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Serum uromodulin and diabetes mellitus
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Aims Serum uromodulin has recently emerged as promisimgarker for kidney function
and was suggested to be associated with type 2témlfT2D) in coronary patients. Here, we
analyzed the association of serum uromodulin wb Th the population-based KORA
F4/FF4 study.

Methods In 1119 participants of the KORA F4 study aged 82 years, serum uromodulin
was measured and the association of serum uronmodith T2D was assessed using logistic
and linear regression models stratified for sexe”A& mean follow-up time of 6.5 years, 635
participants where reevaluated. Glucose toleratateswas determined by oral glucose
tolerance test at baseline and at the follow-uprgxation except in cases of known T2D.
ResultsSerum uromodulin was inversely associated with T2ihe crude analysis and after
adjustment for age and BMI in men (p < 0.001) andi@men (p < 0.05). After further
adjustment for estimated glomerular filtration regerum uromodulin was significantly
inversely associated with T2D in men (p < 0.004}, ot in women. Serum uromodulin was
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not associated with prediabetes after multivagalestment and did not predict T2D in men
or in women after the follow-up time of 6.5 + 0.8ays.

Conclusionsin participants of the KORA F4 study, serum uronlodis independently
associated with T2D in men, but is no predictofubdire development of T2D.

In the population-based KORA F4 study, serum uromodulin was measured using an enzyme-linked
immunosorbent assay kit and found to be inversely associated with T2D, but did not predict T2D.

Introduction

Type 2 diabetes mellitus (T2D) entails a roughlylled cardiovascular risk (1), but the link
between metabolic and vascular disturbances Isrstdmpletely understood and very little is
known about potentially protective factors, onevbich might be the
glycosylphosphatidylinositol-anchored protein ura@hlin. Uromodulin is synthesized in
tubular cells of the ascending limb of Henle's laoy released into the urine by proteolytic
cleavage in an amount of 75 - 200 mg/24 hours (dr4he urinary tract, the highly
abundant uromodulin exerts anti-lithogen, anti-atitee and immunomodulatory functions
(5-12). The relevance of uromodulin for kidney grtey becomes obvious in case of
mutations of the uromodulin-coding gene leadingdwere kidney damage, such as cystic
kidney disease, recurrent urinary tract infectidamilial juvenile hyperemic nephropathy
and congenital nephrolithiasis (4,7,9,13-15). Bedletse severe uromodulin defects, even
small changes in uromodulin concentration and/oction, caused for instance by
uromodulin loci variants, may provoke and/or ackekidney disease (16—-22). Vice versa,
kidney disease with loss of uromodulin-producintiscgue to other reasons entails decreased
uromodulin secretion and might thus aggravate #dadirte of kidney function (23,24).

Other circumstances may also influence uromod@anegion. A decreased urinary
uromodulin was described in diabetic pati€@&26). In diabetes, urinary uromodulin may
additionally feature an altered glycation pattgossibly influencing its functionality (27).
Recently, a decreased serum uromodulin (sUmod)dessribed in diabetic patients with
coronary heart disease (28). These observatiorgestg link between diabetes and
uromodulin. However, the causal nature of the i@hadf circulatory uromodulin and
diabetes remains to be clarified.

The presence of uromodulin in serum has long beeognized (29), but has gained little
interest up to recently. Uromodulin concentratiosérum is about 1000fold lower than in
the uring30). Nevertheless, sUmod does not seem to be@ddyct” only. Uromodulin is
actively secreted by endocytotic vesicles fromltasolateral side of tubular cells into the
interstitial space and circulation (30—32). The gblpgical functions and significance of
uromodulin in the circulation remain largely unkmavsince T2D is often associated with
kidney disease, we here aimed to assess the assoahsUmod with T2D and its predictive
value for T2D in the population-based KORA F4/Flehart.

Methods

Study participants

The KORA (Cooperative Health Research in the Regiohugsburg) S4/F4/FF4 cohort
study originally involved 4,261 participants frolretgeneral community in the health survey
S4 (1999-2001). Follow-up examinations took pla@@ea2-2008 (KORA F4 with 3,080
participants) and 2013-2014 (KORA FF4 with 2,27@ipgants). The loss of participants
from S4 to FF4 was due to participants’ death (4B8pcation (296), refusal (570), iliness or
lack of time (504) and no contact possible (15Bcmitment and eligibility criteria for the
KORA studies have been described previously (38¢ §tudy design, standardized sampling
methods and data collection (medical history, megteho, anthropometric measurements,
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blood pressure) have been described in detail &ksen(34,35). All study participants gave
written informed consent. The study was approvethbyEthics Committees of the Bavarian
Medical Association and the Bayerische LandesaarteRer in adherence to the declaration
of Helsinki and Istanbul. In 1119 randomly selegtadticipants aged 62 - 81 years in the
KORA F4 cohort, sUmod was measured. Criteria fpreaknown diagnosis of diabetes
mellitus were a validated medical diagnosis orentruse of glucose-lowering agents. After
an overnight fasting period, all non-diabetic gap@ants underwent a standard 75 g oral
glucose tolerance test. Newly diagnosed diabatgsaired glucose tolerance (IGT), impaired
fasting glucose (IFG), and normal glucose tolergh&®T) were defined according to the
1999 World Health Organization diagnostic critdyésed on both fasting and post-challenge
glucose values (T2D 7.0 mmol/l fasting and/ar 11.1 mmol/l 2-h glucose; IFG: 6,1

mmol/l and < 7,0 mmol/l; IGT> 7.8 - < 11.1 mmol/l 2-h glucose). Prediabetes deiged

as IFG and/or IGT (2-h glucose7.8 - < 11.1 mmol/l). Arterial hypertension wagided as
systolic blood pressure 140 mmHg, diastolic blood pressar®0 mmHg or known
hypertension with use of anti-hypertensive drugsth® 1119 participants with sUmod
measurements in KORA F4, 130 died and 354 couldeabntacted or declined
participation in the FF4 survey. Thus, the studp@a in the FF4 examination comprised
635 participants. The follow-up time amounted t60.3 years.

Laboratory measurements

Blood was collected after an overnight fast ofeaisk eight hours without stasis, and the
samples were kept at 4°C until centrifugation. esamples were stored at -80°C until
assayed. Except for 2-h glucose, all blood parammetere determined in fasting blood
samples. Measurements of serum creatinine andticy§tavere performed as described
elsewhere (36). Glomerular filtration rate (eGFR¥svealculated using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) eqoat{2009) based on serum creatinine
(eGFRcr), cystatin C (eGFRcc) or both parameteed-Recrcc), respectively. SUmod was
determined using the commercially available urontiodenzyme-linked immunosorbent
assay kit (Euroimmun AG, Lubeck, Germany) with wéo detection limit of 2 ng/ml, an
intraassay precision of 1.8 - 3.2 % and an interapsecision of 6.6 %. The measurement
procedure was performed as described previously (32

Statistical Analyses

Characteristics of the study participants were caneg between men and women using t-
tests in case of normally distributed variables. $k@wedly distributed variables, Mann-
Whitney U-tests were performed. Chi-square testewsed to compare binomial
proportions. The associations of sUmod with theonies of interest were assessed in
logistic regression models in case of categoriepetident variables and in linear regression
models in case of continuous dependent varialdepectively. SUmod was deployed as
independent variable. In multinomial logistic anteblr regression analyses, the association
of sUmod with the respective dependent variables adgusted for confounders as indicated
for each observation. The models were fitted fenitnole study group and for women and
men. Participants with missing covariables werdugled from the respective analyses. The
number of participants finally included in the resfve fully adjusted model is given for
each analysis. The level of statistical significam@s set at 5 %. All calculations were
performed using the statistical environment R, ioer8.4.4.

Results

Study population characteristics
Baseline characteristics of the study populaticatiied for sex are shown in table 1. Men
had an adverse metabolic and cardiovascular risdgcompared to women, including

6102 YoJBIN 6Z UO Josn wnyjiBojojewseH 4S9 Aq £/26€5//6520-810Z°0(/01.Z1"01/I0pA0BISGE-0]01LIE-90UBADE/WS0[/LO0Y"dNO" OIS PEDE//:SARY WO, PAPEOIUMOQ



THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

=
L
9
ﬁ

ADVANCE ARTICLE:

ENDOCRINE =
SOCETY Ema

The Journal of Clinical Endocrinology & Metabolis@ppyright 2019 DOI: 10.1210/jc.2018-02557

significantly higher waist circumference, systditd diastolic blood pressure, triglycerides,
lower HDL cholesterol and a higher proportion dbjgets with T2D. However, women in
the current study group had a higher BMI, LDL clstéeol and hsCRP. Women displayed
significantly higher sUmod levels than men.

Association of sUmod with sex, age, height, weigahd BMI

The association of sUmod with sex was highly sigaiit (p < 0.001) and largely
independent of possible confounders (table 2). SiUdexlined with advancing age. This
inverse association was attenuated after corretwioaGFR, but remained significant (p <
0.001; table 2). Adjustments for other possiblefeonders did not further substantially
weaken the association of age and decreased s\ Btwdod was not associated with height
after correction for age in men or women (datasihawn), whereas weight was inversely
related to sUmod in both sexes in the crude arsabysil after adjustment for age (men: -0.17
+ 0.04; women: -0.26 £ 0.05, p < 0.001 for botheslations). Further, sUmod correlated
inversely with BMI in the total study cohort, in mand in women without and with
adjustment for age (total cohort: -0.23 + 0.03; ménl8 + 0.04; women: -0.26 = 0.05; p <
0.001 for each observation).

Association of sUmod with prediabetes, diabetes ntidis and parameters of glucose regulation
Study participants with prediabetes or T2D disptbl@ver sUmod levels compared to
subjects with normal glucose tolerance (figureSL)mod was inversely associated with
prediabetes in the total study cohort and in mahnbt in women (table 3). After adjustment
for age, sex and BMI, the associations of sUmod wiediabetes were no longer significant.
SUmod correlated inversely with T2D in the totahod, in men and in women without
adjustment and after adjustment for (sex,) ageBivil(table 3). However, in women,

further adjustment for eGFR attenuated the assogi&d non-significance.

After adjustment for age, (sex,) BMI and eGFR, sldma@s inversely associated with
HbAlc as continuous variable in the total studyarbfcoefficient -0.09 + 0.03; p = 0.003)
and in men (-0.14 £ 0.05; p = 0.005), but not imvem (-0.053 + 0.06; p = 0.13). Compatible
with the lacking association of sUmod with predisise the relation of sUmod with
moderately elevated HbAlc levels in the prediabatinge (39 — 46 mmol/mol (5.7 - 6.4 %))
was not significant in women and no longer sigaificin the total study cohort and in men
after adjustment for age and BMI. HbAlc valueshm diabetic range>(48 mmol/mol
(6.5%)) were inversely associated with sUmod intthial cohort and in men after adjustment
for age, BMI and eGFR. In women, the inverse retabf sUmod and HbAlc values48
mmol/mol (6.5%) was no longer significant afterusiment for age and BMI (table 1 in (37);
DOI 10.5282/ubm/data.142).

SUmod was associated with a lower fasting glucoskaalower insulin resistance as
determined by HOMA-IR. In women, the associatiothiiOMA-IR was attenuated to non-
significance after adjustment for age and BMI. Aaidjustment for age, BMI and eGFR,
fasting insulin was weakly, but significantly ingety associated with sUmod in men, but not
in women, whereas a relation of proinsulin with stdéhcould not be established after
correction for age, sex, BMI and eGFR (table 23in){ DOI 10.5282/ubm/data.142).

SUmod was inversely related to hsCRP in men aftprsement for age, BMI and eGFR
(-0.10 £ 0.04; p < 0.05). In women, hsCRP and sUouardelated without correction for
confounders, but not after multivariate adjustn(elata not shown). The risk reduction for
T2D in study participants with higher sUmod valwess largely independent of hsCRP, as
correction for hsCRP did not change the level ghisicance (table 3).

Lacking association of sUmod with T2D in follow-up
SUmod was no predictor for prediabetes or T2D im mein women after multivariate
adjustment in the follow-up examination after 6.8.8 years (OR for T2D in men: 1.35, 95%
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C10.87 — 2.11; women: OR 0.77, 95% CI 0.51 — 1tafle 4). Fittingly, HbAlc (men: -
0.001 + 0.046; women: -0.071 £ 0.038), fasting ghec(men: 0.056 + 0.049; women: -0.031
+ 0.038), fasting insulin (men: -0.119 + 0.064; wam-0.073 + 0.044) and HOMA-IR (men:
-0.070 £ 0.059; women: -0.052 + 0.033) where ngmigicantly associated with baseline
sUmod in men or in women in the follow-up survetieafidjustment for age, BMI, eGFR and
the respective baseline parameters.

Discussion

This is the first study showing the associatiosdmod with T2D in a population-based
cohort. Our results describing a strong link of T@Eh sUmod are in line with previous
studies that predominantly involved participantthvkidney and/or coronary disease (28,38).
In contrast to previous data (28), we here alsevsdio association of sUmod with HOMA-IR
and fasting insulin. The stratification for sexomar study revealed a highly significant
association of sUmod with T2D in men, but not inmem. To our knowledge, a different
association of uromodulin and T2D depending onhsexnot yet been described. Another
important finding of our study is that sUmod is aotindependent marker of prediabetes
either defined by increased fasting glucose, ingghgiucose tolerance and/or moderately
increased HbA1c levels. In our cohort, prediabpéidicipants were asymptomatic and
mainly detected by a screening test. Thus, the nihajf prediabetic individuals may not
have developed diabetic nephropathy, which maya@xphe unchanged uromodulin serum
levels.

The current data clearly demonstrate that sUmoa igredictor of future prediabetes or
T2D, which is in line with the lacking significaassociation with prediabetes, but contradicts
the results of Leiherer et al. (28) describing logldmod values in individuals developing
diabetes within a follow-up time of 3.5 years. Tiscrepant results may arise from
differences in the study populations (in the staflizeiherer et al., 55% of the participants
suffered from significant coronary heart disease) fiom the multivariate adjustments of the
longitudinal analyses of our study. Regarding aurent data, it can be largely excluded that
sUmod plays a causative role in diabetes pathogenés inverse association of sUmod
with diabetes may be due to a suppression of uratimosecretion. Experimental data
investigating this possibility are currently lacggirAnother possibility for the eGFR-
independent relation of sUmod and diabetes is dp d@betes-related kidney affection that
is underestimated by GFR calculations. In early&idinjury, sUmod decrease may precede
the eGFR decline determined by the endogenouatidtr markers creatinine or cystatin C,
since a progressive nephron loss may initially @mamensated by an increased hydraulic
pressure and subsequent glomerular hyperfiltrg8ar32). Therefore, in early kidney
disease, correction for eGFR may not exclude titestUmod decline is in fact primarily
related to the reduction of nephron number. Thespmption may be especially true for
diabetic nephropathy, in which hyperfiltration ypical.

In our cohort aged 62 - 81 years, sUmod was lowetder participants. The decline of
uromodulin with advancing age is well known (32489,and mostly attributed to a declining
kidney function and reduction of nephron numberigher age. In our study, eGFR reduction
only partially explained the age-related sUmod ease. Altogether, the attribution of
sUmod values to nephron mass as only determinardins open to further study considering
the lacking association of sUmod with height, tineerse relation to weight and the
considerably higher sUmod levels in women compé&aden in our study population.
Although sex-related data regarding nephron numibensalthy women and men are
lacking, higher sUmod in women is probably not tlua (relatively) higher nephron mass.
Rather, hormonal and receptor-related factors neapimlved. We assume that higher
sUmod values in women may mirror a sex-related regpbtective role of the molecule,
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since women suffering from chronic kidney diseassch end-stage renal disease 3 - 5 years
later than men (41). However, our data suggestsitatod is also subjected to regulation
processes beside kidney mass and function. SUniuglyarious other, well-known

metabolic parameters featuring more favorable [@®in women than in men. Interestingly,
the inverse association of sUmod with prediabégB),, HbAlc, fasting insulin and insulin
resistance was stronger in men than in women. &asons for sex-related differences in the
link between sUmod and T2D are unknown. Since woha@ generally higher sUmod
values, the possible suppressive effect of diabatgsbe less obvious. Not only uromodulin
guantity might be influenced by hormonal parameteus also uromodulin function. For
example, uromodulin isolated from the urine of i@y women has different
immunomodulatory properties compared to uromodutm men and non-pregnant women,
probably due to an altered uromodulin glycosylastate (42). Whether such differences are
also detectable in sUmod remains to be clarified.

Overall, the physiological functions of uromoduiinthe circulation and thus possible
causal interferences of a reduced sUmod in dialatsoutcome are largely unknown.
Similar to known uromodulin capacities in the urimemunomodulatory properties in the
blood stream have been proposed (43—-46). Uromodedeptors in the body remain to be
determined for the most part, but possibly incltidé-like receptor 4, via which uromodulin
may activate myeloid dendritic cells (47). In therent study, sUmod correlated inversely
with hsCRP in men, but not significantly in womdteamultivariate adjustment. Since two
studies involving patients admitted for coronargiagraphy detected an inverse association
of sUmod and cardiovascular events and mortal®y38), it is tempting to speculate that
sUmod is one link between diabetes and cardiovascoimplications. Another possibility is
that very early kidney affection is not adequasegessable to date and plays a more
prominent role for cardiovascular complicationstipaeviously assumed.

Study strengths and limitations

The major strengths of our study are the populabased design with a large, well-
characterized community-based cohort and the felipwime of 6.5 years. All participants
without pre-diagnosed diabetes underwent an oualogle tolerance test at baseline and in the
follow-up examination. However, only participantged 62 - 81 years were included, so that
the relation of sUmod with metabolic disturbanaegaunger subjects remains to be
confirmed.

Conclusions

To our knowledge, this is the first population-lzhseudy assessing the association of sUmod
with T2D. The current data indicate that sUmod v&lable biomarker for T2D in elderly
individuals, but no predictor for future T2D, sugtieg that the presence of T2D causes a
decrease of uromodulin serum levels. Preclinicalists are needed to clarify the mechanistic
basis of the reduced sUmod levels in T2D. Furthaical studies will determine, whether

the reduced sUmod in T2D predicts diabetic nephihgpand cardiovascular complications

in diabetic individuals.
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Table 1 Characteristics of study participafits

DOI: 10.1210/jc.2018-02557

All subjects Men Women p
n 1119 569 550
Age (years) 70.3+5.5 70.4+5.6 70.3+5.4 n.s.
BMI (kg/m?) 28.7+4.5 28.4+3.9 29.0+5.0 0.018
Waist circumference (cm) 98.2+12.2 102.8+10.4 3.4% 12.0 <0.001
Systolic blood pressure (mmHg) 128.5 +19.6 132122 124.8 +19.4 <0.001
Diastolic blood pressure (mmHg) 74.0 +10.0 751083 72.5+9.7 <0.001
Arterial hypertension (%) 699 (62) 380 (67) 319)(58 0.007%
HDL cholesterol (mmol/l) 1.45 +0.37 1.33 +£0.33 51+ 0.36 <0.001
LDL cholesterol (mmol/l) 3.64 £ 0.93 3.52+0.9 8.¥0.95 <0.001
Triglycerides (mmol/l) 1.27 (0.94; 1.77) 1.35 (0.9490) 1.23 (0.93; 1.66) 0.009
Prediabetes (%) 290 (26) 151 (27) 139 (25) "f.s.
Type 2 diabetes (%) 218 (19) 131 (23) 87 (16) .006™
HbAlc (mmol/mol) 38 (36; 41) 38 (36; 42) 38 (36)41 n.s’
HbA1c (%) 5.6 (5.4; 5.9) 5.6 (5.4; 6.0) 5.6 (5.8)5 n.g’
hsCRP (nmol/l) 14.7 (7.5; 30.4) 13.8 (7.0; 29.0 .91(8.6; 32.3) 0.046
eGFR (ml/min/1.73 1) 77.9 (67.2; 87.8) 79.1 (68.2; 87.4) 76.8 (66813 n.s”
Physically inactive (%) 556 (50) 293 (51) 263 (48) 1.
sUmod (ng/ml) 152.5 (110.4; 207.6) | 138.6 (103.3; 187]6) 169aD(4; 224.7) <0.001

#Means * standard deviation, median (first quarthed quartile), or proportion (%);
®The p value is related to the null hypothesis ofew differences;

¢ Physically activez 1 hour sports/week in winter and summer;

# t-Test;” Mann-Whitney U-test** Chi-square test; n.s. not significant

Table 2 Association of sUmod with age and sex: Results wtinomial linear/logistic
regression models; n = 1065 in the fully adjustexiet

Age | Sex (female)

Without adjustment

-3.032 £ 0.392 *** [ 26.242 + 4.336 ***

Adjustment for eGFR

-1.666 £ 0.412 *** 26.900 + 4.114 ***

Multivariate adjustment Multivariate adjustment

-1.313 £ 0.418 ** 23.723 + 4.207 ***

1 adjusted for sex, BMI, diabetes, hypertension, L BGFR, hsCRP, myocardial infarction or stroke, lsimgp
behavior, physical activity
2 adjusted for age, BMI, diabetes, hypertension, L®EFR, hsCRP, myocardial infarction or stroke, lsmgp
behavior, physical activity
** p < 0.002; ** p <0.001

Table 3Relation of sUmod and prevalent prediabetes and P2lusted ORs (95% ClI) for
glucose regulation (prediabetes and T2D with nomghatose tolerance as reference) as
dependent variable and sUmod as independent varjpbi standard deviation): Results of
multinomial logistic regression models; n (in thdlyf adjusted model: total cohort; men;
women) = 872; 426; 446 for the analysis of prediebéprediabetes yes: 288; 150; 138); n
(in the fully adjusted model: total cohort; men;men) = 797; 405; 392 for the analysis of
T2D (T2D yes: 213; 129; 84)

| Prediabetes | T2D

Without adjustment

Total study cohort 0.8 (0.69 - 0.92) * 0.55 (0-47.65) ***

Men 0.79 (0.65 - 0.98) * 0.55 (0.44 - 0.69) **

Women 0.82 (0.66 - 1.01) 0.57 (0.44 - 0.73)™*

Adjustment for age, (sex) and BMI

Total study cohort 0.91 (0.78 - 1.07) 0.67 (0.9681) ***

Men 0.88 (0.71-1.1) 0.63 (0.5 - 0.81) ***

Women 0.95 (0.76 - 1.2) 0.73 (0.55 - 0.97) *

Adjustment for age, (sex), BMI and eGFR

Total study cohort 0.89 (0.75 - 1.05) 0.68 (0.5682) ***

Men 0.83 (0.65 - 1.05) 0.62 (0.48 - 0.81) **

Women 0.95 (0.75 - 1.21) 0.75 (0.56 - 1.01)

Adjustment for age, (sex), BMI, eGFR and hsCRP
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Total study cohort

0.91 (0.77 - 1.08)

0.68 (0.5633) **

Men

0.84 (0.66 - 1.07)

0.63 (0.48 - 0.82) ***

Women

0.98 (0.77 - 1.24)

0.76 (0.56 - 1.01)

*p < 0.05; **p <0.001

Table 4Relation of sUmod and incident prediabetes and ijusted ORs (95% CI) for
glucose regulation (prediabetes and T2D with noghatose tolerance as reference) as
dependent variable and sUmod as independent varjpét standard deviation): Results of
multinomial logistic regression models

| Prediabetes | T2D | Prediabetes or T2D
Without adjustment
Total study cohort 0.90 (0.69 - 1.18) 0.83 (0.6408) 0.81 (0.66 - 1.00)

Men

0.97 (0.65 - 1.45)

1.07 (0.73 - 1.56)

0.85 (0.6017)

Women

0.91 (0.62 - 1.34)

0.66 (0.45 - 0.96) *

0.88 (0-6716)

Adjustment for age,

(sex), BMI, eGFR and hsCRP

Total study cohort

1.03 (0.77 - 1.38)

1.0 (0.7535)

1.01 (0.80 - 1.27)

Men 1.03 (0.68 - 1.57) 1.35 (0.87 - 2.11) 1,000 1.44)
Women 1.06 (0.7 - 1.6) 0.77 (0.51 - 1.17) 1.0Z50.1.39)
n? 112;61;51 72;41; 31 184; 102; 82
*p<0.05

& number of participants included in the fully adecsmodel who met criteria (total cohort; men; woine
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