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Background: Osteopontin (OPN) is a 44-kDa multifunctional protein and has a diverse role in biomineralization, tissue remodeling,
and chronic inflammation. However, its role in type 2 diabetes (T2D) patients with microvascular complications is not clear. Therefore,
the present study aimed to investigate the role of OPN in T2D patients with microvascular complications.

Methods: A total of 324 type 2 diabetes patients in the age group of 38—66 years were included in this study; 249 T2D patients were
diagnosed with microvascular complications. OPN was measured using an enzyme-linked immunosorbent assay kit. Clinical data,
such as age, gender, diabetes duration, systolic blood pressure, diastolic blood pressure, were measured. Correlation between OPN
levels with different clinical parameters was evaluated.

Results: In patients with microvascular complications, OPN levels were significantly higher than those without microvascular
complications (p < 0.05). Moreover, OPN levels were positively associated with systolic blood pressure (SBP), C-reactive protein,
and albumin creatinine ratio (ACR). Multiple linear regression analysis showed that OPN levels were independently associated with
C-reactive protein (p < 0.045).

Conclusion: The findings in the present study showed that OPN level was more positively associated with C-reactive protein than
that with glucose metabolism in patients with microvascular complications. Thus, OPN might serve as a marker in predicting vascular
disease.
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Introduction

Diabetes is a serious chronic and long-term condition that occurs when there is an elevated level of glucose in the blood because
the body cannot produce enough insulin or cannot effectively use the insulin it produces. Currently, it is estimated that nearly 537
million adults (20-79 years) are having diabetes and this number is predicted to rise to 643 million by 2030 and is estimated to
reach 784 million by 2045." People living with diabetes are at heightened risk of developing several serious and life-threatening
complications. The microvascular complications are retinopathy, nephropathy, and neuropathy. However, diabetic patients will
have one or more of these subclinical manifestations during the long-term duration of their disease.” Fenofibrate Intervention and
Event Lowering in Diabetes (FIELD) trial study in type 2 diabetes demonstrated that long-term glycemic variability is known to
be associated with vascular complication development in type 2 diabetes.” Recently, reviews have also clarified the adverse
glycemic effects inducing several biochemical pathways linking microvascular complications. Molecular mechanisms include
non-enzymatic protein glycation and the formation of advanced glycation end products (AGEs); overproduction of reactive
oxygen species and chronic endoplasmic reticulum dysfunction and stress; activation of diacylglycerol (DAG)-protein Kinase C
(PKC) pathway; activation of polyol pathway; renin—angiotensin system activation; kallikrein—kinin/bradykinin system
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activation in vascular tissues.*> Moreover, subjects with diabetes exhibit pathologically enhanced markers of microvascular
complications.

Osteopontin (OPN) is a 44-kDa multifunctional secreted protein with diverse functions in normal physiological as
well as pathological conditions including biomineralization, tissue remodeling, and chronic inflammation.® OPN levels
are shown to be associated with prediabetes,’” and type 2 diabetes with cardiovascular autonomic functions.® Furthermore,

OPN levels are associated with diabetic complications such as retinopathy,”'® nephropathy,'"'? and neuropathy.'
However, its role in microvascular complications in type 2 diabetes patients is less studied. We therefore aimed to

investigate the level and role of OPN in type 2 diabetes patients with microvascular complications.

Materials and Methods

Participants

All the participants were diagnosed with type 2 diabetes (T2D). Diabetes was defined using the American Diabetes
Association (ADA) criteria.'* The study participants were selected from Saudi Diabetes Kidney Disease (SAUDI-DKD)
cohort.'® This study was approved by the College of Medicine's Institutional Review Board and has been conducted in
accordance with the principles outlined in the Helsinki Declaration. A research physician interviewed all the participants.
Clinical data such as age, gender, diabetes duration, systolic blood pressure, and diastolic blood pressure, were measured.
Body mass index (BMI) (kg/m?) was calculated for each participant by dividing weight in (kg) by height squared in (m?).
Informed written consent for participation in the research study and biospecimen collection was obtained from all the
participants.

Study Design

In this observational case—control study, we initially screened 467 T2D patients from the University Diabetes Center,
King Saud University Medical City, King Saud University, Riyadh. All the participants were on treatment with oral
hypoglycemic agents and/or on insulin in Saudi Arabia between April 2014 and June 2015. The exclusion and inclusion
criteria were as previously reported.'> Patients with macrovascular complications such as ischemic heart disease,
cardiovascular disease, peripheral vascular disease, and stroke were excluded from this study. A total of 324 type 2
diabetes patients in the age group 38—66 years were included in this study and are divided into 2 groups according to the
presence and absence of microvascular complications. Seventy-five T2D patients had none of the microvascular
complications, while 249 T2D patients had microvascular complications as shown in Figure 1. We used Strengthening

After screening 467 type 2 diabetes patients were selected

103 with macrovascular complications
Excluded .
(cardiovascular, cerebrovascular,
peripheral vascular disease), 40 missing
clinical and demographic data

A4

Total 324 type 2 diabetes patients were included
in the analysis

v
75 patients without microvascular 249 patients with microvascular
complication (control) complication (cases)

Figure | Flow chart for patients’ selection and exclusion according to their complications.
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the Reporting of Observational Studies in Epidemiology (STROBE) recommendations to improve the quality of
observational studies.'®

Diagnostic Criteria of Microvascular Complications

During the clinic visit, participants were diagnosed with diabetic complications; either diabetic neuropathy (assessed by
10-g monofilament and reduced vibration perception using 128 Hz tuning fork), diabetic nephropathy (assessed by urine
albumin > 30 mg/g of creatinine), or diabetic retinopathy (diagnosed by fundus photographic examination following
mydriasis of both eyes) by a retina specialist.'’

Laboratory Analysis

After an overnight fast, 10cc of blood was drawn from the cubital vein of all the participants. Blood samples were
transported to the Strategic Center for Diabetes Research, College of Medicine, King Saud University, Riyadh. Blood
samples were centrifuged at 2000 rpm for 10 min. Serum was collected and stored at —20°C for measurement of fasting
blood glucose, glycated hemoglobin (HbA1c), total cholesterol, triglycerides, low-density lipoprotein, and high-density
lipoprotein. A 10cc of fresh urine sample was collected and stored at —20°C for measurement of albumin and creatinine
using Rx Daytona clinical chemistry analyzer (Randox laboratories, UK). eGFR was calculated using a new equation.'®
Serum C-reactive protein was measured using Metabolic syndrome array II assay (Catalog No. EV3758), Randox biochip
analyzer. Serum OPN was measured using an ELISA kit (Catalog No. ab100618), Abcam, Cambridge, MA, USA).

Statistical Analysis

A Statistical Package for the Social Science (SPSS) 21.0 IBM, USA, was used to analyze the clinical data. Data with
normal distribution were expressed as mean + standard deviation. Data with skewed distribution were expressed as
median (interquartile range). The Chi-square test was used to compare the frequency among groups. The Student’s #-test
was used to compare the clinical variables between two groups. Mann—Whitney test for continuous data with skewed
distribution. A bivariate correlation was used to analyze the association between OPN and clinical variables. Linear
regression analysis was used to determine the association between clinical variables that were significant in the bivariate
analysis for OPN protein. A statistical p-value <0.05 is considered to be significant.

Results

Table 1 shows the baseline characteristics of controls (T2D without microvascular complication and cases (T2D with
microvascular complication). There is no significant difference in their age, gender, DBP, HDL-C, LDL-C among control
and cases (P > 0.05). However, the results showed that duration of diabetes, BMI, SBP, FBS, HbA 1c%, total cholesterol,
triglycerides, C-reactive protein, ACR, and OPN were significantly higher in cases (p < 0.05). While eGFR was
significantly lower in cases compared to control (P < 0.05).

Table 2 shows the association of OPN level with different clinical parameters. OPN levels were positively associated
with SBP (rho=0.135; p=0.019), C-reactive protein (rho=0.135; p=0.024), and albumin creatinine ratio (ACR)
(tho=0.297; p<0.001). However, no significant correlation was observed between OPN and age, diabetes duration,
BMI, DBP, FBS, HbA1c%, total cholesterol, triglyceride, and eGFR.

In Table 3, multiple linear regression analysis of OPN as dependent variable and SBP, ACR, and C-reactive protein as
independent variables was performed to examine the association of OPN level with variables that showed statistical
significance in the bivariate analysis. Results from linear regression analysis showed that OPN levels were independently
associated with C-reactive protein (p <0.045).

Discussion

In the present study, OPN level was higher in type 2 diabetes patients with microvascular complications. This study also
evaluated the association of OPN with different metabolic parameters and showed that OPN level was independently
associated with C-reactive protein level and further, demonstrated the role of inflammation in type 2 diabetes patients
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Table | Baseline Characteristics of T2D without Microvascular Complication (Control) and T2D with Microvascular Complication

(Cases)

Variables Control (n=75) Cases (n=249) P value
Age (years) 54.2+6.0 55.5%5.9 0.09
Male, n (%) 35 (25.9) 100 (74.1) 0.32
Diabetes duration (years) 16.2+4.6 18.2+5.3 0.003*
Hypertension, n (%) 38 (51.4) 168 (68.6) 0.007%*
Diabetic retinopathy, n (%) - 123 (49.4)

Diabetic neuropathy, n (%) - 156 (62.7)

Diabetic nephropathy, n (%) - 127 (51.0)

BMI (kg/m?) 31.445.1 32.916.0 0.04*
SBP (mmHg) 129.6+15.2 135.9£19.6 0.01*
DBP (mmHg) 72.848.1 73.7£10.8 0.49
FBS (mg/dl) 182.6+72.6 210.4+88.8 0.02*
HbAlc (%) 9.8%1.3 10.3+1.5 0.005*
Insulin (uU/mL) 13.9 (7.9-25.7) 17.4(10.2-27.9) 0.54
c-Peptide (ng/mL) 0.66 (0.35—1.41) 0.50 (0.33-1.07) 0.46
HOMA-IR 2.19 (1.30-4.18) 2.88 (1.66—4.39) 0.20
Total cholesterol (mg/dl) 168.5 (140.2-199.3) 182.1 (152.1-212.8) 0.02%*
Triglyceride (mg/dL) 134.7 (103.4-186.0) 162.0 (113.4-225.6) 0.007%*
HDL cholesterol (mg/dl) 45.3x104 47.4%12.3 0.20
LDL cholesterol (mg/dl) 133.5+43.1 137.1£45.3 0.55
C-reactive protein (ng/mL) 1832.6 (991.0-3002.0) 1992.0 (1174.0-3982.0) 0.02%*
eGFR (mL/min/m?) 81.5 (67.7-95.2) 73.5 (56.2-89.0) 0.003*
ACR (mg/g creatinine) 6.7 (43-11.9) 39.5(11.3-113.6) 0.001*
Osteopontin (pg/mL) 75.0 (27.4-197.6) 139.9 (87.2-329.8) 0.001*

Notes: Data are presented as mean * standard deviation for normally distributed variables and median (interquartile range (25th—75th)) for non-normally distributed
variables. Categorical data are presented as frequencies and percentages. p values of <0.05 were considered significant. *Statistical significance at the p <0.05 level.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar; HbAlc, hemoglobin Alc; HOMA-IR,
homeostatic model assessment for insulin resistance; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ACR, albumin-to-creatinine;
eGFR, estimated glomerular filtration rate.

with microvascular complications. Moreover, we found that metabolic variables such as age, HOMA-IR, diabetes
duration, BMI, and eGFR, have no significant role in the upregulation of OPN.

Earlier, studies have shown that OPN is an active player in many physiological and pathological processes, such as
atherosclerosis, cancer, chronic inflammatory disease, glomerulonephritis, adipose tissue inflammation, and insulin
resistance.’”” OPN is expressed in leukocytes and secreted by activated macrophages during acute inflammatory
processes. OPN regulates immune cells macrophages, dendritic cells, and T-cells.*'*** Daniele G et al measure the
circulating cytokines such as TNF-a, IL-6, MCP-1, OPN, fractalkine, and adiponectin involved in the subclinical
systemic inflammation and found to be associated with hyperglycemia and insulin resistance.”’ OPN has recently

emerged as a key factor in both vascular remodeling and atherosclerosis progression. Coronary artery disease (CAD)
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Table 2 Association of Osteopontin Level with Different Metabolic Parameters

Variables Osteopontin (pg/mL), n=324

rho Correlation Coefficient P value
Age (years) 0.043 0.45
Diabetes Duration (years) 0.062 0.28
BMI (kg/m?) —0.048 0.40
SBP (mmHg) 0.135 0.019*
DBP (mmHg) 0.063 0.27
FBS (mg/dl) 0.096 0.09
HbAlc (%) 0.090 0.12
HOMA-IR 0.112 0.09
Total cholesterol (mg/dl) —0.004 0.94
Triglyceride (mg/dL) 0.034 0.55
C-reactive protein (ng/mL) 0.135 0.024*
eGFR (mL/min/m2) —0.025 0.67
ACR (mg/g creatinine) 0.297 0.001*

Notes: p values of <0.05 were considered significant. *Statistical significance at the p <0.05 level.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar; HbA I ¢, hemoglobin
Alc; HOMA-IR, homeostatic model assessment for insulin resistance; ACR, albumin-to-creatinine; eGFR, estimated glomerular filtration rate.

Table 3 Multivariable Linear Regression Analysis of Osteopontin (as Dependent Variable) with Independent Variables

Variables Unstandardized Standardized Coefficients t P value | 95% Confidence Interval for B
Coefficients

B Std. Error Beta Lower Bound | Upper Bound

(Constant) 50.449 77.058 0.655 0.51 —-101.257 202.155

SBP (mmHg) 0.838 0.578 0.088 | 1.449 0.15 —0.300 1.976

ACR (mg/g creatinine) 0.151 0.142 0.064 | 1.061 0.29 —-0.129 0.430

C-reactive protein (ng/mL) 0.009 0.004 0.121 | 2.012 0.045* 0.000 0.018

Note: *Statistical significance at the p <0.05 level.
Abbreviations: SBP, systolic blood pressure; ACR, albumin-to-creatinine.

patients have increased OPN and IL-6 levels. Moreover, IL-6 levels correlated with OPN (+=0.030, P<0.001) levels.
Suggesting a possible mechanism linking OPN level with CAD progression through arterial wall stiffening and
inflammation.”*** Thus, inflammation and inflammatory events play an important role in the pathogenesis of micro-
vascular complications.>*?*

The results of our previous cross-sectional study in type 2 diabetes patients confirmed that patients with diabetic
nephropathy had higher OPN levels. OPN levels were significantly increased according to decreased eGFR and elevated
ACR. OPN levels were associated with hyperglycemia, inflammation, insulin resistance, and proteinuria.'? In agreement
with our findings earlier Yamaguchi et al, evaluated the plasma and urinary OPN levels in 229 type 2 diabetic
microvascular complications such as retinopathy, neuropathy, and nephropathy. OPN levels increased significantly

with the progression of nephropathy. However, there was no change in the OPN related to the progression of retinopathy
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or neuropathy. Thus, indicating that OPN level is a predictor of end-stage renal disease but not for retinopathy and
neuropathy."!

In fact, Maser et al demonstrate that OPN is associated with reduced peripheral autonomic nerve function in type 2
diabetes subjects and is involved in the pathogenesis of sudomotor dysfunction.”® Recently, in agreement with our
findings, Zhang et al in a multiethnic cohort in Singapore demonstrated that OPN was higher in type 2 diabetes patients
with diabetic retinopathy (64.7 [49.7-89.5] ng/mL) than in type 2 diabetes patients without diabetic retinopathy (51.7
[38.9-66.9] ng/mL; p<0.001)."° Furthermore, OPN levels were associated with the presence and severity of diabetic
retinopathy, suggesting OPN as a potential biomarker for diabetic retinopathy. In agreement with our results in Table 2.
El Dayem et al evaluated the relationship between OPN and diabetic complications in seventy type 1 diabetic patients.
OPN levels correlate with Systolic blood pressure (mmHg) (»=0.28; p <0.030); albumin creatinine ratio (ACR) (+=0.48;
p<0.0001).*” OPN levels are increased in type 1 diabetes patients and can be used for the early detection of micro-
vascular and macrovascular complications.”” Similarly, Talat et al demonstrate that elevated OPN levels are indepen-
dently associated with type | pediatric patients and support the hypothesis that OPN may have a role in the prediction of
microvascular complications. Multivariate logistic regression analysis also revealed an association of increased OPN
levels with diabetes (OR=1.73; p=0.004), DR (OR=2.07; p=0.045, and DN (OR=2.20; p=0.026).%® Moreover, Barchetta
et al evaluate circulating OPN levels in adult patients with type 1 diabetes mellitus (T1DM) compared to non-diabetic
control. TIDM patients had significantly higher serum OPN levels than controls (17.2+12.9 vs 10.5+11.6 ug/l, P=0.009).
OPN levels correlated with higher blood pressure, BMI, creatinine, y-GT, ALP, and lower HDL-C. No correlation was
shown between OPN and HbA I¢, C-peptide, insulin requirement, co-medications, and diabetes duration.?” In agreement
with our findings Momiyama et al investigated the association of C-reactive protein and OPN levels with severities of
both coronary and aortic atherosclerosis. OPN and C-reactive protein levels were independent factors in aortic
atherosclerosis.*”

Li T et al show that OPN is involved in mineral metabolism and is associated with severe and extensive vascular
calcification. High glucose induces the expression of OPN in smooth muscles cells (SMCs) and vascular endothelial cells
(VECs), which is a key factor in the calcification and dysfunction of the vascular wall in diabetes.*' Similar to the above
study, Ito et al also investigated the effect of high glucose and high insulin on human pancreatic duct epithelial cells lines
(HPDE-6). High glucose level accelerates cell proliferation and increases the secretion and mRNA expression of OPN.*?
Glucose-dependent insulinotropic polypeptide (GIP) induces the expression of the proatherogenic cytokine OPN in mouse
arteries via the local release of endothelin-1 and activation of CREB. OPN levels were positively correlated with limb
ischemia, stroke, transient ischemic attacks, and amaurosis fugax.*® Considerable evidence has shown that hyperglycemia
can stimulate OPN expression in the culture vascular cells leading to the development of microvascular complications.
Many of the stimuli are known to enhance OPN expression, including hyperglycemia, angiotensin II (Ang II), glucose-
dependent insulinotropic peptide (GIP), oxidized LDL-C, IL-1f, IL-2, IL-3, IL-6, IL-18, INF-y, TNF-0, and TGF- B.°
Previous study hypothesized the molecular mechanism that underlies vascular complication and demonstrates that
hyperglycemia activates nuclear factor of activated T cells (NFATc3) signaling in vascular smooth muscles. NFATc3
activation leads to increased OPN protein expression in arteries, and this leads to vascular disease. Pharmacological
treatment of NAFT with inhibitor A-285222 prevented glucose-induced OPN expression in arteries.* Although monitoring
blood glucose levels and current diabetes treatment are still not effective to prevent the development of microvascular
complications. In a recent meta-analysis, a paleolithic diet has been shown to decrease blood pressure, inflammation and
improve the vasculature in obese subjects.*” In addition, the pleiotropic effect of metformin has been shown to reduce
carotid intima-media thickness in humans.*® Therefore, early detection of microvascular complications and effective
treatment becomes important issue. Inhibition of OPN may exert favorable effects on microvascular complications.

The major strength of the current study is well-characterized cases with matched age, gender, and duration of
diabetes. Furthermore, we include an unequal number of cases and with controls in the ratio (3.3:1) to increase the power
of the study. We have also evaluated and identified the most likely associated parameters with OPN. The major limitation
is a single-center study. Secondly, we did not measure the vascular markers to assess the vascular dysfunction as the
causation of microvascular complications is complex. We also cannot rule out the interference of medications on OPN.
These results need to be confirmed in other populations.

4438  "es International Journal of General Medicine 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Nawaz et al

Conclusion
OPN levels were significantly elevated in type 2 diabetes microvascular complications and independently associated with
C-reactive protein in inflammatory processes. Thus, OPN might serve as a marker in predicting vascular disease.
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