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Abstract: Osteoglycin (OGN) could be a biomarker of mild kidney function impairment in type 2 dia-
betes (T2D). Our study aimed to determine the association between serum OGN and impaired kidney
function risk in T2D patients and to analyze its potential role as an estimator of kidney disturbances
in this population. This cross-sectional study included 147 T2D patients (65 + 8 years, 58.5% males),
and 75 healthy controls (63 & 10 years, 36% males). Circulating OGN levels were determined by
ELISA. Linear regression modeling was performed to determine the variables influencing circulating
OGN, and an ROC curve was plotted to assess the usefulness of OGN as an estimator of diabetic
kidney disease risk. Circulating OGN was significantly increased in T2D patients compared to
controls (18.41 (14.45-23.27) ng/mL vs. 8.74 (7.03-12.35) ng/mL; p < 0.001). We found a progressive
increase in serum OGN according to the severity of kidney impairment in T2D patients (normal
kidney function: 16.14 (12.13-20.48) ng/mL; mildly impaired kidney function: 19.15 (15.78-25.90)
ng/mL; moderate impaired kidney function: 21.80 (15.06-29.22) ng/mL; p = 0.006). Circulating OGN
was an independent estimator of mildly impaired kidney function risk in T2D patients. We suggest
that serum OGN could act as an albuminuria-independent biomarker of incipient kidney dysfunction
in T2D patients.

Keywords: biomarker; diabetic kidney disease; kidney function impairment; osteoglycin; type
2 diabetes

1. Introduction

Osteoglycin (OGN), also known as osteoinductive factor or mimecan, is a secretory
protein belonging to class III of the small leucine-rich proteoglycans [1]. OGN is involved
in several biological processes [2—4] and is related to various pathologies, such as bone
fragility, cardiovascular disease (CVD), neurologic disease, ocular diseases, and chronic
kidney disease (CKD), among others [2,3]. OGN has a tissue-specific glycosylation site
and different post-translational modifications [5] related to its functional role in different
locations [2]. OGN participates mainly as a regulator of bone metabolism [6,7], as it is a
bone-associated glycoprotein, expressed by osteoblasts [8,9]. Moreover, OGN is a basic
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component of the vascular extracellular matrix, which is expressed by cardiomyocytes,
cardiac fibroblasts, and vascular smooth muscle cells [10,11].

Diabetic kidney disease (DKD) is one of the most frequent complications of type
2 diabetes (T2D). The classic description of DKD involves progressive stages of glomeru-
lar hyperfiltration, microalbuminuria, overt proteinuria, and a decline in the estimated
glomerular filtration rate (eGFR) [12]. It was widely accepted that patients with DKD
develop albuminuria before a decrease in the eGFR. However, these concepts have been
increasingly challenged as evidence suggests that DKD is presented in a more heteroge-
neous manner. Large cross-sectional studies have revealed that a significant proportion of
T2D patients with impaired kidney function determined by decreased eGFR values present
normal levels of albuminuria [13-18]. Therefore, determining biomarkers associated with
impaired eGFR could be a useful measurement to analyze the progression to DKD in
T2D patients.

Few and contradictory results are known regarding OGN levels in T2D patients with
DKD [19,20]. In these studies, OGN was suggested to be a sensitive marker for early
microalbuminuria; however, there is no consensus on the level of this protein in T2D
patients with DKD compared to healthy subjects. Therefore, the role of OGN in kidney
function has not yet been clarified in humans.

Hence, we determine the serum OGN levels in T2D patients with mildly decreased
eGFR, in order to assess their significance as a biomarker of impaired kidney function.

2. Materials and Methods
2.1. Study Population

This cross-sectional study included 222 participants, 147 T2D patients (65 & 8 years,
58.5% males), and 75 healthy controls (63 & 10 years, 36% males). T2D was diagnosed
according to the American Diabetes Association criteria from 2017 [21]. The recruitment
of T2D patients was from 2017 to 2018 in the Endocrinology and Nutrition Unit of the
University Hospital Clinico San Cecilio of Granada according to the following criteria:
Caucasians having normal values for their blood count, hepatic function, calcium, and
phosphorus. The T2D group was classified into two subgroups according to their eGFR:
normal eGFR (eGFR > 90 mL/min/1.73 m?; mean eGFR 100 + 7) (n = 62) and mildly
decreased eGFR (eGFR < 90 mL/min/1.73 m?; mean eGFR 69 + 15) (n = 85). Patients
with liver, gastrointestinal, and thyroid disease; cancer; dialysis; or renal transplantation
were excluded.

Serum samples from healthy controls were supplied by the SSPA Biobank from blood
donors of the Andalusian Regional Government Health Service. Healthy donors did
not have metabolic diseases as diabetes or infectious, neoplastic, hepatic, cardiovascular,
gastrointestinal, central nervous system, or renal diseases (according to section B of Annex
IT of Royal Decree 1088/2005, of 16 September 2005). All samples used for the study were
managed by the SSPA Biobank of the University Hospital Clinico San Cecilio of Granada.
Informed consent was obtained from each patient.

This study was conducted with the approval of the Ethics Committee of the University
Hospital Clinico San Cecilio of Granada and conformed to the principles of the World Med-
ical Association Declaration of Helsinki (Project ID: 0858-N-17, Research Ethics Committee
of Granada Center (CEI-Granada) on 26 April 2017).

2.2. Clinical Evaluation

The height, weight, and waist circumference were measured according to standard
procedures. The body mass index (BMI) was calculated by the Quetelet formula, weight
(kg)/stature (m?). The systolic and diastolic blood pressure was measured using a standard
electronic sphygmomanometer. Hypertension was defined as values >140/90 mmHg
and/or antihypertensive treatment. Dyslipidemia was characterized by serum levels
of low-density lipoprotein cholesterol (LDL-c) >100 mg/dL, high-density lipoprotein
cholesterol (HDL-c) <50 mg/dL, triglycerides (TG) >150 mg/dL, and/or current treatment
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with lipid-lowering drugs. Patients reported their alcohol use, smoking status, and level of
physical activity in response to specific health questionnaires [22].

2.3. Biochemical Measurements

Samples of venous blood were taken in the morning after fasting overnight. Serum
samples were stored at —80 °C until they were analyzed at the Clinical Analysis Unit
of the University Hospital Clinico San Cecilio of Granada. The fasting plasma glucose
(FPG), glycated hemoglobin (HbAlc), TG, HDL-c, LDL-c, calcium, and phosphorus were
measured using standard automated laboratory techniques. The eGFR was calculated
using the Chronic Kidney Disease Epidemiology Collaboration equation [23]. The albumin
and creatinine in urine were obtained using a standardized protocol. The abnormal
albuminuria was estimated from the urine albumin-to-creatinine ratio (UACR) and was
defined as UACR > 30 mg/g.

The calciotropic hormone profile included serum intact parathormone (iPTH) and
25-hydroxyvitamin D (25(OH)D) as determined with the two-site immunoassay (Roche
Diagnostics SL, Barcelona, Spain) and the chemiluminescence immune assay (Beckman
Coulter UniCel DxI 800, Brea, CA, USA), respectively.

The OGN was determined in duplicate by the enzyme-linked immunosorbent assay
(ELISA) method developed by Cloud-Clone Corp. (Houston, TX, USA), following the
manufacturer’s protocol. Precision testing was performed by the determination of the
intra-assay and inter-assay coefficients of variation of OGN (<10% and <12%, respectively).

Fibroblast growth factor 23 (FGF-23) was measured in duplicate using ELISA (Biomedica).
The intra- and inter-assay coefficients of variation of FGF-23 were <6% and <8%, respectively.

2.4. Statistical Analysis

Analyses were performed using SPSS version 22.0 software (SPSS, Inc., Chicago, IL,
USA). The data were expressed as the means & standard deviation (SD) for the normally
distributed variables and as the median with the interquartile range (IQR) for variables
that were not normally distributed. The data for categorical variables are presented as
percentages. A Shapiro-Wilk test was used to test the normality of the distribution of the
continuous variables. The mean values between groups were compared using the unpaired
Student’s t-test for continuous and normally distributed variables. The Mann-Whitney
U test and Kruskal-Wallis test were used to compare the variables that were not normally
distributed. When the comparison between groups required an adjustment by covariates,
an analysis of covariance (ANCOVA) was performed. The x? test was used to compare
categorical variables between groups.

Associations between continuous variables were described by Spearman’s correlation
coefficients. Multiple linear regression modeling was performed to determine the variables
independently associated with the OGN (dependent variable), including the quantitative
and qualitative variables linked in the bivariate analysis and other variables biologically
associated with OGN as independent variables.

To identify OGN as an independent predictor of impaired kidney function, multi-
ple logistic regression modeling was performed, including mildly decreased eGFR as a
dependent variable. The independent variables included in the model were the estab-
lished factors related to impaired kidney function risk in addition to the OGN level. The
usefulness of serum OGN as an estimator of impaired kidney function risk was assessed
using a receiver operating characteristic (ROC) curve. The area under the curve (AUC)
indicates the probability of predicting an event. AUC values greater than 0.75 indicate
good predictive performance.

The statistical significance was set at p < 0.05 (two-tailed) and p < 0.10 for multiple
linear regression analysis.
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3. Results
3.1. Characteristics of the Study Population

The clinical, anthropometric, and biochemical parameters of T2D participants accord-
ing to normal or mildly impaired kidney function are summarized in Table 1.

Table 1. Comparison between eGFR > 90 mL/min/1.73 m? and eGFR < 90 mL/min/1.73 m? in

T2D patients.
eGFR (mL/min/1.73 m?)
eGFR > 90 eGFR <90 p
Patients (n) 62 85
Men/women (%) 56/44 60/40 0.666
Age (years) 62+7 68 £ 8 <0.001 *
eGFR (mL/min/1.73 m?) 100 £7 69 + 15 <0.001 *
CLINICAL EVALUATION
Body weight (kg) 86 + 15 87 +13 0.838
Height (cm) 165 £ 0.09 165 £ 0.08 0.717
BMI (kg/m?) 32+£5 32+4 0.944
Waist circumference (cm) 106 + 11 106 + 10 0.900
Diabetes duration (years) 14 +10 15+9 0.468
Systolic blood pressure (mmHg) 133 + 17 137 +£ 18 0.133
Diastolic blood pressure (mmHg) 79+9 79 £ 12 0.833
UACR > 30 mg/g (%) 21 24 0.657
Hypertension (%) 76 92 0.007 *
Dyslipidemia (%) 82 93 0.045 *
CVD (%) 25.8 435 0.027 *
Osteoporosis (%) 9.7 5.9 0.399
Smoker or ex-smoker (%) 48 46 0.843
Alcohol consumption excessive (%) 20 13 0.271
Sedentarism (%) 15 17 0.735
CURRENT MEDICATION USE
Insulin (%) 10 14 0.756
Oral antidiabetic drugs (%) 31 28 0.551
Insulin + Oral antidiabetic drugs (%) 59 58 0.423
BIOCHEMICAL MEASUREMENTS
FPG (mg/dL) 150 £ 52 150 £ 55 0.989
HbAlc (mmol/mol) 62+ 16 63+ 15 0.792
HbAlc (%) 78+ 14 79+13 0.792
TG (mg/dL) 158 £ 71 166 + 85 0.568
HDL-c (mg/dL) 47 £ 13 44+ 10 0.128
LDL-c (mg/dL) 98 + 44 88 + 37 0.127
Calcium (mg/dL) 9.8+ 04 9.7+ 04 0.368
Phosphorous (mg/dL) 34+05 33+04 0.098
25(0OH)D (ng/mL) 20+ 8 22+9 0.167
iPTH (pg/mL) 44 + 25 56 4+ 34 0.029 *
FGF-23 (pmol/L) 0.86 (0.47-1.70) 1.25(0.77-2.44) 0.028 *
OGN (ng/mL) 16.14 (12.13-20.48)  19.59 (15.70-26.90) 0.002 *

T2D: type 2 diabetes; eGFR: estimated glomerular filtration rate; BMI: body mass index; UACR: urine albumin-to-
creatinine ratio; CVD: cardiovascular disease; FPG: fasting plasma glucose; HbAlc: glycated hemoglobin; TG:
triglycerides; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density lipoprotein cholesterol; 25(OH)D:
25-hydroxyvitamin D; iPTH: intact parathormone; FGF-23: fibroblast growth factor 23; OGN: osteoglycin. The
data for continuous and normally distributed variables are presented as the mean + SD. The data for continuous
variables that are not normally distributed are presented as the median followed by the interquartile range in
brackets. The data for categorical variables are presented as percentages. Student’s ¢-test and the Mann—-Whitney
U test were used for comparisons of continuous and normally or not normally distributed variables, respectively,
between groups. The x? test was used for the comparison of categorical variables between groups. The * symbol
represents statistically significant differences (p < 0.05) between groups.
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The recruited groups were homogenous, and there were no differences between them
in sex, weight, height, BMI, waist circumference, or diabetes duration. Regarding age,
there was a significant difference between groups. Most of the clinical parameters were
also comparable between groups except for hypertension, dyslipidemia, and CVD. The
biochemical parameters differed between the groups in terms of the serum levels of iPTH,
FGF-23, and OGN.

3.2. Influence of Diabetes Status, Sex, and eGFR on the Serum OGN Levels

The serum OGN levels were significantly higher in T2D patients (1 = 136, 57% males) than
in control subjects (1 =75, 36% males) (18.41 (14.45-23.27) ng/mL vs. 8.74 (7.03-12.35) ng/mL;
p < 0.001). When T2D patients and control subjects were further divided according to sex,
the significant differences in OGN levels remained for both males (16.68 (13.44-20.77) ng/mL
vs. 8.79 (7.64-11.17) ng/mL; p < 0.001), and females (19.88 (15.70-26.30) ng/mL vs. 8.70
(6.65-12.41) ng/mL; p < 0.001). We found that the OGN levels were significantly higher in fe-
males than in males in the T2D group (19.88 (15.70-26.30) ng/mL vs. 16.68 (13.44-20.77) ng/mL;
p = 0.009), but no differences were found for the healthy controls according to sex (Figure 1A).
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Figure 1. Serum OGN levels in control subjects and T2D patients according to sex and eGFR. (A) Serum levels of OGN
(median + 95% confidence interval (CI)) in the control and T2D groups for both sexes. The Kruskal-Wallis test was used for
comparisons between groups. a = p < 0.05 vs. control of the same sex; b = p < 0.05 vs. male in T2D patients. (B) Box plot
of serum OGN levels in controls, T2D patients with normal eGFR (eGFR > 90 mL/min/1.73 m?), and T2D patients with
mildly decreased eGFR (eGFR < 90 mL/min/1.73 m?). Box plot represents the minimum value, 25th percentile, median,
75th percentile, maximum value, and outliers for each group. The Kruskal-Wallis test was used for comparisons between
groups. a = p < 0.05 vs. control; b = p < 0.05 vs. T2D with eGFR > 90 mL/min/1.73 m?. OGN: osteoglycin; T2D: type 2
diabetes; eGFR: estimated glomerular filtration rate.

The comparison of serum OGN levels between control subjects and T2D patients
with normal (n = 58, 55% males) and mildly decreased (n = 78, 59% males) eGFR revealed
significant differences between all groups (p < 0.001). The control group showed lower
levels of serum OGN (8.74 (7.03-12.35) ng/mL). T2D patients with normal eGFR showed
lower circulating OGN levels compared to T2D patients with mildly decreased eGFR
(16.14 (12.13-20.48) ng/mL vs. 19.59 (15.70-25.90) ng/mL; p = 0.013) (Figure 1B). After
adjusting by age and sex, this trend in OGN levels remained unchanged (18.02 £ 1.09 vs.
21.59 £0.93; p = 0.017).

In the group of T2D patients with mildly decreased eGFR, there is a 20.5% of T2D pa-
tients with a moderate decrease in eGFR (<60 mL/min/1.73 m?). In this subgroup (n = 16,
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65 =+ 8 years, 60% males), the highest levels of OGN were observed (21.80 (15.06-29.22) ng/mL)
with significative differences compared to normal eGFR group (p = 0.022).

3.3. Determinants of Serum OGN Levels in the T2D Group

We found a positive correlation between the serum level of OGN with age (r = 0.226;
p < 0.001), iPTH (r = 0.179; p = 0.042), and FGF-23 (r = 0.324; p < 0.001) and a negative
correlation with eGFR (r = —0.189; p = 0.027) in T2D patients (Figure 2).
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Figure 2. Scatter plots showing the correlation (Spearman’s test) between OGN (ng/mL) and: age (years): (A), iPTH
(pg/mL), (B), FGF-23 (pmol/L), (C), and eGFR (mL/min/1.73 m?), (D), in T2D patients. OGN: osteoglycin; iPTH: intact

parathormone; FGF-23: fibroblast growth factor 23; eGFR: estimated glomerular filtration rate; T2D: type 2 diabetes.

To analyze the variables that influence the level of OGN, a model of multiple linear
regression analysis was performed including the variables associated with OGN in the
previously performed bivariate analysis (age, sex, iPTH, FGF-23, and eGFR) in addition to
the diabetes duration, insulin treatment, UACR, presence of osteoporosis, and presence
of CVD as independent variables. The results showed that the variables independently
associated with the OGN serum level were age and FGF-23, as shown in Table 2.

The presence of CVD was not independently associated with serum OGN level,
although it bordered on significance (p < 0.061). The comparison of serum OGN levels in
T2D patients according to the prevalence of CVD after age and sex adjustment revealed
significant differences between both groups (p = 0.041). T2D patients with CVD (n = 45,
67 £ 7 years, 79% males) showed lower circulating OGN levels compared to T2D patients
without CVD (n = 91, 65 + 8 years, 47% males): (17.88 (15.39-20.38) ng/mL vs. 21.15
(19.44-22.86) ng/mL).

3.4. Association between FGF-23 Levels with Kidney Function and CVD

The serum FGF-23 levels were higher in T2D patients (1 = 132, 57% males) compared to
that in controls subjects (1 = 75, 36% males) although not significantly (1.16 (0.63-2.05) pmol/L
vs. 1.02 (0.47-1.85) pmol/L; p = 0.186). When T2D patients were divided according to
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eGFR values, we observed higher circulating FGF-23 levels in the group with mildly
decreased eGFR (1 = 76, 59% males) compared to those with normal values (1 = 56, 54%
males) (p = 0.028) (Table 1). When patients with prevalent CVD were excluded from the
analysis, we similarly observed higher FGF-23 levels in patients with decreased eGFR
(n = 46) compared to those with normal eGFR values (n = 43): (1.55 (0.93-2.36) pmol/L vs.
0.84 (0.44-1.90) pmol/L; p = 0.005). No significative differences were found between T2D
patients according to the prevalence of CVD independently of the kidney function.

Table 2. Multiple linear regression analysis of variables independently associated with serum OGN
levels in T2D patients.

Variables B 95% CI (Lower Limit/Upper Limit) P
Age 0.319 0.091/0.547 0.007 *
Sex —3.090 —6.550/0.371 0.080
iPTH 0.018 —0.043/0.080 0.554
FGF-23 0.838 0.275/1.400 0.004 *
eGFR —0.036 —0.127/0.056 0.440
Insulin treatment —0.089 —0.274/0.097 0.347
Current medication —3.131 —6.796/0.535 0.093
UACR > 30mg/g 0.024 —0.003/0.051 0.076
Presence of osteoporosis —0.559 —6.128/5.010 0.842
Presence of CVD —3.243 —6.641/0.156 0.061

OGN: osteoglycin; T2D: type 2 diabetes; CI: confidence interval; iPTH: intact parathormone; FGF-23: fibroblast
growth factor 23; eGFR: estimated glomerular filtration rate; UACR: urine albumin-to-creatinine ratio; CVD:
cardiovascular disease. The * symbol represents statistically significant differences (p < 0.05).

3.5. Usefulness of the OGN Serum Level to Estimate Impaired Kidney Function Risk in
12D Patients

Logistic regression modeling was performed to assess the variables related to impaired
kidney function risk in T2D patients. The independent variables included in the model were
age, hypertension, dyslipidemia, HbAlc levels (categorized according to the cutoff point of
7%), tobacco use, years of diabetes duration, presence of CVD, presence of osteoporosis, and
UACR in addition to the OGN serum level. We found that, in addition to age (OR = 1.08;
95% CI (1.01/1.15); p = 0.021), the serum OGN level was an independent estimator of
impaired kidney function risk (OR = 1.07; 95% CI (1.01/1.14); p = 0.029) in T2D patients.

ROC curve analysis was performed to assess the usefulness of the serum level of OGN
as an estimator of impaired kidney function risk. Two different models were assessed,
including the main impaired kidney function risk factors (age, hypertension, dyslipidemia,
HbAlc level, tobacco use, and years of diabetes duration) with and without the serum
OGN level (Figure 3).

The AUC of the model without OGN was 0.748, whereas the AUC of the model
including OGN was 0.782 (p < 0.001 for both).
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Figure 3. ROC curve for the usefulness of serum OGN level as an estimator of impaired kidney
function in T2D patients. (a) OGN serum levels; AUC = 0.658; p = 0.002. (b) Age, hypertension,
dyslipidemia, HbAlc levels (categorized according to the cutoff point of 7%), tobacco use, years of di-
abetes duration, and OGN serum levels; AUC = 0.782; p < 0.001. (c) Age, hypertension, dyslipidemia,
HbA1c levels (categorized according to the cutoff point of 7%), tobacco use, and years of diabetes
duration; AUC = 0.748; p < 0.001. ROC: receiver operating curve; OGN: osteoglycin; T2D: type 2
diabetes; AUC: area under the curve; HbAlc: glycated hemoglobin.

4. Discussion

Our cross-sectional study shows higher OGN levels in T2D patients compared to
healthy controls for the first time. T2D patients with normal eGFR show lower circulating
OGN levels than T2D patients with mild or moderate impaired eGFR, independent of
sex and age. The serum OGN levels are independently associated with mildly impaired
kidney function in T2D patients. This suggests that circulating OGN may be a biomarker
of incipient impairment of kidney function, independently of the presence of albuminuria
in T2D patients.

Little is known regarding the serum levels of OGN in T2D and control subjects
with contradictory results. The increased levels of serum OGN observed in T2D patients
compared to healthy controls, especially in those with decreased eGER values agree with
the findings reported by Wang et al., who found increased concentrations of OGN in T2D
patients with diabetic nephropathy compared to T2D patients without diabetic nephropathy
and healthy controls [19]. In contrast, Wei et al. reported that the decline of serum OGN
levels was closely related to the development and pathogenesis of diabetic nephropathy
suggesting that low serum OGN levels could act as an independent diagnostic marker of
diabetic nephropathy associated with microalbuminuria in T2D patients [20]. Similarly, a
study in mice with CKD showed that decreased serum OGN level was positively associated
with impaired kidney function [24]. The aforementioned studies associate the OGN serum
levels with kidney status independently of the presence of T2D. However, our study is the
first to show higher circulating OGN levels in T2D patients regardless of kidney function.

The higher levels of FGF-23 in T2D patients compared to control subjects could
partly explain the elevation of serum OGN in this group. Consistently, studies reported
increased FGF-23 serum levels in the T2D population [25,26]. The presence of T2D implies
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a progressive deterioration of kidney function, which is associated with increased serum
levels of FGF-23 and iPTH as we observed in the T2D subjects with an incipient decrease
in glomerular filtration. The elevation of iPTH in these patients could be explained by its
positive correlation with FGF-23 as has been reported in CKD patients [27,28]. However,
a review addressing the role of FGF-23 in clinical outcomes in T2D patients has shown
that the mechanism by which an increase in FGF-23 occurs in T2D patients is unclear [29].
Most studies suggest that the increase in FGF-23 may be associated with the presence of
CVD and may act as a predictor of cardiovascular mortality in the T2D population [30,31].
Considering this, the increased FGF-23 levels observed in the T2D group of patients
with decreased eGFR levels could be due to the higher prevalence of CVD in this group.
However, our results suggest that the increased FGF-23 is associated more with kidney
function disturbances rather than with CVD in our study population.

Most of the studies have shown a strong and independent association between FGF-
23 concentrations and greater risk of end-stage renal disease in advanced-stage CKD
patients [32,33], thereby making it an independent risk factor for mortality in this popula-
tion [32,34]. However, a long-term prospective study including patients with nondiabetic
CKD has identified FGF-23 as a novel risk marker for the progression of CKD in mild to
moderate CKD patients [27].

Regarding the T2D population, there is some controversy. Several studies have pointed
to serum levels of FGF-23 as predictors for renal outcomes and progression to end-stage re-
nal disease in T2D patients [35,36]. It has been revealing that FGF-23 is a novel independent
predictor of the progression of renal disease in patients with macroalbuminuric diabetic
nephropathy [27]. However, a recent multicenter study, reported a lack of association
between FGF-23 and early kidney decline in T2D patients [37]. Based on our findings,
we suggest that the ability of FGF-23 to predict early stages of renal impairment could be
limited [30,31]. We consider that it could be due to its relationship with albuminuria since
most studies associate elevated FGF-23 levels with nephropathy including albuminuria.
In our study population, most of the T2D patients with mildly decreased eGFR had nor-
moalbuminuric (75.9%). Our results showed that serum OGN levels are related to eGFR
values, independently of the albuminuria. In this context, we suggest that, as OGN is an
albuminuria-independent biomarker, it could be a better predictor than FGF-23 in T2D
patients with early kidney impairment (data not shown).

Although there are markers associated with kidney impairment, the predictions for
the progression of DKD in T2D patients based on clinical parameters are currently poor.
The majority of the criteria for early kidney function deterioration considers albuminuria in
combination with eGFR as the main clinical factors despite its modest predictive ability [25].
However, a decrease in eGFR may occur as an initial sign of kidney impairment without the
presence of albuminuria as reported by Penno et al., who showed an association between
decreased eGFR and the risk of death irrespective of albuminuria in T2D patients [15].
Accordingly, research reported that the majority of T2D patients with reduced eGFR had
normoalbuminuric [16] and a significant risk for coronary artery disease in T2D patients
with reduced eGFR independently of albuminuria [26].

Considering this, there is a need to search for effective intervention strategies and
public health policies focused on the detection of incipient impaired kidney function in
T2D patients, due to the rising mortality rate associated with this non-albuminuria DKD
phenotype [15]. In this context, much of the research conducted in the last decade has
endeavored to identify biomarkers for DKD progression. Some proposed useful biomarkers
to measure the progression of advanced kidney damage [35,36]. However, few studies
have determined biomarkers that can predict the eGFR decline in T2D patients when
combined with commonly available clinical risk factors. Heinzel et al. identified some
candidate biomarkers associated with eGFR in a longitudinal study conducted in T2D
patients with the eGFR maintained at baseline. However, their predictive power was
low [37]. Our results showed that the OGN serum level was an independent estimator of
impaired kidney function risk in T2D patients by increasing the risk by 8% for a 1 ng/mL
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increase in the serum OGN regardless of other comorbidities such as CVD or osteoporosis.
Our ROC curve analysis revealed that the inclusion of serum OGN levels, in addition to
age and impaired kidney function-related variables improved the prediction model for
mildly impaired kidney function in T2D patients.

The positive correlation observed between serum OGN levels and age may be due
to their close relationship with age-related renal function loss in T2D patients [38,39].
Although the T2D patients with eGFR values below 90 mL/min/1.73 m? were significantly
older than those with normal eGFR values, the differences between groups remained
significant after adjustment for age and sex. Our results showed that in addition to age,
the serum FGF-23 levels could influence serum OGN. Based on these findings, the age and
the higher serum levels of iPTH, and in particular, of FGF-23, could explain the increased
OGN in T2D patients with eGFR values below 90 mL/min/1.73 m?2.

On the other hand, the fact that prevalent CVD is so close to significance as a predictor
variable of OGN as shown in our results suggests that there may be a relationship between
OGN levels and CVD. The role of OGN in CVD is controversial to date. Some studies’
results have reported a close relationship between OGN levels and the risk of suffering
CVD although the mechanism of action of OGN is unclear. In this line, a couple of studies
found an association between high serum OGN levels and poor coronary collateralization
in patients with coronary artery disease [40,41], as well as increased arterial stiffness in
hypertensive patients [42]. Cheng et al. pointed out that OGN could be used as a prognostic
biomarker in patients with coronary artery disease, and it proved to be a predictor for the
incidence of cardiovascular events and mortality within this population [11]. Although
most of the studies postulate an association between higher OGN levels and vascular
damage, Van Aelst et al. reported that the increased OGN expression is essential in
the infarct scar promoting proper collagen maturation and protecting against cardiac
disruption in humans [4]. In contrast, another study found no association between the
circulating levels of OGN and the progression of atherosclerosis [43]. We found lower
serum circulating OGN levels in T2D patients with CVD than in T2D patients without
CVD. Therefore, our results suggest that the increased serum OGN levels observed in T2D
patients with mildly impaired kidney function (eGFR < 90 mL/min/1.73 m?) are mainly
related with renal rather than vascular damage. Endorsing our findings, a recent study
observed increased immunostaining of OGN in human atherosclerotic carotid plaques
from patients with lower eGFR values [44]. However, further studies are needed to clarify
the relationship between OGN and CVD.

Although future longitudinal studies are needed, our preliminary results place OGN
as a promising biomarker that deserves future research to confirm its potential role as an
early predictor of kidney damage in daily clinical practice.

Our cross-sectional study has some limitations. First, the cross-sectional design
precludes any determination of causality in our findings. Thus, we cannot assure whether
FGF-23 influences the increase in OGN levels or the other way around. Second, we do not
have many biochemical determinations in the control group, which could provide valuable
information for the comparative study of OGN between T2D and control subjects. Finally,
our study was conducted in a specific population of Caucasian T2D and healthy subjects,
which prevents guaranteeing the same results in other ethnic or study groups. The strengths
of this study lie in the evaluation of circulating OGN in T2D patients with an exhaustive
evaluation of the biochemical and clinical parameters. In addition, we considered potential
confounders, such as age, sex, diabetes duration, and current medications.

5. Conclusions

The main findings of this study suggest that the elevation of OGN related to mildly
impaired kidney function could involve a specific role of OGN in this process acting as an
albuminuria-independent biomarker of incipient impaired kidney function in T2D patients.
Future longitudinal studies are required to understand the mechanisms through which the
upregulation of OGN influences the risk of impaired kidney function in T2D patients and to



J. Clin. Med. 2021, 10, 2209 11 0f 13

confirm the potential usefulness of serum OGN as a potential biomarker of kidney status in
clinical settings to establish preventive and therapeutic approaches in the T2D population.

Author Contributions: Conceptualization, M.M.-T. and F.A.-V,; methodology, S.G.-S., LM.-H.,
C.G.-F, and B.R.-G,; formal analysis, B.G.-F,, S.G.-S., FA.-V,, AB.G.-P, and L. M.-H,; investigation,
M.D.A.-P, M.-H.-P, C.G.-F, B.G.-F, L.1.-B., and S.G.-S.; writing—original draft preparation, S.G.-S.,
B.G.-F,, and M.M.-T,; writing—review and editing, S.G.-S., B.G.-F, M.M.-T., C.G.-F, AB.G.-P, LL.-B,,
M.D.A.-P,, M.H.-P,, and B.R.-G; funding acquisition, B.G.-F. and M.M.-T. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was funded by Junta de Andalucia grants (PI-0207-2016 and P10268-2019) and
Instituto de Salud Carlos III grants (PI18-00803 and PI18-01235) co-funded by the European Regional
Development Fund (FEDER). In addition, 5.G-S and C.G-F are funded by predoctoral and postdoc-
toral fellowships, respectively, from the Instituto de Salud Carlos III (FI19/00118; CD20/00022).

Institutional Review Board Statement: This study was conducted with the approval of the Ethics
Committee of the University Hospital Clinico San Cecilio of Granada and conformed to the principles
of the World Medical Association Declaration of Helsinki (Project ID:0858-N-17, Research Ethics
Committee of Granada Center (CEI-Granada) on 26 April 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data sets generated and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Acknowledgments: The authors thank Maria Teresa Miranda Le6n from the Biostatistics department
of the University of Granada for her statistical advice.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Chen, S; Birk, D.E. The regulatory roles of small leucine-rich proteoglycans in extracellular matrix assembly. FEBS J. 2013, 280,
2120-2137. [CrossRef] [PubMed]

2. Deckx, S.; Heymans, S.; Papageorgiou, A.-P. The diverse functions of osteoglycin: A deceitful dwarf, or a master regulator of
disease? FASEB J. 2016, 30, 2651-2661. [CrossRef] [PubMed]

3.  Starup-Linde, J.; Viggers, R.; Handberg, A. Osteoglycin and bone-A systematic review. Curr. Osteoporos. Rep. 2019. [CrossRef]
[PubMed]

4. Van Aelst, LN.L.; Voss, S.; Carai, P.; Van Leeuwen, R.; Vanhoutte, D.; Sanders-van Wijk, S.; Eurlings, L.; Swinnen, M.; Verheyen,
FK.; Verbeken, E.; et al. Osteoglycin prevents cardiac dilatation and dysfunction after myocardial infarction through infarct
collagen strengthening. Circ. Res. 2015, 116, 425-436. [CrossRef] [PubMed]

5. Tasheva, E.S.; Corpuz, L.M.; Funderburgh, J.L.; Conrad, G.W. Differential splicing and alternative polyadenylation generate
multiple mimecan MRNA transcripts. J. Biol. Chem. 1997, 272, 32551-32556. [CrossRef] [PubMed]

6. Tanaka, K.; Matsumoto, E.; Higashimaki, Y.; Katagiri, T.; Sugimoto, T.; Seino, S.; Kaji, H. Role of osteoglycin in the linkage
between muscle and bone. |. Biol. Chem. 2012, 287, 11616-11628. [CrossRef] [PubMed]

7. Lee, NJ,; Ali, N,; Zhang, L.; Qi, Y.; Clarke, I; Enriquez, R.F,; Brzozowska, M.; Lee, I.C.; Rogers, M.].; Laybutt, D.R.; et al.
Osteoglycin, a novel coordinator of bone and glucose homeostasis. Mol. Metab. 2018, 13, 30—44. [CrossRef] [PubMed]

8.  Bentz, H.,; Chang, R.J.; Thompson, A.Y.; Glaser, C.B.; Rosen, D.M. Amino acid sequence of bovine osteoinductive factor. J. Biol.
Chem. 1990, 265, 5024-5029. [CrossRef]

9.  Kukita, A.; Bonewald, L.; Rosen, D.; Seyedin, S.; Mundy, G.R.; Roodman, G.D. Osteoinductive factor inhibits formation of human
osteoclast-like cells. Proc. Natl. Acad. Sci. USA 1990, 87, 3023-3026. [CrossRef]

10. Shanahan, C.M.; Cary, N.R.; Osbourn, ].K.; Weissberg, P.L. Identification of osteoglycin as a component of the vascular matrix.
differential expression by vascular smooth muscle cells during neointima formation and in atherosclerotic plaques. Arterioscler.
Thromb. Vasc. Biol. 1997, 17, 2437-2447. [CrossRef]

11. Cheng, ].M.; Akkerhuis, K.M.; Meilhac, O.; Oemrawsingh, R.M.; Garcia-Garcia, H.M.; van Geuns, R.-].; Piquer, D.; Merle, D,;
du Paty, E.; Galéa, P; et al. Circulating osteoglycin and NGAL/MMP9 complex concentrations predict 1-year major adverse
cardiovascular events after coronary angiography. Arterioscler. Thromb. Vasc. Biol. 2014, 34, 1078-1084. [CrossRef] [PubMed]

12.  Adler, AL; Stevens, R.J.; Manley, S.E.; Bilous, RW.; Cull, C.A; Holman, R.R.; UKPDS Group. Development and progression of
nephropathy in type 2 diabetes: The United Kingdom Prospective Diabetes study (UKPDS 64). Kidney Int. 2003, 63. [CrossRef]
[PubMed]

13. Bloomgarden, Z.T. Diabetic nephropathy. Diabetes Care 2008, 31, 823-827. [CrossRef]


http://doi.org/10.1111/febs.12136
http://www.ncbi.nlm.nih.gov/pubmed/23331954
http://doi.org/10.1096/fj.201500096R
http://www.ncbi.nlm.nih.gov/pubmed/27080639
http://doi.org/10.1007/s11914-019-00523-z
http://www.ncbi.nlm.nih.gov/pubmed/31396918
http://doi.org/10.1161/CIRCRESAHA.116.304599
http://www.ncbi.nlm.nih.gov/pubmed/25520363
http://doi.org/10.1074/jbc.272.51.32551
http://www.ncbi.nlm.nih.gov/pubmed/9405469
http://doi.org/10.1074/jbc.M111.292193
http://www.ncbi.nlm.nih.gov/pubmed/22351757
http://doi.org/10.1016/j.molmet.2018.05.004
http://www.ncbi.nlm.nih.gov/pubmed/29799418
http://doi.org/10.1016/S0021-9258(19)34078-5
http://doi.org/10.1073/pnas.87.8.3023
http://doi.org/10.1161/01.ATV.17.11.2437
http://doi.org/10.1161/ATVBAHA.114.303486
http://www.ncbi.nlm.nih.gov/pubmed/24651681
http://doi.org/10.1046/j.1523-1755.2003.00712.x
http://www.ncbi.nlm.nih.gov/pubmed/12472787
http://doi.org/10.2337/dc08-zb04

J. Clin. Med. 2021, 10, 2209 12 0f 13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Buyadaa, O.; Magliano, D.J.; Salim, A.; Koye, D.N.; Shaw, ].E. Risk of rapid kidney function decline, all-cause mortality, and major
cardiovascular events in nonalbuminuric chronic kidney disease in type 2 diabetes. Diabetes Care 2020, 43, 122-129. [CrossRef]
[PubMed]

Penno, G.; Solini, A.; Orsi, E.; Bonora, E.; Fondelli, C.; Trevisan, R.; Vedovato, M.; Cavalot, F.; Lamacchia, O.; Scardapane, M.; et al.
Non-albuminuric renal impairment is a strong predictor of mortality in individuals with type 2 diabetes: The Renal Insufficiency
And Cardiovascular Events (RIACE) Italian Multicentre study. Diabetologia 2018, 61, 2277-2289. [CrossRef]

Maclsaac, R.J.; Tsalamandris, C.; Panagiotopoulos, S.; Smith, T.].; McNeil, K.J.; Jerums, G. Nonalbuminuric renal insufficiency in
type 2 diabetes. Diabetes Care 2004, 27, 195-200. [CrossRef] [PubMed]

Dwyer, J.P,; Parving, H.-H.; Hunsicker, L.G.; Ravid, M.; Remuzzi, G.; Lewis, J.B. Renal dysfunction in the presence of normoalbu-
minuria in type 2 diabetes: Results from the DEMAND study. Cardiorenal. Med. 2012, 2, 1-10. [CrossRef] [PubMed]

Thomas, M.C.; Macisaac, R.J.; Jerums, G.; Weekes, A.; Moran, ].; Shaw, J.E.; Atkins, R.C. Nonalbuminuric renal impairment in
type 2 diabetic patients and in the general population (National Evaluation of the Frequency of Renal Impairment CO-Existing
with NIDDM [NEFRON] 11). Diabetes Care 2009, 32, 1497-1502. [CrossRef]

Wang, S.; Wang, Y.; Zheng, R.; Zhao, Z.; Ma, Y. Osteoinductive factor is a novel biomarker for the diagnosis of early diabetic
nephropathy. Int. J. Clin. Exp. Pathol. 2015, 8, 3110-3115. [PubMed]

Wei, W.; Tu, M.; Huang, R.; Chen, T. Serum osteoinductive factor is associated with microalbuminuria and diabetic nephropathy
in type 2 diabetes. Medicine 2018, 97, €11759. [CrossRef] [PubMed]

American Diabetes Association. Standards of medical care in diabetes-2017: Summary of revisions. Diabetes Care 2017, 40, S4-S5.
[CrossRef] [PubMed]

Topolski, T.D.; LoGerfo, J.; Patrick, D.L.; Williams, B.; Walwick, J.; Patrick, M.B. The Rapid Assessment of Physical Activity
(RAPA) among older adults. Prev. Chronic Dis. 2006, 3, A118. [PubMed]

Levey, A.S,; Stevens, L.A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.F,; Feldman, H.L; Kusek, ].W.; Eggers, P; Van Lente, F.; Greene, T.;
et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 2009, 150, 604-612. [CrossRef] [PubMed]

Zhou, Y,; Li, B.-Y; Li, X.-L.; Wang, Y.-].; Zhang, Z.; Pei, F.; Wang, Q.-Z.; Zhang, ].; Cai, Y.-W.; Cheng, M.; et al. Restoration of
mimecan expression by grape seed procyanidin B2 through regulation of nuclear factor-KappaB in mice with diabetic nephropathy.
Iran |. Kidney Dis. 2016, 10, 325-331. [PubMed]

Dunkler, D.; Gao, P,; Lee, S.E.; Heinze, G.; Clase, C.M.; Tobe, S.; Teo, K.K.; Gerstein, H.; Mann, J.EE.; Oberbauer, R.; et al. Risk
prediction for early CKD in type 2 diabetes. Clin. ]. Am. Soc. Nephrol. 2015, 10, 1371-1379. [CrossRef] [PubMed]

Solini, A.; Penno, G.; Bonora, E.; Fondelli, C.; Orsi, E.; Arosio, M.; Trevisan, R.; Vedovato, M.; Cignarelli, M.; Andreozzi, F; et al.
Diverging association of reduced glomerular filtration rate and albuminuria with coronary and noncoronary events in patients
with type 2 diabetes: The Renal Insufficiency and Cardiovascular Events (RIACE) Italian Multicenter study. Diabetes Care 2012,
35, 143-149. [CrossRef] [PubMed]

Fliser, D.; Kollerits, B.; Neyer, U.; Ankerst, D.P; Lhotta, K.; Lingenhel, A.; Ritz, E.; Kronenberg, F.; MMKD Study Group; Kuen, E,;
et al. Fibroblast Growth Factor 23 (FGF23) predicts progression of chronic kidney disease: The Mild to Moderate Kidney Disease
(MMKD) study. J. Am. Soc. Nephrol. 2007, 18, 2600-2608. [CrossRef] [PubMed]

Coen, G.; Manni, M.; Mantella, D.; Pierantozzi, A.; Balducci, A.; Condo, S.; DiGiulio, S.; Yancovic, L.; Lippi, B.; Manca, S.; et al. Are
PTH serum levels predictive of coronary calcifications in haemodialysis patients? Nephrol. Dial. Transplant. 2007, 22, 3262-3267.
[CrossRef]

Yeung, S.M.H.; Bakker, S.J.L.; Laverman, G.D.; De Borst, M.H. Fibroblast Growth Factor 23 and adverse clinical outcomes in type
2 diabetes: A bitter-sweet symphony. Curr. Diab. Rep. 2020, 20, 50. [CrossRef] [PubMed]

Frimodt-Mpgller, M.; von Scholten, B.].; Reinhard, H.; Jacobsen, PXK.; Hansen, T.W.; Persson, F.I; Parving, H.-H.; Rossing, P. Growth
Differentiation Factor-15 and Fibroblast Growth Factor-23 are associated with mortality in type 2 diabetes—An observational
follow-up study. PLoS ONE 2018, 13, e0196634. [CrossRef]

Chan, G.C,; Divers, J.; Russell, G.B.; Langefeld, C.D.; Wagenknecht, L.E.; Hsu, F-C.; Xu, J.; Smith, S.C.; Palmer, N.D.; Hicks, PJ.;
et al. FGF23 concentration and APOL1 genotype are novel predictors of mortality in African Americans with type 2 diabetes.
Diabetes Care 2018, 41, 178-186. [CrossRef] [PubMed]

Isakova, T,; Xie, H.; Yang, W.; Xie, D.; Anderson, A.H.; Scialla, J.; Wahl, P.; Gutiérrez, O.M.; Steigerwalt, S.; He, J.; et al. Fibroblast
Growth Factor 23 and risks of mortality and end-stage renal disease in patients with chronic kidney disease. JAMA 2011, 305,
2432-2439. [CrossRef] [PubMed]

Kendrick, J.; Cheung, A K,; Kaufman, ].S.; Greene, T.; Roberts, W.L.; Smits, G.; Chonchol, M.; HOST Investigators. FGF-23
associates with death, cardiovascular events, and initiation of chronic dialysis. J. Am. Soc. Nephrol. 2011, 22, 1913-1922. [CrossRef]
[PubMed]

Larsson, T.; Nisbeth, U.; Ljunggren, O.; Jiippner, H.; Jonsson, K.B. Circulating concentration of FGF-23 increases as renal function
declines in patients with chronic kidney disease, but does not change in response to variation in phosphate intake in healthy
volunteers. Kidney Int. 2003, 64, 2272-2279. [CrossRef] [PubMed]

Niewczas, M.A.; Gohda, T.; Skupien, J.; Smiles, A.M.; Walker, W.H.; Rosetti, F.; Cullere, X.; Eckfeldt, ].H.; Doria, A.; Mayadas,
T.N,; et al. Circulating TNF receptors 1 and 2 predict ESRD in type 2 diabetes. ]. Am. Soc. Nephrol. 2012, 23, 507-515. [CrossRef]
[PubMed]


http://doi.org/10.2337/dc19-1438
http://www.ncbi.nlm.nih.gov/pubmed/31796570
http://doi.org/10.1007/s00125-018-4691-2
http://doi.org/10.2337/diacare.27.1.195
http://www.ncbi.nlm.nih.gov/pubmed/14693989
http://doi.org/10.1159/000333249
http://www.ncbi.nlm.nih.gov/pubmed/22493597
http://doi.org/10.2337/dc08-2186
http://www.ncbi.nlm.nih.gov/pubmed/26045825
http://doi.org/10.1097/MD.0000000000011759
http://www.ncbi.nlm.nih.gov/pubmed/30075597
http://doi.org/10.2337/dc17-S003
http://www.ncbi.nlm.nih.gov/pubmed/27979887
http://www.ncbi.nlm.nih.gov/pubmed/16978493
http://doi.org/10.7326/0003-4819-150-9-200905050-00006
http://www.ncbi.nlm.nih.gov/pubmed/19414839
http://www.ncbi.nlm.nih.gov/pubmed/27721232
http://doi.org/10.2215/CJN.10321014
http://www.ncbi.nlm.nih.gov/pubmed/26175542
http://doi.org/10.2337/dc11-1380
http://www.ncbi.nlm.nih.gov/pubmed/22124714
http://doi.org/10.1681/ASN.2006080936
http://www.ncbi.nlm.nih.gov/pubmed/17656479
http://doi.org/10.1093/ndt/gfm370
http://doi.org/10.1007/s11892-020-01335-7
http://www.ncbi.nlm.nih.gov/pubmed/32857288
http://doi.org/10.1371/journal.pone.0196634
http://doi.org/10.2337/dc17-0820
http://www.ncbi.nlm.nih.gov/pubmed/29113983
http://doi.org/10.1001/jama.2011.826
http://www.ncbi.nlm.nih.gov/pubmed/21673295
http://doi.org/10.1681/ASN.2010121224
http://www.ncbi.nlm.nih.gov/pubmed/21903574
http://doi.org/10.1046/j.1523-1755.2003.00328.x
http://www.ncbi.nlm.nih.gov/pubmed/14633152
http://doi.org/10.1681/ASN.2011060627
http://www.ncbi.nlm.nih.gov/pubmed/22266663

J. Clin. Med. 2021, 10, 2209 13 0f 13

36.

37.

38.

39.

40.

41.

42.

43.

44.

Looker, H.C.; Colombo, M.; Hess, S.; Brosnan, M.].; Farran, B.; Dalton, R.N.; Wong, M.C.; Turner, C.; Palmer, C.N.A.; Nogoceke,
E.; et al. Biomarkers of rapid chronic kidney disease progression in type 2 diabetes. Kidney Int. 2015, 88, 888-896. [CrossRef]
[PubMed]

Heinzel, A.; Kammer, M.; Mayer, G.; Reindl-Schwaighofer, R.; Hu, K.; Perco, P.; Eder, S.; Rosivall, L.; Mark, P.B.; Ju, W.; et al.
Validation of plasma biomarker candidates for the prediction of EGFR decline in patients with type 2 diabetes. Diabetes Care 2018,
41,1947-1954. [CrossRef] [PubMed]

Tancredi, M.; Rosengren, A.; Svensson, A.-M.; Kosiborod, M.; Pivodic, A.; Gudbjérnsdottir, S.; Wedel, H.; Clements, M.; Dahlqvist,
S.; Lind, M. Excess mortality among persons with type 2 diabetes. N. Engl. ]. Med. 2015, 373, 1720-1732. [CrossRef] [PubMed]
Lin, C.-H.; Yang, W.-C; Tsai, S.-T.; Tung, T.-H.; Chou, P. A community-based study of chronic kidney disease among type 2
diabetics in Kinmen, Taiwan. Diabetes Res. Clin. Pract. 2007, 75, 306-312. [CrossRef]

Shen, Y.; Ding, FH.; Zhang, R.Y.; Zhang, Q.; Lu, L.; Shen, W.E. Association of serum mimecan with angiographic coronary
collateralization in patients with stable coronary artery disease and chronic total occlusion. Atherosclerosis 2016, 252, 75-81.
[CrossRef]

Seki, T.; Saita, E.; Kishimoto, Y.; Ibe, S.; Miyazaki, Y.; Miura, K.; Ohmori, R.; Ikegami, Y.; Kondo, K.; Momiyama, Y. Low levels of
plasma osteoglycin in patients with complex coronary lesions. J. Atheroscler. Thromb. 2018, 25, 1149-1155. [CrossRef] [PubMed]
Gu, X,; Zhao, L.; Zhu, J.; Gu, H,; Li, H,; Wang, L.; Xu, W.; Chen, J. Serum mimecan is associated with arterial stiffness in
hypertensive patients. J. Am. Heart Assoc. 2015, 4. [CrossRef] [PubMed]

Moncayo-Arlandi, J.; Lépez-Garcia, A.; Fernandez, M.C.; Duran, A.C.; Fernandez, B. Osteoglycin deficiency does not affect
atherosclerosis in mice. Atherosclerosis 2014, 237, 418-425. [CrossRef] [PubMed]

Tengryd, C.; Nielsen, S.H.; Cavalera, M.; Bengtsson, E.; Genovese, F.; Karsdal, M.; Dunér, P.; Orho-Melander, M.; Nilsson,
J.; Edsfeldt, A.; et al. The proteoglycan mimecan is associated with carotid plaque vulnerability and increased risk of future
cardiovascular death. Atherosclerosis 2020, 313, 88-95. [CrossRef] [PubMed]


http://doi.org/10.1038/ki.2015.199
http://www.ncbi.nlm.nih.gov/pubmed/26200946
http://doi.org/10.2337/dc18-0532
http://www.ncbi.nlm.nih.gov/pubmed/29980527
http://doi.org/10.1056/NEJMoa1504347
http://www.ncbi.nlm.nih.gov/pubmed/26510021
http://doi.org/10.1016/j.diabres.2006.06.028
http://doi.org/10.1016/j.atherosclerosis.2016.07.916
http://doi.org/10.5551/jat.43059
http://www.ncbi.nlm.nih.gov/pubmed/29503411
http://doi.org/10.1161/JAHA.115.002010
http://www.ncbi.nlm.nih.gov/pubmed/26206738
http://doi.org/10.1016/j.atherosclerosis.2014.09.016
http://www.ncbi.nlm.nih.gov/pubmed/25463067
http://doi.org/10.1016/j.atherosclerosis.2020.09.011
http://www.ncbi.nlm.nih.gov/pubmed/33032238

	Introduction 
	Materials and Methods 
	Study Population 
	Clinical Evaluation 
	Biochemical Measurements 
	Statistical Analysis 

	Results 
	Characteristics of the Study Population 
	Influence of Diabetes Status, Sex, and eGFR on the Serum OGN Levels 
	Determinants of Serum OGN Levels in the T2D Group 
	Association between FGF-23 Levels with Kidney Function and CVD 
	Usefulness of the OGN Serum Level to Estimate Impaired Kidney Function Risk in T2D Patients 

	Discussion 
	Conclusions 
	References

