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WHAT THIS STUDY ADDS?

Increased osteopontin levels are independently associated with 
T1DM in pediatric patients.

WHAT IS ALREADY KNOWN ON THIS TOPIC?

Type 1 diabetes mellitus (T1DM) is the most common chronic 
metabolic disorder of childhood and adolescence. Many patients 
with diabetes eventually develop physical and emotional 
complications, including neuropathy, nephropathy, retinopathy, 
and cardiovascular disease.
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Objective: Type 1 diabetes mellitus (T1DM) is the most common chronic metabolic 
disorder of childhood and adolescence. Osteopontin plays a significant role in the 
development and progression of several autoimmune diseases. Moreover, osteopontin 
promotes adipose tissue inflammation, dysfunction, and insulin resistance. To 
investigate the levels of serum osteopontin in pediatric patients with T1DM and to 
explore if these levels have a role in the prediction of diabetes complications.

Methods: This was a case–control study conducted at the Endocrinology unit of the 
Children’s Hospital of Zagazig University in Egypt, from October 2014 to December 
2015. Sixty patients with T1DM and 60 healthy subjects were enrolled. A detailed 
medical history was taken from all patients/parents. A full clinical examination 
including ophthalmoscopy was performed on all patients. Fasting blood glucose, 
hemoglobin A1c (HbA1c), urine albumin/creatinine ratio, and serum osteopontin levels 
were also determined in all subjects.

Results: Patients with T1DM had significantly higher serum osteopontin levels 
compared with controls (mean ± standard deviation: 13.7±3.4 μg/L vs. 8.9±2.9 
μg/L, p<0.001). Also, serum osteopontin concentrations were higher in patients 
with microalbuminuria than in patients with normal albumin excretion rate and in 
the control group. Similarly, those who had retinal disease had higher osteopontin 
concentrations than those without (16.8±2 vs. 12.4±3 mg/L; p=0.005). Serum 
osteopontin levels correlated with a diagnosis of T1DM, and in diabetic patients, 
correlated with higher systolic and diastolic blood pressure, body mass index 
values and with lower high density lipoprotein values, diagnosis of retinopathy, and 
microalbuminuria. No correlation was found between osteopontin levels and HbA1c, 
insulin dose, co-medications, and diabetes duration in T1DM patients. The association 
between high osteopontin levels and T1DM was independent from all confounders.

Conclusion: This study shows that increased osteopontin levels are independently 
associated with T1DM in pediatric patients and supports the hypothesis that 
osteopontin may have a role in the prediction of microvascular diabetes complications.
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Introduction

Type 1 diabetes mellitus (T1DM) is the most common 
chronic metabolic disorder of childhood and adolescence. It is 
characterized as a disorder in the metabolism of carbohydrates, 
lipids and amino acids as a result of decreased insulin. 
Many patients with diabetes eventually develop physical and 
psychological complications, including neuropathy, nephropathy, 
retinopathy, and cardiovascular disease (1).

T1DM develops as a result of an autoimmune process, 
leading to beta-cell destruction (2). In the early stages of insulitis, 
activated natural killer cells, dendritic cells, macrophages, and 
T-cells are attracted to the islets. This early phase is followed 
by production of cytokines and free radicals, which contribute 
to beta-cell dysfunction and death (3).

Osteopontin (OPN) is a phosphoprotein with adhesive and 
cell signaling functions; it can act either as an extracellular 
matrix component in mineralized tissue or as a soluble 
cytokine in inflamed tissue and serum (4). It plays a vital role 
in the regulation of immune cell response as it modulates T 
cell function by affecting the differentiation of T lymphocytes 
into Th1 and Th2 cells, regulating the balance between Th1 
and Th2, and participating in the cell-induced immunological 
response (5). 

OPN was demonstrated to induce adipose tissue 
inflammation and to increase pro-inflammatory cytokines release 
in the bloodstream (6). Also, itself acts as a pro-inflammatory 
cytokine by chemoattracting monocytes, macrophages, and 
lymphocytes (7). It also stimulates B lymphocytes to express 
multi-clone antibodies (8). Consequently, OPN promotes the 
destruction of pancreatic beta-cell and development of T1DM. 
Several authors reported that increased OPN levels were 
found to be a predictor of coronary calcification, nephropathy, 
and coronary artery disease in patients with type 2 diabetes 
mellitus, independent of traditional risk factors (9,10). However, 
there are limited data regarding the role of OPN in TIDM in 
children.

The aim of this study was to investigate the levels of serum 
OPN in pediatric patients with T1DM compared to non-diabetic 
participants and to explore if it has a role in the prediction of 
microvascular and macrovascular complications of diabetes.

Methods

This case-control study was conducted on 60 children 
with T1DM recruited from those attending the Pediatric 
Endocrinology Outpatient Clinic at the Children’s Hospital, 
Zagazig University, Egypt, from October 2014 to December 
2015, fulfilling the following inclusion and exclusion criteria:

Inclusion criteria: 1) Age: less than 18 years old. 2) Gender: 
both males and females. 3) Insulin dependency for controlling 
blood sugar within normal ranges. 

Exclusion criteria: 1) Conditions which may lead to insulin 
resistance such as obesity, acanthosis nigricans. 2) Acute 
inflammatory illness (including a common cold, infections) as 

it can affect the serum OPN level. 3) Children with end-stage 
renal diseases. 

Sixty apparently healthy children were included as a control 
group.

Written informed consent was obtained from the parents 
of the patients involved in the study as recommended by the 
Institutional Ethics Committee of Zagazig University and in 
accordance with the Helsinki declaration after a full explanation 
of the purpose and nature of all procedures used.

All studied patients were subjected to the following: 
Detailed history taken laying stress on age, gender, symptoms 
of diabetes, duration of the disease, frequency of self-
monitoring blood glucose (SMBG) by asking patients to 
estimate approximately how many times a week they usually 
monitored their blood glucose, recent history of infections 
or serious illness, daily insulin dose (IU/kg/day), response to 
insulin therapy, complications of diabetes or insulin therapy, 
and concomitant medications at the time of study enrollment 
[angiotensin-converting enzyme inhibitors (ACE-I)]. 

All subjects underwent a careful physical examination. 
Weight, height, systolic and diastolic blood pressure (SBP, 
DBP, mmHg) were measured. Body mass index (BMI) (kg/m2) 
was calculated and manifestation of insulin side effects were 
recorded in each subject.

Ophthalmoscopy was performed at the Zagazig University 
Hospital ophthalmology outpatient clinic by an ophthalmologist 
with expertise in diabetes. Ophthalmoscopy was followed by 
retinal fluoroangiography, when indicated. Retinal examination 
was used to identify and quantify diabetic retinopathy (DR) 
according to the International Clinical DR Disease Severity 
Scale (11).

All study participants underwent blood sampling for 
biochemistry after an overnight fasting. 

Fasting blood glucose (FBG) and hemoglobin A1c (HbA1c) 
were measured by high-performance liquid chromatography 
(Tosoh 2.2; Tosoh Bioscience, South San Francisco, CA).

Blood urea nitrogen (BUN, mg/dL), creatinine (mg/
dL), aspartate aminotransferase (AST, IU/L), and alanine 
aminotransferase (ALT, IU/L) values were estimated (Cobas 
Integra 400 plus, Roch Germany). Total cholesterol (mg/
dL), low-density lipoprotein-cholesterol (mg/dL), high-density 
lipoprotein-cholesterol (mg/dL), and triglyceride (mg/dL) levels 
were also determined. 

Microalbuminuria was estimated as the albumin/creatinine 
ratio in a random spot urine specimen. To this end, the 
first morning midstream urine samples (10 mL) were 
collected in sterile containers and centrifuged at 2000-3000 
rpm for 20 minutes. The supernatant was removed. The 
urinary microalbumin and urinary creatinine were measured 
immediately after centrifugation. Microalbuminuria was assayed 
by the immunoturbidimetric method (Biosystems SA, Costa 
Brava, Barcelona, Spain). Creatinine was assayed by Modified 
Jaffes method using a fully automated Chemistry Analyzer of 
Cobas Integra 400 plus. Urinary microalbumin/creatinine ratio 
was calculated as urine microalbumin (mg)/urine creatinine (g).
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Serum OPN level was measured using sandwich enzyme 
immunoassay technique by Enzyme-Linked ImmunoSorbent 
Assay kit provided by Glory Science Co., Ltd, USA.

Statistical Analysis

Data were checked, entered, and statistically analyzed 
by SPSS (Statistical Package for Social Sciences version 19, 
Chicago, IL, USA) and were expressed as mean ± standard 
deviation for quantitative variables and number and percentage 
for categorical variables.

Student’s t-test for continuous variables and χ2 test for 
categorical variables were used to compare two independent 
groups. Means were compared using ANOVA test for more 
than 2 groups. For nonparametric data, Mann-Whitney U-test 
was used to compare quantitative variables between two 
groups. Correlations between continuous variables and ordinal 
parameters were calculated by Pearson’s coefficient and 
Spearman’s coefficient, respectively. For all of the above, a 
p-value <0.05 was considered statistically significant and a 
p-value <0.001 was considered highly statistically significant.

Bivariate logistic regression analysis was used to detect 
the association between serum OPN levels, considered 
as a continuous variable, and all possible ordinal variables. 
The presence of diabetes was categorized as: 0=absence 
and 1=presence. The presence of DR was categorized 
as: 0=absence of DR and 1=non-proliferative DR. Diabetic 
nephropathy (DN) was categorized as 0=absence of DN and 
1=presence of persistent microalbuminuria in at least two of 
three urine samples collected over 24 h.

Results

Our study included 60 patients with T1DM (Male/Female: 
42/18) of a mean age of 11.8±2.2 years, with a mean diabetes 
duration of 6.1±1.6 years (range 4-10 years) and 60 healthy 
subjects (Male/Female: 39/21, age 12±2.2 years) as a control 
group. Clinical and biochemical characteristics of the study 
population are shown in Table 1. Patients with T1DM had 
significantly lower BMI, higher FBG, and higher HbA1c values 
than the control group. The clinical and biochemical findings of 

Table 1. Clinical and biochemical characteristics in type 1 diabetes mellitus patients and in the controls

Patients
(n=60)

Controls
(n=60) Test statistics p

Age (years)
11.8±2.2
(9-16)

12±2.1 (9-16) t=0.432 0.61

Sex (Male/Female) 42/18 39/21 0.744
χ2=0.12

BMI (kg/m2) 21.8±4.2 24.6±3.18 t=2.4 0.02*

SBP (mmHg) 114±10.2 113±9.7 t=0.397 0.72

DBP (mmHg) 76±9.4 75±8.8 t=0.412 0.69

FBG (mg/dL) 170 (90-250) 94 (78-112)
Z=5

<0.001**

HbA1c (%) 8.2±1.5 4.1±0.46 t=11.5 <0.001**

Creatinine (mg/dL) 0.7±0.2 0.75±0.18 t=0.382 0.75

BUN (mg/dL) 26.4±6.3 24.9±4.1 t=1.77 0.16

AST (IU/L) 20 (15-40) 18.7 (13-44) t=1.25 0.28

ALT (IU/L) 21.3 (10-45) 19.8 (12-43) t=1.34 0.25

Total cholesterol (mg/dL) 169.4±32.7 167.4±30.5 t=1.22 0.3

HDL cholesterol (mg/dL) 56.5±14.9 56.9±12.6. t=0.09 0.9

LDL cholesterol (mg/dL) 111.7±15.4 110.8±10.5 t=0.21 0.83

Triglycerides (mg/dL) 120±32.6 118±26.5 t=1.9 0.06

Urine albumin/creatinine
ratio (mg/g)

20 (10–70) 15 (8-22)
Z=-5.4

<0.001**

OPN (µgLl) 13.7±3.4 (10-20) 8.9±2.9 (4-14) 7 <0.001**

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure FBG: fasting blood glucose, HbA1c: hemoglobin A1c, BUN: blood urea nitrogen, HDL: high-density 

lipoprotein, LDL: low-density lipoprotein, OPN: osteopontin

Values are expressed by mean ± standard deviation, median (minimum-maximum), or rate of subjects, as appropriate. 

t: independent Student’s t-test, χ2: Chi-square test, Z: Mann-Whitney U test

*p-value <0.05, **p-value <0.001
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patients with T1DM revealed no significant gender difference 
in diabetes duration, daily insulin dose, BMI, SBP, DBP, HbA1c, 
and lipid profile.

The overall mean value for HbA1c in patients with T1DM 
was 8.2±1.5 (8.1±1.2 in males and 8.6±2.2 in females). 
Acceptable HbA1c (≤8%) values for glycemic control were 
found in 40% (24 out of 60) of the subjects.

In our subjects, the prevalence of DR in the form of non-
proliferative DR was 25% (n=15/60). In this group, diabetes 
duration was 7±1.5 years and HbA1c (mean ± standard 
deviation): 8.6±1.4%. Prevalence of DN in the form of 
microalbuminuria was 21.6% (n=13/60) in patients with a 
diabetes duration of 7.7±1.9 years and the mean HbA1c 
value in this group was 9.6±1.6%. We found that 15% 
(9/60) of T1DM patients had combined DR and DN. There 
was no significant gender difference regarding DR and DN 
in patients with T1DM. The prevalence of antihypertensive 
agents (ACE-I) use was 20% (12/60) in a group with a with 
diabetes duration of 7.3±1.6 years and with a SBP value of 
118±2 mmHg.

Patients with T1DM had significantly higher serum OPN 
levels compared with controls (13.7±3.4 μg/L vs. 8.9±2.9 μg/L, 
p<0.001). However, no significant gender difference regarding 
OPN levels were found in patients with T1DM. Serum OPN 
concentrations were higher in patients with microalbuminuria 
than patients with normal albumin excretion rate (AER) and 
controls. OPN concentrations were also higher in patients with 
normal AER than the control group (Table 2). 

Similarly, patients with retinopathy had higher OPN 
concentrations than those without (16.8±2 vs. 12.4±3 mg/L; 
p=0.005). Patients with retinopathy without signs of nephropathy 
(normal AER) had higher serum OPN concentrations than 
those who did not have retinal pathology (16.3±2 mg/L vs. 
12.4±3 mg/L; p=0.02).

In T1DM patients (n=60), serum OPN levels correlated with 
higher SBP, DBP, and BMI, lower HDL, and microalbuminuria. 
However, no correlation was found of OPN levels with HbA1c, 
insulin dose, and diabetes duration in T1DM patients (Table 3).

To rule out an influence of ACE-I treatment on OPN levels, 
serum OPN levels were also evaluated separately in T1DM 

patients according to the use of ACE-Is and no difference was 
detected between T1DM patients with (n=12) and without 
ACE-I therapy (n=48). Mean OPN value in T1DM patients 
treated with ACE-I was 16.4±2.3 mg/L, while mean OPN value 
in T1DM patients not treated with ACE-I was 15.2±18.5 mg/L 
(p=0.74).

Finally, the bivariate logistic regression analysis 
demonstrated that higher serum OPN levels were associated 
with the diagnosis of T1DM independent of all possible 
confounders. Also, OPN was independently associated with 
the development of retinopathy and microalbuminuria in 
patients with T1DM (Table 4).

Discussion

T1DM is a heterogeneous disorder characterized by 
autoimmune-mediated destruction of pancreatic beta cells 
culminating in absolute insulin deficiency (12).

Our study demonstrated that serum OPN levels are 
significantly higher in pediatric patients with T1DM compared 
to healthy participants. This finding is in agreement with the 
findings of Karamizadeh et al (13) who found increased serum 
OPN levels in pediatric patients with T1DM compared with 
healthy children in an Iranian study. Also, our findings are in 
accordance with previous studies on adult T1DM patients 
(14). Aspord et al (15) studied the pattern of expression of 524 
immune-related genes in the Langerhans cells of diabetic mice 
and found OPN as one of the early genes that was expressed 
in the primary phases of diabetes and concluded that OPN 
may play a vital role in T1DM. Also, OPN has been found as 
one of the auto-antigens which are expressed by human islet 
somatostatin cells (16). Moreover, previous studies described 
OPN as a key regulator of adipose tissue inflammation as 
both serum levels and adipose tissue expression of some 
pro-inflammatory cytokines such as tumor necrosis factor 
alpha, interleukin-6, and inducible nitric oxide synthase were 
significantly reduced in mice lacking the OPN gene (17). Other 
studies concluded that OPN deficiency led to reduced adipose 
tissue inflammation and increased insulin sensitivity (17,18). 

Frequency of cardiovascular diseases increases in 
diabetic patients by two- to fourfold. They are the most 

Table 2. Comparison of osteopontin levels between controls and patients subgroups

Variable Controls
 (n=60)

T1DM with microalbuminuria 
(n=13)

T1DM with normal albumin 
excretion rate (n=47)

F p LSD

OPN (µg/L) 8.9±2.9  18.2±2.4 12.3±2.3 37 <0.001 <0.0011

0.0012

<0.0013

OPN: Osteopontin, T1DM: type 1 diabetes mellitus, LSD: least significant difference
1Control group vs. type 1 diabetes mellitus with microalbuminuria
2Control group vs. type 1 diabetes mellitus with normal albumin excretion
3Type 1 diabetes mellitus with microalbuminuria vs. type 1 diabetes mellitus with normal albumin excretion

F: one-way ANNOVA test

p-value <0.05 is significant
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common cause of death in patients with T1DM. However, 
the risk is low before age 30 years (19,20). Risk factors that 
independently increase cardiovascular risk in patients with 
diabetes include hypertension, dyslipidemia, renal dysfunction, 
and hyperglycemia (21). 

The current study revealed that serum OPN levels directly 
correlate with several cardio-metabolic risk factors, such as 
higher BMI, SBP, DBP, lower HDL, diagnosis of T1DM, but 
not with insulin dose, diabetes duration, and HbA1c. The 
only previous study done for assessment of OPN in pediatric 
patients by Karamizadeh et al (13) did not investigate the 
presence of clinical and biochemical determinants of high 
OPN levels. However, our findings are in agreement with a 
previous study conducted on adult patients with T1DM which 
demonstrated that circulating OPN levels directly correlate with 
higher BMI, SBP, and DBP, and lower HDL, but not with diabetes 

complications, insulin dose, C-peptide level, or disease duration 
(14). Moreover, the serum OPN levels directly correlated with 
microalbuminuria. Similar results were reported by Gordin et al 
(22) who also found an association between higher OPN levels 
and microalbuminuria at baseline in a cohort study conducted 
on a large population of adult patients with T1DM. On the other 
hand, Barchetta et al (14) did not find a significant correlation 
between serum OPN and microalbuminuria. 

In the present work, multivariate logistic regression 
analyses revealed an association of increased OPN levels 
with diabetes, DR, and DN, independent from clinical and 
biochemical confounders. This finding is in agreement with a 
previous study conducted in adult T1DM patients (14). Also, 
Gordin et al (22), in a 10-year follow-up study on a cohort of 
adult patients with T1DM, demonstrated that serum OPN level 
was an independent predictor of DN, of cardiovascular events, 
and of all-cause mortality. This finding can be explained by the 
ability of OPN to increase the pro-inflammatory cytokines in 
these tissues. 

In the present study, only 40% (24 out of 60) of the 
subjects were found to have achieved acceptable HbA1c levels 
indicating good glycemic control. This is a serious situation and 
needs to be underlined since in T1DM patients, poor metabolic 
control is usually due to inadequacies in insulin regimens 
and these patients are at highest risk for complications and 
cardiovascular disorders even at an early age (23). 

The main limitation of the present study was the relatively 
small number of patients participating in the study. Also, the 
single-center approach limits making generalizations from 
the results of the study. However, we consider this present 
study as a baseline for a future cohort study which we plan to 
conduct on a large population of pediatric patients with T1DM 
presenting to our endocrinology unit. 

In conclusion, this study shows that increased OPN levels 
are independently associated with T1DM in pediatric patients 
and identify patients with an unfavorable metabolic profile. 
Therefore, our data provide a support to the hypothesis that 
OPN may have a role in the prediction of microvascular diabetes 
complications. Future studies are needed to demonstrate the 
clinical benefit of OPN as a possible novel marker of vascular 
dysfunction and a useful tool for risk stratification in pediatric 
patients with T1DM.

Acknowledgments 

We express our gratitude to our assistance team and our 
patients.

Ethics 

Ethics Committee Approval: Institutional Ethical Committee 
of Zagazig University; September 2014, Informed Consent: 
Written informed consent was obtained from the parents of 
the patients involved in the study as recommended by the 
Institutional Ethics Committee of Zagazig University and in 

Table 4. Logistic regression analysis for osteopontin as an 
independent predictor of type 1 diabetes mellitus, diabetic retinopathy, 
and nephropathy

95% confidence 
interval

pOdd ratioDependent variable

1.19-2.50.004*1.73T1DM

0.98-4.340.045*2.07Diabetic retinopathy 

1.09-4.40.026*2.2Diabetic nephropathy

*p-value <0.05 

T1DM: type 1 diabetes mellitus

Table 3. Correlations of osteopontin with clinical and biochemical 
characteristics of the type 1 diabetes mellitus group

Osteopontin

r p

BMI 0.50 0.022

SBP 0.644 0.001

DBP 0.486 0.025

Creatinine 0.263 0.352

BUN 0.187 0.434

Total cholesterol 0.171 0.475

HDL cholesterol 0.451- 0.046

LDL cholesterol 0.163 0.493

Triglycerides 0.134 0.521

HbA1c 0.21 0.371

Insulin dose 0.427 0.06

Microalbuminuria 0.511 0.021

Diabetes duration 0.371 0.1

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure 

FBG: fasting blood glucose, HbA1c: hemoglobin A1c, 

BUN: blood urea nitrogen, HDL: high-density lipoprotein, LDL: low-density lipoprotein, 

r: Pearson’s correlation coefficient



404

Talat MA et al. 
Osteopontin in Childhood Type 1 Diabetes Mellitus

accordance with the Helsinki declaration after a full explanation 
of the purpose and nature of all procedures used.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Concept: Mohamed A. Talat, Design: Mohamed A. Talat, 
Data Collection or Processing: Mohamed A. Talat, Anwar 
Ahmed Rass, Maha Mahmoud Hamed Sakr, Analysis or 
Interpretation: Mohamed A. Talat, Hosam Fathy El-Saadany, 
Anwar Ahmed Rass, Literature Search: Mohamed A. Talat, 
Rabab M. Saleh, Writing: Mohamed A. Talat, Laila Metwaly 
Sherief.

Financial Disclosure: The authors declared that this study 
received no financial support.

References

1. Sicree R, Shaw JE, Zimmet P. The global burden of diabetes. In: Gan 
D (ed). Diabetes atlas. Brussels, International diabetes Federation, 
2003;15-71.

2. Schranz DB, Lernmark A. Immunology in diabetes: an update. 
Diabetes Metab Rev 1998;14:3-29. 

3. Eizirik DL, Mandrup-Poulsen T. A choice of death--the signal-
transduction of immune-mediated beta-cell apoptosis. Diabetologia 
2001;44:2115-2133. 

4. Gravallese EM. Osteopontin: a bridge between bone and the immune 
system. J Clin Invest 2003;112:147-149. 

5. Weber GF, Zawaideh S, Hikita S, Kumar VA, Cantor H, Ashkar 
S. Phosphorylation-dependent interaction of osteopontin with its 
receptors regulates macrophage migration and activation. J Leukoc 
Biol 2002;72:752-761. 

6. Ahlqvist E, Osmark P, Kuulasmaa T, Pilgaard K, Omar B, Brons C, 
Kotova O, Zetterqvist AV, Stancakova A, Jonsson A, Hansson O, 
Kuusisto J, Kieffer TJ, Tuomi T, Isomaa B, Madsbad S, Gomez MF, 
Poulsen P, Laakso M, Degerman E, Pihlajamaki J, Wierup N, Vaag A, 
Groop L, Lyssenko V. Link between GIP and osteopontin in adipose 
tissue and insulin resistance. Diabetes 2013;62:2088-2094. Epub 
2013 Jan 24

7. Ashkar S, Weber GF, Panoutsakopoulou V, Sanchirico ME, Jansson M, 
Zawaideh S, Rittling SR, Denhardt DT, Glimcher MJ, Cantor H. Eta-1 
(osteopontin): an early component of type-1 (cell-mediated) immunity. 
Science 2000;287:860-864. 

8. Wang KX, Denhardt DT. Osteopontin: role in immune regulation and 
stress responses. Cytokine Growth Factor Rev 2008;19:333-345. 
Epub 2008 Oct 25

9. Berezin AE, Kremzer AA. Circulating osteopontin as a marker of early 
coronary vascular calcification in type two diabetes mellitus patients 
with known asymptomatic coronary artery disease. Atherosclerosis 
2013;229:475-481. Epub 2013 Jun 25

10. Yan X, Sano M, Lu L, Wang W, Zhang Q, Zhang R, Wang L, Chen Q, 
Fukuda K, Shen W. Plasma concentrations of osteopontin, but not 
thrombin-cleaved osteopontin, are associated with the presence and 
severity of nephropathy and coronary artery disease in patients with 
type 2 diabetes mellitus. Cardiovasc Diabetol 2010;9:70. 

11. Wilkinson CP, Ferris FL, 3rd, Klein RE, Lee PP, Agardh CD, Davis 
M, Dills D, Kampik A, Pararajasegaram R, Verdaguer JT, Global 
Diabetic Retinopathy Project G. Proposed international clinical diabetic 
retinopathy and diabetic macular edema disease severity scales. 
Ophthalmology 2003;110:1677-1682. 

12. Atkinson MA. ADA Outstanding Scientific Achievement Lecture 
2004. Thirty years of investigating the autoimmune basis for type 
1 diabetes: why can’t we prevent or reverse this disease? Diabetes 
2005;54:1253-1263. 

13. Karamizadeh Z, Kamali Sarvestani E, Saki F, Karamifar H, Amirhakimi 
GH, Namavar Shooshtarian MH, Ashkani-Esfahani S. Investigation 
of osteopontin levels and genomic variation of osteopontin and 
its receptors in Type 1 diabetes mellitus. J Endocrinol Invest 
2013;36:1090-1093. Epub 2013 Sep 27

14. Barchetta I, Alessandri C, Bertoccini L, Cimini FA, Taverniti L, Di Franco 
M, Fraioli A, Baroni MG, Cavallo MG. Increased circulating osteopontin 
levels in adult patients with type 1 diabetes mellitus and association 
with dysmetabolic profile. Eur J Endocrinol 2016;174:187-192. Epub 
2015 Nov 17

15. Aspord C, Rome S, Thivolet C. Early events in islets and pancreatic 
lymph nodes in autoimmune diabetes. J Autoimmun 2004;23:27-35. 

16. Fierabracci A, Biro PA, Yiangou Y, Mennuni C, Luzzago A, Ludvigsson 
J, Cortese R, Bottazzo GF. Osteopontin is an autoantigen of the 
somatostatin cells in human islets: identification by screening random 
peptide libraries with sera of patients with insulin-dependent diabetes 
mellitus. Vaccine 1999;18:342-354. 

17. Nomiyama T, Perez-Tilve D, Ogawa D, Gizard F, Zhao Y, Heywood 
EB, Jones KL, Kawamori R, Cassis LA, Tschop MH, Bruemmer D. 
Osteopontin mediates obesity-induced adipose tissue macrophage 
infiltration and insulin resistance in mice. J Clin Invest 2007;117:2877-
2888. 

18. Kiefer FW, Zeyda M, Todoric J, Huber J, Geyeregger R, Weichhart 
T, Aszmann O, Ludvik B, Silberhumer GR, Prager G, Stulnig TM. 
Osteopontin expression in human and murine obesity: extensive 
local up-regulation in adipose tissue but minimal systemic alterations. 
Endocrinology 2008;149:1350-1357. Epub 2007 Nov 29

19. Laing SP, Swerdlow AJ, Slater SD, Burden AC, Morris A, Waugh NR, 
Gatling W, Bingley PJ, Patterson CC. Mortality from heart disease in 
a cohort of 23,000 patients with insulin-treated diabetes. Diabetologia 
2003;46:760-765. Epub 2003 May 28

20. Jarvisalo MJ, Raitakari M, Toikka JO, Putto-Laurila A, Rontu R, 
Laine S, Lehtimaki T, Ronnemaa T, Viikari J, Raitakari OT. Endothelial 
dysfunction and increased arterial intima-media thickness in children 
with type 1 diabetes. Circulation 2004;109:1750-1755. Epub 2004 
Mar 15

21. Dahl-Jorgensen K, Larsen JR, Hanssen KF. Atherosclerosis in 
childhood and adolescent type 1 diabetes: early disease, early 
treatment? Diabetologia 2005;48:1445-1453. Epub 2005 Jun 22

22. Gordin D, Forsblom C, Panduru NM, Thomas MC, Bjerre M, Soro-
Paavonen A, Tolonen N, Sandholm N, Flyvbjerg A, Harjutsalo V, Groop 
PH, FinnDiane Study G. Osteopontin is a strong predictor of incipient 
diabetic nephropathy, cardiovascular disease, and all-cause mortality 
in patients with type 1 diabetes. Diabetes Care 2014;37:2593-2600. 
Epub 2014 Jun 26

23. Alsaeid M, Qabazard M, Shaltout A, Sharma PN. Impact of glycemic 
control on serum lipoprotein (a) in Arab children with type 1 diabetes. 
Pediatr Int 2001;43:246-250.


