996–

1997 visit) to the 2005–2006 visit. This threshold was chosen based on published literature, 

demonstrating that eGFR decline of ≥30% is associated with higher incidence of ESRD and 

mortality (23, 24). In a sensitivity analysis, we repeated the analysis defining the outcome as 

an eGFR decline ≥40% (25). eGFR was estimated using the cystatin C-based CKD 

Epidemiology Collaboration (CKD-EPI) equation (26). Frozen serum samples stored at −70 

°C from both visits were available for cystatin C measurements. Measurements were 

performed at the CHS Core Laboratory in 2006 and 2008, respectively. A particle-enhanced 

immunonephelometric assay (N Latex Cystatin C; Dade Behring, now Siemens Healthcare 
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Diagnostics Inc, Deerfield, Illinois) with a BN II nephelometer (BNII, Siemens Healthcare 

Diagnostics Inc, Munich, Germany) was used. An earlier study has shown that this assay is 

stable through several freeze-thaw cycles (27). The intra-assay coefficients of variation (CV) 

ranged between 2.0–2.8% in both measurements, the inter-assay CVs ranged from 2.3 to 3.1 

%.

We chose cystatin C instead of creatinine to estimate eGFR due to lack of standardization of 

the creatinine assay between the two study visits.

Covariates

For the multivariable models, we utilized data on socio-demographic variables (age, sex, 

race, clinical site, educational status), body-mass-index (BMI), markers of kidney function 

(eGFR, urinary albumin-creatinine-ratio (UACR)), cardiovascular disease (CVD) risk factors 

(prevalent diabetes (defined by use of hypoglycemic agents, fasting plasma glucose >126 

mg/dl or non-fasting glucose ≥200 mg/dl), self-reported smoking status, systolic blood 

pressure, serum cholesterol, C-reactive protein), pharmacologic therapy (lipid lowering 

therapy, antihypertensive medication) and prevalent heart failure (HF) or CVD (i.e. 

myocardial infarction and/or stroke) at baseline.

Statistical Analysis

For the ESRD analysis, we described the population in the random subcohort overall and 

across sUMOD quartiles using mean and standard deviation for continuous variables and 

percentages for binary and categorical variables. We compared the distribution of variables 

across sUMOD quartiles using χ2-test for categorical variables and a linear trend for 

continuous variables. We evaluated the association of sUMOD with eGFR using univariable 

linear regression analysis. Multivariable Cox regression models were used to examine the 

association of sUMOD with ESRD, using LinYing weighting to accommodate the case-

cohort design (28). Post-stratification on age, gender, eGFR, and UACR using generalized 

Lin-Ying estimator Borgan II did not notably improve the precision of the hazard ratio 

estimates (29). Generalized additive models were used to graphically study the functional 

form of sUMOD with splines. We found no departures from linearity.

For the kidney function decline analysis, we described the sample comparing the 

participants with vs. without kidney function decline with mean and standard deviation for 

continuous variables and percentages for binary and categorical variables. We used 

multivariable logistic regression to estimate odds ratios for this outcome.

We evaluated a series of adjusted models for both outcomes: unadjusted, model 1 adjusted 

for baseline demographic/clinical parameters (age, sex, race, clinical site, BMI and 

educational status); model 2 added eGFR and UACR; model 3 added diabetes, smoking 

status, SBP, serum cholesterol, C-reactive protein, lipid lowering therapy, antihypertensive 

medication use, and prevalent HF and CVD. For the ESRD analysis, we evaluated a 

potential interaction with age, sex and baseline eGFR in the fully adjusted model. 

Interactions between continuous variables were defined by a product of the variables. 

Estimates with p-values <0.05 were considered statistically significant. All analyses were 

conducted using R, version 3.5.1 (R Core Team (2018), Vienna, Austria).
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Results

Population characteristics

In the random subcohort (n=933), the mean age was 78±5 years, 40% were male, 15% were 

black, eGFR was 63±19 ml/min/1.73 m2, and UACR was 14±4 mg/g (Table 1). The mean 

serum concentration of sUMOD was 127±64 ng/ml; values ranged from 6 to 634 ng/ml. 

Participants of the random subcohort were slightly younger and had a lower prevalence of 

diabetes, hypertension, and heart failure compared to the rest of the participants, but were 

comparable by sex, race, eGFR and UACR (Table S1). Individuals in the lower sUMOD 

quartiles of the random subcohort were older, were more likely to be male and Caucasian, 

had lower eGFR, higher CRP and UACR and had a higher prevalence of diabetes, 

hypertension, and CVD (Table 1). Each ng/ml higher sUMOD was associated with a 1.51 

ml/min/1.73 m2 (95% CI, 1.32–1.71) higher eGFR in univariate linear regression analysis.

sUMOD and ESRD

During the median follow-up period of 9.8 (IQR, 0.3–13.0) years, 53 participants 

experienced ESRD. Fourteen of these were from the sub-cohort, the remainder were 

sampled outside the sub-cohort (Figure 1). One patient with ESRD was excluded because of 

missing blood sample for sUMOD measurement.

Incidence rates of ESRD in the random subcohort were 1.71 per 1000 person years of 

follow-up. Of the 14 events that occurred in the random subcohort, 11 (78.6%) were in the 

lowest sUMOD quartile, and 1, 2, and 0 cases occurred in the other three ascending 

quartiles. In univariate analysis, each SD (63.6 ng/ml) higher sUMOD was associated with a 

94% lower hazard (HR, 0.06; 95% CI, 0.03–0.11) of ESRD (Table 2). In multivariate Cox 

regression analysis, each SD higher sUMOD was associated with a 63% lower hazard of 

ESRD (HR, 0.37; 95% CI, 0.14–0.95). We did not observe any relevant interaction with age 

(p=0.4), sex (p=0.2) or eGFR (p=0.2).

sUMOD and eGFR decline

A total of 1876 participants returned for the follow up visit in 2005–2006. In general, these 

participants were slightly younger, were more likely to be female, had higher eGFR and 

lower ACR, and had a lower prevalence of diabetes, HF and CVD at the baseline visit 

compared to the total cohort at year 9 (Table 1 and Table S2). We included all participants 

from the random subcohort (n=280; 56 with and 224 without an eGFR decline ≥30% since 

baseline) and all additional cases from outside the random subcohort (n=123), i.e. a total of 

179 participants with an eGFR ≥30% and 224 without (Table 3). There were no significant 

differences between the 280 individuals from the random subcohort and the 1596 

participants not from the random subcohort (Table S2). Comparing participants with and 

without ≥30% eGFR decline, those with kidney function decline had lower sUMOD levels 

(125 vs.144 ng/ml, p=0.003) but similar eGFR (67 vs. 69 ml/min/1.73 m2, p=0.2, Table 3). 

UACR and SBP were higher in those with kidney function decline.

In univariate analysis, each SD (63.9 ng/ml) higher sUMOD was associated with 

significantly lower odds (odds ratio (OR), 0.73; 95% CI, 0.59–0.91) for kidney function 
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decline. In multivariate Cox regression analysis, the lower odds per each SD higher sUMOD 

persisted after adjusting for demographics (OR, 0.75; 95% CI, 0.60–0.95) (Table 4). After 

further adjustment for eGFR, UACR, and CVD risk factors this result was attenuated and no 

longer significant (OR, 0.88; 95% CI, 0.68–1.14).

When we defined an eGFR decline ≥40% as the outcome variable in the 403 participants 

selected for the original analysis (i.e. eGFR decline ≥30%), 24 (43%) of the 56 cases from 

the random subcohort had an eGFR decline ≥40%, whereas 68 (55%) of the 123 additional 

cases from outside of the random subcohort had eGFR decline ≥40%. sUMOD was 

associated with the kidney function decline in univariate analysis, however the association 

was attenuated in the multivariable analysis (Table S3).

Discussion

Our results demonstrate that, in a community-living cohort of older adults, lower sUMOD is 

associated with development of ESRD independently of eGFR, UACR, and cardiovascular 

and CKD risk factors. In demographic-adjusted analysis, sUMOD was also associated with 

kidney function decline; however, after full adjustment this relationship was attenuated and 

rendered no longer statistically significant.

Whereas urinary uromodulin is thought to have physiological roles in terms of the 

prevention of urinary tract infection and kidney stone formation (30–35), the function of 

sUMOD is less-well known, and it remains unclear whether secretion of uromodulin into the 

blood is only a byproduct of uromodulin expression in the tubular cells. However, serum 

levels of UMOD decrease in CKD and are directly correlated with eGFR (13, 14); in line 

with this, we also found a strong association of sUMOD and eGFR. In contrast, uUMOD 

concentrations are only weakly correlated with eGFR (36, 37). sUMOD may therefore be a 

better measure of tubular mass and integrity given that sUMOD levels are also directly 

correlated with tubular pathology (38). sUMOD levels may also have fewer analytic 

concerns than uUMOD. uUMOD levels show significant intra- and inter- individual 

variability (9) and uUMOD filaments are modified by duration of storage and freezing (30, 

39). In addition, centrifugation and vortex mixing influenc the amount of detectable 

uUMOD (40). The latter measurement shortcomings have not been reported for sUMOD.

There are several potential explanations for the associations of sUMOD with ESRD and 

kidney function decline. First, lower sUMOD may reflect the degree of IF/TA, which in turn 

is associated with kidney disease progression (4–6, 41, 42). Indeed, a prior study has 

demonstrated that higher levels of sUMOD are associated with lower levels of IF/TA (12), 

suggesting that sUMOD might be a non-invasive biomarker for IF/TA. Second, sUMOD 

may identify individuals with reduced capacity to defend against tubular function insults 

such as AKI (43) and ischemia (44) or maintain homeostasis in systems related to tubular 

function such as acid-base-balance, which in turn are risk factors for ESRD and kidney 

function decline (45–47). This is supported by research showing that uromodulin knockout 

mice develop more severe AKI after ischemia reperfusion injury than wild-type animals (43, 

48). The latter can be explained by the immune-modulating effect of uromodulin, which 

ameliorates acute tubular necrosis both in the ascending limb of Henle and neighboring 
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tubular segments. Likewise, uromodulin is thought to also have an overall immune-

modulating effect both in the circulation and the renal interstitium (43), which is supported 

by clinical studies demonstrating the inverse association of sUMOD with inflammatory 

parameters (49, 50).

Major strengths of this study are the use of a well-characterized cohort with detailed 

ascertainment of exposures, covariates and outcomes. We believe this is the first study to 

evaluate community-living older persons, which has an increased risk for ESRD and earlier 

stages of CKD, and a high prevalence of IF/TA compared to the general population. This 

type of cohort reduces the risk of confounding from genetic mutations in the UMOD gene as 

these patients develop CKD and ESRD in earlier phases of life. Limitations include a 

storage time of the serum samples >10 years. This might have led to some degree of 

degradation of sUMOD, although no major impact of storage time on sUMOD levels has 

been previously documented. If there was degradation of sUMOD in the sample, 

misclassification of the exposure variable may have occurred and results would be diluted to 

the null. Our ESRD outcome assessment has a very high specificity but only modest 

sensitivity, so it is possible we missed some ESRD cases within our cohort. The number of 

ESRD outcomes is relatively small, which may have limited statistical power. However, in 

general with an effective sample size of 53 events, a power of 80% and a two-sided type 1 

error rate at 5%, the minimal detectable HR in a Cox regression analysis is 0.68 or lower per 

SD higher continuous exposure. In our fully adjusted model the HR is 0.37, so we believe 

the statistical power was adequate. Our kidney progression analyses included those who 

survived to give blood samples at the 2005–06 visit, by necessity, as serum cystatin C 

concentrations at follow-up were required to assess CKD progression. These results may 

limit the generalizability to the oldest old (mean age of 85 years at follow-up). Likewise, our 

results might be confounded by survival bias because neither participants who died before 

the 2005–06 visit nor participants who did not return to this visit were included in our study. 

Furthermore, there is a chance of misclassification bias in the kidney function decline 

analysis and thereby a reduction in statistical power, because the actual time from baseline to 

follow-up ranged between 8.2 and 9.5 years. Likewise, the sensitivity of our CMS linkage 

analysis has a sensitivity of 70% to identify ESRD cases, which might lead to 

misclassification bias, i.e. biasing our results towards the null. However, since we detected a 

significant association between sUMOD and ESRD, the true association might be even more 

pronounced. No information on the reason for censoring other than death is available, so we 

cannot rule out that censoring was in part informative. However, due to the large number of 

covariates in our multivariable model, we think the bias possibly introduced because of 

informative censoring is likely of less importance. We noted significant attenuation when 

adjusting for eGFR and ACR given that these variables are correlated with sUMOD and 

associated with ESRD, but also raising some concern about residual confounding. This may 

be particularly true for our cohort since older adults have a higher number of comorbidities. 

Although we cannot rule out residual confounding we attempted to adjust for all relevant 

factors associated with kidney function decline (51, 52). We acknowledge that due to the 

observational design of our study we cannot rule out reverse causality, i.e. reduced eGFR 

leading to a decline in sUMOD levels over time; however the longitudinal nature of the 

study makes this less likely. Last, we did not adjust our analysis for genetic variants that 
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have been shown to modify sUMOD levels. However, studies evaluating the association of 

sUMOD with mortality and CKD were not significantly different after adjustment for SNPs 

(16, 53).

In conclusion, we demonstrate that sUMOD is independently associated with ESRD, but not 

eGFR decline ≥30% in a general community cohort of the elderly. In view of the inaccuracy 

of GFR estimation from creatinine in the elderly, the lack of correlation of IF/TA with 

eGFR, and the association of IF/TA with prognosis as well as drug handling sUMOD may 

be a useful measure to be assessed in the geriatric population (54, 55). Future studies should 

attempt to reproduce these results, and if consistent, focus on the value of markers of IF/TA, 

including sUMOD, in addition to measures of glomerular filtration in assessing risk 

stratification for ESRD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Patient sampling for the outcomes end-stage kidney disease (ESKD) and kidney 
function decline (i.e. ≥30% reduction in estimated glomerular filtration rate from baseline to the 
follow-up visit 2005–06).
Participants were sampled at the year 9 visit of the Cardiovascular Health Study (CHS). The 

unshaded circle represents the random subcohort (serving as control for the case-cohort 

study on ESRD), the light gray circle the cases for the case-cohort study on ESRD, the dark 

gray circle the cases for the study on CKD progression that returned to follow-up in 

2005/2006 and had creatinine measurement at this visit, the black circle the controls for the 

study on CKD progression that also returned to follow-up in 2005/2006 and had creatinine 

measurement at this visit.
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Table 1:

Baseline characteristics of participants in the random subcohort stratified by quartiles of sUMOD

Total
Cohort
(N=933)

sUMOD Quartile p-value

1 (n=234) 2 (n=233) 3 (n=233) 4 (n=233)

sUMOD

range (ng/ml) - ≤ 83.3 > 83.3 – 118.4 > 118.4 – 162.3 > 162.3

Mean (ng/ml) 127.2
(63.6)

57.5 (17.4) 100.4 (9.9) 138.6
(13.6)

212.4
(51.2)

Demographics

Age (ys) 78.1 (4.8) 79.5 (5.33) 78.4 (4.95) 77.4 (4.3) 77.2 (4.2) <0.001

Male 39.7 48.7 41.6 38.2 30.0 <0.001

Black Race 15.3 12.0 11.6 19.3 18.5 0.03

Site 0.2

 Wake Forest 23.2 17.1 27.0 24.9 23.6

 UC Davis 28.5 26.9 28.3 30.5 28.3

 Johns Hopkins 21.8 27.4 21.0 18.5 20.2

 Pittsburgh 26.6 28.6 23.6 26.2 27.9

Laboratory Measures

eGFR <60 ml/min/1.73 m2 41.7 69.7 45.1 31.8 20.2 <0.001

eGFR (ml/min/1.73 m2) 63.4 (18.6) 49.9 (19.4) 63.0 (15.7) 68.0 (15.6) 72.7 (15.0) <0.001

UACR>30 mg/g 20.5 33.9 19.6 15.7 11.8 <0.001

log2 (UACR in mg/g) 3.8 (1.9) 4.5 (2.3) 3.8 (1.8) 3.5 (1.6) 3.3 (1.7) <0.001

Fasting glucose (mg/dl) 107.4
(34.6)

113.1
(35.7)

104.2
(23.4)

108.1
(39.0)

104.3
(37.5)

0.03

log2 (CRP in mg/dl) 1.3 (1.6) 1.6 (1.6) 1.3 (1.6) 1.3 (1.6) 1.0 (1.6) <0.001

Total cholesterol (mg/dl) 201.4
(38.8)

196.6
(43.3)

201.8
(37.8)

203.3
(38.1)

204.0
(35.5)

0.04

Serum albumin (g/dl) 3.8 (0.3) 3.8 (0.3) 3.8 (0.3) 3.8 (0.3) 3.8 (0.3) 0.2

CVD risk factors and prevalent CVD

Systolic BP (mmHg) 137.0
(21.0)

138.3
(21.7)

136.3
(21.6)

136.4
(17.1)

137.0
(23.0)

0.6

Diastolic BP (mmHg) 69.8 (11.0) 67.5 (13.4) 69.8 (10.1) 70.7 (9.9) 71.1 (9.9) <0.001

BMI (kg/m2) 26.9 (4.7) 27.7 (5.1) 26.9 (4.9) 26.8 (4.2) 26.3 (4.4) 0.001

Diabetes 25.3 19.7 12.0 14.2 9.4 0.002

Hypertension 60.0 71.1 60.3 59.7 48.9 <0.001

Heart failure 9.2 17.5 8.6 6.0 4.7 <0.001

CVD 17.5 26.9 18.5 12.4 12.0 <0.001

Medication Use

Lipid lowering 12.0 13.2 12.4 10.3 12.0 0.8

Antihypertensive 55.4 73.5 59.2 52.8 36.1 <0.001

Lifestyle factors
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Total
Cohort
(N=933)

sUMOD Quartile p-value

1 (n=234) 2 (n=233) 3 (n=233) 4 (n=233)

Smoking 0.3

 Current 7.4 5.2 7.4 9.7 7.5

 Former 41.6 46.5 43.0 39.2 37.4

 Never 51.0 48.3 49.4 51.1 55.1

Continuous variables are presented as mean +/−standard deviation, categorical variables as percentage of total population. Cardiovascular Disease 
is defined as history of myocardial infarction and/or stroke prior to baseline assessment.

Abbreviations: sUMOD=serum uromodulin, eGFR=estimated glomerular filtration rate, CRP=C-reactive protein, UACR=urinary albumin-
creatinine ratio, CVD=cardiovascular disease, BP=blood pressure, BMI=body mass index.
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Table 3:

Baseline characteristics of participants included in the kidney function decline outcome analysis

Total (N=403) Kidney function decline <30% 
(n=224)

Kidney Function Decline ≥30% 
(n=179) p-value

Demographics

Age (ys) 76.4 (3.6) 76.5 (3.9) 76.4 (3.3) 0.9

Male 39.0 37.5 40.8 0.6

Black Race 14.6 13.8 15.6 0.7

Site 0.2

 Wake Forest 20.6 17.0 25.1

 UC Davis 33.3 33.5 33.0

 Johns Hopkins 19.4 21.9 16.2

 Pittsburgh 26.8 27.7 25.7

Laboratory Measures

sUMOD (ng/ml) 135.6 (63.9) 143.8 (67.5) 125.4 (57.6) 0.003

eGFR <60 ml/min/1.73 m2 31.3 29.9 33.0 0.6

eGFR (ml/min/1.73 m2) 68.0 (17.5) 69.1 (17.2) 66.6 (17.7) 0.2

UACR>30 mg/g 11.0 6.1 16.8 0.002

log2(UACR) (mg/g Cr) 3.4 (1.6) 3.0 (1.2) 3.7 (1.9) <0.001

Fasting glucose (mg/dl) 104.5 (31.7) 100.8 (24.6) 109.1 (38.5) 0.01

log2(CRP) (mg/dl) 1.3 (1.5) 1.1 (1.5) 1.7 (1.6) <0.001

Total cholesterol (mg/dl) 201.2 (36.9) 204.8 (35.4) 196.8 (38.2) 0.03

Serum albumin (g/dl) 3.8 (0.3) 3.8 (0.3) 3.8 (0.3) 0.2

CVD risk factors and prevalent CVD

Systolic BP (mmHg) 136.8 (19.7) 133.8 (18.8) 140.6 (20.1) <0.001

Diastolic BP (mmHg) 70.5 (11.2) 70.4 (10.4) 70.6 (12.3) 0.9

BMI (kg/m2) 27.7 (4.5) 27.2 (4.4) 28.3 (4.6) 0.02

Diabetes mellitus 12.7 8.0 18.4 0.003

Hypertension 58.9 52.5 66.9 0.005

Heart failure 6.0 5.4 6.7 0.7

CVD 11.7 8.9 15.1 0.08

Medication Use

Lipid lowering 14.6 12.1 17.9 0.1

Antihypertensive 52.9 47.8 59.2 0.03

Lifestyle factors

Smoking 0.7

 Current 7.8 6.8 9.0
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Total (N=403) Kidney function decline <30% 
(n=224)

Kidney Function Decline ≥30% 
(n=179) p-value

 Former 40.7 40.6 40.7

 Never 51.5 52.5 50.3

Continuous variables are presented as mean +/−standard deviation, categorical variables as percentage of total population. Kidney function decline 
is defined a decrease in estimated glomerular filtration rate ≥30% from baseline to the follow-up visit. CVD is defined as history of myocardial 
infarction and/or stroke prior to baseline assessment. Abbreviations: sUMOD=serum uromodulin, eGFR=estimated glomerular filtration rate, 
CRP=C-reactive protein, UACR = urinary albumin-creatinine ratio, CVD=cardiovascular disease, BP=blood pressure, BMI=body mass index.
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