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Background and Aim: Rheumatoid arthritis is associated with both abnormal bone metabolism and accelerated vascular aging but
a mechanistic link was lacking. This study aims to investigate the role of osteocalcin (OCN)-expressing circulating endothelial
progenitor cells (EPCs) in vascular aging, as determined by arterial calcifications in rheumatoid arthritis.
Methods: We performed flow cytometry studies in 145 consecutive patients with rheumatoid arthritis to determine osteogenic
circulating levels of OCN-positive (OCN+) CD34+KDR+ and OCN+CD34+ versus conventional early EPC CD34+CD133+KDR+.
Total calcium load of the thoracic aorta (ascending plus descending) and the carotid arteries were assessed by non-contrast computed
tomography (CT) and contrast CT angiography.
Results: Osteogenic EPCs OCN+CD34+KDR+ (P = 0.002) and OCN+CD34+ (P = 0.001), together with clinical parameters of age,
history of hypertension, systolic blood pressure, serum levels of triglycerides, HbA1c and creatinine, use of leflunomide and brachial-
ankle pulse-wave velocity (all P < 0.05), were associated with the clustered presence of aortic and carotid calcification. Multivariable
analyses revealed that circulating OCN+CD34+KDR+ (B = 14.4 [95% CI 4.0 to 24.8], P = 0.007) and OCN+CD34+ (B = 9.6 [95% CI
4.9 to 14.3], P < 0.001) remained independently associated with increased aortic calcium load. OCN+CD34+ EPC (B = 0.8 [95% CI
0.1 to 1.5], P = 0.023), but not OCN+CD34+KDR+ EPC (B = 1.2 [95% CI −0.2 to 2.6], P = 0.09), was further independently
associated with carotid calcium load. In comparison, conventional early EPC CD34+CD133+KDR+ had no significant association
with aortic or carotid calcium load (P = 0.46 and 0.88, respectively).
Conclusion: Circulating level of osteogenic EPC is associated with increased vascular aging in terms of calcification of the large
arteries in patients with rheumatoid arthritis. The findings may suggest a role of the bone-vascular axis underlying vascular aging in
rheumatic diseases. Further research is needed to characterize the mechanistic links and basis of these observations.
Keywords: osteocalcin, endothelial progenitor cells, vascular aging, rheumatoid arthritis

Introduction
Mechanisms underlying vascular degeneration and aging remained incompletely understood. While circulating endothe-
lial progenitor cells (EPC) were believed to generally play a protective role in ameliorating vascular insults by homing to
sites of vascular injury and promoting re-endothelialization,1 recent studies revealed that sub-progenies of EPC that
express the osteoblastic marker, namely osteocalcin (OCN), could have detrimental effects in promoting cardiovascular
calcification and aging.2–4

OCN-expressing, or osteogenic EPCs, have the potential to promulgate vascular calcification and were found to be
associated with coronary endothelial dysfunction, higher risk of coronary artery disease and unstable angina, as well as
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aortic valve degenerative calcification.5,6 Whether the pro-calcific effects of osteogenic EPC exert similar influences in
different parts of the vasculature, such as the aorta and carotid arteries, remained unknown.

For instance, subjects with rheumatic diseases such as rheumatoid arthritis (RA) have escalated risk of dysfunctional
bone remodeling including bone erosion, osteopenia, and osteoporosis, and are also at higher risk of atherosclerotic
cardiovascular (CV) diseases. The pathophysiology underlying this association remained obscure. The osteogenic EPCs,
a cellular signaling pathway mediated along the bone-vascular axis, may provide a potentially novel explanatory
mechanism.

Based on these rationales, we sought to investigate in this study the role of OCN-expressing circulating EPCs in
vascular aging, as gauged by the severity and dissemination of systemic arterial calcifications, in patients with RA.

Methods
Study Sample
This translational clinical study comprised 145 patients diagnosed with RA according to the American College of
Rheumatology clinical criteria,7 recruited consecutively from internal medicine specialty clinics during the study period
March 2015 to November 2016.8 Demographic and clinical characteristics were retrieved from clinical records and
ascertained. Relevant data was collected from the Clinical Management System (CMS), a territory-wide digitalized
clinical data network of all Hong Kong public hospitals. Fasting blood was sampled for biochemistry studies included
serum low-density lipoprotein (LDL)-cholesterol, triglycerides, high-density lipoprotein (HDL)-cholesterol, HbA1c and
creatinine. Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were measured. Written informed consent
was obtained from all patients. This investigation was approved by the Ethics Committee (Institutional Review Board,
University of Hong Kong/ Hong Kong Hospital Authority, Hong Kong West Cluster) and was coherent with principles in
the Declaration of Helsinki.

Flow Cytometry
Absolute numbers of peripherally circulating EPCs and osteocalcin (OCN) expression were studied using fluorescence-
activated cell analysis. Osteogenic progenies including OCN-positive (OCN+) CD34+KDR+ and OCN+CD34+ circulat-
ing EPCs were determined (unit, x103/mL peripheral blood), with their represented percentages of total peripheral blood
mononuclear cells (PBMC) calculated. Prior studies suggested that CD34+CD133+KDR+ cells could represent EPCs in
the earlier stage of differentiation,5 and they were found correlated with markers of bone turnover.9 Thus conventional
early circulating EPC was defined as CD34+CD133+KDR+ in this study. Whole blood samples were aliquoted into 4
portions and preserved under −70 °C prior to analysis. Each 100 μL of blood sample was incubated with a fluorescein
isothiocyanate (FITC)-conjugated antibody targeting respectively at CD34 and CD133 (Beckman Coulter, Fullerton, CA,
USA). Human OCN phycoerythrin-conjugated antibody (R&D Systems) was employed to identify OCN+ cells.
Differential gating was performed with FITC-labelled anti-human CD45 antibody. FITC-labelled IgG1a (Beckman
Coulter) and phycoerythrin-labelled IgG2b (Becton Dickinson, Franklin Lakes, NJ, USA) were used as isotypic controls.
Analysis included counting of 1,000,000 events assisted with an automated fluorescence-activated cell counter (Elite,
Beckman Coulter). The absolute cell counts of all measured components per 1,000,000 events in the lymphocyte gate
were thus derived.

Total Thoracic Aortic and Carotid Calcium Load
Computed Tomography (CT) assessment of the thoracic aorta and carotid arteries were performed for all subjects using
a 64-slice multi-detector CT (MDCT) (Lightspeed, VCT, GE Healthcare, USA), as prior described.10 Imaging was
performed when patients rested in their supine position and were instructed to hold breaths for 30s during image
acquisition with prospective electrocardiogram gating (rotation time = 0.35 s, slice thickness = 2.5 mm; 120 kV; 250 mA;
trigger delay = 70% R-R interval). Total calcium load of the targeted arterial regions were assessed using the software
“smart score” (GE Healthcare) with threshold set for pixels >130 Hounsfield units and expressed in Agatston units. Total
carotid calcium was defined as aggregated calcium load detected in the common carotid arteries, internal carotid arteries,
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and carotid bulbs. Total thoracic aortic calcium load included regions of the ascending plus descending thoracic aorta.
Images so obtained were studied offline at post-processing workstation (Advantage windows 4.02, GE Healthcare, USA).
Acquired images with dyssynchronous electrocardiographic triggering or significant motion artifacts were excluded. Two
independent investigators who were blinded to clinical conditions of subjects separately studied all images. Prior inter-
observer and intra-observer variability correlation coefficients of similar calcium score analyses from our group were
0.92 and 0.91, respectively.

Assessment of Arterial Stiffness
Non-invasive assessment of arterial stiffness was performed using VP-2000 System (Colin Corp., USA) to derive
estimates of brachial-ankle pulse wave velocity (PWV) The methodology was prior described in details with demon-
strably good reproducibility.11,12

Statistical Analysis
Relations of clinical and flow cytometry parameters with vascular aging, ie aortic/ carotid artery calcium load, were
examined by Student’s t-test/ Analysis of Variance (ANOVA) and Chi-Square test, as appropriate. Strengths of linear
associations were represented by the Pearson’s correlation coefficient. Univariable linear regression was used to
examine the unadjusted associations between variable of interest and aortic/ carotid artery calcium load.
A multivariable linear regression model was used to estimate the standardized coefficients (expressed as B with 95%
confidence intervals) each of the osteogenic (OCN+CD34+KDR+ and OCN+CD34+ EPCs) and conventional early
(CD34+CD133+KDR+) EPC lineages for prediction of aortic/ carotid calcium load, in which each potentially con-
founding variable with P-value ≤0.10 derived from univariable analysis were entered. Considered potential confounders
including age, gender, history of smoking, systolic and diastolic blood pressure, resting heart rate, fasting levels of
LDL-/HDL-cholesterol, triglycerides, HbA1c, creatinine, use of statins and disease-modifying anti-rheumatic agents
and duration of RA. All analyses were performed using SPSS Statistics (Version 21). P-value <0.05 was considered
statistically significant.

Results
Vascular Aging in Terms of Arterial Calcification
Clinical characteristics of the subjects are shown in Table 1. Conventional CV risk factors including hypertension,
diabetes mellitus and hyperlipidemia had prevalence of 42%, 6.2%, and 47% respectively. Five patients (3.4%) had
history of coronary artery disease. Stratified into 3 groups, the clustered presence of aortic and/ or carotid calcium load
above the respective sample median values, was associated with conventional CV risk factors including age (P<0.001),
history of hypertension (P<0.001), systolic blood pressure (P<0.001), serum levels of triglycerides (P=0.001), HbA1c
(P=0.003) and creatinine (P<0.001), and use of leflunomide (P=0.045). A positive association of aortic/carotid calcium
load with brachial-ankle pulse-wave velocity (P<0.001) lent support to the internal validity of vascular functional
estimates. It was shown that osteogenic EPCs OCN+CD34+KDR+ (P=0.002) and OCN+CD34+ (P=0.001) were both
positively associated with the clustered presence of aortic and/ or carotid calcium load (Figure 1). Of note, inflammatory
markers (including serum CRP and ESR) and RA disease duration had no significant association with the dissemination
of arterial calcification (all P>0.05).

Osteogenic EPCs and Calcific Aging of the Thoracic Aorta
As further interrogated in Table 2, both osteogenic EPCs OCN+CD34+KDR+ (B=33.0 [95% CI 18.0 to 48.0], P<0.001)
and OCN+CD34+ (B=18.4 [95% CI 11.2 to 25.7], P<0.001) were univariate predictors of aortic calcium load. In
contrast, conventional early EPC CD34+CD133+ KDR+ was not associated with aortic calcium load (B=4.7 [95% CI
−7.8 to 17.1], P=0.46). Multivariable analyses revealed that age, systolic blood pressure, HbA1c, and circulating levels of
OCN+CD34+KDR+ (B=14.4 [95% CI 4.0 to 24.8], P=0.007) and OCN+CD34+ (B=9.6 [95% CI 4.9 to 14.3], P<0.001)
remained to be independent predictors for increased aortic calcium load.
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Osteogenic EPCs and Calcific Aging of the Carotid Arteries
Table 3 shows that osteogenic EPCs OCN+CD34+KDR+ (B=1.69 [95% CI 0.37 to 3.01], P=0.012) and OCN+CD34+
EPC (B=1.0 [95% CI 0.39 to 1.67], P=0.002) were both associated with increased carotid artery calcium load. Adjusted
for potential confounders in the multivariable model, only HbA1c (P=0.018), use of statins (P=0.027), and osteogenic
EPC OCN+CD34+ (B=0.8 [95% CI 0.1 to 1.5], P=0.023) but not OCN+CD34+KDR+ EPC (B=1.2 [95% CI −0.2 to 2.6],
P=0.09), were independently predictors for carotid calcium load. In contrast, conventional early EPC CD34+CD133
+KDR+ had no significant association with carotid calcium load (P=0.88). The positive association of statin use with
carotid calcium load likely reflected the increased atherosclerosis status in subjects who by clinical indications required
the use of statin (such as hyperlipidemia or established CV diseases).

Discussion
While the osteogenic EPCs were recently found to promulgate coronary and valvular calcifications, their role in aging of
the large arteries was unknown. In this study, we established that osteogenic EPCs that expressed the osteoblastic marker

Table 1 Flow Cytometry and Clinical Characteristics of Subjects Stratified by Arterial Calcification Phenotype

Dissemination of Arterial Calcification (Carotid/Aortic) (Total n=145)

Both Below
Median (n=51)

Either Above Median
(n=51)

Both Above
Median (n=43)

P-valuea

Male [n (%)] 4 (8%) 8 (16%) 6 (14%) 0.46
Age (years) 53.3 ± 9.7 61.1 ± 8.2 70.0 ± 7.5 <0.001*
Smoking [n (%)] 5 (10%) 6 (12%) 4 (9%) 0.92

Diabetes mellitus [n (%)] 2 (4%) 2 (4%) 5 (12%) 0.21
Hypertension [n (%)] 7 (14%) 25 (49%) 29 (67%) <0.001*
Hyperlipidemia [n (%)] 19 (38%) 23 (45%) 26 (61%) 0.09

Systolic blood pressure (mmHg) 118.7 ± 17.5 131.4 ± 19.5 136.1 ± 20.1 <0.001*
Diastolic blood pressure (mmHg) 74.1 ± 13.4 79.1 ± 10.2 74.7 ± 12.1 0.83

Resting heart rate (beats/ min) 68.0 ± 10.7 66.5 ± 10.1 64.9 ± 10.7 0.15

LDL-cholesterol (mmol/L) 2.7 ± 0.7 2.7 ± 0.7 2.5 ± 0.7 0.19
HDL-cholesterol (mmol/L) 1.7 ± 0.46 1.5 ± 0.4 1.5 ± 0.4 0.07

Triglycerides (mmol/L) 0.97 ± 0.4 1.22 ± 0.7 1.39 ± 0.7 0.001*
HbA1c (%) 5.3 ± 0.4 5.4 ± 0.7 5.8 ± 0.8 0.003*
Creatinine (µmol/L) 61.4 ± 12.2 68.6 ± 17.0 72.5 ± 15.3 <0.001*
Statin use [n (%)] 5 (10%) 14 (28%) 18 (42%) 0.002*

DMARDs Use [n (%)]
Hydroxychloroquine 34 (67%) 29 (57%) 27 (63%) 0.59

Methotrexate 37 (73%) 32 (63%) 33 (77%) 0.31

Sulfasalazine 21 (41%) 18 (35%) 19 (44%) 0.67
Leflunomide 15 (29%) 9 (18%) 4 (9%) 0.045*

RA disease duration (months) 11.8 ± 4.4 15.2 ± 9.2 13.5 ± 4.6 0.214

CRP (mg/dL) 0.62 ± 0.65 0.67 ± 0.60 0.77 ± 0.73 0.27
ESR (mL/hour) 39.1 ± 22.5 41.8 ± 24.6 41.4 ± 23.0 0.63
Brachial-Ankle PWV (cm/s) 1385.5 ± 276.0 1604.3 ± 344.1 1802.2 ± 341.1 <0.001*
Circulating Osteocalcin-Positive EPCs
OCN+CD34+KDR+ (x103/mL) 17.5 ± 15.0 20.5 ± 13.1 29.9 ± 27.9 0.002*
OCN+CD34+ (x103/mL) 32.0 ± 30.5 34.3 ± 23.7 58.4 ± 57.5 0.001*

Circulating Conventional Early EPCs
CD34+CD133+ KDR+ (x103/mL) 23.2 ± 23.7 22.0 ± 19.7 31.1 ± 31.8 0.14

Notes: aCategorical variables were compared using Chi-square test. Continuous variables were compared using analysis of variance (ANOVA). P-values for continuous
variable between-group comparisons were reported based on an unweighted linear trend model. *P<0.05. Italic data indicate statistically significant at P<0.05.
Abbreviations: CRP, C-reactive protein; DMARDs, disease-modifying anti-rheumatic agents; EPC, endothelial progenitor cells; ESR, erythrocyte sedimentation rate;
HbA1c, glycated hemoglobin; OCN, osteocalcin; PBMC, peripheral blood mononuclear cells; PWV, pulse-wave velocity; RA, rheumatoid arthritis.
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OCN were independently linked to the severity of large arterial calcifications, and further associated with dissemination
of vascular aging (in terms of calcium load spanning across the thoracic aorta and carotid artery regions). Importantly,
RA is known to be associated with both accelerated vascular aging and abnormal bone metabolism, but the mechanism
was poorly understood. Our findings suggest that the bone-vascular axis may provide a unified mechanistic link between
these two clinical observations. Prior studies showed that inflammatory stress exerted upon the vasculature predisposed
patients with rheumatic diseases to atherosclerosis, which translated into a higher risk of clinical CV events.
Incorporating the insights from our study, promulgated systemic arterial calcifications in RA may be a result of abnormal
recapitulation of osteoblastic influence on the systemic arterial system.3

Dysfunctional bone remodeling and the immune system have inextricable links in patients with rheumatic diseases.
One major regulatory mechanism was the differential expression of osteoprotegerin versus receptor activator of nuclear
factor-kappa-B (NF-κB) (RANK) in the competitive binding for ligand of receptor activator of nuclear factor-kappa-B
(RANK-L).13–15 A recent study revealed that patients with severe calcific aortic stenosis had elevated circulating OCN
+CD34+KDR+ EPC compared to control subjects, with strikingly demonstrated co-localization of OCN and NF-κB in
tissues of both calcified stenotic and normal valves under immunofluorescence studies.5 Furthermore, tissue analyses in
the same study revealed that osteogenic progenitor cells were found abundantly in the endothelial and deep layers of
valvular tissues only in subjects with severe calcific aortic stenosis. Several other clinical studies respectively showed
that osteogenic EPCs were associated with cardio-metabolic derangements,16 could undergo retention in the coronary
circulation and have an important role in coronary endothelial dysfunction,6 and predisposed patients to higher risk of
coronary artery disease3 and clinically manifest unstable angina.4 Our study findings thus enrich and are largely
consistent with the literature. Taken together, the pro-calcific effects of osteogenic EPCs and highly active biominer-
alization orchestrated by the osteogenic morphogens17 on the vasculature appear to be ubiquitous, encompassing the
major large arteries including the aorta, carotid arteries, the coronary arteries, as well as the heart valves.

It is noteworthy that in our study, serum inflammatory markers including ESR and CRP were not related to thoracic aorta
or carotid calcium load. Neither were these biomarkers associated with the circulating level of osteogenic EPCs. This
observation was not surprising, as our patient sample had a mean duration of clinically diagnosed RA for 14 years, and the

Figure 1 Osteogenic OCN+ CD34+KDR+/OCN+CD34+ circulating EPCs and phenotype profile of vascular aging (*P<0.05).
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majority of them had received longstanding and effective anti-rheumatic treatment, resulting in clinically and/ or serologi-
cally quiescent disease. Such disease quiescence would have rendered the current snapshot measurement of inflammatory
markers non-representative of the preceding cumulated inflammatory stress that their vasculature had prior endured. The
post-treatment measurement of inflammatory exposure was acknowledged as the major limitation of our study. Furthermore,
the lack of valvular calcification assessment, and that of vitamin K measurement, were other limitations of our study. Despite
a relatively small sample size, our study was adequately powered to detect significant associations between osteogenic EPCs
and calcium load surrogates. While limited by the cross-sectional design, and that unmeasured/ residual confounding cannot
be completely excluded, we adopted meticulous multivariable models to minimize the effect of confounding by adjusting for
clinically and/ or pathophysiologically-relevant parameters in our analyses to derive unbiased estimates as far as possible.
Future studies should include large, preferably population-based cohorts that include prospective or comprehensive retro-
spective gauging of cumulative inflammatory load prior to vascular assessments. Moreover, further research is needed to
characterize the mechanistic links and basis of these observations.

Conclusions
Circulating level of osteogenic EPC is associated with increased vascular aging, in terms of aortic and carotid
calcification in patients with RA. The findings may suggest a role of the bone-vascular axis underlying vascular aging
in rheumatic diseases. Further research is needed to characterize the mechanistic links and basis of these observations.

Table 2 Clinical and Flow Cytometry Predictors for Aortic Calcium Loada

Crude Modelb Multivariable Modelc

Standardized Coefficient (B)
[95% CI]

P-value B [95% CI] P-value

Age (years, in tertiles)
2nd tertile −209.6 [−861.6 to 442.4] 0.53 – –

3rd tertile 1487.4 [859.9 to 2114.9] <0.001* 521.3 [40.6 to 1001.9] 0.034*
Female [n (%)] 439.8 [−503.0 to 1382.6] 0.36 – –
Ever smoking [n (%)] −320.0 [−1342.4 to 702.5] 0.54 – –

Systolic blood pressure (mmHg) 27.1 [12.3 to 41.9] <0.001* 15.3 [4.5 to 26.1] 0.006*
Diastolic blood pressure (mmHg) −2.9 [−28.7 to 22.8] 0.82 – –
Resting heart rate (beats/minute) 7.6 [−22.6 to 37.8] 0.62 – –

LDL-cholesterol (mmol/L) −97.0 [−538.3 to 344.2] 0.66 – –

HDL-cholesterol (mmol/L) −422.3 [−1126.3 to 281.8] 0.24 – –
Triglycerides (mmol/L) 252.3 [−242.1 to 746.7] 0.32 – –

HbA1c (%) 729.6 [373.0 to 1086.3] <0.001* 437.2 [119.5 to 754.8] 0.007*
Serum creatinine (µmol/L) 18.5 [−1.4 to 38.4] 0.07 6.6 [−7.5 to 20.6] 0.36
CRP (mg/dL) 443.8 [−26.3 to 913.9] 0.064 −81.2 [−367.4 to 204.9] 0.58

Statin use [n (%)] 688.1 [−122.9 to 1499.1] 0.096 310.1 [−183.3 to 803.5] 0.22

DMARDs Use (0–4) [n (%)]d −110.9 [−446.2 to 224.4] 0.51 – –
RA disease duration (months) 43.1 [−3.4 to 89.6] 0.069 18.3 [−10.4 to 47.0] 0.21

Circulating EPCs (x103/mL)
Osteocalcin-Positive EPCs
OCN+CD34+KDR+ EPC 33.0 [18.0 to 48.0] <0.001* 14.4 [4.0 to 24.8] 0.007*
OCN+CD34+ EPC 18.4 [11.2 to 25.7] <0.001* 9.6 [4.9 to 14.3] <0.001*

Conventional Early EPCs
CD34+CD133+ KDR+ EPC 4.7 [−7.8 to 17.1] 0.46 – –

Notes: aStandardized coefficient (B) estimates and 95% confidence interval (CI) of aortic calcium load explained by variable of interest as estimated by univariable and
multivariable logistic regression; bUnadjusted estimates. cAdjusted for potential confounders determined from univariable analysis with P≤0.010. dNumber of DMARDS used,
including hydroxychloroquine, methotrexate, sulfasalazine and/ or leflunomide. *P<0.05. Italic data indicate statistically significant at P<0.05.
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Abbreviations
CAD, coronary artery disease; CI, Confidence Interval; CRP, C-reactive protein; DMARDs, disease-modifying anti-
rheumatic agents; EPC, endothelial progenitor cells; ESR, erythrocyte sedimentation rate; HbA1c, glycated hemoglobin;
HDL, high-density lipoprotein; KDR, kinase insert domain receptor; LDL, low-density lipoprotein; NF-κB, nuclear factor
kappa-B; OCN, osteocalcin; PBMC, peripheral blood mononuclear cells; PWV, pulse wave velocity; RA, rheumatoid
arthritis; RANK, receptor activator of nuclear factor kappa-B; RANKL, receptor activator of nuclear factor kappa-B ligand.
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Table 3 Clinical and Flow Cytometry Predictors for Carotid Artery Calcium Loada

Crude Modelb Multivariable Modelc

Standardized Coefficient (B)
[95% CI]

P-value B [95% CI] P-value

Age (years, in tertiles)
2nd tertile −26.7 [−81.6 to 28.1] 0.34 – –

3rd tertile 103.9 [49.7 to 158.0] <0.001* 30.9 [−37.6 to 99.4] 0.37

Female [n (%)] 12.0 [−67.7 to 91.7] 0.77 – –
Ever smoking [n (%)] −47.0 [−133.0 to 39.0] 0.28 – –

Systolic blood pressure (mmHg) 1.5 [0.2 to 2.8] 0.024* 0.5 [−0.9 to 2.0] 0.42

Diastolic blood pressure (mmHg) −1.6 [−3.7 to 0.6] 0.15 – –
Resting heart rate (beats/minutes) 0.6 [−1.9 to 3.2] 0.64 – –

LDL-cholesterol (mmol/L) −37.5 [−74.2 to −0.8] 0.045* −36.4 [−74.9 to 2.2] 0.064

HDL-cholesterol (mmol/L) 1.2 [−58.5 to 60.8] 0.97 – –
Triglycerides (mmol/L) 11.8 [−30.0 to 53.6] 0.58 – –

HbA1c (%) 86.4 [42.2 to 130.7] <0.001* 54.6 [9.5 to 99.8] 0.018*
Serum creatinine (µmol/L) 1.9 [0.3 to 3.6] 0.023* 1.2 [−0.7 to 3.2] 0.21
CRP (mg/dL) 20.9 [−19.1 to 60.9] 0.30 – –

Statin use [n (%)] 114.5 [48.8 to 180.2] 0.001* 78.7 [9.2 to 148.2] 0.027*
DMARDs Use (0–4) [n (%)]d 5.8 [−22.5 to 34.1] 0.69 – –
RA disease duration (months) −1.1 [−5.0 to 2.9] 0.60 – –

Circulating EPCs (x103/mL)
Osteocalcin-Positive EPCs
OCN+CD34+KDR+ EPC 1.69 [0.37 to 3.01] 0.012* 1.2 [−0.2 to 2.6] 0.09

OCN+CD34+ EPC 1.0 [0.39 to 1.67] 0.002* 0.8 [0.1 to 1.5] 0.023*
Conventional Early EPCs
CD34+CD133+ KDR+ EPC 0.08 [−0.98 to 1.13] 0.88 – –

Notes: aStandardized coefficient (B) estimates and 95% confidence interval (CI) of carotid artery calcium load explained by variable of interest as estimated by univariable
and multivariable logistic regression; bUnadjusted estimates. cAdjusted for potential confounders determined from univariable analysis with P≤0.010. dNumber of DMARDS
used, including hydroxychloroquine, methotrexate, sulfasalazine and/ or leflunomide. *P<0.05. Italic data indicate statistically significant at P<0.05.
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