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ORIGINAL ARTICLE
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University of Norway, Tromsø, Norway; iSection of Nephrology, University Hospital of North Norway, Tromsø, Norway; jDepartment of
Transplant Medicine, Oslo University Hospital and University of Oslo, Oslo, Norway

ABSTRACT
Objectives. Urinary albumin excretion is a risk marker for cardiovascular disease (CVD). Studies suggest
that urinary orosomucoid may be a more sensitive marker of general endothelial dysfunction than
albuminuria. The aim of this population-based cross-sectional study was to examine the associations
between urinary orosomucoid to creatinine ratio (UOCR), urinary albumin to creatinine ratio (UACR)
and subclinical CVD. Design. From the Tromsø Study (2007/2008), we included all men and women
who had measurements of urinary orosomucoid (n¼ 7181). Among these, 6963 were examined with
ultrasound of the right carotid artery and 2245 with echocardiography. We assessed the associations
between urinary markers and subclinical CVD measured as intima media thickness of the carotid
artery, presence and area of carotid plaque and diastolic dysfunction (DD). UOCR and UACR were
dichotomized as upper quartile versus the three lowest. Results. High UOCR, adjusted for UACR, age,
cardiovascular risk factors and kidney function, was associated with presence of DD in men (OR: 3.18,
95% CI [1.27, 7.95], p¼ .013), and presence of plaque (OR: 1.20, 95% CI [1.01, 1.44], p¼ .038) and
intima media thickness in women (OR: 1.34, 95% CI [1.09, 1.65], p¼ .005). Analyses showed no signifi-
cant interaction between sex and UOCR for any endpoints. UACR was not significantly associated with
DD, but the associations with intima media thickness and plaque were of magnitudes comparable to
those observed for UOCR. Conclusions. UOCR was positively associated with subclinical CVD. We need
prospective studies to confirm whether UOCR is a clinically useful biomarker and to study possible sex
differences.
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Introduction

Cardiovascular disease (CVD) is still the number one cause
of death globally [1]. Several observational studies, including
meta-analyses, in different risk groups have repeatedly con-
firmed that increased albuminuria is an independent risk
factor for mortality. However, the exact mechanisms
explaining the link between albuminuria and clinical disease
in vessels are not known. Albuminuria represents a dysfunc-
tional filtration barrier, but also depends on tubular cell
reabsorption and secretion, and albumin might be added to
the urine from the urinary tract as well [2,3]. Thus, albu-
minuria is unspecific and may represent different patho-
physiological processes. Moreover, it has not yet been
confirmed that lowering of albuminuria per se reduces the

risk of CVD [4,5]. Thus, the clinical relevance of albumin-
uria measurements in cardiovascular medicine, especially in
low and medium risk non-diabetic populations, is unsettled
and novel biomarkers that may shed light on the early
mechanisms of endothelial dysfunction are needed.

Orosomucoid (molecular weight 41kD, negatively
charged) is a nonspecific acute inflammatory protein mainly
produced in the liver, but also in endothelial cells and other
extra-hepatic tissue [6]. Orosomucoid is found among other
plasma proteins as well as glycosaminoglycans and proteo-
glycans in the endothelial surface layer, a cell coat that cov-
ers the luminal side of the endothelium throughout the
vasculature. The endothelial surface layer protects the vessel
wall from contact with blood constituents and is important
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for the maintenance of normal glomerular permselectivity.
Damage to this layer is believed to be a direct cause of albu-
minuria and to be involved in the development of athero-
sclerotic vascular disease [7–10].

Under normal conditions, orosomucoid is present in
urine in very low concentrations. The reference range in
healthy individuals has not yet been settled, but a recent
study based on 72 healthy adolescents and adults (within
10–60 years of age) suggested a reference range for urinary
orosomucoid to creatinine ratio (UOCR) between 0.01 and
0.24mg/mmol, with a median of 0.08mg/mmol (corre-
sponding to 0.71mg/g) [11]. This result corresponds to
Christansen et al. where they described a reference range
for UOCR 0.009–0.17mg/mmol, median 0.04mg/mmol
(corresponding to 0.36mg/g) [12]. Observational studies
have shown increased levels of urinary orosomucoid in
patients with chronic diseases such as chronic heart failure,
psoriasis, rheumatoid arthritis and diabetes [13–16], suggest-
ing that urinary orosomucoid excretion (UOE) may be a
marker of dysfunctional endothelium and endothelial sur-
face layer. Indeed, studies in patients with type 2 diabetes
and normal urinary albumin excretion (UAE) have shown
that increased UOE independently predicts cardiovascular
mortality [17,18]. Also, a recent study found an association
between UOCR, but no other biomarkers, and an increased
cardiovascular risk score [19].

Little is known about the relationship between UOE and
cardiovascular endpoints in the general population.
However, since UOE probably reflects damaged or dysfunc-
tional endothelium at an earlier stage than UAE, this bio-
marker may be eneralized to aid in early risk stratification
in CVD. Measurements of intima media thickness (IMT) as
well as plaque in the carotid artery are considered valid
markers of generalized arterial injury and predictors of
future cardiovascular events [20,21]. Also, left ventricular
diastolic dysfunction (DD), which is prevalent in patients
with cardiovascular risk factors such as hypertension, obes-
ity and diabetes, is known to be strongly associated with
endothelial dysfunction [22,23]. Therefore, we assessed the
cross-sectional association between UOE and both carotid
arteriopathy and DD in a large cohort from the gen-
eral population.

Materials and methods

Study population

The Tromsø Study is a population-based, prospective study
with repeated health surveys of inhabitants of Tromsø, a
municipality in Northern Norway [24]. The scope of the
sixth survey (Tromsø 6), conducted in 2007–2008, was to
include both new participants and participants from the
second visit with more extensive examination in Tromsø 4
(1994–1995). To the first visit of Tromsø 6 all residents
aged 40–42 and 60–87, a 10% random sample of individuals
aged 30–39 and a 40% random sample of individuals aged
43–59 plus subjects who had attended the second visit of
Tromsø 4 (if not already included) were invited. A total of
12 984 subjects (6930 women and 6054 men, 65.7% of the

invited population) took part in the survey. A few weeks
after the first visit, a subgroup was invited to a second visit
with extensive examination. This subgroup was defined by
first-visit participants aged 50–62 and 75–84, a 20% random
sample in the age 63–74 years and all participants from the
second visit of Tromsø 4 (if not already included). A total
of 7307 (64% of eligible persons) attended. The participants
delivered urinary samples (n¼ 7181) and underwent ultra-
sonography of the right carotid artery (n¼ 7083). Those
who had undergone transthoracic echocardiography in
Tromsø 4 and/or Tromsø 5 were also invited to a new echo-
cardiography in Tromsø 6, and 2284 participated (96,7%).
In the present study, we included all participants who deliv-
ered urinary samples (n¼ 7181) and participated in carotid
ultrasound examination (n¼ 6963) and echocardiog-
raphy (n¼ 2245).

The Tromsø Study has been approved by the Regional
Committees for Medical and Health Research Ethics and
follow the ethical guidelines of the 1975 Declaration of
Helsinki. All participants gave their written,
informed consent.

Measurements

Two self-administered questionnaires about various health
issues, medication and smoking habits were completed at
the first visit. Blood pressure (BP) was measured using an
automated device (Dinamap Pro care 300 Monitor, GE
Healthcare Norway). Three readings on the right upper arm
were taken while seated, at 1-minute interval after a 2-min
rest. We used the mean of the last two measurements.
Hypertension was defined as systolic BP �140mmHg and/
or diastolic BP �90mmHg and/or self-reported use of BP
lowering drugs. Body mass index (BMI) was calculated as
weight in kg divided by the square of the height in meters.
Non-fasting serum total cholesterol were analyzed by
enzymatic colorimetric method and HbA1c by automated
HPLC method (Bio-Rad Laboratories, Munich, Germany).
Diabetes was defined as self-reported diabetes and/or self-
reported use of anti-diabetic medication and/or HbA1c
�6.5% (48mmol/mol). Smoking habits were defined as cur-
rent smoking or no smoking; the nonsmoking group con-
sisted of never smokers and previous smokers. Blood
samples were nonfasting. An enzymatic method was used to
analyze serum creatinine (standardized against isotope dilu-
tion mass spectroscopy, CREA Plus, Roche Diagnostics,
GmbH, Mannheim, Germany). Estimated glomerular filtra-
tion rate (eGFR) was calculated applying the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation [25].

Urinary samples

At the second visit, all participants delivered fresh morning
urinary specimens from three consecutive days. The samples
were immediately analyzed for albumin and creatinine
(unfrozen urine within 20 h after collection using an ABX
PENTRA autoanalyzer Horiba ABX) and kits from ABX
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Diagnostics (Montpellier, France). About 10ml of each spe-
cimen was frozen at �20 �C and shipped to Randers,
Denmark, where they were analyzed for orosomucoid by a
highly sensitive EU (Europium)-fluoroimmunosorbent
assays using a sandwich technique. Stability studies of urin-
ary orosomucoid have shown stable values despite repeated
freeze-thaw cycles [11]. The DELFIA (dissociation-enhanced
lanthanide fluorescence immunoassay) system was used for
the assay. The method has been described more in detail
previously [26,27].

Urinary orosomucoid measurements were available in
7083 participants (4024 women and 3059 men). The con-
centration was divided by the creatinine concentration of
the same specimen, and median values were used. For
UOCR, we chose to use the unit mg/g instead of mg/mmol
to obtain numerical values in the same range as for urinary
albumin to creatinine ratio (UACR) in mg/mmol.

Echocardiography

Echocardiography (Acuson Sequoia C512 Ultrasound
System) included assessment of systolic and diastolic left
ventricular function indices, left atrial (LA) size and ven-
tricular wall thickness. Details about the procedure and its
reproducibility have been published previously [28].

The definition of DD has changed over the last years,
and we applied a modified version of the 2016 recommen-
dations from the American Society of Echocardiography
and European Association of Cardiovascular Imaging [29].
In accordance with the recommendations, we used different
set of criteria depending on whether the ejection fraction
(EF) was normal (defined as �50%) or reduced. Since our
data did not include measurements of the right ventricle, we
modified the definition accordingly, and we set two of three
criteria as diagnostic for DD. This covers the old definition
of DD which gave prevalence ten times higher than
the current.

We used left atrial (LA) diameter/surface area (Lad BSA)
as an index of atrial size since we were missing volume
measurements (Lad BSA >2.8 cm/m2 is equivalent to LA
volume index >34ml/min/m2). Since EF <40% will cause
high probability of components of DD, we excluded those
participants (n¼ 12).

Plaque and intima media thickness in right carotid

At the second visit of Tromsø 6, 7083 participants under-
went a full carotid scan with measurements of IMT and pla-
que characteristics with GE Health Care Vivid 7 duplex
scanners with M12L transducers (5.6–14MHz linear trans-
ducer). Trained sonographers performed the examinations.
IMT was measured in the near and far wall of the distal
right common carotid artery and in the far wall of the bifur-
cation [28], and the average of the mean value of three sep-
arate measurements in each of these segments is presented
as mean IMT. The presence of plaque (n¼ 3290) was
assessed in the near and far walls of the distal common
carotid artery, the carotid bifurcation and the internal

carotid artery. A plaque was defined as a localized thicken-
ing of the vessel wall of more than 50% compared with the
adjacent IMT. Plaque area was calculated by outlining each
area, and the sum of all plaque areas in the six arterial seg-
ments was defined as total plaque area (TPA). The distribu-
tion of TPA was skewed, and TPA was square root
transformed to approximate normal distribution. The inter-
and intraobserver reproducibility has been published previ-
ously [30,31].

Statistical analysis

Statistical software package IBM SPSS. Version 26.0
(Armonk, NY, USA) was used for all data analysis. Due to
established sex differences in cardiometabolic pathophysi-
ology [32], we chose to run sex specific analyses. Sex-
stratified cohort characteristics were given for the entire
cohort and for the subjects who underwent echocardiog-
raphy. All variables were normally distributed and listed as
mean (standard deviation [SD]), except for UACR and
UOCR, which were listed as median (interquartile range).
To check for sex differences within characteristics, inde-
pendent sample Student�s t-test, Chi-square tests and
Mann–Whitney U-tests were applied as appropriate. We
tested the bivariate correlations between the urinary bio-
markers and the endpoints as well as covariates. To study
the effect of creatinine concentration in the urine we ana-
lyzed the correlations both with and without adjustment for
creatinine. Because of the skewed distribution of the urinary
biomarkers, Spearman’s correlation was used. IMT was cate-
gorized into quartiles, and the upper quartile was defined as
subclinical cardiovascular disease. TPA was categorized as
no plaque and in tertile in those with TPA > 0mm3, and
comparisons were made between the upper tertile and the
other categories combined.

We assessed the associations between the urinary bio-
markers and the endpoints DD, IMT, TPA and presence of
plaque applying different multiple logistic regression models
and correlation. The urinary biomarkers were entered into
separate models either as continuous variables (squared
transformed) or as dichotomous variables with the highest
quartile versus the three lowest. Sex-specific quartiles were
used. Both urinary markers were included and adjusted for
each other. The simplest models were age adjusted only,
whereas the fully adjusted models included hypertension,
diabetes, BMI, current smoking, serum cholesterol and
eGFR as covariates. We tested for interaction between the
urinary biomarkers and sex in all the regression models,
and area under the receiver operating characteristic (ROC)
curves (AUC) were tested for the full model. A two-sided
p-value of <0.05 was considered statistically significant.

Results

Cohort characteristics

Baseline characteristics of all participants with UOCR meas-
urements (n¼ 7181) are listed in Table 1. Women and men
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did not differ significantly in age, kidney function and sys-
tolic BP. Men had a higher prevalence of diabetes and
hypertension, higher BMI and HbA1c, whereas women had
higher cholesterol and were more frequently smokers.
Median UACR was significantly higher in women than in
men, whereas the opposite was found for UOCR. Without
adjustment for creatinine, median UOE and UAE were both
higher in men than in women.

Almost all participants with UOCR measurements also
underwent carotid scan (n¼ 6963; 98% of eligible). The
baseline characteristics were essentially unchanged when the
218 subjects without carotid scanning were excluded.

Among the subjects with echocardiography and UOCR
measurement (n¼ 2245), 12 subjects had EF <40% and
were therefore excluded from further analyses (n¼ 2233). In
this subcohort, 57 participants (31 women and 26 men; p
for sex difference .89) met the criteria for DD. In Table 2,

we show baseline characteristics for the echocardiography
subcohort, compared to those who did not have this exam-
ination. The echo cohort was selected to this examination
based on their participation in earlier Tromsø studies. Mean
age, systolic BP and HbA1c were significantly higher in
those who underwent echocardiography than in the rest of
the cohort, and eGFR was lower (Table 2). In addition, men
were significantly older than women (65.9 ± 10.3 versus
64.6 ± 11.5 years; p¼ 0.003) and had a higher median UOCR
(men 0.59 (0.27, 1.53) mg/g versus women 0.41 (0.23, 0.86)
mg/g; p¼<0.001) (Table S1).

Correlation between urinary biomarkers and the
subclinical endpoints

Bivariate correlations between the urinary biomarkers and
all covariates were highly significant. The r-values are

Table 1. Study population characteristics. The Tromsø Study 2007-08, n¼ 7181.

Women, n¼ 4095 (57%) Men, n¼ 3086 (43%) p-value

Age, yr. 63.6 ± 9.3 63.5 ± 9.1 .892
Systolic blood pressure, mmHg 140 ± 24.6 141 ± 20.6 .166
Diastolic blood pressure, mmHg 76 ± 10.2 82 ± 10.2 <.001
Body mass index, kg/m2 26.8 ± 4.6 27.4 ± 3.7 <.001
Waist circumference, cm 91.7 ± 12.0 100.4 ± 10.3 <.001
Cholesterol, mmol/l 5.9 ± 1.1 5.5 ± 1.1 <.001
HbA1C, % 5.7 ± 0.6 5.8 ± 0.7 <.001
eGFR, ml/min/1.73m2 87.9 ± 14.1 88.2 ± 13.9 .389
Urinary orosomucoid excretion, mg/L 0.28 (0.15,0.56) 0.52 (0.25,1.26) <.001
Urinary albumin excretion, mg/L 2.00 (1.0,4.51) 3.26 (1.0,6.91) <.001
Urinary orosomucoid-creatinine ratio, mg/g 0.41 (0.23,0.86) 0.51 (0.24,1.27) <.001
Urinary albumin-creatinine ratio, mg/mmol 0.37 (0.22,0.74) 0.34 (0.16,0.79) <.001
Current smoking, n (%) 786 (19.5) 524 (17.2) .012
Diabetes a, n (%) 335 (8.2) 312 (10.1) .005
Hypertension b, n (%) 2409 (58.8) 1934 (62.7) <.001
Self-reported use of blood pressure treatment, n (%) 1368 (34.0) 926 (30.7) .004
Self-reported diabetes, n (%) 213 (5.3) 195 (6.5) .045
Included in the echo cohort, n5 2245 1248 (55.6) 997 (44.4) .491
Included in the carotid cohort, n5 6963 3957 (56.8) 3006 (43.2) .252

Values are given as mean (± SD) for normally distributed data and as median (interquartile range) for skewed data. eGFR: estimated glom-
erular filtration rate.
aDiabetes: HbA1C� 6,5% and/or self-reported diabetes and/or the use of oral antidiabetic insulin.
bHypertension: Systolic blood pressure �140mmHg and/or diastolic blood pressure �90mmHg, and/or the use of blood pressure lower-
ing medication.

Table 2. Comparing basic characteristics from the whole cohort to the subgroup with echocardiography.

Echocardiography no Echocardiography yes

n¼ 4936 n¼ 2233 p-value

Age, yr 62.8 ± 8,1 65.0 ± 10.9 <.001
Women, n (%) 2847 (57.7) 1241 (55.6) .098
Systolic blood pressure, mmHg 140 ± 22.6 143 ± 23.6 <.001
Diastolic blood pressure, mmHg 78 ± 10.6 79 ± 10.6 .280
Body mass index kg/m2 27.0 ± 4.2 27.0 ± 4.2 .597
Waist circumference, cm 95.3 ± 12.1 95.7 ± 12.0 .116
Cholesterol mmol/l 5.8 ± 1.2 5.7 ± 1.1 .021
HbA1C, % 5.7 ± 0.6 5.8 ± 0.7 .016
eGFR ml/min/1.73m2 88.7 ± 13.3 86.9 ± 15.0 <.001
Urinary orosomucoid-creatinine ratio, mg/g 0.43 (0.23, 0.98) 0.47 (0.24, 1.16) <.001
Urinary albumin-creatinine ratio, mg/mmol 0.35 (0.19, 0.72) 0.38 (0.20, 0.84) <.001
Current smoking, n (%) 928 (19.1) 382 (17.3) .078
Diabetes a, n (%) 427 (8.7) 220 (9.8) .115
Hypertension b, n (%) 2887 (58.4) 1437 (64.3) <.001

Values are given as mean (± SD) for normally distributed data and as median (interquartile range) for skewed data.
eGFR: estimated glomerular filtration rate.
aDiabetes: HbA1C> 6,5% and/or self-reported diabetes and/or the use of oral antidiabetic insulin.
bHypertension: Systolic blood pressure �140mmHg and/or diastolic blood pressure �90mmHg, and/or the use of blood pressure lower-
ing medication.

SCANDINAVIAN CARDIOVASCULAR JOURNAL 151



presented in Table 3. Since the same creatinine value was
used in the denominator of both UOCR and UACR of each
sample, we assessed the urinary biomarkers both with and
without adjustment for creatinine. UOE was strongly corre-
lated to UOCR, r¼ 0.89, as was UAE to UACR (r¼ 0.86).
There was a moderate correlation between UOE and UAE
(r¼ 0.44), as for UOCR and UACR (r¼ 0.43). Age had a
stronger correlation to the creatinine adjusted markers than
to UOE and UAE, respectively. The Spearman’s r for corre-
lations between UOCR and DD as well as the carotid meas-
urements were numerically higher than the corresponding
correlation coefficients between UACR and the
same endpoints.

Associations between UOCR, UACR and DD

Figure 1 shows that median UOCR was higher in partici-
pants with DD compared to participants with normal dia-
stolic function (p¼ .02). The same phenomenon was not
observed for UACR (p¼ .079). In multivariable logistic
regression analysis UOCR entered as a continuous variable
was not significantly associated with DD. However, in men,
the squared term of UOCR was a significant predictor (OR
per one unit increase 1.59, 95%CI [1.10, 2.28], p¼ .013),
suggesting a non-linear association between UOCR and DD.

We found a strong association between age-adjusted
UOCR entered as a dichotomous variable (upper quartile
versus the three lower) and DD in men (OR 3.78, 95%CI
[1.64, 8.69], p¼ .002) (Table 4). The association was essen-
tially unchanged after adjustment for UACR age, hyperten-
sion, cholesterol, eGFR, BMI, diabetes and current smoking
(OR 3.18, 95% CI [1.27, 7.95], p¼ .013). We did not find
association between UOCR and DD in women (OR: 1.39,
95% CI [0.59, 3.28], p¼ .453). However, there was no sig-
nificant interaction between sex and UOCR. UACR, on the
other hand, was not associated with DD for either men or
women when adjusted for UOCR and the same risk factors.

Analysis in Table 5 show ROC AUCs for DD, model 1 with
full adjustments and model 2 without UOCR in quartiles.
AUC difference shows a borderline significantly increased
AUC value for men (p¼ .071), but not for
women (p¼ .456).

Associations between UOCR, UACR and carotid
arteriopathy

UOCR squared was significantly associated with IMT in
both sexes and with the presence of plaque in women in
fully adjusted models (data not shown). Age-adjusted
UOCR in the upper quartile was associated with presence of
carotid plaque and IMT in both women and men (Table 4).
There was no significant interaction between sex and UOCR
or UACR in neither of the models. With full adjustment for
cardiovascular risk factors and kidney function, UOCR in
upper quartile remained significantly associated with pres-
ence of plaque in women (OR 1.20, 95% CI [1.01, 1.44],
p¼ 0.038). In men the association was numerically similar
and of borderline significance. IMT was significantly associ-
ated with both urinary markers in women, but not in men.
Age-adjusted TPA in the upper tertile was associated with
UOCR and UACR in women and men. This association
remained significant in fully adjusted models (Table S2).
AUC values from ROC for carotid arteriopathy presented in
Tables 5 and S3 show significant increase when adding
UOCR to the model for TPA in men (p¼ .022), and border-
line significant increase for IMT in women (p¼ .062).

Discussion

In the present study, there were significant and independent
associations between UOCR, a urinary biomarker of endo-
thelial dysfunction, and subclinical markers of arterial injury

Table 3. Spearman’s Correlation between urinary biomarkers and covariates.

UOCR UACR UOE UAE

Sex 0.08 �0.06 0.28 0.16
Age, yr 0.28 0.24 0.18 0.13
Hypertension 0.23 0.18 0.20 0.15
Diabetes 0.17 0.15 0.14 0.12
Body mass index, kg/m2 0.11 0.05 0.13 0.08
eGFR ml/min/1.73m2 �0.22 �0.11 �0.19 �0.08
Current smoking 0.04a 0.05 0.04 0.06
Cholesterol, mmol/l �0.05 �0.05 �0.07 �0.07
Diastolic dysfunction 0.12 0.08 0.09 0.05b

Presence plaque 0.16 0.12 0.14 0.12
Total plaque area mm2 0.18 0.14 0.18 0.16
IMT-mean 0.23 0.17 0.22 0.16

p- value <0.001 unless otherwise stated. ap¼ .002, bp¼ .015.
Hypertension: Systolic blood pressure �140mmHg and/or diastolic blood
pressure �90mmHg, and/or the use of blood pressure.
Lowering medication.
eGFR: estimated glomerular filtration rate.
Diabetes: HbA1C> 6,5% and/or self-reported diabetes and/or the use of oral
antidiabetic insulin.
IMT: intima media thickness. UOCR: Urinary orosomucoid to creatinine ratio,
mg/g. UACR: Urinary albumin to creatinine ratio, mg/mmol.
UOE: urinary orosomucoid excretion. UAE: urinary albumin excretion.

Figure 1. Urinary biomarkers in persons with and without diastolic dysfunction
(error bars with 95% CI).
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and early CVD. The associations remained significant even
after adjustment of another well-studied biomarker, UACR.

Albuminuria is a well-known predictor of CVD [33,34],
but the exact pathophysiological mechanism remains incom-
pletely understood. It has been postulated that albuminuria
is a late sign in the atherosclerotic process, and the leakage
of albumin reflects a more generalized state of endothelial
dysfunction. In a recent review, Mul�e et al. presented post
hoc analyses from trials in which reducing albuminuria led
to a better cardiovascular outcome [35]. Despite small num-
bers and heterogeneous data, a majority of the assessed tri-
als supported this effect, also in patients without diabetes.
However, most of these studies were not originally designed
to test proteinuria as a primary treatment target and are
therefore not well suited to give a definite answer as to
whether reducing albuminuria per se causes better cardio-
vascular outcome [4].

Several reports suggest that increased UOE is an earlier
marker of disease than UAE. Elevated UOE levels have been
found in women with preeclampsia, even in the presympto-
matic latency period, before increments in UAE developed.
In these women, plasma levels of orosomucoid also were
higher, but the rise was found only late in the course of the
disease, and thus the increase in UOE occurred

independently of the plasma levels [27]. Similar results were
demonstrated by Christiansen et al. who found that
increased UOE was an independent predictor for cardiovas-
cular mortality, also in diabetic subjects with UAE < 20mg/
min. These results support the hypothesis that UOE may be
an early and more sensitive biomarker of inflammation and
endothelial dysfunction [18]. In our study, UOCR and
UACR were only moderately correlated (Spearman’s r 0.43),
arguing against overlapping pathophysiological processes.

Orosomucoid is under normal conditions present in the
plasma as well in the urine in much lower concentration
than albumin (orosomucoid in plasma 0.1-1.0 g/L vs albu-
min 35 g/l). However, in acute inflammation UOE is
increased to levels equal to or higher than UAE [27,36–38].
Furthermore, several studies have demonstrated an associ-
ation between UOCR and chronic inflammation in diseases
such as psoriasis, rheumatoid arthritis, Crohn’s disease,
chronic kidney disease and bladder cancer [14,15,39–41].
The mechanisms for increased UOE is still poorly under-
stood, but inflammation, alterations in glomerular filtration,
including disturbances in the endothelial surface layer, as
well as proximal tubular secretion, may be involved also for
orosomucoid [42]. Regardless of the mechanism, publica-
tions reporting associations between this urinary biomarker

Table 4. Odds ratio for having subclinical cardiovascular disease.

OR for diastolic dysfunction OR for the presence of plaque OR for IMT in upper quartile

Model (A).
UOCR
�upper quartile

women: 1.78, 95% CI [0.83, 3.84], p¼ .141 1.38, 95% CI [1.17, 1.63], p< .001 1.48, 95% CI [1.22, 1.80], p<.001
men: 3.78, 95% CI [1.64, 8.69], p¼ .002 1.35, 95% CI [1.14, 1.60], p¼ .001 1.31, 95% CI [1.09, 1.56], p¼ .003

UACR
�upper quartile

women: 1.62, 95% CI [0.77, 3.40], p¼ .200 1.40, 95% CI [1.20, 1.63], p< .001 1.45, 95% CI [1.20, 1.74], p< .001
men: 1.72, 95% CI [0.77, 3.87], p¼ .188 1.40, 95% CI [1.18, 1.67], p< .001 1.37, 95% CI [1.14, 1.65], p¼ .001

Model (B).
UOCR
�upper quartile

women: 1.68, 95% CI [0.76, 3.73], p¼ .200 1.28, 95% CI [1.07, 1.51], p¼ .005 1.43, 95% CI [1.18, 1.74], p< .001
men: 3.73, 95% CI [1.59, 8.78], p¼ .003 1.29, 95% CI [1.09, 1.54], p¼ .005 1.33, 95% CI [1.11, 1.60], p¼ .002

UACR
�upper quartile

women: 1.65, 95% CI [0.76, 3.60], p¼ .205 1.30, 95% CI [1.10, 1.07], p¼ .002 1.38, 95% CI [1.14, 1.67], p¼ .001
men: 1.46, 95% CI [0.62, 3.45], p¼ .384 1.37, 95% CI [1.14, 1.65], p¼ .001 1.35, 95% CI [1.11, 1.64], p¼ .003

Model #.
UOCR
�upper quartile

women: 1.37, 95% CI [0.59, 3.18], p¼ .466 1.23, 95% CI [1.03, 1.47], p¼ .020 1.36, 95% CI [1.11, 1.67], p¼ .003
men: 3.75, 95% CI [1.55, 9.07], p¼ .003 1.20, 95% CI [1.00, 1.44], p¼ .045 1.20, 95% CI [0.99, 1.45], p¼ .061

UACR
�upper quartile

women: 1.73, 95% CI [0.77, 3.88], p¼ .182 1.27, 95% CI [1.07, 1.49], p¼ .005 1.30, 95% CI [1.06, 1.59], p¼ .010
men: 1.31, 95% CI [0.53, 3.20], p¼ .559 1.26, 95% CI [1.04, 1.53], p¼ .019 1.18, 95% CI [0.96, 1.45], p¼ .113

Model (D).
UOCR
�upper quartile

women: 1.39, 95% CI [0.59, 3.28], p¼ .453 1.20, 95% CI [1.01, 1.44], p¼ .038 1.34, 95% CI [1.09, 1.65], p¼ .005
men: 3.18, 95% CI [1.27, 7.95], p¼ .013 1.19, 95% CI [0.99, 1.42], p¼ .067 1.19, 95% CI [0.98, 1.45], p¼ .077

UACR
�upper quartile

women: 1.74, 95% CI [0.78, 3.91], p¼ .178 1.24, 95% CI [1.05, 1.46], p¼ .010 1.31, 95% CI [1.07, 1.60], p¼ .008
men: 1.21, 95% CI [0.48, 3.06], p¼ .693 1.28, 95% CI [1.05, 1.56], p¼ .013 1.18, 95% CI [0.96, 1.45], p¼ .116

Model (A) Adjusted for age. Model (B) Adjusted for (A) plus hypertension and UACR as a continuous variable in the analysis for UOCR� upper quartile, and for
UOCR as a continuous variable in the analysis of UACR� upper quartile. Model (C) Adjusted for (B) plus diabetes, body mass index, smoking and, cholesterol.
Model (D) Adjusted for (C) plus eGFR. UOCR: urinary orosomucoid to creatinine ratio, UACR: urinary albumin to creatinine ratio. IMT: Intima media thickness.
UOCR/UACR quartiles: we used sex specific values. eGFR: estimated glomerular filtration rate.

Table 5. Area under the ROC curve (AUC).

Diastolic dysfunction Presence of plaque IMT in upper quartile

AUC Model 1 women 0.838, 95% CI [0.769, 0.907], p�.001 0.671, 95% CI [0.654, 0.688], p�.001 0.735, 95% CI [0.716, 0.754], p�.001
men 0.764, 95% CI [0.683, 0.844], p�.001 0.657, 95% CI [0.638, 0.638], p�.001 0.685, 95% CI [0.665, 0.705], p�.001

AUC Model 2 women 0.828, 95% CI [0.750, 0.905], p�.001 0.670, 95% CI [0.652, 0.687], p�.001 0.730, 95% CI [0.711, 0.749], p�.001
men 0.731, 95% CI [0.631, 0.831], p�.001 0.654, 95% CI [0.635, 0.674], p�.001 0.682, 95% CI [0.662, 0.703], p�.001

AUC Difference women 0.010, 95% CI [�0.016, 0.036], p¼ .456 0.002, 95% CI [�0.001, 0.005], p¼ .249 0.005, 95% CI [0.000, 0.009], p¼ .062
men 0.033, 95% CI [�0.003, 0.068], p¼ .071 0.003, 95% CI [�0.001, 0.007], p¼ .114 0.002, 95% CI [�0.002, 0.006], p¼ .235

Model 1: age, hypertension, UACR as a continuous variable, UOCR quartiles, diabetes, BMI, smoke, cholesterol, eGFR.
Model 2: model 1 without UOCR quartiles.
AUC difference: model 1 versus Model 2.
UOCR: urinary orosomucoid to creatinine ratio, UACR: urinary albumin to creatinine ratio. IMT: Intima media thickness. UOCR/UACR quartiles: we used sex specific
values. eGFR: estimated glomerular filtration rate.
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and subclinical and clinical endpoints are warranted to elu-
cidate its clinical value and our results add to close this
knowledge gap.

There is a well-known association between albuminuria
and subclinical impairment of both systolic and diastolic
function [35], but the clinical applicability of UAE for both
monitoring and guidance of treatment in heart failure is
limited [43]. Heart failure with preserved EF (HFpEF) has
over the last decades received increasing attention, as
approximately 50% of patients with heart failure have pre-
served EF. Recent physiologic studies have shown an associ-
ation between microvascular endothelial inflammation and
DD [44,45]. A correlation has been described between indi-
ces of diastolic function and endothelial function in patients
with type 2 diabetes and hypertension [23]. In a study
involving 176 patients with chronic heart failure, urinary
orosomucoid was identified by proteomics and bioinformat-
ics as a novel heart failure biomarker, with a positive correl-
ation to N-terminal pro-brain natriuretic peptide and New
York Heart Association (NYHA) classification. The authors
suggested that these results might be related to the inflam-
matory condition of chronic heart failure [13].

In the present study, analysis showed an association
between UOCR and DD for men, independent of other car-
diovascular risk factors. On the contrary, there was no inde-
pendent association between UACR and DD. The subgroup
of our cohort that underwent echocardiography was older,
had lower mean eGFR and higher levels of UOCR compared
to the remaining cohort. Since both DD and decreasing
eGFR are age-related, this may in part explain our findings.
However, other explanations must be sought for the distinc-
tion between UOCR and UACR in this regard. We hypothe-
size that elevated UOCR and UACR represent different
pathophysiologic processes, or different stages of similar
processes, in relation to DD. In our study, echocardio-
graphic measurements from the right ventricle were lacking,
and therefore persons who fulfilled two of three instead of
three of four echocardiographic indices, were diagnosed
with DD. Therefore, DD may have been overestimated. On
the other hand, this may have diluted our results, thereby
strengthening our findings.

Since statistical interaction between sex and UOCR for
the association with DD was not significant, apparent sex
differences should be interpreted with cautions. ROC AUC
for DD in men increased borderline significantly when add-
ing UOCR to the model (p¼ .071). Further studies are
needed to investigate whether UOCR may be a valuable
clinical tool with regards to DD and HfpEF and whether
there are differences between men and women.

Previous studies have shown that albuminuria is associ-
ated with both initiation of carotid arteriopathy and pro-
gression, also in the general nondiabetic population [46,47].
The independent associations between UOCR and UACR
and the measurements of carotid arteriopathy in our study
were of similar magnitude. It should be noted that the cut
off for the upper level of IMT and TPA, as well as the
use of the upper quartiles of UOCR and UACR, may not
correspond to clinically relevant disease staging or

biomarker cut-offs. For TPA, AUC of the ROC increased
significantly when adding UOCR to the model for men, and
borderline significance was found for IMT in women.
Prospective studies are needed to examine whether UOCR
is a more sensitive and earlier biomarker for carotid arterio-
pathy in the general population than UACR.

The main strengths of our study are the large number of
well-characterized participants, the high attendance rate
observed in the Tromsø Study, and the collection of three
urine samples per person. Moreover, ultrasound examina-
tions of the carotid and the heart were done with good
accuracy [28]. However, some limitations need to be
addressed. The cross-sectional design limits conclusions
about the temporal relationship between the biomarkers and
the endpoints. Causal inferences can never be made from
observational studies. Furthermore, although strongly associ-
ated with clinical disease, dependent variables in our study
were surrogate endpoints only. Prospective studies, examin-
ing the associations between the biomarkers and clinical
endpoints should be done.

In conclusion, we have shown an association between
UOCR and well accepted subclinical markers of CVD.
Although UOCR correlated with several traditional cardio-
vascular risk factors, this association was independent. Since
no interaction between sex and the urinary biomarkers was
found, apparent sex-differences should be interpreted with
caution. Further research, including observational studies of
the association between UOCR and clinical endpoints such
as myocardial infarction, stroke and reduced kidney func-
tion, is needed to assess whether UOCR is useful in clin-
ical situations.
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