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Abstract

Background: Novel biomarkers of vascular disease in diabetes could help identify
new mechanistic pathways. Osteocalcin, osteoprotegerin, and osteopontin are key
molecules involved in bone and vascular calcification processes, both of which are
compromised in diabetes. We aimed to evaluate possible associations of osteocalcin,
osteoprotegerin, and osteopontin with cardiovascular disease (CVD) and diabetic
retinopathy (DR) among people with type 2 diabetes (T2D).

Materials and Methods: Osteocalcin, osteoprotegerin, and osteopontin concentra-
tions were measured at enrolment in 848 participants with T2D from the Sapienza
University Mortality and Morbidity Event Rate (SUMMER) Study (ClinicalTrials.gov:
NCT02311244). Logistic regression models and propensity score matching were
used to assess possible associations of osteocalcin, osteoprotegerin, and osteo-
pontin with a history of CVD and with evidence of any grade of DR adjusting for
confounders.

Results: Previous CVD was reported in 139 (16.4%) participants, while 144 (17.0%)
had DR. After adjusting for possible confounders, osteocalcin but not osteoprote-
gerin or osteopontin concentrations were associated with a history of CVD (Odds
Ratio [OR] and 95% CI for one standard deviation (SD) increase in osteocalcin
concentrations (natural log): 1.35 (1.06-1.72), p = 0.014). Associations with prev-
alent DR were seen for osteoprotegerin (OR for one SD increase in osteoprotegerin
concentrations (natural log): 1.25 (1.01-1.55), p = 0.047) and osteopontin (OR for
one SD increase in osteopontin concentrations (natural log): 1.25 (1.02-1.53),
p = 0.022), but not osteocalcin.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, pro-
vided the original work is properly cited.
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1 | INTRODUCTION

Complications of diabetes mellitus, both cardiovascular disease
(CVD) and microvascular outcomes, such as end-stage renal disease
and diabetic retinopathy (DR), are major causes of morbidity and
mortality worldwide.>? The identification of new potential pathways
for diabetic complications may help find new targets for therapies,
whilst new biomarkers could improve risk stratification. In this re-
gard, there is increasing evidence supporting the existence of a bone-
vascular axis,® and identifying bone metabolism markers related to
vascular disease is currently an open field of research. Among such
biomarkers, osteocalcin, osteoprotegerin, and osteopontin have
shown actions strictly related to cardiometabolic pathways. Osteo-
calcin is involved in the regulation of beta-cell proliferation, insu-
lin secretion, and sensitivity.4 Moreover, osteocalcin has been shown
to be expressed in the calcific atherosclerotic lesions and the
vascular smooth muscle cells (SMC) of the vessel wall, suggesting a
potential role in the differentiation of vascular SMC into osteogenic
cells.®

We have recently shown that osteoprotegerin, a master regu-
lator of osteoclast differentiation and function, is independently
associated with advanced atherosclerosis in people without diabetes®
and with worse metabolic profile and presence of carotid athero-
sclerosis in a small group of people with type 2 diabetes.” Osteo-
protegerin is a member of the tumour necrosis factor (TNF)
superfamily that inhibits osteoclastic bone resorption through its
presentation as a ‘decoy receptor’ for receptor activator of nuclear
factor kB ligand (RANKL)® inducing higher bone mineral density. The
role of osteoprotegerin in vascular health remains controversial, but
high serum osteoprotegerin concentrations have been associated
with the presence of vascular calcifications,’ atherosclerosis,’® and
cardiovascular mortality.*?

Some studies also suggest that osteopontin, a structural glyco-
protein of the bone matrix, may play a role in regulating vascular
calcification, even though evidence in this regard is contrasting.”?

As the role of osteokines as markers of CVD in T2D remains
unclear and little is known about their possible association with
microvascular complications, we hypothesised that osteocalcin,
osteoprotegerin, and osteopontin may be independent markers of
diabetic complications. Since the pathogenesis of CVD and DR is
sustained by different molecular and cellular mechanisms,® we also

hypothesised that different osteokines, based on their different

Conclusions: In T2D, higher serum osteocalcin concentrations are associated with
macrovascular complications and higher osteoprotegerin and osteopontin concen-
trations with microvascular complications, suggesting that these osteokines might

be involved in pathways directly related to vascular disease.

biomarkers, bone-vascular axis, cardiovascular disease, diabetic retinopathy, osteokines, type

biology, may be differentially associated with these two complica-
tions of diabetes. Accordingly, we analysed data from the ‘Sapienza
University Mortality and Morbidity Event Rate (SUMMER) study
in diabetes’ to evaluate possible associations between circulating
bone metabolism markers and macro- and micro-vascular diabetic

complications.

2 | MATERIALS AND METHODS
2.1 | Study design and population

This is a cross-sectional analysis performed on the baseline data and
serum samples collected within the SUMMER study (registered at
ClinicalTrials.gov, NCT02311244). This was an observational, pro-
spective, collaborative study aimed at identifying new predictors of
all-cause and cardiovascular mortality and morbidity in patients with
adult-onset diabetes.'* SUMMER enroled consecutive individuals,
regardless of being newly or previously diagnosed with T2D, from
July 2014 to December 2018 in 10 ltalian diabetes clinics. Exclusion
criteria included severe psychiatric illnesses, end-stage renal disease,
renal dialysis, hepatic cirrhosis, active cancer of any type, and chronic
treatment with corticosteroids.

At the time of enrolment, demographic data, medical history, and
biochemical information as well as blood samples were collected
from each participant. Serum samples were subsequently aliquoted
and stored at —80°C prior to assay.

At the time the population for this study was selected (March
2019), 2486 SUMMER participants had been screened for the
presence of glutamic acid decarboxylase antibodies (GADA). We
aimed to analyse a subgroup comprising the first 850 GADA-negative
SUMMER participants. However, two participants were excluded
because technical issues meant their samples were not available for
the measurement of osteocalcin, osteoprotegerin and osteopontin,

resulting in a final study cohort of 848 individuals.
2.2 | Laboratory assays and data extraction
Commercial BioVendor ELISA kits were used to assess serum con-

centrations of osteocalcin (Brno, Czech Republic; Catalogue #
RISOO2R), osteoprotegerin (Brno, Czech Republic; Catalogue #
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RD194003200), and osteopontin (Brno, Czech Republic; Catalogue #
RD191446200R). The osteocalcin inter-assay coefficient of variation
is 4.6% with an intra-assay coefficient of variation being 3.9%, the
osteoprotegerin inter-assay coefficient of variation is 5.8% with an
intra-assay coefficient of variation being 3.5%, and the osteopontin
inter-assay coefficient of variation is 3.9% with an intra-assay coef-
ficient of variation being 5.7%.

The following data were retrieved from the SUMMER study
database for the 848 selected participants:

e Anthropometric parameters: age, sex, body mass index (BMI), and
systolic and diastolic blood pressure.

e Medical history: age at diabetes diagnosis, duration of illness,
smoking habit, therapy for diabetes, therapy for dyslipidemia,
therapy for hypertension, and history of myocardial infarction or
stroke.

e Biochemical parameters: glycated haemoglobin (HbA,.), total
cholesterol, calculated LDL-cholesterol, HDL-cholesterol, tri-

glycerides, uric acid, and serum creatinine.

The estimated glomerular filtration rate (eGFR) was estimated
using the Chronic Kidney Disease Epidemiology Collaboration (EPI-
CKD) equation.’® The presence of hypertension was defined as sys-
tolic blood pressure >140 mmHg and/or diastolic blood pressure
>90 mmHg, or if the participant was taking any antihypertensive
treatment (angiotensin converting enzyme inhibitors, angiotensin
receptor blockers, calcium channel blockers, beta-blockers, or alpha
blockers), at the time of enrolment. Presence of dyslipidemia was
defined as LDL-cholesterol >100 mg/dl, HDL-cholesterol <40 mg/dl,
triglycerides >200 mg/dl, or if the participant was taking statins or
fibrates at the time of enrolment.

2.3 | Outcomes

The two outcomes we analysed were history of CVD (defined as
history of acute myocardial infarction, coronary artery revascular-
isation, or stroke) and prevalent DR (defined as a fundus oculi ex-
amination performed by an expert ophthalmologist documenting any
grade of retinopathy or maculopathy in either eye). Since osteopro-
tegerin and osteocalcin are excreted in urine, diabetic nephropathy
was not investigated as a complication, but eGFR was included as a

possible confounder.

2.4 | Statistical analysis

Descriptive statistics are presented as frequencies and proportions
for categorical variables, and as mean and standard deviation or
median and 25th-75th percentiles, as appropriate, for continuous
variables. The normal distribution assumption for continuous vari-
ables was tested with the Shapiro-Wilk test. Continuous variables

with a parametric distribution were compared between groups

using Student's t test, and the Kruskal-Wallis test was used for
non-parametric variables. Spearman rank test was used to test
relationships between continuous variables. Categorical variables
were compared with a X% or Fisher's exact test as appropriate.
Standardized mean difference (SMD) between groups was also
calculated. Logistic regression models with the study outcomes as
dichotomous dependent variables and osteocalcin, osteoprotegerin
or osteopontin as main exposures were used to estimate the odds
ratios (OR) with 95% confidence intervals (Cl) associated with a
one standard deviation increase in the serum concentrations
(natural log) of the main exposures after adjusting for potential
confounders. Since the pathophysiology and the mechanisms of
injury of CVD and DR differ,”®> we analysed CVD and DR as
separate outcomes. Five separate models were evaluated: (1)
adjusted for general confounders (sex, age, smoking habits and
BMI); (2) adjusting as for model 1 plus diabetes-related variables
(HbA4., age at diagnosis); (3) adjusting as for model 2 plus CV
comorbidities (uric acid, dyslipidemia, hypertension); (4) adjusting
as for model 3 plus eGFR; and (5) adjusted as for model 4 plus
glucose-lowering medications (categorised as: ‘diet alone’, ‘non-in-
sulin therapy’ or ‘insulin therapy with or without other anti-
diabetes drugs’). Osteocalcin, osteoprotegerin, and osteopontin
were jointly tested in the model if associated with the outcome at
a conservative p-value <0.1. CVD was not included as a possible
confounder in the model having DR as an outcome, and vice versa,
because the two complications were not overlapping in our pop-
ulation (i.e. were not associated at a conservative p-value <0.1)
The following non-parametric variables were logarithmically
transformed (natural log) before entering the model: osteocalcin,
osteoprotegerin, osteopontin, age, BMI, age at diagnosis, HbA,,
uric acid, and eGFR.

Propensity score matching with Kernel matching was also used
to test differences in osteokines levels between people with or
without CVD or DR matched for unbalanced clinical features (see
Supplementary Appendix for details).*

Associations of each bone biomarker with the two study out-
comes were tested at a two-sided alpha-level <0.05 after Bonferroni
correction (i.e. after multiplying p-values for the number of tests).
Assuming a distribution of bone biomarkers in the population similar
to our previous observations,®'” the study was >80% powered to
detect a 15% difference in bone biomarkers between groups, at an
alpha-level of 0.05. Stata/IC 12.1 (StataCorp) and Prism 9.0 (Graph-
Pad Software) were used to perform the statistical analyses and

produce graphical representations.

2.5 | Ethics

The study was performed in accord with the Declaration of Helsinki.
The study protocol was approved by the coordinating centre's Ethic
Committee (Comitato Etico ‘Sapienza’, from the Umberto | ‘Sapienza’
University Hospital, in Rome, Prot. n. 782/2014) and thereafter by

the Ethics Committee of each centre outside the Umberto | ‘Sapienza’
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University Hospital. Participants signed a written informed consent

to participate in the study.'*

3 | RESULTS
3.1 | Population features

The 848 participants had a median [25th, 75th percentiles] age of 71
[64, 78] years, diabetes duration of 10 [5, 16] years and 348 (41.0%)
were female. At the time of enrolment, median HbA;. was 6.8 [6.1, 7.8]
%, eGFR 81.1 (64.5, 93.1) ml/min/1.73 m,2 and 146 (17.2%) were
smokers. A history of CVD was reported by 139 (16.4%) participants,
while 144 (17.0%) had prevalent DR. Overall, median osteocalcin
concentration was 3.9 [1.6, 8.5] ng/ml, osteopontin 2.9 [2.1, 3.9] ng/ml
and osteoprotegerin 10.3[7.1, 17.2] pmol/L. The three osteokines were

not significantly related to each other (osteocalcin vs. osteopontin:

r = -0.0037, p = 0.91; osteocalcin vs. osteoprotegerin: r = 0.058,
p = 0.090; osteoprotegerin vs. osteopontin: r = 0.06, p = 0.080).
Osteoprotegerin levels were higher among females than males
(p < 0.001), while no differences in osteocalcin and osteopontin levels
by sex were found (Supplementary Table S1). Osteocalcin and osteo-
protegerin levels tend to increase with age, age at diagnosis, disease
duration, and lower eGFR (Supplementary Table S1). HbA;. was
directly related to osteoprotegerin concentrations, while inverse as-
sociations between BMI and osteocalcin and between triglycerides and
osteocalcin were found (Supplementary Table S1).

3.2 | Cardiovascular disease
People with a history of CVD, compared with those without, were

more frequently male, older at diabetes onset, with a longer diabetes

duration at enrolment, and less frequently never smokers (Table 1).

TABLE 1 Population features by positive history or not of cardiovascular disease.

Cardiovascular disease

No

n =709
Females, n (%) 309 (43.6)
Age, years 70 [63-77]
Age at diagnosis, year 55 [47-62]
Diabetes duration, years 10 [5-16]

BMI, kg/m?

Smokers, n (%)

29.1[26.0-32.8]

- Never 313 (44.1)
- Ex 268 (37.8)
- Current 128 (18.1)

eGFR, ml/min/1.73 m?
HbA,., %

Total cholesterol, mg/dL
LDL-cholesterol, mg/dL
HDL-cholesterol, mg/dL
Triglycerides, mg/dL

Vitamin D, ng/mL

82.8 [66.8-94.0]
6.8 [6.1-7.8]

169 [147-192]
92.6 [73.8-113.8]
47 [39-56]

122 [91-170]
24.1 [17.9-32.5]

Uric acid, mg/dL 5.4 [4.5-6.4]
History of hypertension, n (%) 603 (85.1)
History of dyslipidaemia, n (%) 638 (89.9)
Glucose-lowering treatment strategy, n (%)
Only diet 55 (7.8)
Non-insulin therapy 454 (64.0)
Insulin therapy 200 (28.2)

Yes
n =139 SMD p value
39 (28.1) 0.328 0.001
76 [69-81] -0.517 <0.001
59 [49-66] -0.211 0.014
11 [6-18] —-0.230 0.015
29.4 [26.0-32.2] 0.045 0.55
0.419 <0.001
40 (28.8)
81 (58.3)
18 (13.0)
70.1 [54.1-84.4] 0.489 <0.001
6.9 [6.3-8] —-0.106 0.075
150 [136-176] 0.343 <0.001
80.4 [64.4-101.4] 0.267 <0.001
43 [38-51] 0.239 0.022
126 [95-168] 0.068 0.72
23.75 [17.9-29.7] 0.132 0.32
5.6 [5-6.7] -0.221 0.018
134 (96.4) 0.399 <0.001
135 (97.1) 0.294 0.007
0221 0.056
14 (10.1)
74 (53.2)
51 (36.7)

Note: SMD, standardized mean difference. Values are median [25-75th percentile] for continuous variables and number (percentages) for categorical

variables.
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Their eGFR was lower, their HbA;. and uric acid concentrations
higher, and they more frequently had hypertension and dyslipidemia
(Table 1). Insulin therapy was slightly more frequently used among
people with a history of CVD. There was no difference in the prev-
alence of DR between people with and without CVD (18.7% vs.
16.6%, p = 0.55).

Osteocalcin and osteoprotegerin concentrations were higher in
people with than in those without CVD (osteocalcin: 5.5 [2.6-10.0]
vs. 3.7 [1.4-8.2] ng/ml, Bonferroni-adjusted p-value: 0.0012; osteo-
protegerin: 11.5 [8.2-20.1] vs. 10.0 [7.0-16.4] pmol/L, Bonferroni-
adjusted p-value: 0.021), while no differences in osteopontin
concentrations were observed (2.9 [2.1-4.0] vs. 2.8 [2.1-3.9],
Bonferroni-adjusted p-value: 0.99). After adjustment for all con-
founders, osteocalcin, but not osteoprotegerin, concentrations
remained associated with CVD (Figure 1).

Levels of osteocalcin remained associated with CVD also when
groups of people with and without CVD were matched for cardio-
vascular risk factors with propensity score matching (Supplementary

Appendix).

3.3 | Diabetic retinopathy

People with DR, compared with those without DR, were older with
longer diabetes duration and younger age at diagnosis (Table 2).
Their median HbA1. was higher, while median eGFR was lower. No
differences in the prevalence of dyslipidemia and hypertension were
found. People with DR were more frequently treated with insulin.
There was no difference in the prevalence of CVD between people
with and without DR (18.1% vs. 16.1%, p = 0.55).

People with DR had higher osteoprotegerin values (13.2
[8.8-22.3] vs. 9.8 [6.8-159] pmol/L, Bonferroni-adjusted
p-value: <0.001) and osteopontin values (3.1 [2.3-4.6] vs. 2.8 [2.1-
3.8] ng/ml, Bonferroni-adjusted p-value: 0.039) compared to peo-
ple without DR. Adjusting for confounders did not alter these asso-
ciations (Figure 2). Conversely, no significant difference in
osteocalcin values was found between those with or without DR (4.6
[1.8-8.8] vs. 3.8 [1.6-8.5], Bonferroni-adjusted p-value: 0.32).

Levels of both osteoprotegerin and osteopontin remained asso-

ciated with DR also when groups of people with and without DR were

Odds ratio

[95% CI] P-value
Ref
Osteocalcin —a— 1.41[1,15-1,71] 0.001
Univariate
Osteoprotegerin —e— 1.29[1.08-1.53] 0.005
Osteocalcin —a— 1.35[1.09-1.66] 0.006
Model 1
Osteoprotegerin h—e— 1.18[0.96-1.43] 0.12
Osteocalcin F—&— 1.38 [1.11-1.73] 0.004
Model 2
Osteoprotegerin F—eo— 1.14[0.90-1.42] 0.20
FIGURE 1 Forest plot of regression Osteocalcin N 138[1.10-1.72] 0.005
models testing the association of osteocalcin Model 3
and osteoprotegerin with a history of CVD. Osteoprotegerin H—eo— 1.14[0.92-1.42] 0.22
Odds ratio (OR) and 95% confidence intervals
(CI) are for one standard deviation increase in T s
osteocalcin or osteoprotegerin concentrations Osteocalcin F—— 1.36[1.08-1.73] 0.010
(natural log). Osteopontin was not included in Model 4
the models because it was not associated with Osteoprotegerin H—— 1.14[0.91-1.42] 0.26
CVD in the pairwise comparison (See text).  eeeriiiiiiiiii e f e
Model 1: adjusted for sex, age, smoking habits, st .
and BMI. Model 2: adjusted as in model 1 plus Model 5 sieocalel 135[1.06-1.72] 0.014
HbA. and age at diabetes diagnosis. Model 3: Osteoprotegerin H o 114[0.91-142] 0.26
adjusted ad in model 2 plus uric acid,
dyslipidemia, and hypertension. Model 4: . . . .
adjusted as in model 3 plus eGFR. Model 5: ° 5 o o °
adjusted as in model 4 plus glucose-lowering © °© N A v
treatment strategy. 0Odds ratio for CVD
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TABLE 2 Population features by presence or not of diabetic retinopathy.

Diabetic retinopathy

Females, n (%)
Age, years
Age at diagnosis, year
Diabetes duration, years
BMI, kg/m?
Smokers, n (%)

- Never

- Ex

- Current
eGFR, ml/min/1.73 m?
HbA,., %
Total cholesterol, mg/dL
LDL-cholesterol, mg/dL
HDL-cholesterol, mg/dL
Triglycerides, mg/dL

Vitamin D, ng/mL

No
n =704

287 (40.8)

71 [64-77]

57 [49-63]

9 [4-15]
29.1[25.9-32.5]

290 (41.2)

287 (40.8)

127 (18.0)

82.3 [65.8-93.9]
6.7 [6.1-7.6]

166 [145-191]
89.8 [73.2-111.2]
46 [39-55]

122 [91-171]
24.2 [18.3-32.5]

Uric acid, mg/dL 5.5 [4.6-6.5]
History of hypertension, n (%) 608 (86.4)
History of dyslipidaemia, n (%) 642 (91.2)
Glucose-lowering treatment strategy, n (%)
Only diet 64 (9.1)
Non-insulin therapy 471 (66.9)
Insulin therapy 169 (24.0)

Yes
n =144 SMD p value
61 (42.4) 0.032 0.72
72.5 [66-79] —-0.243 0.023
51 [44-58.5] 0.426 <0.001
15 [10-24] -0.736 <0.001
30.3 [26.2-33.5] -0.107 0.17
0.134 0.37
63 (43.8)
62 (43.0)
19 (13.2)
74.6 [59.5-88.4] 0.309 0.001
7.5 [6.6-8.5] -0.492 <0.001
166 [142.5-192] 0.033 0.72
91.6 [69.7-114.3] —0.064 0.77
44.5 [38-54.5] 0.117 0.25
124 [96.5-162.5] 0.159 0.82
23.3[15.5-29] 0.289 0.007
5.5 [4.5-6.4] 0.041 0.66
129 (89.6) 0.099 0.30
131 (90.9) 0.008 0.93
0.720 <0.001
6 (3.5)
57 (39.6)
82 (56.9)

Note: SMD, standardized mean difference. Values are median [25-75th percentile] for continuous variables and number (percentages) for categorical

variables.

matched with propensity score matching for clinical features signifi-
cantly differing between these two groups in the whole population
(Supplementary Appendix).

4 | DISCUSSION

This cross-sectional analysis performed on baseline SUMMER study
data shows that, among people with T2D, serum osteocalcin con-
centrations are positively associated with CVD and that osteopro-
tegerin and osteopontin concentrations are positively associated
with DR. More specifically, for each standard deviation increase in
serum osteocalcin concentrations (natural log), we found 32%
higher probability of having CVD. Additionally, each standard
deviation increase in osteoprotegerin and osteopontin concentra-
tions (natural log) was associated with 25% higher probability of
having DR.

These results suggest that osteokines may be involved in path-
ways directly related to vascular disease, expanding their biological
relevance.

Several previous studies have investigated the association of
osteocalcin with CVD.*® However, these studies invariably included a
heterogeneous population with low proportion of people with T2D.
Since a complex relation between osteocalcin and diabetes has been

described previously,*??°

our study aimed at validating the associa-
tion between osteocalcin and CVD in a large contemporary cohort
comprising only people with non-autoimmune diabetes (n = 848). In
this cohort, higher osteocalcin concentrations were associated with
the presence of CVD after multivariable adjustments. Similar ana-
lyses in a general population reported conflicting results with
osteocalcin being either directly or inversely associated with existing
CVD.2* A partial explanation for such inconsistencies in the literature
may be that serum osteocalcin concentrations are influenced by

several factors such as ethnicity, sex, menopausal status, and
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FIGURE 2 Forest plot of the regression
models testing the associations of
osteoprotegerin and osteopontin with DR.

Odds ratio

[95% CI] P-value

Ref

Odds ratio (OR) and 95% confidence intervals
(Cl) are given for one standard deviation Osteoprotegerin —— 1.51[1,27-1,79] <0.001
increase in osteoprotegerin and osteopontin Univariate
concentrations (natural log). Osteocalcin was Osteopontin —e— 1.23[1.03-1.48] 0.021
not included in the models because it Was NOt  oeieeiiii it reeneereee s fe st e e e e st s et e s eea e seneesenan s e ene e sennanas
associated with DR in the pairwise comparison ]
(see text). Model 1: adjusted for sex, age, Model 1 Osteoprotegerin —a— 1.43[1.19-1.73] <0.001
.smokmg habits, and BMI. Model 2: ?djuste.d as Osteopontin 121[1.01-145] 0.043
in model 1 plus HbA,. and age at diagnosis.
Model 3: adjusted ad in model 2 pIUS uric acid’ ...........................................................................................................................
dyslipidemia, and hypertension. Model 4: Osteoprotegerin —a— 1.27[1.03-1.55] 0.023
adjusted as in model 3 plus eGFR. Model 5: Model 2
adjusted as in model 4 plus glucose-lowering Osteopontin —e— 1.22[1.00-1.48] 0.047
reatment Strategy. et as et et ettt aetne
Osteoprotegerin —ax— 1.28[1.04-1.58] 0.020
Model 3
Osteopontin —e— 1.22[1.00-1.49] 0.053
Osteoprotegerin F—a— 1.24[1.01-1.54] 0.047
Model 4
Osteopontin —eo— 1.22[1.00-1.49] 0.050
Osteoprotegerin F—a— 1.25[1.01-1.55] 0.047
Model 5
Osteopontin —e—— 1.25[1.02-1.53] 0.034
® N Ry N a®

diabetes.?? Accordingly, our study attempted to minimise the effect
of confounders on the relationship between osteocalcin and CVD by
focussing exclusively on a well-characterised cohort of people with
T2D.

As with previous observations in people without diabetes® and

723 \we report higher

those with type 1 and type 2 diabetes,
osteoprotegerin concentrations among SUMMER participants with
CVD than their non-CVD counterparts. However, this association
disappeared after adjusting for general confounders, suggesting
that the relationship between osteoprotegerin and CVD in T2D
may be mediated by common cardiovascular risk factors or thera-
pies. On the contrary, we found an independent association be-
tween osteoprotegerin and DR, which is in line with previous
smaller studies suggesting higher osteoprotegerin concentrations in
people with diabetes with proliferative retinopathy than in those
with non-proliferative or no retinopathy.?* A proposed mechanism
involves the dysregulation of the osteoprotegerin/RANKL/RANK
pathway that leads to inflammation and angiogenesis in prolifera-
tive DR.2°> We also observed that a one standard deviation increase
in osteopontin concentrations (natural log) increases by 25% the
risk of retinopathy. These results are supported by previous studies

investigating molecular mechanisms underlying DR. Specifically,

Odds ratio for Diabetic Retinopathy

Zhang et al. reported that osteopontin induces angiogenesis in
patients with diabetes with proliferative retinopathy.?® Our study
corroborates these observations on a large sample of 848 people
with T2D and provides a more robust and clinically relevant evi-
dence of the associations of osteoprotegerin and osteopontin with
DR.

Taken together, the implications of our findings are two-fold.
On the one hand, osteocalcin, osteoprotegerin and osteopontin
levels appear as additional independent risk factors for vascular
complications of T2D. On the other hand, the differential associ-
ation, especially of osteocalcin and osteopontin, with macro-
vascular and microvascular complications may suggest different
mechanisms of action, which should be addressed in future
studies.

Strengths of this study include the multi-institutional contem-
porary cohort, the large sample size, the centralised serum analysis,
and the exclusion of patients testing positive for GADA.

A limitation of our study is that, as with many previous studies
investigating the effect of bone biomarkers, our analysis relied on a
cross-sectional design that cannot establish a cause-and-effect rela-
tionship between bone biomarkers and clinical outcomes. A pro-
spective evaluation of the longitudinal data from the SUMMER study
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in diabetes is planned and will be performed once the follow-up of all
participants is terminated. Furthermore, we acknowledge that we
observed CVD and DR in a relatively small proportion of the popu-
lation, which might have had an effect on the width of the confidence
intervals of the described associations.

In conclusion, our study highlights the relationships between
bone biomarkers and vascular complications in individuals with dia-
betes. Specifically, higher osteocalcin concentrations were associated
with a greater likelihood of a history of CVD, and higher osteopro-
tegerin and osteopontin concentrations were associated with a
higher likelihood of prevalent DR.
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