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Abstract 
 
Objective: Osteopontin (OPN) is a multifunctional protein suggested to be a player in the disease of especially diabetic arteries. Therefore, 

we investigated the associations between OPN and diabetic vascular complications as well as all-cause mortality in patients with type 1 

diabetes (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 Nephropathy (FinnDiane) study. Data on renal status, cardiovascular disease (CVD) and all-

cause mortality during follow-up were verified from medical files, hospital discharge registries (ICD codes) and the Finnish National Death 

Registry, respectively.  The median (interquartile range) follow-up time was 10.5 (8.9-11.8) years.  

 

Results: Serum OPN was higher at baseline in patients that developed incident microalbuminuria (16.0 ± 0.9 vs. 14.1 ± 0.2 µg/L; p=0.04), 

progressed to ESRD (33.9 ± 2.7 vs. 20.9 ± 0.7 µg/L; p<0.001), suffered a first ever CVD event (20.2 ± 1.2 vs. 15.5 ± 0.2 µg/L; p<0.001) or 

died (23.3 ± 1.4 vs. 15.8 ± 0.2 µg/L; p<0.001) during follow-up. In a multivariate Cox regression analysis, OPN was independently associ-

ated with the development of incident microalbuminuria (hazard ratio 1.03 [95% CI (1.01-1.06)]; P=0.003), ESRD (1.01 [1.00-1.02]; 

P=0.006), a first ever CVD event (1.02 [1.01-1.03]; P<0.001), and death (1.01 [1.01-1.02]; P=0.002) after adjustments for associated risk 

factors.  

 

Conclusions: Serum osteopontin is a strong predictor of diabetic nephropathy, first ever CVD event, and all-cause mortality in patients 

with T1D. Serum OPN may be of clinical value for the risk prediction of vascular events in patients with T1D. 
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******************************************* 

 
Atherosclerosis and calcification of the arterial wall develops early in patients with type 1 diabetes (T1D), resulting in premature stiffening 

of the arteries 1. This process is especially precipitated by diabetic nephropathy, leading eventually to an increased risk of vascular disease 
2. However, the reason for the accelerated vascular disease in these patients is largely unknown.  

 

Osteopontin (OPN) is a multifunctional protein expressed by several different cell types, including epithelial cells, vascular smooth muscle 

cells, leucosytes, and osteoclasts 3. OPN is involved in a number of physiological and pathological conditions, such as cancer and progres-

sion of metastases 4, urinary stones 5, wound healing6, chronic inflammatory and autoimmune diseases7, obesity related chronic inflamma-

tion and insulin resistance 8. However, OPN was originally found in bone and shown to regulate the formation and calcification of bone 

tissue 9. Notably, OPN has also been linked to vascular remodelling and calcification especially in diabetic arteries 10, and shown to associ-

ate with diabetic retinopathy11 and nephropathy12 in patients with type 2 diabetes, as well as coronary artery disease in non-diabetic sub-

jects13. However, its role in patients with T1D is not known. 

 

Therefore, we explored the association between serum OPN and cardiovascular outcomes in a large well-characterized cohort of patients 

with T1D exploring incident diabetic nephropathy, CV events, as well as all-cause mortality. 
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Methods  

Study subjects 

The Finnish Diabetic Nephropathy (FinnDiane) Study is an ongoing, nationwide, prospective multicenter study seeking clinical, genetic, 

biochemical, and environmental risk factors for diabetes complications, with emphasis on diabetic nephropathy. Detailed description of the 

follow-up protocol has been described earlier [Groop]. T1D was defined as an onset of diabetes before the age of 40 years and permanent 

insulin treatment initiated within one year of diagnosis. Follow-up data have been collected since year 2004. (7). Serum OPN was estimat-

ed on baseline samples (N=2,145) after excluding patients with end stage renal disease (ESRD; dialysis or transplantation) at baseline, be-

cause of the competing risk between ESRD and mortality. The median (interquartile range) follow-up time for the study population was 

10.5 (8.9-11.8) years. The study protocol is in accordance with the Declaration of Helsinki as revised in 2000, and approved by the local 

ethics committee in each study centre. Written informed consent was obtained from each patient.  

 

Ascertainment of outcomes 

Data on medication, cardiovascular status, and diabetic complications were registered by a standardized questionnaire, which was complet-

ed by the patient´s attending physician and thus immediately verified from the medical files. Blood pressure was measured by standard 

methods. After the patient had rested for at least 10 minutes, blood pressure was measured twice in a sitting position. The average of the 

measurements were used in the analysis. Height, weight and waist hip ratio were recorded.  
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Baseline urinary albumin excretion rate (AER) was stratified such that normoalbuminuria was defined as <20 µg/min or <30 mg/24 h, 

microalbuminuria as 20 µg/min ≤AER< 200 µg/min or 30 mg/24 h ≤AER< 300 mg/24 h, and macroalbuminuria s AER≥200 µg/min or 

AER ≥300 mg/24 h, in 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 status was collected either by re-examination of the patients or review of the medical files. Information on 

CV-events until the end of 2010, were obtained from medical files and by linking the FinnDiane data with the Hospital Discharge Register 

(HDR) and the Finnish Cause of Death Registry (CDR).  The HDR is a register listing all discharged hospital patients, on each patient’s 

unique personal identifier, using dates of admission and discharge, up to four diagnoses with the International Classification of Diseases 

(ICD) and procedure codes based on the Nordic Classification of Surgical Procedures. The completeness and accuracy of the HDR with 

regard to vascular disease has been demonstrated to be very high 14. CV-events were defined as a history of myocardial infarction, a coro-

nary artery procedure (by-pass surgery or angioplasty), stroke, or a peripheral artery procedure (by-pass surgery or angioplasty), which was 

verified on the basis of ICD discharge codes specifying the events.  Limb amputations were further ascertained on the basis of ICD dis-

charge codes specifying amputation, regardless of the presence or absence of documented peripheral vascular disease. In the prospective 

CV analysis, we only included patients without any CV-events at baseline. Deaths from any cause through to the 18th of September 2011 

were identified via a search of the Finnish National Death Registry, and center databases.  

 

Assays.  
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HbA1c was determined locally by standardized assays and serum lipid and lipoprotein concentrations centrally by automated enzymatic 

methods (Hoffman-LaRoche, Basel, Switzerland). Serum creatinine was determined centrally by the IDMS traceable assay, and GFR esti-

mated using the CKD-EPI formula 15 16. AER was assessed from an overnight or a 24-h urine collection by immunoturbidimetry. Further-

more, serum OPN was measured by …, as previously described.  

 

Statistics 

Analyses were performed with PASW Statistics 18 (SPSS, Chicago, IL, USA). Data for normally distributed and continuous variables are 

presented as mean ± SD and data for non-normally distributed variables as median with IQR. Differences between groups were analyzed 

with Student´s t-test, ANOVA, Mann-Whitney U-test or Kruskal-Wallis test as appropriate. Categorical variables were analyzed using 

Pearson’s χ2 test. Longitudinal data were analyzed with Kaplan-Meier survival curves with log-rank tests. Risk factors for the progression 

of diabetic complications were assessed using Cox proportional hazard survival regression showing results as hazard ratios with 95% con-

fidence intervals (HR; 95%CI). The models were adjusted for factors associated with serum OPN concentrations, as well as other factors 

independently associated with the studied events. A competing risk analysis considering two pairs of (competing) events: (the development 

of) ESRD and pre-ESRD deaths as well as incident CVD and pre-CVD deaths, were performed as earlier described by Stata statistical 

software (V11, 2009; College Station, TX, USA) 17. P<0.05 was considered statistically significant. 

 

Results 
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Baseline characteristics 

Serum OPN was measured in 2,145 patients (52% men) with T1D without ESRD. The patient characteristics according to baseline quar-

tiles of OPN are shown in table 1. Briefly, the mean age of this cohort was 37.4 ± 0.3 years and the median (IQR) duration of diabetes 20.1 

(11.7-29.0) years. Their mean systolic blood pressure (SBP) was 133 ± 1 mmHg, diastolic blood pressure (DBP) 80 ± 1 mmHg, eGFR 89 ± 

1, and HbA1c 8.5 ± 0.1%. At baseline, 1,395 patients had normal albumin excretion rate, 330 microalbuminuria, and 420 

macroalbuminuria. Altogether, 143 patients had had a CVD event and 687 patients diabetic retinopathy requiring laser treatment at base-

line.   

 

Serum OPN concentrations were higher in patients with macroalbuminuria (24.1 ± 0.9 vs. 14.3 ± 0.2 µg/L; p<0.001) and microalbuminuria 

(16.0 ± 0.6 vs. 14.3 ± 0.2 µg/L; p=0.001) compared to those with normal AER. Furthermore, OPN concentrations were higher in patients 

with macroalbuminuria than those with microalbuminuria (24.1 ± 0.9 vs. 16.0 ± 0.6 µg/L; p<0.001). Similarly, those who had suffered a 

CVD event (21.1 ± 1.3 vs. 16.1 ± 0.3 µg/L; p<0.001), or had severe retinal disease (19.9 ± 0.6 vs. 14.9 ± 0.2 µg/L; p<0.001) at baseline had 

higher OPN concentrations than those without, respectively. Patients with laser-treated diabetic retinopathy without signs of nephropathy 

(normal AER) had higher serum OPN concentrations (16.1 ± 0.7 µg/L) at baseline, than those who were not laser-treated (14.0 ± 0.2 µg/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), SBP (r=0.10;p<0.001), 

hsCRP (r=0.09; p<0.001). AER (r=0.38; p<0.001), and negatively with eGFR (r=-0.22;p<0.001). However, OPN did not correlate with 

age, BMI, DBP, or HbA1c at baseline. 
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OPN and diabetic nephropathy in patients with T1D 

During the follow-up period of 6.0 (4.0-7.0) years [median (IQR)], 178 patients progressed to a higher level of albuminuria or to ESRD 

during follow-up (99 to microalbuminuria, 44 to macroalbuminuria, and 95 to ESRD). Serum OPN was higher at baseline in patients that 

developed microalbuminuria during the follow-up compared to those whose AER remained normal (16.0 ± 0.9 vs. 14.1 ± 0.2 µg/L; 

p=0.04). Serum OPN did not differ at baseline in microalbuminuric patients who became macroalbuminuric during follow-up compared to 

those who did not (16.7 ± 1.4 vs. 15.9 ± 0.6 µg/L; p=ns). In macroalbuminuric patients who developed ESRD, OPN was higher at baseline 

(33.9 ± 2.7 vs. 20.9 ± 0.7 µg/L; p<0.001). After adjusting for factors associated with serum OPN concentrations, as well as other factors 

independently associated with diabetic nephropathy, OPN predicted incident microalbuminuria (p=0.003) and ESRD (p=0.006), but not 

progression to macroalbuminuria (p=NS) (Table 2A). Including urinary AER in the models did not change the results. The results did not 

change in a competing risk analysis considering two (competing) events: (the development of) ESRD and pre-ESRD deaths (data not 

shown). 

 

OPN and incident CVD in patients with T1D 

All in all, 191 patients experienced their first CV event ever during the follow-up period (10.6 [7.1-12.0] years). Serum OPN concentra-

tions at baseline were higher in patients who had an incident CVD event compared to those who did not (20.2 ± 1.2 vs. 15.5 ± 0.2 µg/L; 

p<0.001). After adjusting for associated risk factors with OPN and CVD, OPN remained significantly associated with incident CVD on 

multivariate Cox regression analysis (p<0.001; Table 2B). The results did not change in a competing risk analysis considering two (com-

peting) events: the development of incident CVD and pre-CVD deaths (data not shown). 
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OPN and different CV events at follow-up (replaces the 3 forthcoming paragraphs) 

When analyzing incident CHD, stroke and PVD separately, we found serum OPN concentrations to predict a first ever stroke (p=0.03; 

Supplemental Table 3A) and leg revascularization procedure or an amputation (any cause) event (p=0.001, Supplemental Table 3C) dur-

ing follow-up. The association between OPN at baseline and an incident CHD event at follow-up was not significant (p=0.09; Supple-

mental Table 3A).  

 

OPN and incident CHD in patients with T1D 

During a median (IQR) of 11.4 (10.3-12.1) years of follow-up, 109 patients experienced their first CHD event ever. Serum OPN was in-

creased at baseline in patients who had an incident CHD event at follow-up compared to those who did not (17.5 ± 1.2 vs. 14.5 ± 0.2 µg/L; 

p=0.001). Serum OPN was not independently associated with incident CHD at follow-up after correcting for associated covariates in a 

multivariate Cox regression analysis (p=0.09; Supplemental Table 3A) 

 

OPN and incident stroke in patients with T1D 

Sixty-two patients suffered an incident stroke (ischemic or hemorrhagic) during a median (IQR) of 10.7 (7.8-12.0) years of follow-up. Se-

rum OPN at baseline were higher in patients who had an incident stroke (20.5 ± 1.8 vs. 15.9 ± 0.3 µg/L; p=0.001). After adjusting for fac-

tors associated with serum OPN concentrations, as well as other factors independently associated with stroke, OPN remained associated 

with stroke in a multivariate Cox regression analysis (p=0.03; Supplemental Table 3B). 

 

OPN and incident peripheral vascular disease (PVD) in patients with T1D 
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As a whole, 20 patients had a leg revascularization procedure or an amputation (any cause) as their first cardiovascular event during fol-

low-up (10.8 [8.2-12.0] years). Serum OPN concentrations at baseline were higher in patients who had an incident leg revascularization 

procedure or amputation (35.2 ± 9.7 vs. 15.9 ± 0.2 µg/L; p<0.001). Furthermore, serum OPN independently predicted an incident PVD 

event in a multivariate Cox analysis (p=0.001, Supplemental Table 3C). 

 

OPN and all-cause mortality in patients with T1D 

Altogether, 202 patients died during the follow-up period of 10.5 (8.3-11.8) years median (IQR). Serum OPN concentrations at baseline 

were higher in patients who died during follow-up compared to those who did not (23.3 ± 1.4 vs. 15.8 ± 0.2 µg/L; p<0.001). After adjusting 

for factors associated with serum OPN concentrations, as well as other factors independently associated with all-cause mortality, OPN was 

independently associated with death in a multivariate Cox regression analysis (p=0.002; Table 2C).  
 

 

Discussion 

In this prospective observational study including 2,145 patients with T1D, serum OPN concentrations predicted incident microalbuminuria, 

ESRD, a first ever CVD event, and all-cause mortality after controlling for traditional risk factors for the subsequent events in multivariate 

models. 

 

OPN and diabetic nephropathy in T1D 
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Although serum OPN concentrations have been linked to diabetic vascular disease in vitro [Takemoto], the clinical data showing the 

association between OPN and vascular complications in patients with diabetes is scarce. In type 2 diabetes, OPN was related to diabetic 

retinopathy in nineteen patients [Kase] although the results were not replicated in a larger patient material (N=229) [Yamaguchi]. However, 

in the study by Yamaguchi et al. plasma and urine OPN correlated with the progression of diabetic nephropathy. In our study serum OPN 

predicted independently the development and progression of incipient and overt renal disease in patients with T1D. 

     

OPN and CVD in T1D 

In the present study serum OPN was an independent predictor of CVD events in patients with T1D. The findings are in line with earlier 

results demonstrating OPN to be associated with the presence and severity of coronary artery disease [Tousoulis]. However, the risk factor 

profile for CVD events differs in T1D from that in the general population. Chronic hyperglycemia and especially renal disease are strong 

risk factors for CV-morbidity and -mortality in this patient group [Groop]. Nevertheless, the results in our study were independent of 

diabetic nephropathy status and kidney function at baseline, indicating that the association was not entirely driven by renal disease. The 

size of the study population allowed us to separately analyze the predictive role of OPN in different CVD events. No noticeable differences 

between the events were observed, suggesting OPN to possibly be involved in a more generalized damage to the cardiovascular system. 

 

OPN and all-cause mortality in T1D 

We have earlier shown that chronic kidney disease strongly predicts all-cause mortality in patients with T1D [Groop]. Most deaths were 

associated with kidney disease related CVD in our cohort. It is thus likely that the increased all-cause mortality associated with OPN is 

mostly of vascular origin as part of a generalized arterial disease related to calcifications. However, as serum OPN concentration was an 

independent predictor of all-cause mortality, it may be of clinical value in future risk stratification in patients with T1D.    
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Mechanisms  

OPN is a multifunctional protein involved in a number of physiological and pathological conditions [Mazzali]. It has been shown to be 

highly expressed in several chronic inflammatory diseases, such as atherosclerosis 18. Vascular smooth muscle cells (VSMC), endothelial 

cells and macrophages express OPN in atherosclerotic lesions 19. Experimental data show that OPN regulates migration, proliferation, and 

accumulation of VSMCs in the intimal layer, especially after vascular injury such as stenosis 20. Besides inflammatory functions, OPN 

seems to be involved in vascular calcification through mineralizing arteries possibly through inorganic pyrophosphate signaling 21 22.  

 

As early vascular calcification and stiffening of the arteries appear to be especially important in diabetic vascular disease, an intriguing 

finding was made by Takemoto et al. showing OPN antibodies in the arteries of diabetic patients but not in non-diabetic controls 

[Takemoto]. Similar findings have also been reported in diabetic animal models 23 24. Two pathways linking hyperglycemia to diabetic 

complications25, the hexosamine and the protein kinase C-dependent pathways, were shown to increase OPN concentrations in cultured rat 

aortic VSMCs  26.  Furthermore, hypoxia, another player in diabetic vascular disease27, stimulated OPN expression in cultured VSMCs. 

This effect was potentiated by hyperglycemia28.  Again, the protein kinase C-dependent pathway was shown to be activated in the process. 

In summary, hypoxia enhances the effect on proliferation of VSMCs in a hyperglycemic environment partly through OPN, and may thus 

play an important role in the development of diabetic vascular disease. 

 

Genetic and experimental studies have shown OPN to correlate with albuminuria and glomerular disease 29 30. Notably, diabetes-induced 

albuminuria and mesangial expansion did not develop in OPN knockout mice [Lorenzen]. The mechanisms for the findings are not known, 

but OPN as an activator of the nuclear factor-ĸB pathway, may disturb podocyte signaling and motility resulting in albuminuria. Further 
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data supporting a role of OPN in diabetic kidney disease was recently published by Nicholas et al. showing protective effects of 

thiazolidinediones (even compared to insulin) on the expression of OPN and albuminuria in diabetic mice 31 32. In contrast to earlier re-

ports, this study focused on mesangial cells and suggested the damage to be mediated through transforming growth factor (TGF)-beta sig-

naling contributing to diabetic nephropathy.  OPN may thus serve as a potential target for early treatment of diabetic kidney disease. Alt-

hough, OPN neutralizing antibodies have been reported to decrease tubulointerstitial macrophage infiltration in glomerulonephritis in rats, 

no studies on diabetic animal models have been performed as far as we are concerned 33.  

 

Obesity-induced inflammation and insulin resistance are well-known risk factors for vascular disease, especially in patients with type 2 

diabetes. However, these entities often co-exist with the metabolic syndrome, also shown to be common in patients with T1D 34. Notably, it 

has been shown that antibody mediated neutralization of OPN decreased insulin resistance partly by decreasing obesity-related inflamma-

tion both in the liver and the adipose tissue 35. Furthermore, OPN was recently demonstrated to be involved in the incretin hormone GIP 

(glucose-dependent insulinotropic polypeptide) action promoting pancreatic β-cell function by potentiating insulin secretion and b-cell pro-

liferation 36.  Whether these mechanisms are involved in the origin of vascular disease in patients with T1D is unknown. 

 

Conclusion 

Serum osteopontin is a strong predictor of incident and progression of diabetic nephropathy, first ever CVD event, and all-cause mortality 

in patients with T1D. This is most likely due to hyperglycemia causing an inflammatory process resulting in atherosclerosis and calcifica-

tion of the arterial wall. Intriguingly, hypoxia seems to enhance the effects of high blood glucose.  High serum OPN concentrations 

may thus reflect the degree of vascular disease and therefore predict vascular disease. Serum OPN may in the future be of clinical use in 

risk the prediction of vascular events in patients with T1D. 
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Table 1. Patient characteristics according to baseline quartiles of serum OPN. 
 1st 2nd 3rd 4th P-value 
Patients (N) 533 537 539 536 - 
Gender (% men) 41 50 55 61 <0.001 
Age (yr) 38 ± 1 37 ± 1 38 ± 1 37 ± 1 0.12 
Duration (yr) 19 ± 1 20 ± 1 22 ± 1 23 ± 1 <0.001 
Age at onset (yr) 19 ± 1 17 ± 1 16 ± 1 14 ± 1 <0.001 
BMI (kg/m

2
) 25.1 ± 0.2 25.2 ± 0.1 24.9 ± 0.1 25.0 ± 0.2  0.39 

Waist/Hip ratio 0.85 ± 0.01 0.86 ± 0.01 0.87 ± 0.01 0.87 ± 0.01 0.001 
SBP (mmHg) 130 ± 1 132 ± 1 133 ± 1 135 ± 1  <0.001 
DBP (mmHg) 80 ± 1 80 ± 1 79 ± 1 80 ± 1 0.29 
HbA1c (%) 8.4 ± 0.1 8.4 ± 0.1 8.4 ± 0.1 8.6 ± 0.1 0.04 
Total cholesterol (mmol/l) 5.1 ± 0.1 5.0 ± 0.1 4.9 ± 0.1 4.9 ± 0.1 0.32 
HDL cholesterol (mmol/l) 1.3 ± 0.1 1.3 ± 0.1 1.3 ±0.1 1.3 ± 0.1 0.01 
LDL cholesterol (mmol/l) 3.3 ± 0.1 3.2 ± 0.1 3.1 ± 0.1 3.1 ± 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 ± 0.01 0.71 ± 0.01 0.71 ± 0.01 0.71 ± 0.01 0.32 

eGFR (ml/min per 1.73 m
2
) 92 ± 1 93 ± 1 88 ± 1 83 ± 1 <0.001 

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 
Smoking (%) 23 24 22 28 0.07 
Laser treated diabetic retinopathy (%) 22 27 35 45 <0.001 
Osteopontin (OPN) µg/L 6.3 ± 0.1 11.4 ± 0.1 16.9 ± 0.1 31.4 ± 0.6 <0.001 
SBP; systolic blood pressure, DBP; diastolic blood pressure, AER; urinary albumin excretion rate, eGFR; estimated glomerular filtration rate, CVD; established car-
diovascular disease. Data is presented as mean±SEM, and percentages except for AER, Triglycerides, and serum creatinine where median and interquartile range is 
presented 
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Figure 1. Kaplan-Meier survival curves for; 

A: incident microalbuminuria by quartiles of serum OPN concentrations 

B: progession to ESRD by quartiles of serum OPN concentrations 

C: a first ever CV-event by quartiles of serum OPN concentrations 

D: death by quartiles of serum OPN concentrations 
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Table 2. Cox regression analysis for the predictive value of serum OPN for;  
 
(A) incident microalbuminuria, or progression to macroalbuminuria or ESRD 
(B) first ever CVD 
(C) all-cause mortality  
 
after adjusting for factors associated with serum OPN concentrations, as well as other factors independently associated with the studied 
events. HR (95% CI); Hazard ratio (95% confidens interval) 
 
2A. Cox regression analysis for the predictive value of OPN for diabetic nephropathy. 
 Incident              

microalbuminuria 
 Progression to    

macroalbuminuria 
 Progression to 

ESRD 
 

 HR (95% CI)  p-value HR (95% CI) p-value HR (95% CI) p-value 
Sex (male) 1.06 (0.62-1.81) 0.84 1.33 (0.53-3.36) 0.54 1.95 (1.13-3.35) 0.02 
Age (years) 0.99 (0.97-1.02) 0.81 0.99 (0.95-1.04) 0.76 0.94 (0.91-0.97) <0.001 
Waist to hip-ratio (cm/cm) 15.7 (0.43-571.9) 0.13 96.4 (1-18394) 0.09 0.68 (0.09-44.1) 0.68 
Current smoking 1.32 (0.78-1.50) 0.27 0.76 (0.48-1.62) 0.44 1.24 (0.78-2.03) 0.40 
HbA1C (%) 1.60 (1.41-1.81) <0.001 1.25 (1.06-1.47) 0.008 1.27 (0.12-1.44) <0.001 
Triglycerides (mmol/l) 1.35 (1.11-1.65) 0.003 1.27 (1.03-1.59) 0.03 1.13 (0.97-1.31) 0.11 
Antihypertensive medication (%) 1.28 (0.63-2.60) 0.49 1.58 (1.08-1.81) 0.03 1.57 (0.56-4.39) 0.39 
eGFR (ml/min per 1.73 m

2
) 1.00 (0.98-1.01) 0.61 1.01 (0.98-1.03) 0.79 0.93 (0.92-0.94) <0.001 

OPN (µg/L) 1.03 (1.01-1.06) 0.003 1.01 (0.98-1.04) 0.63 1.01 (1.00-1.02) 0.006 
 
 
 
 
 
 
2A. Cox regression analysis for the predictive value of OPN for a first ever CV-event. 
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 CV-event  
 HR (95% CI)  p-value 
Sex (male) 1.16 (0.62-1.47) 0.74 
Age (years) 1.07 (1.05-1.08) <0.001 
Waist to hip-ratio (cm/cm) 6.8 (0.7-70.1) 0.11 
Current smoking 1.42 (1.20-1.58) 0.001 
HbA1C (%) 1.17 (1.05-1.30) 0.003 
Total cholesterol (mmol/l) 1.14 (0.99-1.32) 0.06 
Antihypertensive medication (%) 1.12 (0.64-1.43) 0.57 
eGFR (ml/min per 1.73 m

2
) 0.99 (0.98-0.99) <0.001 

Microalbuminuria 1.58 (1.28-1.76) 0.002 
Macroalbuminuria 1.26 (0.81-1.53) 0.22 
OPN (µg/L) 1.02 (1.01-1.03) <0.001 
 
2D. Cox regression analysis for the predictive value of OPN for all-cause mortality. 
 Death  
 HR (95% CI)  p-value 
Sex (male) 1.25 (0.77-1.42) 0.39 
Age (years) 1.06 (1.04-1.07) <0.001 
Waist to hip-ratio (cm/cm) 13.3 (1.5-121.3) 0.02 
Current smoking 1.37 (1.15-1.33) 0.001 
HbA1C (%) 1.22 (1.10-1.36) <0.001 
Total cholesterol (mmol/l) 1.05 (0.91-1.22) 0.53 
Antihypertensive medication (%) 1.26 (0.85-1.52)) 0.18 
CVD at baseline 1.55 (1.35-1.69) <0.001 
eGFR (ml/min per 1.73 m

2
) 0.99 (0.98-0.99) 0.02 

Microalbuminuria 1.63 (1.40-1.78) <0.001 
Macroalbuminuria 1.68 (0.88-1.53) 0.14 
OPN (µg/L) 1.01 (1.01-1.02) 0.002 
 
Supplemental Table to be deleted 2C. Cox regression analysis for the predictive value of OPN for incident CV-events. 
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OPN       

 

 
References 
                                                
1 Rönnback M, Fagerudd J, Forsblom C, Pettersson-Fernholm K, Reunanen A, Groop PH; Finnish Diabetic Nephropathy (FinnDiane) Study Group. Altered age-related 
blood pressure pattern in type 1 diabetes. Circulation 2004;110:1076-82 
 
2 Groop PH, Thomas MC, Moran JL, Wadèn J, Thorn LM, Mäkinen VP, Rosengård-Bärlund M, Saraheimo M, Hietala K, Heikkilä O, Forsblom C; FinnDiane Study 
Group. The presence and severity of chronic kidney disease predicts all-cause mortality in type 1 diabetes. Diabetes 2009;58:1651-8 
 
3 Mazzali M, Kipari T, Ophascharoensuk V, Wesson JA, Johnson R, Hughes J. Osteopontin: a molecule for all seasons. QJM 2002;95:3–13 
 
4 Oates AJ, Barraclough R, Rudland PS. The role of osteopontin in tumorigenesis and metastasis. Invasion Metastasis 1997;17:1–15 
 
5 Yamate T, Kohri K, Umekawa T, Iguchi M, Kurita T. Osteopontin antisense oligonucleotide inhibits adhesion of calcium oxalate crystals in Madin-Darby canine 
kidney cell. J Urol 1998;160:1506 –1512 
 
6 Liaw L, Birk DE, Ballas CB, Whitsitt JS, Davidson JM, Hogan BL. Altered wound healing in mice lacking a functional osteopontin gene (suppl 1). J Clin Invest 
1998;101:1468 –1478 
 



 

 

22 

 

                                                                                                                                                                                                                         
7 Patarca R, Saavedra RA, Cantor H. Molecular and cellular basis of genetic resistance to bacterial infection: the role of the early T-lymphocyte activation-
1/osteopontin gene. Crit Rev Immunol 1993;13: 225–246 
 
8 Kiefer FW, Zeyda M, Gollinger K, Pfau B, Neuhofer A, Weichhart T, Säemann MD, Geyeregger R, Schlederer M, Kenner L, Stulnig TM. Neutralization of 
osteopontin inhibits obesity-induced inflammation and insulin resistance. Diabetes 2010;59:935-46 
 
9 Wexler L, Brundage B, Crouse J, Detrano R, Fuster V, Maddahi J, Rumberger J, Stanford W, White R, Taubert K. Coronary artery calcification: pathophysiology, 
epidemiology, imaging methods, and clinical implications. A statement for health professionals from the American Heart Association. Writing Group. Circulation 
1996;94:1175-92 
 
10 Takemoto M, Yokote K, Nishimura M, Shigematsu T, Hasegawa T, Kon S, Uede T, Matsumoto T, Saito Y, Mori S. Enhanced expression of osteopontin in human 
diabetic artery and analysis of its functional role in accelerated atherogenesis. Arterioscler Thromb Vasc Biol  2000;20:624-8 
 
11 Kase S, Yokoi M, Saito W, Furudate N, Ohgami K, Kitamura M, Kitaichi N, Yoshida K, Kase M, Ohno S, Uede T. Increased osteopontin levels in the vitreous of 
patients with diabetic retinopathy. Ophthalmic Res 2007;39:143-7 
 
12 Yamaguchi H, Igarashi M, Hirata A, Tsuchiya H, Sugiyama K, Morita Y, Jimbu Y, Ohnuma H, Daimon M, Tominaga M, Kato T. Progression of diabetic nephropa-
thy enhances the plasma osteopontin level in type 2 diabetic patients. Endocr J 2004;51:499–504 
 
13 Tousoulis D, Siasos G, Maniatis K, Oikonomou E, Kioufis S, Zaromitidou M, Paraskevopoulos T, Michalea S, Kollia C, Miliou A, Kokkou E, Papavassiliou AG, 
Stefanadis C. Serum osteoprotegerin and osteopontin levels are associated with arterial stiffness and the presence and severity of coronary artery disease. Int J Cardiol 
in press 
 
14 Sund R. Quality of the Finnish Hospital Discharge Register: A systematic review. Scand J Public Health 2012;40:505-15 
 
15 National Kidney Foundation. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification, and stratification. Am J Kidney Dis 
2002;39(Suppl. 1):S1–S266 
 
16 Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S, Kusek JW, Van Lente F; Chronic Kidney Disease Epidemiology Collaboration. Using stand-
ardized serum creatinine values in the modification of diet in renal disease study equation for estimating glomerular filtration rate. Ann Intern Med 2006;145:247–254 
 
17 Forsblom C, Harjutsalo V, Thorn LM, Wadén J, Tolonen N, Saraheimo M, Gordin D, Moran JL, Thomas MC, Groop PH; FinnDiane Study Group. Competing-risk 
analysis of ESRD and death among patients with type 1 diabetes and macroalbuminuria. J Am Soc Nephrol 2011;22:537-44 
 



 

 

23 

 

                                                                                                                                                                                                                         
18 Scatena M, Liaw L, Giachelli CM. Osteopontin: a multifunctional molecule regulating chronic inflammation and vascular disease. Arterioscler Thromb Vasc Biol 
2007;27:2302-9 
 
19 Parrish AR, Ramos KS. Osteopontin mRNA expression in a chemically induced model of atherogenesis. Ann N Y Acad Sci 1995;760:354–356 
 
20 Isoda K, Nishikawa K, Kamezawa Y, Yoshida M, Kusuhara M, Moroi M, Tada N, Ohsuzu F. Osteopontin plays an important role in the development of medial 
thickening and neointimal formation. Circ Res 2002;91:77-82 
 
21 Giachelli CM, Bae N, Almeida M, Denhardt DT, Alpers CE, Schwartz SM. Osteopontin is elevated during neointima formation in rat arteries and is a novel compo-
nent of human atherosclerotic plaques. J Clin Invest 1993;92:1686-1696 
 
22 Harmey D, Hessle L, Narisawa S, Johnson KA, Terkeltaub R, Millan JL. Concerted regulation of inorganic pyrophosphate and osteopontin by akp2, enpp1, and ank: 
an integrated model of the pathogenesis of mineralization disorders. Am J Pathol 2004;164:1199-1209 
 
23 Towler DA, Bidder M, Latifi T, Coleman T, Semenkovich CF. Dietinduced diabetes activates an osteogenic gene regulatory program in the aortas of low density 
lipoprotein receptor-deficient mice. J Biol Chem 1998;273:30427–30434 
 
24 Fischer JW, Tschope C, Reinecke A, Giachelli CM, Unger T. Upregulation of osteopontin expression in renal cortex of streptozotocin-induced diabetic rats is medi-
ated by bradykinin. Diabetes. 1998;47:1512–1518 
 
25 Brownlee M. Biochemistry and molecular cell biology of diabetic complications. Nature 2001;4141:813-20 
 
26 Takemoto M, Yokote K, Yamazaki M, Ridall AL, Butler WT, Matsumoto T, Tamura K, Saito Y, Mori S. Enhanced expression of osteopontin by high glucose in 
cultured rat aortic smooth muscle cells. Biochem Biophys Res Commun. 1999;258:722–726 
 
27 Crawford DW, Blackenhorn DH. Arterial wall oxygenation, oxyradicals and atherosclerosis. Arteriosclerosis 1991;89:97–108 
 
28 Sodhi CP, Phadke SA, Batlle D, Sahai A. Hypoxia stimulates osteopontin expression and proliferation of cultured vascular smooth muscle cells: potentiation by high 
glucose. Diabetes 2001;50:1482-90 
 
29 Susztak K, Böttinger E, Novetsky A, Liang D, Zhu Y, Ciccone E, Wu D, Dunn S, McCue P, Sharma K. Molecular profiling of diabetic mouse kidney reveals novel 
genes linked to glomerular disease. Diabetes 2004;53:784-94 
 
30 Lorenzen J, Shah R, Biser A, Staicu SA, Niranjan T, Garcia AM, Gruenwald A, Thomas DB, Shatat IF, Supe K, Woroniecki RP, Susztak K. The role of osteopontin 
in the development of albuminuria. J Am Soc Nephrol 2008;19:884-90 



 

 

24 

 

                                                                                                                                                                                                                         
 
31 Nicholas SB, Liu J, Kim J, Ren Y, Collins AR, Nguyen L, Hsueh WA. Critical role for osteopontin in diabetic nephropathy. Kidney Int 2010;77:588-600 
 
32 Heuer JG, Breyer MD. Osteopontin in diabetic nephropathy: signpost or road? Kidney Int 2010;77:565-6  
 
33 Panzer U, Thaiss F, Zahner G, Barth P, Reszka M, Reinking RR, Wolf G, Helmchen U, Stahl RA. Monocyte chemoattractant protein-1 and osteopontin differentially 
regulate monocytes recruitment in experimental glomerulonephritis. Kidney Int 2001 ;59:1762-9 
 
34 Thorn LM, Forsblom C, Fagerudd J, Thomas MC, Pettersson-Fernholm K, Saraheimo M, Wadén J, Rönnback M, Rosengård-Bärlund M, Björkesten CG, Taskinen 
MR, Groop PH; FinnDiane Study Group. Metabolic syndrome in type 1 diabetes: association with diabetic nephropathy and glycemic control (the FinnDiane study). 
Diabetes Care 2005;28:2019-24 
 
35 Kiefer FW, Zeyda M, Gollinger K, Pfau B, Neuhofer A, Weichhart T, Säemann MD, Geyeregger R, Schlederer M, Kenner L, Stulnig TM. Neutralization of 
osteopontin inhibits obesity-induced inflammation and insulin resistance. Diabetes 2010;59:935-46 
 
36 Lyssenko V, Eliasson L, Kotova O, Pilgaard K, Wierup N, Salehi A, Wendt A, Jonsson A, De Marinis YZ, Berglund LM, Taneera J, Balhuizen A, Hansson O, 
Osmark P, Dunér P, Brøns C, Stancáková A, Kuusisto J, Bugliani M, Saxena R, Ahlqvist E, Kieffer TJ, Tuomi T, Isomaa B, Melander O, Sonestedt E, Orho-Melander 
M, Nilsson P, Bonetti S, Bonadonna R, Miccoli R, Delprato S, Marchetti P, Madsbad S, Poulsen P, Vaag A, Laakso M, Gomez MF, Groop L. Pleiotropic effects of 
GIP on islet function involve osteopontin. Diabetes 2011;60:2424-33 


	Baker IDI Coversheet - B1140108
	OPN_CVD_141112
	E-mail: per-henrik.groop@helsinki.fi
	Word count:
	Abstract
	Methods
	Study subjects
	Baseline characteristics


