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Abstract Aims/hypothesis: To study whether urinary oro-
somucoid excretion rate (UOER) predicts mortality in
normoalbuminuric patients with diabetes at 5 years of fol-
low-up, and to investigate the relationship between oro-
somucoid in serum and urine. Methods: A cohort of 578
patients with diabetes (430 type 2, 148 type 1) was fol-
lowed prospectively for an average of 5 years. UOER was
measured in timed overnight urine samples. Results: Eighty-
two patients with type 2 diabetes and 17 patients with type
1 diabetes died. Among patients with type 2 diabetes, 251
(58%) had normoalbuminuria; increased UOER indepen-
dently predicted cardiovascular mortality (OR 4.94, 95% CI
1.60−15.22; p<0.006) in those with normoalbuminuria and
in the entire cohort of patients with type 2 diabetes (odds
ratio 3.63, 95% CI 1.50−8.81; p<0.005). Patients with
increased UOER had a higher all-cause mortality than those
with normal UOER (log-rank test, p<0.001 for type 2
patients; p<0.04 for type 1 patients). In patients with type 1
diabetes, there were five cardiovascular deaths and no sig-
nificant predictive value of UOER. Patients with increased
UOER had a subclinical increase in serum orosomucoid.
Conclusion/interpretation: Increased UOER was an inde-
pendent, powerful predictor of cardiovascular mortality in
normoalbuminuric patients with type 2 diabetes and in the
entire cohort of patients with type 2 diabetes. There were
indications of UOER as being a valuable marker in type 1

diabetes that showed differences in survival between patients
with normal versus increased UOER. Serum orosomucoid
was associated with UOER; UOER may be a marker of low-
grade inflammation in patients with diabetes.
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Introduction

Patients with type 1 and type 2 diabetes have a high mor-
tality compared with the background population. This is
primarily caused by a high cardiovascular morbidity and
mortality [1–4].

Urinary orosomucoid excretion rate (UOER) was dem-
onstrated to predict all-cause and cardiovascular mortality
independently of classic risk factors in a 2.4-year follow-
up study of patients with type 2 diabetes including patients
with normo-, micro- and macroalbuminuria [5]. The study
was not powered to show predictive value of UOER in the
subgroup of patients with normal urinary albumin excre-
tion rate (UAER); but still increased UOER was strongly
associated with cardiovascular mortality in the normoal-
buminuric subgroup. Another limitation of the study was
the lack of access to serum values of orosomucoid [5].

Orosomucoid (α1-acid glycoprotein) is a single-chain
polypeptide [6] mainly produced in the liver cells and the
plasma concentration increases in response to inflamma-
tion and other stressful stimuli [7]. In vitro and in vivo
studies have shown that orosomucoid has immunomodu-
latory and anti-inflammatory effects, thereby protecting
against tissue damage from excessive inflammation [7, 8].

Clinical and experimental studies have suggested that
an inflammatory process is involved in the development of
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atherosclerosis [9] and type 2 diabetes [10]. Subclinical
elevations of orosomucoid in serum have been found in
patients with type 2 diabetes [11, 12]; this may be a sign of
a chronic low-grade inflammation [13]. We hypothesize
that there is a link between a systemic inflammatory re-
sponse and increased UOER.

The aims of our study were to investigate if increased
UOER predicts mortality in the subgroup of patients with
normoalbuminuria as well as in the entire cohort of pa-
tients with type 2 and type 1 diabetes at 5 years of fol-
low-up. We also investigated the relation between serum
orosomucoid and UOER to evaluate the level of systemic
inflammatory response in patients with increased UOER.

Subjects and methods

Participants A cohort study was performed from Septem-
ber 1995 to December 1998 consecutively including all
patients who attended the outpatient clinic at Amager
Hospital, Copenhagen with type 2 and type 1 diabetes and
dipstick negative overnight urine samples. Four hundred
and thirty patients with type 2 diabetes and 148 patients
with type 1 diabetes were followed until death, emigration
or 31 December 2002. The diagnosis of type 2 diabetes was
based on the World Health Organization criteria (1985)
(fasting blood glucose ≥6.7 mmol/l or 2-h OGTT values of
capillary blood glucose ≥11.1mmol/l and not being prone to
keto-acidosis). The diagnosis of type 1 diabetes was based
on the same criteria, but patients were prone to keto-aci-
dosis, and fasting serumC-peptide values (if available) were
less than 200 pmol/l. Duration of diabetes was defined as
duration from the date of diagnosis. Medical history was
obtained from medical records. The registration of clinical
parameters is described in detail elsewhere [5]. We reg-
istered the presence or absence of cardiovascular diseases
(hypertension, coronary heart disease, previous myocardial
infarction, stroke and congestive heart failure), diabetic
retinopathy, smoking habits and medication (use of insulin
and ACE inhibitors).

Information on causes of death was gathered through the
central Danish Registry of Causes of Death and through
death certificates from journal files and registered according
to the International Classification of Diseases (ICD 10).

Blood and urine analyses Analyses of blood and urine are
described in detail elsewhere [5]. Data onHbA1c and plasma
creatinine were collected from routine blood analyses per-
formed on fresh samples within a period of maximum 6
months before or after the corresponding urine sample. In a
subgroup of patients we determined orosomucoid in serum
and urine collected within 24 h. Orosomucoid in serum was
analysed on a Cobas Integra 700 (Roche, Basel, Switzer-
land) by immunoturbidimetry. The reference interval for
orosomucoid in serum was 0.45−1.17 g/l.

Urinary orosomucoid and albumin Urine samples were
collected as timed overnight samples, stored at 2–8°C
without any additives and analysed within a week of col-

lection. Urinary orosomucoid and albumin were analysed
using an in-house method by immunoturbidimetry (Cobas
Mira, Roche, Basel, Switzerland). Detection limits and intra-
series imprecision (CV%) were: urinary orosomucoid 1.2
mg/l (5.6%) and urinary albumin 3.3 mg/l (3.0%). Cut-off
values were: UOER>0.88 μg/min [14] and UAER>20 μg/
min [15]. Microalbuminuria was defined as UAER of
20–200 μg/min in two of three urine samples. Macroalbu-
minuria was defined as UAER>200 μg/min [15].

Ethics The local ethics committee in Copenhagen approved
the study protocols (KF 01- 403/97 and KF 01-404/97).

Statistics Statistical analyses were performed using Statis-
tica forWindows version 6 (StatSoft Inc., Tulsa, OK, USA).
Normal distribution of continuous variables was tested by
the Kolmogorov–Smirnov test. Two sample t-test was used
for the comparison of normal distributed continuous var-
iables and Mann–Whitney U-test was used for non-normal
distributed continuous variables. Chi-square test with Yates’
correction or Pearson chi-square test was used for dichot-
omous variables. Nonparametric correlations were per-
formedwith Spearman rank order correlation.Many patients
had urinary orosomucoid concentrations below the detection
limit of the assay. Therefore, we made this parameter a
dichotomous variable in multivariate analysis. The median
values and correlations of urinary orosomucoid were cal-
culated for patients with increased values of UOER. Survival
analyses were done using the method of Kaplan–Meier and
survival curves were compared by log-rank test. Cox pro-
portional hazards regression analysis with backward step-
wise regression was used for multivariate analysis. Unless
otherwise stated the multivariate analysis included all base-
line variables except retinopathy and smoking due to many
missing values. Furthermore, patients with missing values
were excluded from the multivariate analysis. Logarithm
transformed values of UAER (ln UAER) were used in the
multivariate analysis because of a positive skewness of
distribution.

Values below the detection limit of urinary orosomucoid
were fixed at 1.19 mg/l for the calculation of clearance of
orosomucoid. Clearance values of orosomucoid were calcu-
lated as: [urine orosomucoid concentration (mg/l) times urine
volume (ml)]/[serum orosomucoid concentration (g/l) times
urine collection time (min)].

A p value of less than 0.05 was considered significant.

Results

A cohort of 430 patients with type 2 diabetes and one of
148 patients with type 1 diabetes were followed for a
mean±SD (range) period of 4.9±1.6 (0.01−7.2) and 5.3±1.3
(0.09−7.2) years, respectively. One patient with type 2
diabetes and five patients with type 1 diabetes emigrated.
No patients were lost to follow-up.

Patients with type 2 diabetes Patients with type 2 diabetes
(273 men/157 women) had a mean±SD age of 59±11
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years, HbA1c of 8.4±1.9%, and median (range) duration of
diabetes of 3.0 (0.02−37) years. The patients were sub-
classified in relation to normal or increased UOER; an-
thropometrical and clinical data of these subgroups are
shown in Table 1. At baseline, patients with type 2 di-
abetes and increased UOER were older; were more often
men; had a longer duration of diabetes; a higher level of
HbA1c, plasma creatinine and UAER; were heavier; had a
higher prevalence of hypertension, heart failure and reti-
nopathy; and were more frequently treated with ACE in-
hibitors than patients with normal UOER.

Median (IQR) value of UOER was 10.7 (5.4−22.0) μg/
min for patients with increased UOER (n=242). The me-
dian increase in UOER compared with the cut-off value
was 12-fold for patients with increased UOER. The prev-
alence of microalbuminuria was 130 (30%) and that of
macroalbuminuria was 49 (11%).

A total of 82 (19%) patients with type 2 diabetes died in
the follow-up period. The causes of death are listed in
Table 2.

In the subgroup of patients with normoalbuminuria
(n=251), 21 patients died of cardiovascular diseases. In this
subgroup, seven (5%) patients with normal UOER (n=152)
and 14 (14%) patients with increased UOER (n=99) died of
cardiovascular diseases in the follow-up period. A signif-

icant difference in survival was seen between the subgroups
(log-rank test: p<0.007) as shown in Fig. 1. In multivariate
analysis, UOER independently predicted cardiovascular
mortality with an odds ratio of 4.94 (95% CI: 1.60−15.22;
p<0.006) in the subgroup of patients with normoalbumi-
nuria as seen in Table 3.

In the entire cohort of patients with type 2 diabetes, nine
(5%) patients with normal UOER and 36 (15%) patients
with increased UOER died of cardiovascular diseases in
the follow-up period. A significant difference in survival
in relation to cardiovascular mortality was seen between the

Table 2 Causes of death

Type 2 patients Type 1 patients

Cardiovascular diseases, n 45 5
Unknown, n 13 6
Cancer, n 9 2
Infections, n 6 2
Other causes, n 9a 2b

aUraemia (n=3), type 2 diabetes (n=2), multiorgan failure (n=2),
hepatic coma (n=1), suicide (n=1)
bHepatic coma (n=1); accident (n=1)

Table 1 Anthropometrical and clinical data at baseline for patients with type 2 and type 1 diabetes subgrouped by normal versus increased
urinary orosomucoid excretion rates (UOER)

Type 2 Type 1

Normal UOER Increased UOER p-Value Normal UOER Increased UOER p-Value

Number (men/women) 97/91 176/66 <0.001a 56/31 35/26 0.49a

Age (years)b 57±11 60±11 <0.003c 38±13 44±19 0.11c

Duration of diabetes (years)d 3 (0.02−30) 4 (0.02−37) <0.04c 7 (0.02−32) 7 (0.02−66) 0.12c

Blood HbA1c (%)b 8.1±1.9 8.6±1.8 <0.002c 8.4±1.8 8.5±1.6 0.52c

Plasma creatinine (μmol/l)b 71±20f 85±32g <0.001c 70±20h 78±26i <0.02c

UAER (μg/min)d 11 (3–421) 29 (3–3,436) <0.001c 13 (2–81) 194 (2–2,461) <0.001c

Systolic BP (mmHg)b 144±23j 148±23i 0.06c 131±20 134±20 0.28c

Diastolic BP (mmHg)b 84±12j 85±13i 0.28c 78±11 78±11 0.59c

Weight (kg)b 84±17k 88±17l <0.01c 74±15m 74±14n 0.85c

Hypertension (%) 37 54 <0.001a 13 23 0.15a

Heart failure (%) 5 16 <0.001a 1o 5 0.39a

Coronary heart disease (%) 19 21 0.63a 3 5 0.98a

Previous MI (%) 12 14 0.68a 1 0 0.86a

Stroke (%) 5 8 0.22a 1 5 0.38a

Retinopathy, simplex/proliferative (%) 14/1p 19/4q <0.05e 19/4r 29/3l 0.38e

Current smoking (%) 43s 45t 0.75a 63u 63v 0.89a

Insulin treatment (%) 32 34 0.83a 100 100 –
ACE inhibitor treatment (%) 34 50 <0.001a 13 36 <0.002a

Follow-up time (years)b 5.2±1.3 4.7±1.7 <0.04c 5.4±1.2 5.2±1.4 0.36c

UAER urinary albumin excretion rate, MI myocardial infarction
aChi-square test, Yates’ correction
bMean (SD)
cMann–Whitney U-test
dMedian (range)
ePearson chi-square
n corrected for missing values: f183, g238, h73, i53, j186, k182, l232, m83, n58, o86, p207, q81, r161, s166, t222, u71, v54
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subgroups (log-rank test: p<0.001). In multivariate analysis
UOER independently predicted cardiovascular mortality
with an odds ratio of 3.63 (95% CI: 1.50−8.81; p<0.005) as
seen in Table 4. In the primary multivariate analysis, UAER
was entered as a continuous variable. To evaluate if low-
ering of the cut-off value for UAER would change these
results, we thereafter used UAER as a dichotomous variable
with different cut-off values (7, 10, 15 or 20 μg/min). Using
different cut-off values for UAER did not change the results
of the multivariate analysis of cardiovascular mortality.

A significant difference in survival in relation to all-cause
mortality was seen between patients with normal versus
increased UOER (log-rank test: p<0.001). In multivariate
analysis of all-cause mortality age (OR 1.06, 95% CI 1.04
−1.09; p<0.001), ln UAER (OR 1.21, 95% CI 1.05−1.40;
p<0.008), plasma creatinine (OR 1.02, 95% CI 1.01−1.02;
p<0.001), history of coronary heart disease (OR 2.03, 95%
CI 1.26−3.27; p<0.004) and stroke (OR 2.82, 95% CI 1.46
−5.46; p<0.003) were independent predictors.WhenUAER
was not included in the multivariate analysis, increased
UOER independently predicted all-cause mortality with an
OR of 1.80 (95% CI 1.06−3.08; p<0.04).

Orosomucoid in serum was not measured routinely in all
patients. To explore whether a relationship exists between
the concentration of orosomucoid in serum and UOER, we
identified a subgroup of patients in whom orosomucoid had
been determined in samples of blood and urine obtained
within 24 h. This subgroup was similar to the total group
regarding all clinical variables recorded, with the exception
of a lower plasma creatinine (p<0.02) in patients with type 1
diabetes. Patients were reclassified in accordance with the
new calculation of UOER for comparison with serum
orosomucoid values. In the representative subgroup of pa-
tients with type 2 diabetes (n=56) there were significantly
higher serum orosomucoid concentrations in patients with
increased UOER (n=34) compared with patients with
normal UOER (n=22). The mean±SD (range) serum oro-
somucoid was 0.94±0.20 (0.57−1.35) g/l versus 0.78±0.22
(0.46−1.42) g/l, p<0.005. One patient with normal UOER
and four patients with increased UOER had a slightly ele-
vated serum orosomucoid value. All remaining values were
within the reference range. Clearance of orosomucoid was
higher in patients with increased UOER (n=34) compared
with patients with normal UOER (n=22) (median (range)
orosomucoid clearance: 8.3 (2.0−177.6) μl/min versus 2.0
(0.4−4.5) μl/min, p<0.001).

Table 3 Multiple regression analysis of cardiovascular mortality,
patients with type 2 diabetes and normoalbuminuria (n=251)

Variable Hazard ratio
(95% CI)

p-Value

Age (years) 1.07 (1.01−1.13) <0.03
Coronary heart
disease (no/yes)

3.39 (1.28−8.99) <0.02

Treatment with ACE
inhibitor (no/yes)

3.36 (1.26−8.98) <0.02

UOER (normal/increased) 4.94 (1.60−15.22) <0.006

Data are for selected patients (n=235, patients with missing values
are excluded)

Table 4 Multiple regression analysis of cardiovascular mortality,
patients with type 2 diabetes

Variable Hazard ratio (95% CI) p-Value

Age (years) 1.06 (1.02−1.10) <0.002
Plasma creatinine (μmol/l) 1.02 (1.01−1.03) <0.003
Coronary heart disease (no/yes) 5.85 (2.93−11.69) <0.001
Stroke (no/yes) 2.36 (1.02−5.44) <0.05
UOER (normal/increased) 3.63 (1.50−8.81) <0.005

Data are for selected patients (n=402, patients with missing values
are excluded)

Fig. 1 Kaplan–Meier survival
curves in relation to cardiovas-
cular mortality in normoalbu-
minuric patients with type 2
diabetes and normal (continuous
straight line, n=152) versus
increased (broken line, n=99)
urinary orosomucoid excretion
rates at baseline; p<0.007 (log-
rank test)
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Patients with type 1 diabetes Patients with type 1 diabetes
(91 men/57 women) had a mean±SD age of 40±16 years,
HbA1c of 8.4±1.7%, and median (range) duration of di-
abetes of 7.0 (0.02−66) years. The differences between the
two subgroups with normal versus increased UOER were
plasma creatinine, UAER and the prevalence of treatment
with ACE inhibitors, as seen in Table 1.

Median (IQR) values of UOER were 7.8 (3.8−19.4) μg/
min for patients with increased UOER (n=61). The median
increase in UOER compared with the cut-off value was 9-
fold for patients with increased UOER.

Increased UOERwas correlated to UAER (r=0.50, p<0.01;
n=61) and plasma creatinine (r=0.28, p<0.05; n=61). Age and
HbA1c were not correlated to increased UOER. The preva-
lence of microalbuminuria was 39 (26%) and that of macro-
albuminuria was nine (6%).

A total of 17 (11%) patients with type 1 diabetes died in
the follow-up period. The causes of death are listed in
Table 2. Six (7%) patients with normal UOER and 11 (18%)
patients with increased UOER died in the follow-up period.
A significant difference in survival was seen between the
subgroups (log-rank test, p<0.04) in relation to all-cause
mortality. As seen in Table 5, ln UAER and age inde-
pendently predicted all-cause mortality. The multivariate
analysis of all-cause mortality included sex, age, duration of
diabetes, history of hypertension, coronary heart disease,
stroke, treatment with ACE inhibitors, HbA1c, plasma
creatinine, ln UAER, classification of normal or increased
UOER, and systolic and diastolic blood pressure.

Only five patients with type 1 diabetes died of cardio-
vascular diseases. In multivariate analysis of cardiovascu-
lar mortality, age [OR 1.11 (95% CI 1.03−1.20; p<0.008)]
and coronary heart disease [OR 13.64 (95% CI 1.71
−108.96; p<0.02)] were independent predictors in a model
including sex, age, coronary heart disease, ln UAER and
classification of normal or increased UOER.

In the subgroup of patients with type 1 diabetes who had
corresponding serum and urine orosomucoid analysis (n=17)
there were significantly higher values of serum orosomu-
coid in those with increased UOER (n=5) compared with
those with normal UOER (n=12). The mean±SD (range)
serum orosomucoid was 0.90±0.08 (0.78−1.01) versus 0.71
±0.17 (0.47−1.03) g/l, p<0.04. No patients had serum oro-
somucoid values above the upper reference value. Clear-
ance of orosomucoid was higher in patients with increased
UOER compared with those with normal UOER (median
(range) orosomucoid clearance: 7.4 (4.1−189.6) versus 1.8
(1.0−6.6) μl/min, p<0.003).

Discussion

In the present study, we have shown for the first time that
increased UOER is an independent, powerful predictor of
cardiovascular mortality in normoalbuminuric patients with
type 2 diabetes at 5 years of follow-up. We also confirmed
our previous observation that increased UOER is an in-
dependent predictor of cardiovascular mortality in patients
with type 2 diabetes and micro- and macroalbuminuria at
2.4 years of follow-up [5]. Increased UOER, therefore,
seems a superior marker for cardiovascular mortality com-
pared with microalbuminuria in patients with type 2
diabetes.

In patients with type 1 diabetes there was a significant
difference in survival between patients with increased UOER
compared with those with normal UOER. However, UOER
was not an independent marker for all-cause or cardiovas-
cular mortality. This might be explained by the low number
(n=5) of cardiovascular deaths in patients with type 1
diabetes in the follow-up period. Additionally, the cohort of
patients with type 1 diabetes was younger and had a less
adverse cardiovascular profile compared with the cohort
with type 2 diabetes. We found no significant predictive
value of UOER, presumably due to the low power of the
smaller cohort of patients with type 1 diabetes; however, the
results indicate that a longer follow-up time may yield
significant results.

In the present study, we had access to serum values of
orosomucoid in a representative subgroup of patients. Serum
values of orosomucoid were slightly higher in patients with
increased UOER compared with patients with normal UOER
in both type 1 and type 2 diabetic patients. Themajority of the
serum orosomucoid values were within the normal range.
This subclinical increase in serum orosomucoid in patients
with increased UOER is indicative of a chronic inflamma-
tory condition and not an acute phase response, which is
usually characterised by a several-fold elevation of the
initial level [7]. The association of elevated values of serum
orosomucoid and UOER in subgroups of both type 2 and
type 1 diabetic patients may reflect chronic low-grade in-
flammation as a common pathophysiological element of
cardiovascular morbidity. A low-grade systemic inflamma-
tory condition is hypothesized to precede the development
of type 2 diabetes and atherosclerosis. In a population-based
cohort study, subclinical elevations of serum orosomucoid
and other inflammatory markers were predictive of the
development of type 2 diabetes [13]. Subclinical elevations
of serum orosomucoid have also been found in patients with
type 2 diabetes [12] and were associated with development
of cardiovascular disease and cardiovascular mortality in
patients with type 2 diabetes in a combined inflammatory
score model [16]. In a study of 40 patients with type 1
diabetes the plasma concentrations of orosomucoid were
normal and comparable to healthy control persons. How-
ever, signs of chronic inflammation were found in diabetic
patients where an increased amount of fucosylated oroso-
mucoid was found by crossed immunoelectrophoresis [17].
The differences observed for orosomucoid in serum in our
study occur within the reference interval. Likewise, the

Table 5 Multiple regression analysis of all-cause mortality, patients
with type 1 diabetes

Variable Hazard ratio (95% CI) p-Value

Age (years) 1.07 (1.04−1.10) <0.001
ln UAER (μg/min) 1.49 (1.13−1.96) <0.005

Data are for selected patients (n=126, patients with missing values
are excluded)
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subclinical increase of inflammatory markers such as C-
reactive protein, which has been found to be an independent
risk marker of mortality in epidemiological studies [18, 19],
does not allow individual classification based on normal or
elevated values. In contrast, the mean occurrence of UOER
values 9−12 times higher than the upper reference value
readily allows classification of individuals as either normal
or abnormal regarding UOER. The pathophysiological
mechanisms causing this dramatic amplification of a pu-
tative sign of low-grade inflammation are unknown. How-
ever, several possible explanations of the increased UOER
can be listed. Overflow proteinuria could cause an increase
in UOER; however, this phenomenon is unlikely to explain
all of the variation in UOER as discussed below. There
might be a selective increase in the glomerular permeabil-
ity in patients with increased UOER accompanied by
increased UAER, or there might be a renal secretion of
orosomucoid causing the increased UOER. There might
even be different mechanisms of UOER increase in nor-
moalbuminuric and microalbuminuric patients.

In agreement with our results, a Japanese study found that
UOER increased in parallel with UAER in patients with
type 2 diabetes and that clearance of orosomucoid was
highly correlated to UAER. They also found that a large
subgroup of patients with normoalbuminuria had increased
UOER [14]. We have confirmed these results. These data
support a theory of increased glomerular permeability
causing the increased UOER in patients with increased
UAER. We believe that the increased UOER in the nor-
moalbuminuric subgroup requires an alternative explana-
tion such as renal secretion of orosomucoid.

From searching the PubMed database, we found no
published data on urinary orosomucoid in patients with
type 1 diabetes.

Clearance values of orosomucoid in the subgroup an-
alyses were much higher in patients with increased UOER
compared with those with normal UOER in both type 2
and type 1 diabetic patients. If increased serum values of
orosomucoid had had a high impact on clearance values,
the final result would have been a lowering of the clear-
ance of orosomucoid. Thus the increased clearance values
of orosomucoid were primarily caused by a high urinary
excretion and probably unaffected by the serum concen-
trations of orosomucoid. In a study of patients with chro-
nic renal failure, the clearance of orosomucoid was highly
increased despite impaired renal function [20]. The
patients with renal failure had increased serum concentra-
tions of orosomucoid probably as a sign of chronic in-
flammation, but the UOER was not correlated to the serum
concentration of orosomucoid. These findings are in ac-
cordance with the hypothesis of increased glomerular
permeability in patients with increased UOER accompa-
nied by micro- or macroalbuminuria. Furthermore, the
lack of correlation between UOER and serum orosomu-
coid in patients with renal failure supports our considera-
tions of increased UOER not simply being a result of
overflow proteinuria.

The presence of micro- and macroalbuminuria predict
all-cause mortality [19, 21–24], and microalbuminuria is

an independent predictor of cardiovascular mortality in
patients with diabetes [22, 23, 25]. At a lower cut-off
value, urinary albumin was predictive of the development
of ischemic heart disease [26] as well as cardiovascular
mortality in the general population [27, 28]. This suggests
that the predictive value of UAER is a continuum starting
well below the recommended cut-off value for micro-
albuminuria. The effect of albuminuria on cardiovascular
mortality in our cohort of patients with type 2 diabetes
might be disclosed by lowering the cut-off value for
UAER. However, we have shown that the predictive value
of UOER on cardiovascular mortality in our study was
independent of the cut-off value for UAER. We conclude
that our data indicate a high predictive value of UOER for
cardiovascular mortality independently of classic cardio-
vascular risk factors and urinary albumin level in patients
with type 2 diabetes. As a consequence, we believe that
patients with type 2 diabetes and increased UOER may be
appropriate targets for intervention, but clinical interven-
tion studies are required to clarify this issue.

The prevalence of microalbuminuria (26 and 30%) and
macroalbuminuria (6 and 11%) in our study is comparable
to other studies [19, 29, 30]. In a 5-year follow-up study of
328 patients with type 2 diabetes all-cause mortality was
16%; 57% of these deaths were caused by cardiovascular
diseases [31]. The patients in the referred study were of
comparable age as our cohort of patients with type 2
diabetes. In our study, 19% of the patients with type 2
diabetes died in 5 years of follow-up and 55% of the
deaths were caused by cardiovascular diseases. In addi-
tion, increased UOER was associated with increased prev-
alence of hypertension and heart failure in patients with
type 2 diabetes in our study. Hypertension and heart failure
are associated with development of microalbuminuria in
patients with diabetes as well as in non-diabetic persons
[32].

In this study we used fresh samples of urine for the
analyses of proteins andwe thereby avoided the well known
problems of loss of proteins during storage at −20°C
[33, 34].

A limitation of this study is the access to cardiovascular
history through journal files, rather than by classification
of cardiovascular diseases by standardised investigations
of each patient. Since the prevalence of cardiovascular
diseases is high in patients with diabetes, silent myocardial
ischaemia may have been overlooked and the number of
diagnosed patients with cardiovascular diseases may have
been underestimated.

Another limitation of the study is the use of UOER as
a dichotomous rather than a continuous variable. How-
ever, in many epidemiological studies of microalbumin-
uria this variable is classified as a categorical variable
[21, 22, 35, 36].

In conclusion, at 5 years of follow-up increased UOER
was an independent, powerful predictor of cardiovascular
mortality in normoalbuminuric patients with type 2 di-
abetes as well as in the entire cohort of patients with type 2
diabetes. The predictive value of UOER was independent
of classic cardiovascular risk factors as well as urinary
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albumin level. The study was underpowered to show pre-
dictive value of UOER on mortality in patients with type 1
diabetes. However, UOER may be a valuable marker in
type 1 diabetes as was also indicated by the differences in
survival between patients with normal versus increased
UOER.

We hypothesize that an increase in UOER in both type 1
and type 2 diabetes is caused by chronic low-grade inflam-
mation. The possible therapeutic effect on cardiovascular
morbidity and mortality of interventions targeted towards
patients with increased UOER remains to be investigated.
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