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OBJECTIVE

Osteopontin (OPN) is a multifunctional protein suggested to be a player in the
arterial disease of patients with type 2 diabetes. However, its role for complica-
tions in patients with type 1 diabetes (T1D) is unknown.We therefore investigated
the associations between OPN and diabetic vascular complications and all-cause
mortality in patients with T1D.

RESEARCH DESIGN AND METHODS

Serum OPN was measured in 2,145 adults with T1D without end-stage renal
disease (ESRD; dialysis or transplantation) as part of the Finnish Diabetic Nephrop-
athy (FinnDiane) Study. Data on renal status, cardiovascular disease (CVD), and
all-cause mortality during follow-up were verified from medical files, hospital
discharge registries, and the Finnish National Death Registry, respectively. The
median follow-up time was 10.5 (interquartile range 8.9–11.8) years.

RESULTS

Serum OPN was higher at baseline in patients who developed incident micro-
albuminuria (16.0 6 0.9 vs. 14.1 6 0.2 mg/L; P = 0.04), progressed to ESRD
(28.3 6 1.7 vs. 15.4 6 0.2 mg/L; P < 0.001), suffered an incident CVD event
(20.2 6 1.2 vs. 15.5 6 0.2 mg/L; P < 0.001), or died (23.3 6 1.4 vs. 15.8 6 0.2
mg/L; P < 0.001) during follow-up. In multivariate Cox regression analysis, OPN
was independently associated with the development of incident microalbuminu-
ria, an incident CVD event, and death, after adjustments for associated risk fac-
tors. Even after calculating reclassification indexes, OPN was predictive of CVD
and all-cause mortality beyond the Framingham risk score covariates and hs-CRP.

CONCLUSIONS

SerumOPN is a strong predictor of incipient diabetic nephropathy, afirst-ever CVD
event, and all-cause mortality in patients with T1D. Serum OPN may be of clinical
significance for the risk prediction of CVD events in patients with T1D.

Osteopontin (OPN) is a multifunctional protein expressed by several different cell
types, although the bone is known to be a major source (1). The exact excretion
pathway of OPN from the body is not known. OPN is involved in a number of
physiological and pathological conditions, including cancer and progression of
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metastases (2), urinary stones (3),
wound healing (4), chronic inflamma-
tory and autoimmune diseases (5),
obesity-related chronic inflammation,
and insulin resistance (6). However, OPN
was originally found in bone and shown
to regulate the formation and calcifica-
tion of bone tissue (7). Notably, OPN
has also been linked to vascular remodel-
ling and calcification, especially in dia-
betic arteries (8), and has been shown
to associate with diabetic retinopathy
(9) and nephropathy (10) in patients
with type 2 diabetes (T2D), as well as car-
diovascular disease (CVD) events in non-
diabetic subjects with a history of
coronary artery disease (CAD) (11). How-
ever, its role for late complications in pa-
tients with type 1 diabetes (T1D) is not
known. Furthermore, the risk factor pro-
file for vascular complications differs in
T1D from that in T2D. The increased risk
for CVD events in T2D is linked to the
presence of hypertension, dyslipidemia,
overweight, and insulin resistance,
whereas the primary determinant of
health in T1D is renal disease (12,13).
We therefore explored the associa-

tion between serum OPN and diabetic
vascular complications as well as all-
causemortality in a largewell-characterized
cohort of patients with T1D.

RESEARCH DESIGN AND METHODS

Study Subjects
The Finnish Diabetic Nephropathy
(FinnDiane) Study is an ongoing, nation-
wide, prospective multicenter study
seeking clinical, genetic, biochemical,
and environmental risk factors for dia-
betes complications, with an emphasis
on diabetic nephropathy. A detailed de-
scription of the follow-up protocol was
presented earlier (13). T1D was defined
as an onset of diabetes before the age
of 40 years and permanent insulin
treatment initiated within 1 year of di-
agnosis. In addition, all patients were
C-peptide negative (#0.3 nmol/L) at
the baseline visit. Only patients with
T1D are explored in the FinnDiane Study.
The patients were recruited from all

university and central hospitals in Fin-
land (N = 21), all district hospitals treat-
ing patients with T1D (N = 33), and a
substantial number of primary health
care centers treating patients with T1D
(n = 26; Supplementary Table 1). All
adult patients in each center were in-
vited to participate in the study, and

the mean response rate was 78%.
Thus, no specific groups of patients
were excluded from this study. Al-
though, the FinnDiane Study in a strict
sense is not a population-based study,
the geographical distribution and den-
sity well follow that of the Finnish pop-
ulation (13,14).

Serum OPN was estimated in baseline
samples (N = 2,145) after excluding pa-
tients with end-stage renal disease
(ESRD; dialysis or transplantation) at
baseline because of the competing risk
between ESRD and mortality. The me-
dian follow-up time for the study popu-
lation was 10.5 (interquartile range
[IQR] 8.9–11.8) years. The study proto-
col is in accordance with the Declaration
of Helsinki as revised in 2000 and was
approved by the local ethics committee
in each study center. Written informed
consent was obtained from each patient.

Ascertainment of Outcomes
Data on medication, cardiovascular sta-
tus, and diabetes complications were
registered by a standardized question-
naire that was completed by the pa-
tient’s attending physician and thus
immediately verified from the medical
files. Blood pressure was measured
twice by standard methods with the pa-
tient sitting, after the patient had rested
for at least 10 min. The average of the
two measurements was used in the
analysis. Height, weight, and waist-to-
hip ratio were recorded.

The baseline urinary albumin excre-
tion rate (AER) was stratified as follows:
normal AER was defined as,20 mg/min
or ,30 mg/24 h, microalbuminuria
as 20 mg/min to ,200 mg/min or 30
mg/24 h to ,300 mg/24 h, and macro-
albuminuria as AER $200 mg/min or
$300 mg/24 h, in at least two of three
consecutive urine collections. ESRD was
defined as patients undergoing dialysis
or having received a kidney transplant.

Follow-up data on verified renal sta-
tus were collected by reexamination of
the patients or review of the medical
files. Information on CVD events and
ESRD until the end of 2010 was obtained
from medical files and by linking the
FinnDiane data with the Finnish Hospital
Discharge Register (HDR) and the Finn-
ish Causes of Death Registry. The HDR
is a register listing all discharged hospi-
tal patients, on each patient’s unique per-
sonal identifier, using dates of admission

and discharge, up to four diagnoses with
the ICD and procedure codes based on
the Nordic Classification of Surgical Pro-
cedures. The completeness and accuracy
of the HDR with regard to vascular dis-
ease has been demonstrated to be very
high (15).

Severe retinal disease was defined
as a history of retinal laser treatment.
CVD events were defined as a history
of myocardial infarction (MI), a coronary
artery procedure (bypass grafting sur-
gery or angioplasty), stroke (ischemic
or hemorrhagic), or a peripheral artery
procedure (bypass grafting surgery or
angioplasty), which were verified on
the basis of ICD discharge codes speci-
fying the events. CAD was defined as a
history of MI or a coronary artery pro-
cedure. Limb amputations were further
ascertained on the basis of ICD dis-
charge codes specifying amputation, re-
gardless of the presence or absence of
documented peripheral vascular disease
(PVD). In the prospective CVD event
analysis, we only included patients with-
out any CVD events at baseline. Deaths
from any cause through to 18 Septem-
ber 2011 were identified via a search of
the Finnish National Death Registry, and
center databases. The causes of death in
this study were CVD (44%), cancer (7%),
infections (9%), and other causes (40%).

Assays
A1C was determined locally by stan-
dardized assays, and serum lipid and
lipoprotein concentrations were ana-
lyzed centrally by automated enzymatic
methods (Hoffman-La Roche, Basel,
Switzerland). Serum creatinine was de-
termined centrally by an isotope dilu-
tion mass spectrometry traceable
assay, hs-CRP by a photometric, immu-
nochemical method with an ultrasensi-
tive kit (Orion Diagnostica, Espoo,
Finland), and the Chronic Kidney
Disease Epidemiology Collaboration for-
mula was used to calculate the esti-
mated glomerular filtration rate (eGFR)
(16,17). The presented AER value was
assessed from a 24-h urine collection
by immunoturbidimetry. Furthermore,
serum OPN was measured by an in-
house time-resolved immunofluoro-
metric assay using commercially available
monoclonal antibodies (DY1433; R&D
Systems). The limit detection was 10 ng/L.
The intra- and interassay variability
(coefficient of variation percentage)
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were below 6% and 9%, respectively.
The blood and urine samples were
drawn at the patient’s baseline visit to
the study centers, and therefore, the
storage time was similar to the follow-
up time. Furthermore, the OPN mea-
surements are stable during multiple
freeze-thaw cycles.

Statistics
Analyses were performed with PASW
Statistics 18 software (SPSS, Chicago,
IL). Data for normally distributed and
continuous variables are presented as
mean 6 SEM and data for nonnormally
distributed variables as median with
IQR. Differences between groups were
analyzed with the Student t test,
ANOVA, or Mann-Whitney U test, as ap-
propriate. Categorical variables were
analyzed using the Pearson x2 test. Lon-
gitudinal data were analyzed with
Kaplan-Meier survival curves with log-
rank tests. Risk factors for the progres-
sion of diabetes complications were
assessed using Cox proportional hazard
survival regression showing results as
hazard ratios with 95% CI. The multivar-
iate Cox regression analyses were ad-
justed for factors associated with
serum OPN concentrations as well as
other factors independently associated
with the studied events by using the
multivariate backward conditional op-
tion. The P value for inclusion of the
clinical variables in the models was
0.05 and that for removal was 0.10.
Furthermore, a model including the co-
variates in the Framingham risk score
was calculated (18). OPN and hs-CRP
were further compared using a receiver
operating characteristic (ROC) curve
analysis to evaluate the benefit of using
OPN alone or on top of hs-CRP, as a clin-
ical predictor for the CVD events.
Net reclassification improvement

(NRI) and the integrated discrimination
improvement (IDI) were used to assess
the improvement in discrimination be-
tween models. NRI is the difference in
percentage moving up and down risk
strata among case subjects versus con-
trol subjects after the addition of a new
biomarker to a known model. Ideally,
the predicted probabilities would move
up with a category for case subjects and
down with a category for control sub-
jects. The IDI is the difference in Yates
slopes between the initial model and
the initial model plus OPN, where the

Yates or discrimination slope is the
mean difference in predicted probabili-
ties between case subjects and control
subjects. The difference in slopes is a
measure of improvement in the model.
IDI and NRI are presented as percentage
and should be interpreted as the in-
crease of the difference in average pre-
dicted probabilities between case
subjects and control subjects when
OPN was added to the model (19).

With regards to CVD prevention, the
5%, 10%, and 20% cutoff points have
been proposed as relevant for clinical
decision making (20,21). The same cut-
off points were used for both cardiovas-
cular and renal end points. A Fine and
Gray competing risk analysis including
the same covariates as in the previous
Cox regression analysis but also ac-
counting for the competing events of
pre-ESRD death and ESRD, as well as
pre-CVD death and incident CVD events,
was also performed, as earlier de-
scribed. Stata 11 (2009) software
(StataCorp LP, College Station, TX) was
used for the discrimination analyses and
the competing risk analyses (22).

RESULTS

Baseline Characteristics
Serum OPN was measured in 2,145 pa-
tients (52% men) with T1D without
ESRD. Patient characteristics according
to baseline quartiles of OPN are re-
ported in Table 1. Briefly, the mean
age of this cohort was 37.46 0.3 years,
and the median duration of diabetes
was 20.1 (IQR 11.7–29.0) years. Their
mean systolic blood pressure was
1336 1 mmHg, diastolic blood pressure
(DBP) was 80 6 1 mmHg, eGFR was
89 6 1 mL/min per 1.73 m2, and A1C
was 8.5 6 0.1% (69 6 1 mmol/mol). At
baseline, 1,395 patients had normal AER,
330 had microalbuminuria, and 420 had
macroalbuminuria. Altogether, 135 pa-
tients had had a CVD event, and 687 pa-
tients had diabetic retinopathy requiring
laser treatment at baseline.

Serum OPN concentrations were
higher in patients with macroalbuminu-
ria (24.16 0.9 vs. 14.3 6 0.2 mg/L; P ,
0.001) and microalbuminuria (16.0 6
0.6 vs. 14.36 0.2 mg/L; P = 0.001) com-
pared with those with normal AER. Fur-
thermore, OPN concentrations were
higher in patients with macroalbuminu-
ria than in those with microalbuminuria
(24.1 6 0.9 vs. 16.0 6 0.6 mg/L; P ,

0.001). After adjustments for eGFR, the
difference in OPN in the different albu-
minuria stages did not change (P ,
0.001). Similarly, those who had
experienced a CVD event (21.1 6 1.3
vs. 16.1 6 0.3 mg/L; P , 0.001) or had
severe retinal disease (19.9 6 0.6 vs.
14.9 6 0.2 mg/L; P , 0.001) at baseline
had higher OPN concentrations than
those without, respectively. Patients
with severe retinal disease without signs
of nephropathy (normal AER) had higher
serum OPN concentrations at baseline
than those who did not have severe ret-
inal disease (16.16 0.7 mg/L vs. 14.06
0.2 mg/L; P = 0.001).

Serum OPN correlated positively with
duration of diabetes (r = 0.14; P ,
0.001), waist-to-hip ratio (r = 0.10; P ,
0.001), systolic blood pressure (r = 0.10;
P, 0.001), hs-CRP (r = 0.09; P, 0.001),
and AER (r = 0.38; P, 0.001) and nega-
tively with eGFR (r =20.22; P, 0.001).
However, OPN did not correlate with
age, BMI, DBP, or A1C at baseline.

OPN and Diabetic Nephropathy in
Patients With T1D
During the median follow-up period of
6.1 (IQR 4.3–7.3) years, 313 patients
progressed to a higher level of albumin-
uria or to ESRD (99 to microalbumin-
uria, 44 to macroalbuminuria, and 170
to ESRD). Serum OPN was higher at
baseline in patients who developed mi-
croalbuminuria during the follow-up
compared with those whose AER re-
mained normal (16.0 6 0.9 vs. 14.1 6
0.2 mg/L; P = 0.04). Serum OPN did
not differ at baseline in patients with
microalbuminuria who became macro-
albuminuric during follow-up compared
with those who did not (16.7 6 1.4 vs.
15.9 6 0.6 mg/L; P = NS). In patients
with macroalbuminuria who developed
ESRD, OPN was higher at baseline
(28.3 6 1.7 vs. 15.4 6 0.2 mg/L; P ,
0.001). After adjusting for factors asso-
ciated with serum OPN concentrations,
as well as other factors independently
associated with diabetic nephropathy,
OPN predicted incident microalbumin-
uria but not progression to macroalbu-
minuria or ESRD (Table 2). However, in
additionally performed models (models
2 and 3, Table 2), OPN was indepen-
dently associated with the progression
to ESRD during follow-up. The results
did not change in a competing risk anal-
ysis considering pre-ESRD death as a
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competing event (data not shown).
Whenwe explored the added predictive
benefit to our risk factors models with
reclassification indexes (NRI and IDI),
OPN did not improve the models except
for model 3 in patients with macroalbu-
minuria (Supplementary Tables 2 and 3).

OPN and Incident CVD Events in
Patients With T1D
Overall, 191 patients experienced an in-
cident CVD event during the median
follow-up period of 10.6 (IQR, 7.1–
12.0) years. Serum OPN concentrations
at baseline were higher in patients who

had an incident CVD event compared
with those who did not (20.2 6 1.2 vs.
15.5 6 0.2 mg/L; P , 0.001). Kaplan-
Meier survival curves with quartiles of
OPN revealed a clear association be-
tween the entire distribution of OPN
for an incident CVD event (Fig. 1). After
adjusting for the risk factors that were
associated with OPN and CVD at base-
line, OPN remained significantly associ-
ated with an incident CVD event in
the multivariate Cox regression analysis
(Table 3).

In the analysis of a possible benefit of
using OPN on top of hs-CRP for the pre-
diction of an incident CVD event during
follow-up, including bothmarkers in the
same model, there was no additional
predictive value (Supplementary Table 2
and Supplementary Fig. 1). However,
after analyzing the added predictive
benefit for CVD prediction with reclassi-
fication indexes (NRI and IDI), OPN

Table 1—Patient characteristics according to baseline quartiles (range) of serum OPN

1st
(0.5–9.0 mg/L)

2nd
(9.0–14.0 mg/L)

3rd
(14.0–20.6 mg/L)

4th
(20.6–208.9 mg/L) P value

n 533 537 539 536 d

Sex (% men) 41 50 55 61 ,0.001

Age (years) 38 6 1 37 6 1 38 6 1 37 6 1 0.12

Duration of diabetes (years) 19 6 1 20 6 1 22 6 1 23 6 1 ,0.001

Age at onset (years) 19 6 1 17 6 1 16 6 1 14 6 1 ,0.001

BMI (kg/m2) 25.1 6 0.2 25.2 6 0.1 24.9 6 0.1 25.0 6 0.2 0.39

Waist-to-hip ratio 0.85 6 0.01 0.86 6 0.01 0.87 6 0.01 0.87 6 0.01 0.001
Women 0.81 6 0.01 0.80 6 0.01 0.82 6 0.01 0.81 6 0.01 0.15
Men 0.91 6 0.01 0.91 6 0.01 0.91 6 0.01 0.91 6 0.01 0.89

Blood pressure (mmHg)
Systolic 130 6 1 132 6 1 133 6 1 135 6 1 ,0.001
Diastolic 80 6 1 80 6 1 79 6 1 80 6 1 0.29

A1C (%) 8.4 6 0.1 8.4 6 0.1 8.4 6 0.1 8.6 6 0.1 0.04

A1C (mmol/mol) 68 6 1 68 6 1 68 6 1 70 6 1 0.04

Cholesterol (mmol/L)
Total 5.1 6 0.1 5.0 6 0.1 4.9 6 0.1 4.9 6 0.1 0.32
HDL 1.3 6 0.1 1.3 6 0.1 1.3 6 0.1 1.3 6 0.1 0.01
LDL 3.3 6 0.1 3.2 6 0.1 3.1 6 0.1 3.1 6 0.1 ,0.001

Triglycerides (mmol/L) 1.01 (0.78–1.43) 1.06 (0.77–1.45) 1.05 (0.78–1.57) 1.12 (0.82–1.59) 0.24

Insulin dose (IU/kg) 0.69 6 0.01 0.71 6 0.01 0.71 6 0.01 0.71 6 0.01 0.32

eGFR (mL/min per 1.73 m2) 92 6 1 93 6 1 88 6 1 83 6 1 ,0.001

Urinary AER (mg/24 h) 8.7 (5.9–18.6) 11.1 (6.6–36.9) 13.4 (7.2–64.5) 28.9 (9.0–327.7) ,0.001

Diabetic nephropathy (%)* 9 15 22 37 ,0.001

Antihypertensive medication (%) 28 30 36 50 ,0.001

History of CVD (%) 4 6 7 10 ,0.001

Current smoking (%) 23 24 22 28 0.07

Severe retinal disease (%) 22 27 35 45 ,0.001

hs-CRP (mg/L) 1.8 (1.2–3.4) 2.1 (1.3–4.0) 2.0 (1.2–3.8) 2.3 (1.4–5.0) ,0.001

OPN (mg/L) 6.3 6 0.1 11.4 6 0.1 16.9 6 0.1 31.4 6 0.6 ,0.001

Continuous data are presented as mean 6 SEM, except for AER, triglycerides, and hs-CRP where median (IQR) is presented. Categorical data are
presented as percentages. *Patients with macroalbuminuria.

Table 2—Cox regression analysis for the predictive value of serum OPN for
incident microalbuminuria or progression to macroalbuminuria or ESRD

Incident
microalbuminuria

Progression to
macroalbuminuria Progression to ESRD

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Model 1 1.03 (1.01–1.05) 0.03 d NS d NS

Model 2 1.03 (1.00–1.05) 0.03 d NS 1.01 (1.00–1.02) 0.02

Model 3 1.03 (1.01–1.05) 0.009 d NS 1.02 (1.02–1.03) ,0.001

HR, hazard ratio. Model 1 adjusted for sex, age, waist-to-hip ratio, current smoking, A1C,
triglycerides, antihypertensive medication, eGFR, urinary AER, and hs-CRP. Model 2 adjusted for
sex, age, duration of diabetes, BMI, waist-to-hip ratio, current smoking, A1C, triglycerides, LDL
cholesterol, systolic blood pressure, antihypertensive medication, eGFR, urinary AER, and
hs-CRP. Model 3 adjusted for the covariates in the Framingham risk score (sex, age, LDL
cholesterol, HDL cholesterol, systolic blood pressure, diabetes, and smoking).
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improved model 3 even after adding hs-
CRP to the Framingham risk factors
(Supplementary Tables 2 and 3).
OPN remained an independent pre-

dictor of CVD events in a competing
risk analysis considering pre-CVD death
and incident CVD event as competing
events (data not shown).

OPN and Incident CAD in Patients
With T1D
During a median of 11.4 (IQR 10.3–12.1)
years of follow-up, 109 patients experi-
enced an incident CAD event. Serum
OPN was increased at baseline in pa-
tients who had an incident CAD event
at follow-up compared with those who
did not (17.56 1.2 vs. 14.56 0.2 mg/L;
P = 0.001). Serum OPN was not inde-
pendently associated with incident
CAD at follow-up after correcting for
associated covariates in a multivariate
Cox regression analysis (Supplemen-
tary Table 4). OPN did not yield any
predictive benefit for CAD compared
with previous risk factors models
when analyzed by ROC curve analysis
or reclassification indexes (Supplemen-
tary Fig. 1 and Supplementary Tables 2
and 3).

OPN and Incident Stroke in Patients
With T1D
Sixty-two patients suffered an incident
stroke (ischemic or hemorrhagic)
during a median of 10.7 (IQR 7.8–12.0)
years of follow-up. Serum OPN levels at
baseline were higher in patients who
had an incident stroke (20.5 6 1.8 vs.
15.96 0.3mg/L; P = 0.001). After adjust-
ing for factors associated with serum

OPN concentrations, as well as other
factors independently associated with
stroke at baseline, OPN remained asso-
ciated with stroke in a multivariate
Cox regression analysis (Supplementary
Table 4). OPN did not improve the
risk factor models for prediction of
stroke assessed by ROC curve analysis
or reclassification indexes (Supplemen-
tary Fig. 1 and Supplementary Tables 2
and 3).

OPN and Incident PVD in Patients
With T1D
As a whole, 20 patients underwent a leg
revascularization procedure or an am-
putation (any cause) as their first cardio-
vascular event during follow-up (10.8
[8.2–12.0] years). Serum OPN concen-
trations at baseline were higher in pa-
tients who underwent an incident leg
revascularization procedure or amputa-
tion (35.26 9.7 vs. 15.96 0.2 mg/L; P =
0.001). Furthermore, serum OPN inde-
pendently predicted an incident PVD
event in a multivariate Cox analysis
(Supplementary Table 4). However,
OPN did not add any predictive benefit
to our previous models assessed by ROC
curve analysis or reclassification indexes
(Supplementary Fig. 1 and Supplemen-
tary Tables 2 and 3).

Figure 1—Kaplan-Meier survival curves with log-rank tests for a first-ever CVD event (n = 191) by quartiles of serum OPN concentrations. Log-rank
P , 0.001. Patients with a history of CVD already at baseline (n = 135) were excluded.

Table 3—Cox regression analysis for
the predictive value of OPN for
a first-ever CVD

CVD event

HR (95% CI) P value

Model 1 1.02 (1.01–1.03) ,0.001

Model 2 1.01 (1.00–1.02) 0.006

Model 3 1.03 (1.02–1.03) ,0.001

HR, hazard ratio. Model 1 adjusted for sex,
age, waist-to-hip ratio, current smoking,
A1C, total cholesterol, antihypertensive
medication, eGFR, microalbuminuria,
macroalbuminuria, and hs-CRP. Model 2
adjusted for sex, age, duration of diabetes,
BMI, waist-to-hip ratio, current smoking,
A1C, LDL cholesterol, systolic blood
pressure, antihypertensive medication,
eGFR, microalbuminuria, macroalbuminuria,
and hs-CRP. Model 3 adjusted for the
covariates in the Framingham risk score
(sex, age, LDL cholesterol, HDL cholesterol,
systolic blood pressure, diabetes, and
smoking).
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OPN and All-Cause Mortality in
Patients With T1D
Altogether, 202 patients died during the
median follow-up period of 10.5 (IQR
8.3–11.8) years. Serum OPN concentra-
tions at baseline were higher in patients
who died during follow-up compared
with those who did not (23.3 6 1.4 vs.
15.8 6 0.2 mg/L; P , 0.001). As with
CVD events, serum OPN concentrations
were also significantly associated with
death during follow-up (Fig. 2). After ad-
justing for factors associatedwith serum
OPN concentrations, as well as other
factors independently associated with
all-cause mortality at baseline, OPN
was independently associated with
death in a multivariate Cox regression
analysis (Table 4).
In the assessment of a possible bene-

fit of using OPN on top of hs-CRP for the
prediction of death during follow-up,
there was no additional predictive value
including both markers in the same
model (Supplementary Fig. 1 and Sup-
plementary Table 2). However, when re-
classification indexes IDI and NRI were
used to assess the added predictive ben-
efit of OPN compared with actual mod-
els, OPN significantly improved model 3
even after adding CRP to the model
(Supplementary Table 3).

CONCLUSIONS

In this prospective observational study of
including 2,145 patients with T1D, serum
OPN concentrations predicted incident
microalbuminuria, a first-ever CVD event,
and all-cause mortality after controlling
for traditional risk factors for the subse-
quent events in multivariate models.

Although serum OPN concentrations
have been linked to diabetic vascular
disease in vitro (8), the clinical data
showing the association between OPN
and late vascular complications in pa-
tients with diabetes are scarce. In T2D,
OPN was related to diabetic retinopathy
in 19 patients (9) although the results
were not replicated in a larger study
with 229 patients (10). However, in the
study by Yamaguchi et al. (10), plasma
but not urine OPN correlated with the
progression of diabetic nephropathy. In
our study, serum OPN predicted inde-
pendently the development of incipient
renal disease in patients with T1D.

In the current study, serum OPN was
also an independent predictor of CVD
events in patients with T1D. The findings
are in line with earlier results demon-
strating OPN to predict future CVD
events in patients with CAD (11). How-
ever, the risk factor profile for CVD
events differs in T1D from that in the

general population. Chronic hyperglyce-
mia and especially renal disease are
strong risk factors for cardiovascular
morbidity and mortality in this patient
group (13). Nevertheless, the results in
our study were independent of diabetic
nephropathy status and kidney function
at baseline, indicating that the associa-
tion was not entirely driven by renal dis-
ease. The size of the study population
allowed us to separately analyze the
predictive role of OPN for different
CVD events. No noticeable differences
between the events were observed,
suggesting that OPN is possibly involved
in more generalized damage to the car-
diovascular system.

We have earlier shown that chronic
kidney disease strongly predicts all-
cause mortality in patients with T1D
(13). Most deaths in this study were as-
sociated with kidney disease–related
CVD. However, because serumOPN con-
centration was an independent predic-
tor of all-cause mortality, this biomarker
may be of clinical value for future risk
stratification in patients with T1D. Fur-
thermore, an intriguing question is
whether blocking OPN would slow the
development of diabetic vascular com-
plications and eventually decrease pre-
mature death in patients with T1D.

Figure 2—Kaplan-Meier survival curves with log-rank tests for death (n = 202) by quartiles of serum OPN concentrations. Log-rank P , 0.001.
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OPN is a multifunctional protein in-
volved in a number of physiological
and pathological conditions (1) and is
highly expressed in several chronic in-
flammatory diseases, such as athero-
sclerosis (23). Vascular smooth muscle
cells, endothelial cells, and macro-
phages express OPN in atherosclerotic
lesions (24). Notably, OPN has also
been linked to obesity-related chronic
inflammation and insulin resistance
that may be one mechanistic player (6).
We also analyzed the predictive value

of OPN after adding hs-CRP to the Cox
regression models and observed that
the results did not change. Results of
using ROC curve analysis to evaluate
the predictive value of OPN alone or
on top of hs-CRP suggested that OPN
does not add to the risk prediction be-
yond hs-CRP. However, when reclassifi-
cation indexes were calculated, OPN
improved the prediction of CVD events
and all-cause mortality in the model
built from the Framingham risk factors
even when hs-CRP was added to the
model. This observation suggests that
OPN improves the prediction of serious
outcomes compared with traditional
models.
The search for additional biomarkers

as predictors for CVD events has been
intense. Brain (b-type) natriuretic pep-
tide (BNP) and cardiac troponins are
thoroughly studied cardiac risk markers.
BNP is a peptide hormone secreted pri-
marily from the ventricles of the heart in

response to cardiomyocyte stretch. BNP
has many systemic effects, and this bio-
marker has been shown to predict CVD
in different patient populations as well
as in the general population (25–27).
Notably, BNP has also been suggested
to be an early marker of myocardial dis-
ease in young patients with T1D (28).
Cardiac troponins T and I, in turn, are
components of the cardiomyocytes
and established ischemic markers of
myocardial necrosis in patients with
acute coronary syndromes (29). A small
elevation in troponins is associated with
an increased risk of an adverse outcome
in patients with acute CAD (30). Further-
more, even in men free of CVD, in-
creased troponin concentrations have
been associated with increased mortal-
ity (31). An interesting question for fu-
ture studies is whether OPN, acting
mostly through different mechanisms,
adds to the prediction of CVD events
after inclusion of these well-established
risk markers.

To summarize, the prevention of
diabetic nephropathy and cardiovascu-
lar complications in patients with T1D
relies on the control of multiple risk
factors. Because diabetes confers high
risk, every patient should control his or
her A1C, blood pressure, lipids, body
weight, avoid hypoglycemia, and stop
smoking. However, even patients with a
strict control of risk factors suffer from
complications, and early risk markers to
identify the patients at risk are needed.
Our observations suggest that one such
biomarker could be OPN that may not
only reflect the degree of vascular dys-
function but also predict vascular disease.
We recognize, however, that further
studies are needed to demonstrate
the clinical benefit of OPN for the risk
stratification.
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