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Introduction: The assessment of bone quality and the prediction
of fracture risk in idiopathic osteoporosis (IOP) are complex
prospects as bone mineral density (BMD) and bone turnover
markers (BTM) do not indicate fracture-risk. MicroRNAs (miRNAs)
are promising new biomarkers for bone diseases, but the current
understanding of the biological information contained in the
variability of miRNAs is limited.

Methods: We investigated the association between serum-levels
of 19 miRNA biomarkers of idiopathic osteoporosis to bone
microstructure and bone histomorphometry based upon bone
biopsies and μCT (9.3 μm) scans from 36 patients.

Results: Four miRNAs were found to be correlated to bone
microarchitecture and seven miRNAs to dynamic
histomorphometry (p < 0.05). Three miRNAs, namely, miR-
29b-3p, miR-324-3p, and miR-550a-3p showed significant
correlations to histomorphometric parameters of bone
formation as well as microstructure parameters. miR-29b-3p
and miR-324-p were found to be reduced in patients
undergoing anti-resorptive therapy.
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correlated to changes in miR-324-3p, although not significantly (r = −0.30, p = 0.094). In conclusion, miRNAs 
miR-29b-3p, miR-324-3p, and miR-550a-3p were significantly associated to dynamic histomorphometric param-
eters, reflecting bone formation. In contrast, no associations were found between those miRNAs and parameters 
of bone resorption, such as ES/BS.

Although these associations were independent of subgroup and ART, we tested whether serum levels of 
miR-29b-3p, miR-324-3p and miR-550a-3p were different in patients post treatment, compared to untreated 
patients using Kruskal-Wallis test for non-parametric data (Fig. 4). We observed significant down-regulation for 
miR-29b-3p (p = 0.048) and miR-324-3p (p = 0.031) in patients undergoing ART compared to treatment-naïve 
patients. Serum levels of miR-550a-3p were not significantly altered under ART.

Discussion
This study is the first to report several significant associations between circulating miRNAs and dynamic histo-
morphometry parameters in premenopausal women and men with IOP as well as postmenopausal women with 
low-traumatic fractures. In comparison, the associations between circulating miRNAs and static bone micro-
structure were found to be weaker, suggesting that dynamic changes in bone turnover are better reflected in the 
levels of circulating miRNAs.

miR-29b-3p is a well-characterized and important regulator of osteoblast formation by directly fine-tuning 
the expression of several structural bone matrix genes such as collagens (COL1A1, COL5A3, COL4A2) and 
the matricellular gene SPARC (osteonectin) during osteoblast formation19. Overexpression of miR-29b-3p was 
repeatedly shown to accelerate bone formation through direct down-regulation of factors inhibiting osteogenic 
differentiation including β-Catenin binding protein (CTNNBIP1), a negative regulator of WNT-signaling19,20. 
At this point we can report a significant positive correlation between circulating levels of miR-29b-3p and 
two important dynamic measures of bone formation (MAR, BFR/BS). In addition, we observed significant 
down-regulation of miR-29b-3p in patients undergoing anti-resorptive treatment compared to treatment-naïve 
patients. This suggests that high circulating levels of miR-29b-3p could be a surrogate biomarker to estimate bone 
formation and bone turnover rates in patients. This potential application is further substantiated by our recent 
observation that miR-29b-3p levels are positively correlated to P1NP and down-regulated in patients who had 
repeatedly suffered from bone fragility fractures11.

Figure 2. Volcano plot of Spearman coefficients versus p-values. (a) Bone histomorphometry: seven bone 
histomorphometric parameters were correlated to serum levels of 19 microRNAs. Spearman coefficients 
(x-axis) and p-values (y-axis) are shown. Labels were added for those microRNAs where p-values for association 
were equal or below 0.05. (b) bone microstructure: an analogous analysis was performed for trabecular (BV/
TV) and cortical porosity (Ct. Pos.). Likewise, microRNAs with p-values < 0.05 are labelled in the plot.
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Conclusion: This is the first study to report that serum
levels of bone-related miRNAs might be surrogates of
dynamic histomorphometry and potentially reveal changes
in bone microstructure. Although these findings enhance the
potential value of circulating miRNAs as bone biomarkers,
further experimental studies are required to qualify the
clinical utility of miRNAs to reflect dynamic changes in bone
formation and microstructure.


