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Abstract
Background: heart failure (HF) is recognized as a highly state of inflammation. Increased circulating levels of cytokines 
have been previously reported and generally associated with worse clinical outcomes. In this context, the modulation 
of inflammation-related parameters seems to be a reasonable therapeutic option for improving the clinical course of 
the disease.

Aim: to compare changes in circulating cytokines and clinical progression of patients with HF when calcifediol supplemen-
tation is administered along with Mediterranean diet alone or with Mediterranean diet and 2 hypercaloric, hyperproteic 
oral nutritional supplements (ONS) enriched with eicosapentaenoic acid (EPA) docosahexaenoic acid (DHA) fatty acids.

Patients and methods: 25-hydoxi-vitamin D (25OHvitD) and circulating cytokines (IL-6, IL-8, IL-10, IP-10, MCP-1) were 
determined at baseline and after 24 weeks of nutritional support in a cohort of 38 patients previously included in an open 
label, controlled clinical tiral; briefly patients were randomized to receive calcifediol plus Mediterranean Diet (control 
group) vs calcifediol plus Mediterranean Diet and ONS (intervention group). Epidemiological, clinical, anthropometric, 
and biochemical evaluation was also performed. 

Results: 25OHVitD insufficiency was observed in 58.3 % of patients. Patients from the intervention group exhibited 
higher increase in serum 25OHVitD, higher decrease in ferritin, C-reactive protein (C-RP), IL-8, IL-6 and IP-10; although 
25OHVitD levels positively correlated at baseline with body cell mass and the phase angle (p < 0.05) they did not 
correlate with serum ferritin, C-RP or the circulating evaluated interleukins. Any associations were observed between 
serum 25OHVitD and left ventricular ejection fraction (LVEF) or the N-terminal pro-brain natriuretic peptide (NT-proBNP). 
An age-, sex- and 25OHvitD adjusted multivariate analysis showed that the only cytokine associated with increased 
mortality in patients with HF was MCP-1 (OR 1.01, 95 %CI, 1.01-1.02), which was not modulated in the intervention or 
the control group after 24-weeks of treatment. 

Conclusion: although the combination of calcifediol, Mediterranean diet and hypercaloric, hyperproteic, EPA and DHA 
enriched ONS with decreased serum levels of inflammation related parameters (C-RP) and ferritin, as well as circulating 
cytokines, 25OHvitD levels were not correlated with these inflammation markers or the clinical progression of patients 
(mortality and new hospital admissions).
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INTRODUCTION

Vitamin D deficiency (VDD) is increasingly recognized 
as a significant factor in cardiovascular health, with 
associations identified in both coronary heart disease 
(CHD) and heart failure (HF) (1). Specifically, VDD, 
defined as 25-hydroxyvitamin  D (25-OH-Vit D) lev-
els < 20 ng/mL, has been associated with risk factors 
for cardiovascular disease and adverse outcomes (2) 
including all-cause mortality, cardiovascular mortality, 
and major adverse cardiovascular events (MACE) (1). 
Similarly, in patients with HF, multiple studies have re-
vealed a striking correlation between VDD and worse 
prognosis (3). Furthermore, VDD in HF patients has 
been associated with reduced left ventricular ejection 
fraction (LVEF), increased natriuretic peptides, and in-
creased mortality (4). Prospective studies have even 
indicated that the risk of developing HF is higher in 
patients with VDD (5). These associations highlight the 
potential role of vitamin  D in the pathogenesis and 
progression of HF. Despite the strong epidemiological 
evidence implicating VDD in adverse cardiovascular 
outcomes, clinical trials involving vitamin  D supple-
mentation have largely failed to demonstrate consis-
tent improvements in CVD outcomes; this discrepancy 
suggests that the relationship between vitamin D and 
cardiovascular disease is complex and may involve in-
termediary factors or specific patient subgroups that 
could benefit from intervention (1).

VDD has been involved in and may promote great-
er risk through inflammation; individuals with both 
VDD and elevated high-sensitivity C-reactive protein 
(hsCRP) levels exhibit an approximately 3-fold greater 
hazard of cardiovascular mortality vs those with nor-
mal vitamin D levels and low hsCRP (1). Similar find-
ings have been observed for all-cause mortality and 
MACE, suggesting a synergistic detrimental effect of 
VDD and inflammation in cardiac heart disease (1).

Evidence from these sources consistently points to-
wards a significant association between VDD and 
adverse cardiovascular outcomes, including HF. In-
flammation seems to be a crucial mediator in this rela-
tionship, with lower vitamin D levels often correlating 
with higher levels of pro-inflammatory markers (5). 
Additionally, it has been described that vitamin D may 
exhibit immunomodulatory properties in reducing cer-
tain inflammatory cytokines like α necrosis tumor fac-
tor (TNF-α) in patients with HF, despite this, vitamin D 
supplementation trials have not consistently translat-
ed these effects into improved clinical outcomes (1). 

HF is recognized as a systemic pro-inflammatory state 
that involves the activation of both innate and adap-
tive immunity mechanisms. Hemodynamic stress and 
volume overload in HF can lead to cardiomyocyte 
damage, stimulating the release of pro-inflammatory 
cytokines such as MCP-1, and IL-6  (5). These inflam-
matory signals can have effects on additional organs, 

which contributes to skeletal muscle inflammation, 
adipose tissue inflammation and atherogenesis. This 
pro-inflammatory state deteriorates ventricular func-
tion by inducing myocardial contractile dysfunction, 
hypertrophy, apoptosis, and fibrosis, ultimately lead-
ing to the progression of HF due con cardiac remod-
eling (6). Elevated concentrations of inflammatory 
markers in HF patients have been associated with 
adverse outcomes such as reduced LVEF, increased 
pro-BNP, and increased mortality (5). The complex in-
terplay between inflammation and HF suggests that 
targeting inflammatory pathways could be a poten-
tial therapeutic strategy (1).

Several authors suggest that vitamin D possesses im-
munoregulatory functions, furthermore, in vitro and 
in vivo models have demonstrated protective roles 
through mechanisms involving various inflammatory 
pathways (5). Despite this, there is inconsistent ev-
idence from the clinical trials about the use of vita-
min D supplementation for decreasing inflammation 
in these patients (7,8).

In this context, we aimed to evaluate the correlation 
between vitamin  D and circulating cytokines levels 
in patients with a recent admission due to HF, their 
relation with nutritional parameters (combining an-
thropometric, instrumental and biochemical mea-
surements) and determine their progression after 
24-weeks of vitamin  D supplementation along with 
Mediterranean diet alone or vitamin D supplementa-
tion, Mediterranean diet and nutritional support with 
a hypercaloric, hyperproteic, omega 3 (n-3)- enriched 
oral nutritional supplement (ONS).

MATERIAL AND METHODS

PATIENTS 

This study was approved by Hospital Universitario Re-
ina Sofía Ethics Committee (Cordoba, Spain; reference 
No. 5164 approved on October 21st, 2021 and updated 
on May 30th, 2023). The study was conducted in full 
compliance with the criteria set forth in the Declara-
tion of Helsinki and national and international clini-
cal practice guidelines. We conducted a prospective 
open-label study in which written informed consent 
was obtained from each participant prior to their in-
clusion in the study. All patients received comprehen-
sive information about the study before consenting 
to participate. Only those who agreed to participate 
were subsequently included. This cohort was initially 
evaluated in an open, randomized, controlled clinical 
trial (ClinicalTrials.gov number: NCT05848960) (9). The 
trial included patients of both sexes, aged between 
18 and 85 years, with a left ventricular ejection frac-
tion (LVEF) < 50 % and who had been hospitalized due 
to heart failure over the past 6 months.
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NUTRITIONAL SUPPORT 

In the clinical trial, patients received vitamin D supplemen-
tation with calcifediol at a different dose depending on 
the baseline levels of 25-OH-Vit D (25-OH-Vit D > 30 ng/
mL: dose 0.266 mg every 30 days; 25-OH-Vit D 20-29 ng/
mL: dose of 0.266 mg calcifediol every 21 days; 25-OH-Vit 
D 10-19 ng/mL: dose of 0.266 mg calcifediol every 15 days; 
25-OH-Vit D < 10 ng/mL: dose of 0.266 mg calcifediol every 
10 days. Additionally, patients were randomized by the 
clinical investigator to receive either Mediterranean diet 
alone or Mediterranean diet plus 2 hypercaloric, hyper-
proteic ONS per day, with a 1:1 allocation for 24 weeks. 
The ONS included slow-release carbohydrates, fiber mix-
ture and a combination of n-3 and n-6 fatty acids. ONS 
were kindly donated by Vegenat Healthcare®, bottles 
were administered every 3 weeks. A total of 19 patients 
were included in each arm. All patients referred an ad-
herence  >  75  % to treatment. At baseline, all patients 
received general education and advice about nutritional 
support, Mediterranean diet and physical activity.

NUTRITIONAL EVALUATION

A morphofunctional nutritional evaluation was per-
formed as previously described (10-12). Briefly, phys-
ical examination included body composition analysis 
(bioelectrical bioimpedance, abdominal, arm and calf 
circumferences), functional tests (up and go test and 
handgrip strength) and nutritional ultrasound of ab-
dominal adipose tissue and rectus-femoris (RF) mus-
cle of the quadriceps. Biochemical nutritional analysis 
was also performed (hemoglobin, lymphocytes, to-
tal cholesterol, total, high-density lipoprotein (HDL) 
cholesterol, low density lipoprotein (LDL) cholester-
ol, triglycerides, transferrin, albumin, prealbumin), 
heart-related markers (N-terminal pro-brain natriuret-
ic peptide (NT-proBNP)) and inflammation markers 
(C-reactive protein (C-RP) and ferritin) were included. 
Left ventricular ejection fraction (LVEF) measured us-
ing transthoracic ultrasound was also evaluated.

CYTOKINE MEASUREMENT

Serum cytokines were quantified by Cytometry Bead 
Array (CBA, BD Cytometric Bead Array Human Solu-
ble Protein Master, ref. 558264/558265; Becton Dickin-
son and Company, San Jose, CA, USA). The following 
cytokines were analysed based on the manufacturer´s 
instructions for use: IL-6 (ref. 558276), IL-8 (CXCL8, ref. 
558277), IL-10 (ref. 558274), MCP-1 (CCL2, ref. 558287) 
and IP-10 (CXCL10, ref. 558280). For sample acquisition, 
a FACS Canto II was used, and a minimum of 300 events 
were recorded per each cytokine. Median Fluorescence 
Intensity (MFI) data was transformed in concentration 
(pg/mL) using a calibration curve as a reference.

STATISTICAL ANALYSIS

The Kolmogorov-Smirnov test was used to assess the 
data normal distribution. For the descriptive statistics, 
the mean and standard deviation of the continuous 
variables and the frequencies and percentages of the 
discrete variables were calculated. To assess differ-
ences across continuous variables, the Mann-Whitney 
U test was used (nonparametric data). Paired analy-
sis was performed by Wilcoxon test (nonparametric 
data). For differences between the discrete variables, 
Pearson´s test was used. Statistical analyses were per-
formed using SPSS statistical software version 20, and 
Graph Pad Prism version 6. Significance was defined as 
a p-value of < 0.05.

RESULTS

BASELINE CHARACTERISTICS OF THE 
GROUPS

A total of 38  patients were included in the study, 
28.9  % were women, 42.1  % had type 2  diabetes 
mellitus and 34.2  % had ischemic cardiomyopathy; 
the median ejection fraction was 33 % and baseline 
NT-proBNP was 4225 pg/mL. A total of 73.7 %exhibit-
ed overweight or obesity. There were no differences 
in patients that underwent Mediterranean diet alone 
(control group) and those who received additional nu-
tritional support (intervention group) (Table I). Medi-
an 25-OHvitD at baseline was 18 (11-26) ng/dL, 58.3 % 
of patients had 25OHvitD < 20 ng/dL. Specific baseline 
characteristics are shown in table I.

After 6 months of nutritional intervention, 25-OHvitD 
increased to 22 (16-31) ng/dL, this increase was higher 
in the intervention group [from 17 (9-29) to 25 (19-38), 
p = 0.08] than the control group [form 15  (11-21) to 
17  (9-29)]. In parallel, serum ferritin and C-RP signifi-
cantly decreased in the intervention group (p  < 0.01) 
but not in the control group (p>0.05); additionally, also 
NT-proBNP levels significantly decreased in patients 
that received nutritional support with ONS (Table II).

CLINICAL ASSOCIATIONS AND 
CORRELATIONS BETWEEN SERUM 25-OHvitD 
AND NUTRITIONAL PARAMETERS

In this cohort, 25OHvitD at baseline was correlat-
ed with body cell mass (BCM) r = 0.612 (p < 0,01) and 
the phase angle (PA) r = 0.349  (p  <  0.05). Baseline 
25OHvitD < 20 ng/dL was associated with increased BMI 
(29.9 kg/m2 (IQR 5.55) vs 26.4 kg/m2 (IQR 7.9), any other 
association with anthropometric or biochemical param-
eters, including LVEF and NT-proBNP was observed.
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Table I. Baseline clinical characteristics of the patients. Inter-group comparison based on nutritional intervention

Characteristics Total (n = 38)
Calcidefiol plus Mediterranean 

diet (n = 19)
Calcidefiol plus Mediterranean 

diet and ONS (n = 19)
p

Sex (T/R) 71.1 %/28.9 % (11/27) 31.6/68.4 (6/13) 73.7/26.3 (14/5) 0.50

Age (years) 67.5 (61-78) 72 (64.5-80) 65 (56-72) 0.06

Tobacco exposure (%)

  No 57.9 (22/38) 42.1 (8/19) 73.7 (14/19)

  Active 18.4 (7/38) 15.8 (3/19) 21.1 (4/19)

  Previous exposure 23.7 (9/38) 42.1 (8/19) 5.3 (1/19)

Type 2 diabetes mellitus 42.1 (16/38) 36.8 (7/19) 47.4 (9/19) 0.38

Previous ischemic cardiomyopathy 34.2 (13/38) 36.8 (7/19) 31.6 (6/19) 0.50

Ejection fraction (%) 33 (25-49.5) 40 (32.5-54) 38 (23-35) 0.46

NT-proBNP (pg/mL) 4225 (2001-7289) 3678 (1966-7203) 4412 (2177-7255) 0.59

Current weight (kg) 78 ± (70.3-89.5) 81 (75-90) 76 (70-85) 0.17

Overweight/obesity (%) 73.7 (28/38) 57.1 (16/19) 42.9 (12/19) 0.14

Mortality (%) 13.2 (5/38) 21.1 (4/19) 5.3 (1/19) 0.17

Categorical data are expressed as percentages and absolute number in brackets. Continuous variables are expressed as median with interquartile range n 
brackets. ONS: oral nutritional supplement.

Table II. Biochemical analysis at baseline and 6 months after nutritional support

Total Mediterranean diet Mediterranean diet and OS

Characteristics Baseline  
(n = 38)

6 months  
(n = 33) p1 Baseline  

(n = 19)
6 months  
(n = 15) p2 Baseline  

(n = 19)
6 months  
(n = 18) p3

Biochemical parameters

Ferritin (mg/dL) 106 (35-176) 73 (32 - 111) 0.003 74 (32 - 171) 80 (37 - 113) 0.46 130 (104 - 169) 80 (37 - 113) < 0.01

C-RP (mg/L) 2.1 (0.5-6.9) 1.0 (0.5-2.6) 0.02 2.2 (0.5-15) 2.1 (0.5-5.6) 0.79 1.4 (0.7-5.8) 0.7 (0.5-1.5) < 0.01

NT-proBNP (pg/mL)
1855  

(1080-4364)
741 (393-1992) <0.01

1757  
(557-6027)

489 (178-1676) 0.17
1952  

(1179-3307)
1303  

(741-2111)
0.02

Vitamin D (ng/dL) 18 (11-26) 22 (16-31) 0.08 15 (11-21) 17 (9-29) 0.51 17 (9-29) 25 (19-38) 0.08

Interleukin levels

IL-6 0.8 (0-11) 0 0.001 2.4 (0 -14.97) 0 0.07 0 (0 - 7.55) 0 0.01

IL-8 116 (26-311) 8.84 (2.8-14.9) < 0.0001
190  

(38.1-621.7)
10.27 (2.41-

14.56)
0.001 53.1 (20-160.5)

7.83  
(5.63-20.65)

0.001

IP-10 314.5 (226-409) 196 (94-328) 0.002 288 (229-492) 208 (120-419) 0.25 319 (219-391) 193 (70-318) 0.002

IL-10 0 0 0 0 0 0

MCP-1 154 (85-234) 163 (84-220) 0.30 173 (148-244) 163 (89-206) 0.18 126 (51- 205) 162 (83-277) 0.93

p1 refers to the comparison between all patients at baseline and after 24 weeks; p2 indicates the comparison between patients of the control group (Mediter-
ranean diet) at baseline and after 24 weeks; p3 indicates the comparison between patients of the intervention group (Mediterranean diet plus oral nutritional 
supplementation) at baseline and after 24 weeks.
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After 24-weeks of intervention, 25-OHvitD < 20 ng/mL 
was associated with higher serum ferritin (p  <  0.05) 
and remarkably, 25-OHvitD > 30 ng/mL were associat-
ed with lower body cell mass (BCME), extracellular cell 
mass (ECME), lean mass, water and bone mass (Fig. 1).

CORRELATIONS AMONG 25OHvitD, BODY 
COMPOSITION AND CIRCULATING CYTOKINE 
LEVELS 

Although, at baseline, 25OHvitD positively correlated 
with phase angle (r = 0.428; p = 0.01) and negatively 
with C-reactive protein serum levels (C-RP; r = -0,378; p 
= 0.02) serum 25OHvitD levels did not significantly cor-
relate with circulating levels of IL6, IL8, IL10, MCP1 and 
IP10. After 24-weeks of intervention, serum 25OHvitD 
negatively correlated with extracellular mass (r = 
-0.375; p = 0.03) and IL6 levels r = -0.390 (p < 0.05).

CLINICAL ASSOCIATION BETWEEN HF-
RELATED OUTCOMES AND CIRCULATING 
INTERLEUKINS

At the 24-week follow-up, 27.3 % of patients (n = 9) 
experienced at least 1 hospital readmission due to HF. 
Most (6/9) had a single readmission, while the remain-
ing 3 patients had 2 or more. Among those readmit-
ted, 55.6 % (n = 5) belonged to the control group and 

44.4 % (n = 4) to the intervention group (p = 0.3). De-
spite mortality rate was higher in the control group 
(21.1 %) vs the intervention group (5.3 %), this differ-
ence was not statistically significant. An age-, sex- and 
25OHvitD adjusted multivariate analysis showed that 
the only cytokine associated with increased mortality 
in patients with HF was MCP-1 (OR 1.01, 95 %CI, 1.01-
1.02). In contrast, no circulating cytokine was associ-
ated with new hospital admissions due to HF at the 
24-week follow-up.

DISCUSSION

Given the conflicting evidence on the anti-inflammato-
ry effects of vitamin D supplementation in specific con-
texts, we evaluated the clinical impact of its combina-
tion with oral nutritional supplements (ONS) in patients 
recently hospitalized for HF. In this cohort, we observed 
that patients from the intervention group resulted in 
clinical improvements including lean mass gain, cell 
mass gain, decreased levels of serum ferritin and C-RP, 
and a more significant improvement in functionality, 
quality of life, LVEF and decrease in NT-proBNP serum 
levels after 24  weeks of intervention. In parallel, we 
observed that Mediterranean diet and vitamin D sup-
plementation with calcifediol resulted in decreased 
IL-8 circulating levels in these patients, while its combi-
nation with an ONS (with slow-release carbohydrates, 
fiber mixture and enriched with EPA and DHA) resulted 
in an additional significant decrease in serum IL-6 and 
IP-10 (13). Clinically, as expected, lower 25OHvitD levels 

Figure 1. Clinical associations between 
25OHvitD, clinical and biochemical 
parameters after 24-weeks of nutritional 
support and vitamin D supplementation. 
Serum 25-OHvitD levels tended to correlate 
with transferrin (p = 0.05). Additionally, 
serum25-OHvitD negatively correlated with 
body weight r = -0.380 (p < 0.05), BMI 
r = -0.359 (p < 0.05) and adipose tissue 
in the rectus femoris r = -0.375 (p < 0.05). 
Both, at baseline and at the end of the 
study, 25-OHvitD levels were not associated 
with circulating interleukins.
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were observed in patients with increased C-RP and de-
creased phase angle as previously described in different 
cohorts of patients (14), suggesting decreased muscle 
quality and functionality in patients with decreased se-
rum 25OHvitD levels (15). Despite this findings, serum 
25OHvitD levels were not associated with mortality or 
additional hospital admissions due to HF. Furthermore, 
it did not correlate with circulating interleukin levels 
and only after 24-weeks of intervention it negatively 
correlated with IL-6 serum levels.

As in our cohort, former studies have reported a high 
prevalence of VDD in HF patients; however, in contrast 
to our study, they observed a significant inverse cor-
relation between serum 25OHvitD levels and several 
pro-inflammatory cytokines, including IL1β, TNF-α, 
IL6, IL8, and IL17A (5). In line with our study, a few 
meta-analyses of randomized controlled trials have 
shown no significant differences in inflammation-re-
lated markers including C-RP (4, 16). In contrast, an-
other metanalysis suggested a potential, anti-inflam-
matory effect of vitamin D supplementation on TNF-α 
(17), however, it is unknown whether this reduction 
in TNF-α turns into a significant improvement in the 
clinical evolution for HF (18).

Another area of interest is the clinical relationship be-
tween 25-hydroxyvitamin D (25OHvitD) and body com-
position parameters. In this regard, we observed posi-
tive clinical correlations with BCM and the phase angle, 
indicating that in HF patients, higher levels of 25OHvitD 
are associated with better clinical conditions (19,20).

This study has some limitations. First the number of 
participants; furthermore, we cannot determine a 
specific relation between the combination of the sup-
plementation with calcifediol and ONS and the clini-
cal benefit. Finally, underlying molecular mechanisms 
were not evaluated. 

Overall, our results reveal a close relation between 
25OHvitD, circulating cytokines and body composi-
tion parameters in patients with HF, but no specific 
relations between circulating cytokines and VDD have 
been observed at baseline. Remarkably, the combina-
tion of nutritional support with ONS and calcifediol 
produced significant decrease in serum IL-6 and IP-10, 
suggesting that nutritional interventions can affect 
the clinical evolution of the heart function patients 
with previous admissions due to HF. Our results do 
not allow to differentiate whether this effect was im-
proved by the vitamin D supplementation or the com-
position of the ONS itself. Importantly, MCP-1 was the 
only parameter independently associated with mortal-
ity and it does not change after nutritional and calcife-
diol supplementation. 

Importantly, according to former studies, the syner-
gistic combination of vitamin  D with hypercaloric/
hyperproteic ONS demonstrates clinically significant 

benefits in specific populations, primarily through en-
hanced muscle protein synthesis and metabolic opti-
mization (9,11,21). In this context, it is hypothesized 
that vitamin D potentiates the effect of the nutritional 
support downregulating myostatin, which is a muscle 
growth inhibitor and enhancing leptin sensitivity (re-
directing calories toward muscle synthesis) (22).

This data suggests that the role of vitamin  D as an 
anti-inflammatory drug in cardiovascular disease is 
complex, maybe some factors can mask the real effect, 
including the origin and evolution of the HF, the sever-
ity of the deficiency, the type and dosage of supple-
mentation, and the presence of other comorbidities 
(4). Large-scale, well-designed clinical trials focusing 
on VDD individuals with HF and assessing both inflam-
matory markers and long-term clinical endpoints, are 
necessary to fully elucidate the therapeutic potential 
of vitamin D supplementation in these patients since it 
would help to develop effective strategies for improv-
ing clinical outcomes in these patients.
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Abstract
Introduction: severe osteoporosis represents a significant challenge in clinical practice due to its impact on patients' 
quality of life and the high risk of fractures it entails. Romosozumab, a monoclonal antibody that inhibits sclerostin, 
has been shown to improve bone mineral density (BMD) through a dual mechanism by increasing bone formation and 
decreasing resorption. However, its effectiveness and safety in real-world clinical settings require detailed evaluation.

Objective: to assess the effectiveness and safety of romosozumab in patients with severe osteoporosis and high fracture 
risk in a real-world clinical environment.

Methods: multicenter, retrospective, observational study of patients with severe osteoporosis and/or high fracture 
risk who received romosozumab between May 2023 and November 2024 in various hospitals and departments across 
Castilla-La Mancha, with a 12-month follow-up to evaluate changes in BMD, fracture incidence, and adverse effects.

Results: after one year of treatment with romosozumab, the 58 postmenopausal women included in the study (mean 
age: 71.7 years) showed an increase in BMD of 11.4 % in the lumbar spine, 3.7 % in the femoral neck, and 2.6 % in 
the total hip. Two vertebral fractures were recorded, with no major cardiovascular events, and bone remodeling markers 
showed no significant numerical variations.

Conclusion: romosozumab significantly improves BMD in patients with severe osteoporosis, showing an adequate 
security profile and promising results in real clinical practice.
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Abstract
Introduction: severe osteoporosis represents a significant challenge in clinical practice due to its impact on patients' 
quality of life and the high risk of fractures it entails. Romosozumab, a monoclonal antibody that inhibits sclerostin, 
has been shown to improve bone mineral density (BMD) through a dual mechanism by increasing bone formation and 
decreasing resorption. However, its effectiveness and safety in real-world clinical settings require detailed evaluation.

Objective: to assess the effectiveness and safety of romosozumab in patients with severe osteoporosis and high fracture 
risk in a real-world clinical environment.

Methods: multicenter, retrospective, observational study of patients with severe osteoporosis and/or high fracture 
risk who received romosozumab between May 2023 and November 2024 in various hospitals and departments across 
Castilla-La Mancha, with a 12-month follow-up to evaluate changes in BMD, fracture incidence, and adverse effects.

Results: after one year of treatment with romosozumab, the 58 postmenopausal women included in the study (mean 
age: 71.7 years) showed an increase in BMD of 11.4 % in the lumbar spine, 3.7 % in the femoral neck, and 2.6 % in 
the total hip. Two vertebral fractures were recorded, with no major cardiovascular events, and bone remodeling markers 
showed no significant numerical variations.

Conclusion: romosozumab significantly improves BMD in patients with severe osteoporosis, showing an adequate 
security profile and promising results in real clinical practice.

INTRODUCTION

Osteoporosis is a metabolic bone disease character-
ized by a progressive decrease in bone mineral den-
sity (BMD) and deterioration of bone microarchitec-
ture, leading to increased fragility and, consequently, 
a higher risk of fractures (1,2). This condition pre-
dominantly affects postmenopausal women due to 
the reduction in estrogen levels, which accelerates 
bone loss. However, it can also occur in men and in 
individuals with comorbidities associated with bone 
mass loss (3).

Osteoporotic fractures are one of the main causes of 
disability in the elderly population, significantly affect-
ing patients’ mobility and functional independence. 
Among them, vertebral and hip fractures have partic-
ularly severe impacts, as they increase both mortality 
and the risk of future fractures. Therefore, the pre-
vention and effective treatment of osteoporosis are of 
great importance to reduce the clinical and economic 
burden of the disease.

In this context, romosozumab has emerged as an in-
novative therapeutic alternative. It is a humanized 
monoclonal antibody that inhibits sclerostin, a glyco-
protein produced by osteocytes that acts as a nega-
tive regulator of bone formation. By blocking scle-
rostin’s action, romosozumab promotes osteoblast 
differentiation and activity, stimulating new bone 
formation. Additionally, it exerts an inhibitory effect 
on osteoclasts, reducing bone resorption. This dual 
mechanism differentiates it from other available os-
teoporosis treatments, such as bisphosphonates and 
denosumab, which primarily target bone resorption 
inhibition.

The efficacy profile of romosozumab has been widely 
evaluated in phase III clinical trials. In the FRAME study 
(Fracture Study in Postmenopausal Women with Oste-
oporosis), which included more than 7,000 postmeno-
pausal women with osteoporosis, treatment with ro-
mosozumab for 12 months was associated with a signif-
icant increase in BMD at the lumbar spine (13.3 %) and 
total hip (6.9 %), as well as a 73 % reduction in the risk 
of new vertebral fractures vs placebo (4).

Similarly, the ARCH study (Active-Controlled Fracture 
Study in Postmenopausal Women with Osteoporosis 
at High Risk), which compared romosozumab with 
alendronate in women with previous fragility frac-
tures, demonstrated that romosozumab followed by 
alendronate significantly reduced the risk of vertebral  
(-48 %), nonvertebral (-19 %), and clinical (-27 %) frac-
tures vs alendronate alone (5). These results establish 
romosozumab as an effective therapeutic option, par-
ticularly in women at high fracture risk.

However, since both studies were conducted under 
controlled conditions, it is essential to confirm these 

findings through real-world studies evaluating its ef-
fectiveness, tolerability, and safety in more heteroge-
neous populations and routine clinical settings.

MATERIALS AND METHODS

STUDY DESIGN

We conducted a retrospective, multicenter, and mul-
tidisciplinary observational study, involving the Rheu-
matology and Endocrinology departments of several 
hospitals in Castile-La Mancha (Spain). Patients with a 
diagnosis of severe osteoporosis and/or high fracture 
risk who initiated treatment with romosozumab be-
tween May 2023 and November 2024 were included, 
with a 12-month follow-up. The study was carried out 
in a real-world clinical practice context, without exter-
nal intervention in treatment selection by investiga-
tors.

INCLUSION AND EXCLUSION CRITERIA

Postmenopausal women with severe osteoporosis con-
firmed by dual-energy X-ray absorptiometry (DXA) and 
a past medical history of prior fractures were included. 
Patients with recent major cardiovascular events (myo-
cardial infarction or stroke) or uncontrolled hypocal-
cemia were excluded, in line with previously described 
safety warnings for romosozumab.

VARIABLES ANALYZED

The main variables analyzed were:
 – Age, body mass index (BMI), and relevant comor-
bidities (such as hypertension, dyslipidemia, diabe-
tes mellitus, and history of osteoporotic fracture).

 – Bone mineral density (BMD): measured at the lum-
bar spine, femoral neck, and total hip using DXA, 
with assessments at baseline and at 12 months.

 – Laboratory parameters: serum creatinine, corrected 
calcium, phosphorus, alkaline phosphatase, para-
thyroid hormone (PTH), and vitamin D levels, mea-
sured at baseline and at 12 months.

 – Bone turnover markers: serum levels of P1NP 
(N-terminal propeptide of type I procollagen) as 
a bone formation marker and CTX (C-terminal te-
lopeptide of type I collagen) as a bone resorption 
marker, measured at baseline and at 12 months.

 – Incidence rate of new fractures: vertebral and 
nonvertebral fractures were documented during 
follow-up.

 – Adverse events: treatment-related adverse events, 
including injection-site reactions, hypocalcemia, 
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and cardiovascular events, were recorded during 
follow-up.

Secondary variables included:
 – Age at menopause onset and type of menopause 
(natural or surgical).

 – Previous cardiovascular risk: estimated using the 
REGICOR tool.

STATISTICAL ANALYSIS

Data cleaning was performed by removing outliers, 
followed by a descriptive analysis of numerical vari-
ables, including minimum and maximum values, quar-
tiles, mean, and standard deviation (SD) (Table I).

On the other hand, to evaluate changes in BMD after 
one year of romosozumab treatment, a comparative 

boxplot between baseline and one-year measure-
ments was generated (Fig. 1), along with a hypothe-
sis test for mean differences (Table II). Normality was 
assessed using the Shapiro–Wilk test; if normality was 
met, Student’s t-test was applied, otherwise, the non-
parametric Wilcoxon test was used. A separate hy-
pothesis test was conducted to assess differences in 
mean baseline and one-year values for bone and renal 
biomarkers (Table III).

All analyses were performed using Python and the 
numpy, matplotlib, seaborn, and scipy.stats libraries.

ETHICAL COMMITTEE APPROVAL

The study was approved by the ethics committees of the 
participating hospitals, as well as by Hospital General  

Table I. Statistical summary of clinical variables in women treated with romosozumab

Variables Mean SD Minimum Percentile 25 Median Percentile 75 Maximum

Age 71.74 10 34 66 73 78 92

Body mass index 26.11 4.82 18.79 22.32 24.85 29.05 37.30

Age at menopause 47.26 6 30 45 48 51 56

Surgical menopause 0.10 0 0 0 0 0 1

Previous cardiovascular risk 3.06 3.18 0.00 1.00 2.00 5.00 15.00

Number of treatment days 365.47 51.20 28.00 364.00 365.00 369.75 486.00

Lumbar BMD (g/cm²) baseline 0.78 0.18 0.51 0.67 0.74 0.85 1.32

Femoral neck BMD (g/cm²) baseline 0.60 0.13 0.30 0.52 0.62 0.69 0.85

Total hip BMD (g/cm²) baseline 0.66 0.13 0.32 0.56 0.67 0.74 1.00

Lumbar BMD (g/cm²) after 1 year of tx. 0.90 0.18 0.67 0.77 0.85 1.00 1.40

Femoral neck BMD (g/cm²) after 1 year of tx. 0.66 0.10 0.47 0.59 0.65 0.74 0.87

Total hip BMD (g/cm²) after 1 year of tx. 0.71 0.11 0.50 0.62 0.72 0.80 0.89

Phosphorus baseline 3.54 0.66 1.70 3.20 3.50 3.80 5.00

Alkaline phosphatase baseline 82.38 35.12 37.00 60.00 73.00 93.00 223.00

PTH baseline 68.52 33.23 30.30 40.18 60.15 91.15 153.00

Vitamin D baseline 35.73 15.48 6.00 25.00 32.00 44.70 77.30

P1NP baseline 46.20 29.96 0.17 24.50 36.20 63.60 102.00

CTX baseline 35.05 183.43 0.04 0.16 0.29 0.60 971.00

Creatinine at 6 months 0.76 0.16 0.49 0.67 0.72 0.86 1.17

Corrected calcium at 6 months 9.43 0.36 8.70 9.10 9.40 9.70 10.30

Phosphorus at 6 months 3.52 0.62 1.90 3.18 3.45 4.00 5.00

Alkaline phosphatase at 6 months 98.30 36.55 51.00 75.50 87.00 108.00 199.00

(Continues on next page)
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Table I (cont.). Statistical summary of clinical variables in women treated with romosozumab

Variables Mean SD Minimum Percentile 25 Median Percentile 75 Maximum

PTH at 6 months + BD1 74.19 45.09 26.20 41.58 63.30 88.85 202.00

Vitamin D at 6 months 37.82 11.79 7.00 31.50 38.00 43.60 75.00

P1NP at 6 months 100.13 121.97 11.10 45.80 58.40 105.50 610.00

CTX at 6 months 0.47 0.50 0.08 0.16 0.37 0.52 2.57

Creatinine at 12 months 0.79 0.19 0.54 0.66 0.75 0.90 1.34

Corrected calcium at 12 months 9.48 0.48 8.72 9.13 9.40 9.90 11.06

Phosphorus at 12 months 3.38 0.80 1.90 3.00 3.30 3.70 6.80

Alkaline phosphatase at 12 months 87.76 31.45 38.00 68.00 74.00 101.00 176.00

PTH at 12 months 77.43 43.32 29.00 48.00 63.70 95.30 212.00

Vitamin D at 12 months 35.68 19.62 0.00 25.90 35.70 43.00 101.00

P1NP at 12 months 53.12 40.45 15.30 26.50 37.75 61.13 191.00

CTX at 12 months 0.67 0.96 0.10 0.17 0.29 0.64 3.75

Fractures with romosozumab 0.02 0 0 0 0 0 1

Figure 1. Evolution of BMD from baseline to 
1-year treatment values.
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Universitario de Ciudad Real (Ciudad Real, Spain) 
which led the study (Act No. 12/2023), and was con-
ducted in full compliance with the principles outlined 
in the Declaration of Helsinki. Written informed con-
sent was obtained from patients for publication of 
the material prior to the procedure (available upon 
justified request to the principal investigator). Patient 
data confidentiality was ensured in compliance with 
current data protection regulations.

RESULTS

The cohort included 58 women with a mean age of 
71.74 years (SD ± 10) and an average BMI of 26.11 kg/
m². The mean age at menopause onset was 47.26 years, 
with surgical menopause being uncommon (10 %). The 
mean baseline cardiovascular risk was 3.06 (SD ± 3.18), 
and the average treatment duration with romosozum-
ab was 1 year (Table I). The main comorbidities were 
hypertension (16 %) and dyslipidemia (12 %), followed 
by diabetes mellitus (3 %), smoking (2 %), and intesti-
nal malabsorption (1 %).

When comparing BMD T-scores before and after 1 year 
of treatment, a significant improvement was observed 
across all assessed regions. Estimated BMD increased by 
approximately 11.4 % at the lumbar spine, 3.7 % at the 
femoral neck, and 2.6 % at the total hip, correspond-
ing to improvements in T-score from -2.97 (SD ± 1.37) 
to -2.02 (SD ± 1.66), from -2.61 (SD ± 0.91) to -2.30 (SD 
± 0.83), and from -2.46 (SD ± 0.97) to -2.24 (SD ± 0.94), 
respectively.

In all DXA-measured regions, a consistent increase was 
observed in both mean values and quartiles after one 
year of treatment, as shown in the boxplots (Fig. 1). 
Exploratory analysis revealed that patients with higher 
baseline femoral neck values had smaller BMD gains at 
one year, although this difference was not statistically 
significant and no multivariate analysis was performed. 
The hypothesis tests in table II confirmed that differ-
ences between baseline and one-year BMD means were 
statistically significant, with p values < 0.05.

Regarding bone and renal biomarkers, baseline mean 
values were: creatinine 0.76 mg/dL, corrected calcium 
9.42 mg/dL, phosphorus 3.54 mg/dL, alkaline phosphatase 
82.38 U/L, PTH 68.52 pg/mL, and vitamin D 35.73 ng/mL.  

Table II. Hypothesis testing for the difference in means between lumbar, femoral neck, and total hip BMD at baseline  
and 1 year into therapy

Variable Test used Statistic p-value Significant difference

Lumbar BMD (T-score) Wilcoxon 24 0 Yes

Lumbar BMD (g/cm²) Paired Student’s t-test -6.4351 0 Yes

Femoral neck BMD (T-score) Paired Student’s t-test -2.1984 0.0336 Yes

Femoral neck BMD (g/cm²) Wilcoxon 204 0.0094 Yes

Total hip BMD (T-score) Paired Student’s t-test -2.8122 0.0091 Yes

Total hip BMD (g/cm²) Paired Student’s t-test -4.0553 0.0002 Yes

Table III. Hypothesis testing of bone and renal biomarkers for mean differences between baseline and 1 year into therapy

Variable Test used Statistic p-value Significant difference

Creatinine (mg/dL) Wilcoxon 313,5 0.1945 No

Corrected calcium (mg/dL) Paired Student’s t-test -0.9334 0.3561 No

Phosphorus (mg/dL) Paired Student’s t-test 1.7521 0.0876 No

Alkaline phosphatase (U/L) Wilcoxon 264 0.1866 No

PTH (pg/mL) Paired Student’s t-test -0.797 0.4301 No

Vitamin D (ng/mL) Paired Student’s t-test 0.0384 0.9696 No

P1NP (ng/mL) Wilcoxon 20 0.8203 No

CTX (ng/mL) Wilcoxon 61 0.4874 No
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At 6 and 12 months of follow-up, these parameters re-
mained relatively stable, with minor fluctuations lack-
ing clinical relevance. Bone turnover markers CTX and 
P1NP showed wide dispersion, particularly at baseline, 
reflecting substantial interindividual variability. Hy-
pothesis tests evaluating mean differences at various 
follow-up points did not show statistically significant 
results for any biomarker (Table III).

For the incidence rate of fractures, 2 patients experi-
enced a vertebral fracture during treatment, represent-
ing a substantially lower percentage than in historical 
non-anabolic cohorts.

In terms of safety, six patients reported mild adverse 
events, including headache and local injection-site re-
actions. Treatment was discontinued in two cases due 
to side effects. No major cardiovascular events were re-
corded.

DISCUSSION

The results of this study are consistent with former clini-
cal trials such as FRAME and ARCH, which demonstrated 
significant improvements in BMD and reduced fracture 
risk with romosozumab (4,5). In FRAME, a 13 % increase 
in lumbar spine BMD was observed after 12 months of 
treatment, while ARCH reported a 50 % reduction in 
vertebral fracture risk. Our findings regarding fracture 
incidence, although limited by the lack of a control 
group, are consistent with these clinical trial data that 
confirmed a significant reduction of the risk of verte-
bral fracture with romosozumab (1,2).

The rate of adverse events in our cohort was relative-
ly low. However, without a direct comparator or sub-
group analysis, it is not possible to determine whether 
this reflects better tolerability or differences in patient 
selection.

In our cohort, the bone turnover markers CTX and P1NP 
showed wide variability without statistically significant 
differences during follow-up. This variability suggests 
heterogeneous responses among patients, possibly 
influenced by previous treatments. The dual effect of 
romosozumab on bone formation and resorption has 
been well established in controlled trials. For exam-
ple, in the study by Mineta et al., a significant increase 
in P1NP was observed at 6 (58.9 %; p < 0.01) and 12 
months (55.9 %; p < 0.01), along with a marked de-
crease in TRACP-5b —a bone resorption marker— at 6 
months (-14.7 %; p < 0.001) and 12 months (-18.8 %; 
p < 0.001) vs baseline (7). These findings confirm the 
anabolic and antiresorptive profile of romosozumab 
under controlled conditions. However, our results did 
not reproduce this pattern conclusively, likely due to 
the influence of prior antiresorptive therapy, which 

may have modulated the biochemical response. In this 
regard, studies in postmenopausal women with osteo-
porosis have shown that the response to romosozumab 
or denosumab may vary according to prior treatment. 
In treatment-naïve patients, denosumab administra-
tion is associated with an early increase in P1NP and a 
significant reduction in CTX from the first few months, 
whereas previously bisphosphonate-treated patients 
show a weaker or delayed response, likely due to resid-
ual effects on bone remodeling (8).

These results suggest that prior therapy type may sig-
nificantly influence romosozumab’s clinical and den-
sitometric response. In a prospective Swiss cohort of 
99 patients (9), treatment-naïve individuals showed 
significantly greater BMD responses at both the lum-
bar spine and hip compared with pretreated patients. 
In our real-world experience, most romosozumab 
candidates had previously received antiosteoporotic 
therapy. In our cohort, only 6 patients were treat-
ment-naïve, and no statistical comparison with the 
pretreated group was performed due to the small 
subsample size. Thus, previous treatment heteroge-
neity may have partially influenced the observed out-
comes.

Moreover, our data reinforce evidence supporting the 
drug’s safety. Compared with the STRUCTURE study 
(6), which reported cardiovascular events in 2 % of pa-
tients, no major events occurred in our study, suggest-
ing a potentially more favorable safety profile in the 
evaluated population.

Of note, this study focused exclusively on postmeno-
pausal women, consistent with romosozumab’s ap-
proved indication. However, the BRIDGE trial —a 
phase III randomized, placebo-controlled, double-blind 
study— showed similar efficacy in men (10), suggesting 
potential benefit beyond the female population. Nev-
ertheless, more evidence is needed before routine use 
in men, given the numerical imbalance in confirmed 
major cardiovascular events [romosozumab: 8 (4.9 %) 
vs placebo: 2 (2.5 %)].

Furthermore, phase II extension studies have evaluated 
romosozumab’s 24-month safety and efficacy profile, 
showing continued BMD gains > year 1, particularly 
with monthly 210 mg dosing, and that transition to sub-
sequent treatments such as denosumab may maintain 
or even enhance these benefits (11). Our findings sug-
gest that treatment effects may be more pronounced in 
patients with lower baseline BMD, as also noted in Mc-
Clung’s study (11). However, as this was an unadjusted 
exploratory analysis, results should be interpreted with 
caution.

Overall, these results reinforce the utility of romo-
sozumab in patients with severe osteoporosis and 
high fracture risk, highlighting its positive impact on 
BMD and appropriate safety profile in clinical practice. 



❘  Rev Osteoporos Metab Miner 2025;17(4):146-152  ❘

152 D.   Castro Corredor  ET AL.

Nonetheless, therapeutic response appears modulated 
by previous treatment history; future research should 
focus on identifying specific clinical profiles predictive 
of efficacy and on evaluating optimal therapeutic se-
quencing strategies with other antiosteoporotic agents 
to maximize long-term benefits.

CONCLUSIONS

Romosozumab is an effective treatment for improving 
BMD in patients with severe osteoporosis and/or high 
fracture risk. The results obtained in real-world clinical 
practice confirm its efficacy and safety, aligning with 
previous findings. Its use should be considered in select-
ed patients, particularly those with low baseline BMD 
and high fracture risk.
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Abstract
Introduction: early-onset osteoporosis is a poorly recognized condition that affects young men and premenopausal 
women. In some cases, it may have a monogenic origin, involving variants in genes related to bone homeostasis. WNT1 
encodes a ligand of the Wnt signaling pathway, which plays a crucial role in osteoblastic differentiation. This study 
describes a series of patients with early-onset osteoporosis associated with heterozygous variants in the WNT1 gene.

Patients and methods: patients with early-onset osteoporosis and no identifiable secondary cause referred to our Bone 
Metabolism Unit were reviewed. Biochemical and densitometric studies were performed, as well as next-generation 
sequencing using a gene panel related to bone metabolism. Variants were analyzed using bioinformatic tools and 
assessed for their potential clinical impact.

Results: a total of 6 patients (2 men and 4 women) with WNT1 gene variants were identified. The mean age at diag-
nosis was 36 years. Four patients presented osteoporosis with vertebral and peripheral fractures, while 1 had multiple 
peripheral fractures. One patient also showed joint hypermobility and was found to carry a heterozygous variant in the 
FLNA gene. Another exhibited vertebral fractures during lactation. All received treatment for osteoporosis, with variable 
responses.

Conclusions: heterozygous variants in the WNT1 gene may be associated with early-onset osteoporosis and an increa-
sed fracture risk. Genetic sequencing enables improved etiological diagnosis, although additional studies are needed 
to optimize therapeutic management, including the potential benefit of drugs that modulate Wnt pathway activity.
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INTRODUCTION

Osteoporosis is a metabolic bone disease characteri-
zed by reduced bone mass and alterations in bone mi-
croarchitecture, resulting in an increased risk of frac-
ture following low-impact trauma. It predominantly 
affects postmenopausal women and men older than 
50 years. However, early-onset forms of the disease 
exist in young men and premenopausal women, thou-
gh their incidence rate remains poorly established (1). 
These younger individuals have a longer life expectan-
cy and therefore may accumulate a higher lifetime risk 
of fragility fractures.

During the initial evaluation of these patients, it is es-
sential to rule out potential secondary causes of os-
teoporosis. In certain cases, a fragility fracture may re-
present the first sign of monogenic osteoporosis, ma-
king it important to identify variants in genes related 
to skeletal homeostasis. The best-known example is 
osteogenesis imperfecta, usually caused by pathogenic 
variants in the genes encoding type I collagen chains 
(COL1A1 and COL1A2) and, more rarely, by variants in 
other genes involved in bone formation and osteoid 
matrix production (2). However, other patients deve-
lop early-onset osteoporosis, detected in childhood or 
early adulthood, without features typical of osteoge-
nesis imperfecta. Although the pathogenesis of these 
cases is not well understood, some involve variants in 
genes associated with bone formation, such as those 
encoding Wnt ligands—a signaling pathway essential 
for osteoblast formation (3). The aim of this study was 
to describe the characteristics of a series of patients 
with early-onset osteoporosis associated with WNT1 
gene variants, which encodes one such Wnt ligand.

PATIENTS AND METHODS

All patients referred to our Bone Metabolism Unit, 
Internal Medicine Department, Hospital Universitario 
Marqués de Valdecilla (Santander, Spain) (reference 
center for the autonomous community of Cantabria), 
for early-onset osteoporosis (premenopausal women 
and men under 50 years old) with no evidence of se-
condary causes were reviewed.

In addition to standard biochemical and radiological 
studies, next-generation sequencing was performed 
in all patients, analyzing a total of 49 individuals.

DNA extracted from peripheral blood was analyzed 
using a custom SureSelect QXT (Agilent) gene pa-
nel including genes related to bone metabolism: 
ABCC6, ABL1, ADAMTS10, ADAMTS17, ADAMTSL4, 
ALDH18A1, ALPL, AMER1, ANKH, AP2S1, ATP6V0A2, 
ATP7A, B3GAT2, BMP1, CA2, CASR, CHST14, CBS, 
CDKN1C, CLCN5, CLCN7, COL11A1, COL11A2, COL1A1, 

COL1A2, COL2A1, COL3A1, COL5A1, COL5A2, COMP, 
CREB3L1, CRTAP, CTSK, CYP27B1, DHCR7, DMP1, DVL1, 
ELN, ENPP1, FAM20C, FBLN5, FBN1, FDPS, FGF23, 
FGFR1, FGFR3, FKBP10, FLNA, FUCA1, GAA, GALNS, 
GALNT3, GBA, GDF3, GDF6, GLA, GLB1, GNA11, GNAS, 
IDS, IDUA, IFITM5, LEMD3, LGR4, LMX1B, LRP4, LRP5, 
LRP6, MED12, MEOX1, P3H1, PHEX, PLOD1, PLOD2, 
PLS3, PPIB, PTH1R, ROR2, RUNX2, SEC24D, SERPINF1, 
SERPINH1, SGSH, SHOX, SLC29A3, SLC2A10, SLC34A3, 
SLCO2A1, SMAD3, SMAD6, SMPD1, SOST, SOX9, SP7, 
SPARC, TCIRG1, TGFB1, TGFB2, TGFB3, TGFBR1, TG-
FBR2, TMEM38B, TNFRSF11A, TNFRSF11B, TNFSF11, 
TNXB, VDR, WNT1, WNT16, WNT5A, BMS1, XYLT2, 
ZNF469. Library quality and concentration were 
quantified using a chip-based capillary electrophore-
sis system (TapeStation, Agilent) and sequenced on 
the MiSeq platform (Illumina). Variant filtering and 
analysis were conducted using the Alissa (Agilent) 
bioinformatics platform, considering variants with 
clinical relevance according to ClinVar 20180401 and 
pathogenic predictions from PolyPhen, SIFT, Muta-
tion Taster, and Human Splice Finder. Copy number 
variation analysis was performed using DECoN sof-
tware. Genetic variant classification followed the 
American College of Medical Genetics and Genomics 
(ACMG) guidelines (4).

All patients gave their prior informed consent for ge-
netic analysis. The study was approved by the Ethics 
Committee (Internal Code: 2022.156).

RESULTS

We identified a total of 6 patients with heterozy-
gous WNT1 variants (pathogenic, likely pathogenic, 
or of uncertain significance; 2 men and 4 women, 
with a median age at genetic diagnosis of 49 years 
[range, 37-66]). The median age at the index fractu-
re was 40 years (range, 5-49).

Main clinical and densitometric characteristics are 
shown in table I. Genetic alterations are detailed in 
table II.

Cases 1, 3, 4, and 6 had low BMD with vertebral and 
peripheral fractures. All but cases 2 and 4 had sus-
tained > 2 vertebral fractures at diagnosis. Case 2 
presented multiple peripheral fractures following 
low-energy trauma.

Case 3 had a hypermobility syndrome with recurrent 
patellar dislocation (> 10 episodes) and a combi-
ned patellar and femoral condyle fracture. A hete-
rozygous variant in FLNA—which encodes filamin 
A—was also identified and could explain the joint 
hypermobility.
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Case 4 presented early-onset osteoporosis during 
the postpartum period while breastfeeding. She had 
four vertebral fractures at diagnosis with severe low 
back pain and achieved satisfactory clinical recovery 
after completing lactation and starting anabolic 
therapy.

Case 5 had a past medical history of transient regional 
osteoporosis of both feet and a metatarsophalangeal 
stress fracture years before densitometric diagnosis.

Case 6 presented a low-impact femoral fracture du-
ring childhood, followed by peripheral fractures du-
ring premenopause and BMD values in the osteopo-
rotic range. She was sequentially treated with ra-
loxifene, aminobisphosphonates, teriparatide, and 
denosumab.

Treatment varied according to the attending clini-
cian. All patients received osteoporosis therapy, at 
least with teriparatide, except case 5, who was trea-

Table I. Phenotypic and densitometric characteristics of the patients

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Age at onset / sex 47 / Male 41 / Male 49 / Female 37 / Female 39 / Female 5 / Female

Fractures Yes Yes Yes Yes Yes Yes

Type of fractures

5th and 7th ribs; T8 

and T9; ulna; radius; 

metacarpal

Fibula; metacarpal; 

elbow; acetabular 

labrum

T11, T12, L1 and 

L2; patella; femoral 

condyle; hip 

fracture

T9, T11, L2 and L5 Metatarsal
Femur; radius; 

T11-T12

Lumbar spine
Z: -2.9

T: -3.9

Z: -1.8

T: -1.8

Z: -1.8

T: -3.4

Z: -3.4

T: -3.5

Z: -0.5

T: -1.6

Z: -1.6

T: -3.7

Femoral neck
Z: -1.7

T: -2.7

Z: -1.3

T: -1.8

Z: -2.0

T: -3.4

Z: -1.2

T: -1.5

Z: -1.6

T: -2.6

Z: 0.4

T: -1.4

Total hip
Z: -1.7

T: -2.7

Z: -0.9

T: -1.1

Z: -1.9

T: -3.0

Z: -0.9

T: -1.0

Z: -2.1

T: -2.8

Z: 0.3

T: -1.2

Trabecular Bone 

Score
Not available L1-L4: 1.280 L1-L4: 1.110 Not available L1-L4: 1.175 L1-L4: 1.012

Table II. Genotypic characteristics of variants in WNT1. In all cases, the variants were heterozygous

Case Reference no. DNA Protein Type of variant Effect Other variants

Case 1 NM_005430.4 c.1005_1027del23 p.Thr336Alafs*125 Frameshift Probably pathogenic

DVL1 

(VUS)

p.Ala658Thr

Case 2 NM_005430.4 c.541G>A p.Gly181Ser Missense Uncertain significance –

Case 3 NM_005430.4 c.105-4C>T p.? Splice-site Uncertain significance

FLNA

(VUS)

p.Ile2115Val

Case 4 NM_005430.4 c.506dupG p.Cys170Leufs*6 Frameshift Pathogenic –

Case 5 NM_005430.4 c.105-6C>T p.? Splice-site Uncertain significance

BMS1

(VUS)

p.Arg1068Lys

Case 6 NM_005430.4 c.308A>C p.Asn103Thr Missense Uncertain significance

CREB3L1

(VUS)

p.Leu390Serfs*15
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ted only with aminobisphosphonates. Cases 3 and 
6 experienced new fragility fractures despite treat-
ment. Case 3 sustained a hip fracture eight years af-
ter diagnosis, while on zoledronic acid therapy, des-
pite improved BMD. Case 6 developed a vertebral 
fracture during ibandronate treatment but had no 
further fractures after completing sequential cour-
ses of zoledronate, teriparatide, and finally deno-
sumab.

DISCUSSION

It is well known that loss of function in the cano-
nical Wnt pathway, and the resulting decrease in  
Wnt/β-catenin signaling, leads to impaired osteoblas-
tic differentiation and thus reduced bone formation. 
Likewise, lower Wnt activity decreases osteoprotege-
rin expression and increases RANKL, leading to enhan-
ced bone resorption (5,6).

Wnt1 is a soluble ligand that binds to LRP5/6 and Fri-
zzled receptor complexes on osteoblast precursor cells. 
Biallelic defects (homozygous or compound heterozy-
gous variants) in WNT1 cause a rare form of osteogene-
sis imperfecta, classified as type XV (2). Patients exhibit 
short stature, multiple vertebral and peripheral fractu-
res, and frequent deformities. About half present cra-
nial abnormalities such as microcephaly, cranial asym-
metry, ptosis, hydrocephalus, cerebellar hypoplasia, or 
Chiari type I malformation, and approximately 40 % 
have neurodevelopmental delay or severe intellectual 
disability (7). In contrast, monoallelic WNT1 defects 
(heterozygous variants) appear to be associated with 
early-onset osteoporosis.

Early-onset osteoporosis has various etiologies. Many 
cases are due to diseases (celiac disease, hyperthyroi-
dism, malnutrition, mastocytosis, etc.) or drugs (glu-
cocorticoids, sex hormone antagonists, etc.). Other 
early-onset forms are genetic, some associated with 
recognizable syndromes (e.g., Turner syndrome). In 
others, skeletal involvement is the sole or predominant 
manifestation. New massive sequencing techniques 
allow identification of a causal variant in approxima-
tely 20 % of patients (8). These represent “primary” 
osteoporoses, whereas the rest may be considered 
“idiopathic,” likely resulting from a combination of 
factors including multiple low-impact variants, envi-
ronmental influences, and epigenetic mechanisms.

Among genes associated with primary early-onset os-
teoporosis are those related to the Wnt pathway, in-
cluding receptors LRP5/6 (9) and ligands such as WNT1 
(10). In addition to our series, other reports have 
described heterozygous WNT1 variants (Table III). Al-
though we lack a precise estimate of their prevalence 
among early-onset osteoporosis cases, some studies 

suggest they may represent up to 10 % (11). In total, 
approximately 160 mutations have been documented 
in this gene (https://databases.lovd.nl/shared/genes/
WNT1).

To provide context for the genetic variants identi-
fied in this study, we present figure 1 that illustrates 
the location of heterozygous WNT1 variants iden-
tified in our patients and previously published ca-
ses. Table III summarizes published series of patients 
with WNT1 variants, and figure 2 shows homozy-
gous WNT1 mutations associated with osteogenesis 
imperfecta type XV.

In the absence of functional studies of the variants to 
demonstrate their pathogenic nature, it is impossible 
to determine the extent to which these WNT1 variants 
contribute to the pathogenesis of skeletal fragility in 
these patients. Nevertheless, it is reasonable to con-
sider that they may represent an important factor, in 
addition to the role of other genetic variants—whe-
ther identified or not in our analysis. One of the pa-
tients presented a variant in DVL1, a gene that enco-
des another component of the Wnt signaling pathway 
(12). However, variants in this gene have not been 
described as being associated with osteoporosis. Va-
riants in FLNA have also not been linked to early-on-
set osteoporosis, although they have been associated 
with vascular and connective tissue abnormalities, in-
cluding joint hypermobility, as observed in case 3 (13). 
Some cases of familial osteoporosis and osteogenesis 
imperfecta related to variants in the BMS1 and CRE-
B3L1 genes, respectively, have been reported (14,15). 
Therefore, the variants of uncertain significance found 
in these genes might contribute to the osteoporosis 
observed in these patients. In fact, contrary to the tra-
ditional view that common diseases result from com-
mon variants with low functional impact and Mende-
lian diseases from rare variants with major effects, re-
cent years have seen the emerging concept that both 
common and rare variants may influence the phenoty-
pe of patients with prevalent diseases (16,17).

There are few data regarding the treatment of pa-
tients carrying pathogenic variants in genes of the 
Wnt pathway. Some publications have suggested a 
poor response to bisphosphonates (18), whereas other 
authors have reported that antiresorptive drugs such 
as denosumab or aminobisphosphonates exert a be-
neficial effect in terms of bone mass gain (19). In our 
patients, treatment with an anabolic agent such as 
teriparatide was often chosen to promote osteoblas-
togenesis (20). The potential role of antibodies that 
block inhibitors of the Wnt pathway, such as sclerostin 
or DKK1, remains unclear.

In conclusion, biallelic defects in WNT1 cause a form 
of osteogenesis imperfecta. Monoallelic defects may 
be associated with early-onset osteoporosis and a ten-
dency to present vertebral and peripheral fractures. 
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Table III. Comparative descriptive table of published patient series with WNT1 mutation*

Authors Population
WNT1 mutation 
in homozygosis 
(No. of patients)

WNT1 mutation 
in heterozygosis 
(No. of patients)

Mean age** and 
range (years)

Fractures Treatment

Perís et al. (11) Early-onset OP 0 5
27 

(2-48)

3 vertebral,  

11 peripheral,  

1 femur,  

1 pelvis

Teriparatide

Denosumab

Hu et al. (22)
Early-onset OP, 

Osteogenesis imperfecta
12 4

31 

(7.3-47)

8 vertebral,  

9 peripheral

Bisphosphonates

 Denosumab

Palomo et al. 
(23)

Early-onset OP, 
Osteogenesis imperfecta

4 6
35 

(10-45)

8 vertebral,  

3 peripheral
Not specified

Mäkitie et al. 
(24,25)

Early-onset OP 0 18
22 

(8-42)

9 vertebral,  

60 peripheral

Bisphosphonates

Teriparatide

Denosumab

Välimäki et a. 
(20)

Early-onset OP 0 3 No especifican

11 vertebral, 

2 peripheral,  

1 femur

Bisphosphonates

Rouleau et al. 
(26)

Idiopathic primary OP 0 6
23 

(7-52)

3 vertebral,  

5 peripheral,  

3 femur

Not specified

Wang et al. (27) Early-onset OP 0 4
8 

(2-12)

8 vertebral,  

4 peripheral
Bisphosphonates

*The table does not represent an exhaustive review of all published cases in the literature.  
**The diagnostic age is defined by the index clinical fracture.

Figure 1. Heterozygous WNT1 variants 
in patients with early-onset osteoporosis. 
Red arrows indicate mutations found in our 
case series. Yellow arrows show variants 
published by Perís et al. (11). Green arrows 
indicate those reported by Hu et al. (22). 
The blue arrow indicates those published by 
Palomo et al. (23). Violet arrows correspond 
to the regions affected in patients from 
Mäkitie et al. (24). Black arrows represent 
the regions of Rouleau et al. (26). Gray 
arrows correspond to the work published by 
Wang et al. (27). CTD: C-terminal domain. 
Yellow indicates the exon region transcribed 
but not translated; violet indicates the 
portion translated into protein.
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It would be of great interest to develop clinical trials 
aimed at identifying the optimal treatment for this 
population and, in particular, to assess the potential 
benefit of using Wnt pathway inhibitor drugs.
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Abstract
Type 2 diabetes mellitus (T2DM) is associated with increased risk of bone fragility and fractures, yet early diagnostic 
tools for musculoskeletal complications remain lacking. This study aimed to identify microRNAs (miRNAs) differentially 
expressed in T2DM patients and assess their potential as biomarkers for bone fragility. Serum samples from 8 T2DM 
patients and 8 matched healthy controls were analyzed using high-throughput sequencing and RT-qPCR. Among the 
miRNAs examined, hsa-miR-199b-5p was significantly under-expressed in T2DM patients, particularly in those with 
degraded trabecular bone score (TBS) and lower bone mineral density (BMD).

Statistical analyses revealed strong positive correlations between miR-199b-5p expression and indicators of bone 
integrity, including cortical and trabecular volumetric BMD, and serum periostin levels. Conversely, negative 
correlations were found with fracture risk (FRAX), TBS-adjusted FRAX, and CTX levels, supporting its role in bone 
metabolism. Literature suggests miR-199b-5p promotes osteogenesis via the GSK-3β/β-catenin and periostin-medi-
ated Wnt/β-catenin signaling pathways. Thus, its reduced expression may contribute to impaired bone remodeling 
in T2DM. Interestingly, miR-199b-5p shows contrasting effects in osteoarthritis (OA), where it is upregulated and 
contributes to cartilage degradation. Periostin, similarly, promotes bone formation in T2DM but may exacerbate 
inflammation in OA. These findings underscore the context-dependent roles of miR-199b-5p and highlight its 
potential as a dual biomarker: protective in T2DM bone loss, yet detrimental in OA. Further research is needed to clarify 
its therapeutic relevance and ensure disease-specific targeting strategies.
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Abstract
Type 2 diabetes mellitus (T2DM) is associated with increased risk of bone fragility and fractures, yet early diagnostic 
tools for musculoskeletal complications remain lacking. This study aimed to identify microRNAs (miRNAs) differentially 
expressed in T2DM patients and assess their potential as biomarkers for bone fragility. Serum samples from 8 T2DM 
patients and 8 matched healthy controls were analyzed using high-throughput sequencing and RT-qPCR. Among the 
miRNAs examined, hsa-miR-199b-5p was significantly under-expressed in T2DM patients, particularly in those with 
degraded trabecular bone score (TBS) and lower bone mineral density (BMD).

Statistical analyses revealed strong positive correlations between miR-199b-5p expression and indicators of bone 
integrity, including cortical and trabecular volumetric BMD, and serum periostin levels. Conversely, negative 
correlations were found with fracture risk (FRAX), TBS-adjusted FRAX, and CTX levels, supporting its role in bone 
metabolism. Literature suggests miR-199b-5p promotes osteogenesis via the GSK-3β/β-catenin and periostin-medi-
ated Wnt/β-catenin signaling pathways. Thus, its reduced expression may contribute to impaired bone remodeling 
in T2DM. Interestingly, miR-199b-5p shows contrasting effects in osteoarthritis (OA), where it is upregulated and 
contributes to cartilage degradation. Periostin, similarly, promotes bone formation in T2DM but may exacerbate 
inflammation in OA. These findings underscore the context-dependent roles of miR-199b-5p and highlight its 
potential as a dual biomarker: protective in T2DM bone loss, yet detrimental in OA. Further research is needed to clarify 
its therapeutic relevance and ensure disease-specific targeting strategies.

mir-199b-5p AS A POTENTIAL BIOMARKER OF BONE FRAGILITY IN TYPE 2 DIABETES MELLITUS – DUAL ROLE IN MUSCULOSKELETAL 
PATHOPHYSIOLOGY

INTRODUCTION

Diabetes mellitus is a leading cause of morbidity and 
mortality worldwide (1), with type 2 diabetes mellitus 
(T2DM) accounting for 90% % of all diabetes cases (2). 
The recent surge in the diagnosis rates of these and 
other lifestyle-related metabolic disorders can largely 
be attributed to the widespread adoption of seden-
tary lifestyles and excessive energy consumption in in-
dustrialized nations (3). Additional factors such as ad-
vanced age, hypertension, and family history further 
increase the predisposition to develop T2DM (4).

Currently, 13.8% % of the Spanish population suffers 
from T2DM, with an estimated 6% % of individuals un-
aware of their condition. Furthermore, approximately 
12.6% % of the Spanish population is at risk of develop-
ing T2DM due to impaired glucose tolerance or abnor-
mal fasting glucose levels (5). According to the di@bet.
es study, 5.98 million Spaniards have issues with glucose 
metabolism (5). The International Diabetes Federation 
(IDF) projects that the number of diabetic patients glob-
ally will reach 643 million by 2030, making diabetes one 
of the “epidemics of the 21st century” (6,7).

In the early stages of T2DM, metabolic disturbanc-
es such as hyperglycemia, insulin resistance, dyslipid-
emia, and hyperinsulinemia contribute to cellular and 
organ-level damage, resulting in both microvascular 
complications (e. g, retinopathy, nephropathy, neurop-
athy) and macrovascular complications (e. g, coronary 
artery disease, cerebrovascular disease, peripheral ar-
tery disease). These vascular issues account for approx-
imately 70–80% % of diabetes-related mortality (8,9). 
In addition to these vascular issues, growing evidence 
has highlighted that bone fragility is also prevalent in 
T2DM (10). The risk of fractures in patients with T2DM 
has significantly increased due to changes in bone re-
modeling and microarchitecture. Several studies have 
demonstrated a higher risk of fractures, particularly at 
the hip and vertebrae (11,12). This fragility is driven by 
chronic hyperglycemia, insulin resistance, and the accu-
mulation of advanced glycation end products (AGEs), 
which impair bone quality and disrupt osteoblast-osteo-
clast balance (10). Indeed, multiple meta-analyses have 
confirmed an increased risk of incident hip, vertebral, 
and non-vertebral fractures in individuals with T2DM, 
with major consequences for quality of life (QoL) and 
long-term disability (13,14). On the other hand, recent 
studies have also drawn a connection between osteoar-
thritis (OA) and metabolic syndrome, a cluster including 
insulin resistance, dyslipidemia, and hypertension, fur-
ther linking diabetes to musculoskeletal deterioration 
(15,16). The presence of diabetes is believed to acceler-
ate the progression of OA and complicate its manage-
ment, leading to the proposed diabetes-induced osteo-
arthritis (DM-OA) phenotype (17). This phenotype sug-
gests that systemic inflammation and oxidative stress 
in diabetes predispose patients to OA, with chronic 
hyperglycemia promoting cartilage degradation, joint 

inflammation, AGEs accumulation, and matrix stiffen-
ing, all of which impair joint cushioning and function 
(18). Recognizing musculoskeletal complications of type 
2 2 diabetes mellitusmellitus as clinically significant out-
comes, comparable with traditional vascular complica-
tions, underscores the urgent need for early detection 
strategies and targeted therapies to preserve bone and 
joint health in this growing patient population.

However, there is currently no tool available for the 
early diagnosis of these musculoskeletal complications. 
In this context, evaluating the differential expression 
of molecules such as microRNAs (miRNAs) may offer 
valuable insights into the development of diagnostic 
techniques for this population. The potential of miR-
NAs as biomarkers for musculoskeletal complications 
is supported by a growing body of scientific literature, 
which reports differential miRNA responses to various 
diseases (19,20), further highlighting the importance 
of investigating their role in T2DM-associated muscu-
loskeletal deterioration. 

In addition to miRNAs, proteins such as periostin have 
also emerged as important biomarkers in T2DM-re-
lated bone fragility. Periostin, a protein originally 
identified as osteoblast-specific factor-2, is involved in 
bone formation and remodeling but also plays a role 
in other complications of T2DM, such as cardiovascu-
lar disease (21). Th interaction of periostin with path-
ways such as Wnt/β-catenin, which regulate osteoblast 
differentiation and bone metabolism, makes it a po-
tential therapeutic target for improving bone health 
in diabetes (22). Its levels are altered in various mus-
culoskeletal disorders, including those seen in T2DM, 
making it a promising biomarker for osteoporosis and 
bone fragility in these patients.

MicroRNAs (miRNAs) are small endogenous RNA mole-
cules that post-transcriptionally regulate gene expres-
sion. They have been shown to play key roles in a wide 
range of biological processes. Recent advancements 
in transcriptomic technologies, especially next-gener-
ation sequencing and advanced bioinformatics tools, 
enable more in-depth exploration of messenger RNAs 
(mRNAs) and non-coding RNAs (ncRNAs), including 
miRNAs (23). Over 2,000 miRNAs have currently been 
identified, and it is estimated that they regulate ap-
proximately 30% % of all human genes. miRNAs are 
present in circulating blood, representing an opportu-
nity to use these disease-related circulating miRNAs as 
potential biomarkers (24). In this study, the miRNome 
of a group of healthy individuals and patients with 
T2DM was analyzed to identify differentially expressed 
miRNAs between the 2 2 groups. The differential ex-
pression of selected miRNAs was subsequently validat-
ed using RT-qPCR. Following validation, the potential 
role of these miRNAs, particularly miR-199b-5p, as 
biomarkers in T2DM was further investigated through 
statistical analysis of their correlation with determi-
nants of bone fragility and fracture risk.
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MATERIALS AND METHODS

STUDY POPULATION

This study included a total of 16 participants, 8 T2DM 
patients (males with a mean age of 60 ± 5 years) and 
8 control subjects, sex and aged matched. T2DM was 
diagnosed according to the American Diabetes Asso-
ciation criteria of 2017. T2DM patients were recruit-
ed during 2015  from the Endocrinology and Nutri-
tion Unit of Hospital Universitario Clínico San Cecilio 
(Granada, Spain). Samples from healthy controls were 
managed and provided by the Andalusian Biobank.

Inclusion criteria for patients with T2DM were absence 
of cardiovascular disease, history of cardiovascular 
events, or renal, hepatic, GI, or thyroid disease. All 
patients were on diabetes drugs, such as metformin, 
sulfonylureas, insulin, or a combination of these drugs.

Venous blood samples were obtained at the Clinical 
Analysis Unit of Hospital Universitario Clínico San Cecilio.

The study was approved by the Ethics Committee of 
Jaén, Andalucía (ID 1630-M1-18/PI-0514-2018; De-
cember 20, 2018), and conducted in accordance with 
relevant ethical guidelines for human and animal re-
search. Written informed consent was obtained from 
all participants.

CLINICAL EVALUATION, BIOCHEMICAL 
AND BONE PARAMETERS OF THE STUDY 
POPULATION

Anthropometric and biochemical 
measurements

Height, weight, and waist circumference were record-
ed following standard protocols. BMI was calculated 
as weight (kg) divided by height squared (m²). Fasting 
venous blood samples were collected in the morning, 
with serum stored at 80 °C until analysis. Biochemical 
parameters measured included HbA1c, total choles-
terol, HDL-c, LDL-c, triglycerides, creatinine, calcium, 
phosphorus, and vitamin D, using routine automated 
methods. Serum bioactive periostin was quantified 
in duplicate by ELISA (Biomedica Medizinprodukte 
GmbH), with detection ranges of 20-4,000 pmol/L and 
intra-/inter-assay variation ≤ 6% % and ≤ 3% %, re-
spectively. Average periostin levels in healthy individ-
uals are ~864 pmol/L.

Hypertension and Dyslipidemia Assessment: Blood 
pressure was measured using an automated sphygmo-
manometer after 5 minutes of rest, with 2 2 readings 
1-2 minutes apart; additional readings were taken if 
differences exceeded 10 mmHg. The mean of the last 2 
2 readings was used. Hypertension was defined as sys-

tolic/diastolic ≥ 140/90 mmHg or antihypertensive treat-
ment. Dyslipidemia was defined by HDL-c < 50 mg/dL, 
LDL-c > 100 mg/dL, triglycerides > 150 mg/dL, and/or 
lipid-lowering drug use.

Areal bone mineral density (aBMD)

aBMD of the left hip was measured using a Hologic QDR 
4500 densitometer. The shaft region was located 2 cm 
distal to the midpoint of the lesser trochanter along 
the shaft axis. Osteoporosis and osteopenia were cat-
egorized based on World Health Organization (WHO) 
criteria. Scans were performed by an experienced oper-
ator following ISCD guidelines; the device was calibrat-
ed daily with a spine phantom. Laboratory coefficients 
of variation were 1.8% % (femoral neck) and 1.5% % 
(total hip), with prior studies reporting 2.13% % and 
3.14% % for shaft and trochanter, respectively.

Trabecular Bone Score (TBS)

TBS was measured at the LS using the latest version 
of TBS iNsight (version 3.0.2.0, Medimaps, Merignac, 
France). TBS was calculated as the mean value of the 
individual measurements for vertebrae L1-L4, based 
on a grey-level analysis of the DXA images. The TBS 
precision error (percentage of the coefficient of vari-
ation) was 1.82% %. Diagnosis of preserved and de-
graded microarchitecture was based on the following 
TBS ranges: patients with TBS values ≥ 1.31 were cat-
egorized as preserved TBS and patients with TBS val-
ues < 1.31 were categorized as degraded TBS (25).

3D-DXA modeling 

Trabecular macrostructure, cortical thickness, and fem-
oral shape were assessed using 3D-Shaper software 
(v2.2), which generates participant-specific QCT-like 
models by registering a statistical shape and density 
model from QCT scans onto DXA images. Cortical thick-
ness and density were derived from fitted mathematical 
functions along the femur surface. Measures included 
volumetric BMD (vBMD) of trabecular, cortical, and in-
tegral compartments, and cortical surface BMD (sBMD). 
Strong correlations with Quantitative Computed To-
mography (QCT) (r = 0.86-0.95) and low coefficients of 
variation demonstrated high accuracy and precision.

Fracture Risk Assessment (FRAX)

FRAX estimates the 10-year probability of hip and ma-
jor osteoporotic fractures by integrating clinical risk 
factors such as age, sex, BMI, fracture history, parental 
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hip fracture, smoking, glucocorticoid use, rheumatoid 
arthritis, secondary osteoporosis, alcohol intake ad-
justed by BMD and TBS values. 

RNA EXTRACTION

miRNeasy Serum/Plasma kit (QIAGEN) was used to 
extract total RNA from 200 μL of serum samples fol-
lowing the protocol in full compliance with the man-
ufacturer’s instructions for use. UniSp2, UniSp4  and 
UniSp5 sequences were added using RNA Spike-in mix 
(vial 1 of the miRNeasy Serum/Plasma kit) to be used as 
a control for this step. The extracted RNA was used to 
carry out the sequencing and validation steps.

SEQUENCING

Library development and sequencing

The extracted total RNA samples were sequenced 
through Illumina technology. miRNA libraries develop-
ment was performed using the QIAseq miRNA Library 
Kit (QIAGEN). Adapters were ligated with molecular 
unique identifiers to subsequently back-transcribe the 
samples to cDNA, which was amplified by PCR. To guar-
antee the quality of the amplified samples, these were 
purified by capillary electrophoresis analysis (Alignent 
DNA 1000 Chip). Libraries were pooled equimolar and 
quantified by qPCR. Libraries were sequenced using a 
NextSeq sequencer (Illumina Inc). FASTAQ files of the 
sequences were created using bcl2fastq software.

Differential gene expression

Differential expression of miRNAs was analyzed using 
the Empirical Analysis of Differential Gene Expression 
(DGE) algorithm implemented in CLC Genomics Work-
bench v20.0.4. The NormFinder program, developed 
by Andersen et al. (26), was used to identify endog-
enous control miRNAs and to generate the volcano 
plot. Visualization of the volcano plot was performed 
using the ggplot2  and ggrepel packages in RStudio. 
For miRNAs selected based on the volcano plot crite-
ria, Mann-Whitney tests were conducted on variance 
stabilizing transformation (VST)-normalized data, re-
taining those with p-values < 0.05. 

VALIDATION

Polyadenylation and reverse transcription

miRNA molecules were reverse transcribed to cDNA 
with a poly(A) tail at the 3′ end using the miRCURY 

LNA RT Kit (Qiagen), according to the manufactur-
er’s protocol. UniSp6 6 RNA spike-in was included as 
a control.

Quality control

RNA sequences added in the total RNA extraction step 
(UniSp2, UniSp4 and UniSp5) and in reverse transcrip-
tion step (UniSp6) were amplified to make sure that 
the process had been conducted correctly. In addi-
tion, hemolysis-related sequences (has-miR-451a and 
has-miR-23a-3p) and endogenous miRNA sequences 
(hsa-miR-26a-5p and has-miR-30d-5p) were amplified 
to determine the quality of starting samples. All reac-
tions were performed in triplicate. miRCURY LNA SYBR 
Green PCR kit was used to perform RT-qPCR following 
the protocol indicated by the manufacturer. Accord-
ing to the miRCURY LNA miRNA PCR assay protocol, 
the PCR conditions consisted of 2 2 steps: first, a de-
naturation step at 95 °C for 10 seconds, followed by a 
combined annealing/extension step at 56 °C for 60 sec-
onds. The reaction occurred for a total of 40 cycles. 

RT-qPCR

First, miRCURY LNA miRNA Custom PCR Panels were 
designed (Fig. 1). These plates were designed to ampli-
fy: 1) miRNAs identified in the sequencing; 2) 3 endog-
enous miRNAs; and 3) 2 control miRNAs (UniSp3 and 
UniSp6) in triplicate. miRCURY LNA SYBR Green PCR 
kit as well as in the quality control step was used.

miRNA expression analysis

The ΔΔCt relative quantification method was used to 
evaluate the differential expression of miRNAs in the 
study groups. miRNA expression data are expressed as 
mean ± standard deviation (SD).

ΔCT (patients)  = CT (miRNA study) – CT (miRNA problem)

ΔCT (controls)  = CT (miRNA study) – CT (miRNA problem)

ΔΔCT  = ΔCT (patients) – ΔCT (controls)

FC  = 2-ΔΔCT

Statistical analysis

Student t tests were performed, with p ≤ .05 5 consid-
ered statistically significant. Binary logistic regression 
was conducted using the Wald forward stepwise meth-
od. Receiver operating characteristic (ROC) curves were 
generated from the regression results. Statistical analy-
ses were performed with SPSS, version 25 5 (IBM Corp).
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RESULTS

STUDY POPULATION

Tables I and II  illustrate the clinical, biochemical, and 
bone-related parameters of T2DM patients stratified 
by preserved vs degraded TBS. Patients with degraded 
TBS tended to have higher BMI and waist circumfer-
ence and lower levels of total cholesterol, LDL, and 
HDL. Regarding bone parameters, this group showed 
lower values of BMD (both volumetric and areal), low 
levels of periostin and CTX, and higher PTHi concen-
trations, suggesting a trend toward impaired bone 
quality in individuals with degraded TBS. 

DIFFERENTIAL EXPRESSION ANALYSIS AND VAL-
IDATION OF SEQUENCING DATA BY RT-QPCR

Differential expression analysis was conducted to 
identify miRNAs with significant and biologically rel-
evant changes between T2DM patients and healthy 
control. A volcano plot was generated to visualize 
differential expression, with cut-off thresholds set 
at a false discovery rate (FDR) < 0.05 and an abso-
lute log2 fold change |Log2FC| > 1. Based on these 
criteria, hsa-miR-199b-5p and hsa-miR-491-5p were 
found to be significantly downregulated in T2DM, 
while hsa-miR-483-5p, hsa-miR-122-5p, hsa-miR-
5010-5p, hsa-miR-193b-5p, and hsa-miR-320c were 
upregulated (Fig. 2A). 

To confirm these findings, raw count data were nor-
malized using the variance stabilizing transforma-
tion (VST), and a non-parametric hypothesis test was 

applied to compare miRNA expression levels across 
groups. Significant differences were observed for all 
selected miRNAs except hsa-miR-193b-5p (Fig. 2B).

Table I. Biochemical characteristics of T2DM patients

Preserved TBS Degraded TBS

Age (years) 61.75 ± 2.75 60.50 ± 2.08

Weigh (kg) 85.83 ± 10.74 98.33 ± 14.87

Height(cm) 169.75 ± 9.00 170.25 ± 10.34

BMI (kg/m2) 29.72 ± 2.28 33.96 ± 4.54

Waist (cm) 102.25 ± 6.59 112.25 ± 10.90

HbA1c (%) 7.95 ± 1.42  7.68 ± 1.89 

Uric acid (mg/dL) 5.98 ± 1.54 5.93 ± 0.97

Cholesterol (mg/dL) 215 ± 29.92 148 ± 35.42

LDL (mg/dL) 158 ± 29.07 80.25 ± 30.89

HDL (mg/dL) 53.75 ± 9.64 45.50 ± 11.82

TGs (mg/dL) 207 ± 123.94 113 ± 38.03

Creatinine (mg/dL) 0.72 ± 0.12 0.84 ± 0.1

AHT (%) 50 % 50 %

Dyslipidemia (%) 100 % 75 %

BMI: body mass index; HBA1c: glycated hemoglobin; LDL: low-density 
lipoprotein; HDL: high-density lipoprotein; TGs: triglycerides; AHT: arterial 
hypertension; T2DM: type 2 diabetes mellitus; TBS: trabecular bone score.

Figure 1. miRCURY LNA miRNA Custom PCR Panels scheme.
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These miRNAs were subsequently selected for valida-
tion by RT-qPCR. Among them, only hsa-miR-199b-5p 
was successfully validated. Consistent with sequencing 
data, hsa-miR-199b-5p was found to be significantly 
downregulated in T2DM patients vs healthy controls 
(0.496 ± 0.043-fold, p < 0.05).

CORRELATION BETWEEN HSA-MIR-199B-
5P EXPRESSION AND DETERMINANTS OF 
BONE FRAGILITY AND INCREASED RISK OF 
FRACTURE IN T2DM PATIENTS (Fig. 3)

Within the T2DM group, the expression of hsa-miR-
199b-5p was correlated with several clinical markers 
of bone fragility and fracture risk. Spearman correla-
tion analysis revealed significant negative correlations 
between hsa-miR-199b-5p expression and A) FRAX hip 
fracture risk (p   = -0.74, 95% %CI, {-0.95, -0.05}, p   = 
0.036); B) FRAX hip fracture risk (TBS adjust) (p  = -0.862, 
95% %CI, {-0.98, -0.38}, p  = 0.005); C) CTX (pg/ml) (p  = 
-0.719, 95% %CI, {-0.95, 0}, p  = 0.0446).

In contrast, positive correlations were observed be-
tween hsa-miR-199b-5p expression and D) serum lev-
els of periostin (pmol/L) (p  = 0.786, 95% %CI, {0.16, 
0.96}, p  = 0.0208); E) Cortical vBMD (g/cm3) (p  = 0.893, 

Table II. Bone and fracture risk parameters in T2DM 
patients

Preserved TBS Degraded TBS

TBS 1.28 ± 0.05 1.02 ± 0.10

Hip FRAX 0.30 ± 0.18 0.20 ± 0.22

Hip FRAX_TBS 0.38 ± 0.28 0.5 ± 0.68

Trabecular_vBMD (g/cm3) 193.29 ± 40.75 170.15 ± 91.13

Cortical_vBMD (g/cm3) 869.13 ± 72.35 860.24 ± 84.04

Cortical_sBMD (g/cm3) 186.42 ± 35.52 174.69 ± 21.79

Integral_vBMD (g/cm3) 339.17 ± 67.44 315.58 ± 107.29

TH_BMD (g/cm2) 1.205 ± 0.17 1.11 ± 0.25

Periostin (pmol/L) 1799.99 ± 346.31 1339.66 ± 245.23

iPTH (pg/mL) 25.35 ± 1.34 33.83 ± 9.77

VitD (ng/mL) 20.63 ± 5.98 19.08 ± 6.69

Calcemia (mg/dL) 9.98 ± 0.26 9.85 ± 0.24

Phosphorus (mg/dL) 3.20 ± 0.22 3.53 ± 0.50

CTX (ng/L) 0.46 ± 0.31 0.26 ± 0.12

FRAX: BMD-adjusted (with or without TBS) hip Fracture Risk Assessment 
Tool; vBMD: volumetric bone mineral density; sBMD: subchondral bone 
mineral density; TH_BMD: total hip bone mineral density; iPTH: intact 
parathyroid hormone; CTX: C-terminal telopeptide of type I collagen.

Figure 2. Differential expression of miRNAs. A. Volcano plot showing Log2 fold change (x-axis) vs –Log10 p-value (y-axis). Dashed lines 
indicate cut-offs for significance (FDR < 0.05) and expression change (|Log2FC| > 1). Labeled miRNAs passed both thresholds. B. Violin 
plots of selected miRNAs showing expression levels after variance stabilizing transformation (VST).

mir-199b-5p AS A POTENTIAL BIOMARKER OF BONE FRAGILITY IN TYPE 2 DIABETES MELLITUS – DUAL ROLE IN MUSCULOSKELETAL 
PATHOPHYSIOLOGY



❘  Rev Osteoporos Metab Miner 2025;17(4):160-169  ❘

166 M. D. López Robles ET AL.

95%  %CI, {0.4, 0.99}, p   = 0.0068); F) Cortical sBMD  
(g/cm3) (p  = 0.857, 95% %CI, {0.27, 0.98}, p  = 0.0137); 
G) Trabecular vBMD (g/cm3) (p  = 0.893, 95% %CI, {0.4, 
0.99}, p  = 0.0068), E) Integral vBMD (g/cm3) (p  = 0.893, 
95% %CI, {0.4, 0.99}, p  = 0.0068).

DISCUSSION

Our results obtained from sequencing and validation 
steps suggest differential expression of hsa-miR-199b-
5p in T2DM patients vs the healthy group. With the 
aim of exploring the potential of miR-199b-5p as a 
novel therapeutic target for the prevention and man-
agement of bone fragility associated with T2DM, we 
conducted multiple correlation analyses in T2DM pa-
tients. Our work reveals a positive correlation between 
miR-199b-5p expression and bone mineral density pa-
rameters, including cortical vBMD (mg/cm³), cortical 
sBMD (mg/cm³), trabecular vBMD (mg/cm³), and inte-
gral vBMD (mg/cm³). Consistently, we also observed 
a negative correlation between hsa-miR-199b-5p ex-
pression and FRAX hip fracture risk, FRAX hip fracture 
risk adjusted for trabecular bone score (TBS), and se-
rum C-terminal telopeptide of type I collagen (CTX) 
levels (pg/mL), all of which are established indicators 
of demineralization and bone fragility. These clinical 
findings are in line with emerging molecular evidence 
supporting the involvement of miRNA, particularly 
miR-199b-5p, in osteogenesis and bone metabolism. 
It has been demonstrated that primary mesenchymal 
stem cells (MSCs) secrete small RNAs via exosomes, 
which are increasingly recognized for their role in in-

tercellular communication (27). Bioinformatics analy-
sis using DIANA-mirPath revealed that the expression 
of exosomal miR-199b-5p, among other miRNAs, is 
impaired during osteogenic differentiation, suggest-
ing that exosomal miR-199b-5p may play a key role in 
regulating osteoblast differentiation (28). The effects 
of knockdown and overexpression of miR-199b-5p 
on osteoblast differentiation have been studied by 
measuring alkaline phosphatase (ALP) expression and 
activity, as well as the expression of the osteogenic 
marker gene Runx2  (29). The findings indicated that 
miR-199b-5p enhanced the osteogenic potential of 
bone marrow-derived MSCs (BMSCs) by modulating 
the GSK-3β/β-catenin signaling pathway, suggest-
ing that miR-199b-5p and its analogs could serve as 
promising therapeutic candidates for bone and mus-
culoskeletal disorders. Furthermore, the screening 
and validation of miRNAs associated with osteopo-
rosis, using high-throughput sequencing, revealed a 
reduced expression of miR-199b-5p (20). Based on all 
this evidence, our results suggest that reduced expres-
sion of miR-199b-5p in T2DM patients may disrupt the 
regulation of osteogenesis, potentially resulting in di-
minished bone mineralization and increased skeletal 
fragility. 

Additionally, our results also demonstrated a positive 
correlation between miR-199b-5p expression and se-
rum periostin levels (pmol/L). Periostin is a ubiquitous 
protein originally known as osteoblast-specific fac-
tor-2 and belongs to a group of nonstructural extra-
cellular matrix (ECM) proteins. This protein not only 
plays a role in adverse cardiac remodeling, being as-
sociated with cardiovascular disease in T2DM accord-
ing to the SCORE2-Diabetes algorithm (21), but also 

Figure 3. Scatter plots showing the correlation between hsa-miR-199b-5p expression and FRAX hip fracture risk (A); FRAX hip fracture 
risk (TBS adjust) (B); CTX (pg/mL) (C); serum levels of periostin (pmol/L) (D); Cortical vBMD (g/cm3) (E); Cortical sBMD (g/cm3) (F); Trabecular 
vBMD (g/cm3) (G); Integral vBMD (g/cm3) (H), in T2DM patients (n = 8). The p-values between the different associations were obtained via 
Spearman´s correlation coefficients (showing p < 0.05 in each scatter plot).
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promotes bone formation, regeneration, and repair 
(22). An experimental study on bone loss prevention 
demonstrated that periostin-induced downregulation 
of sclerostin can activate the Wnt/β-catenin signaling 
pathway, thereby inhibiting bone loss (30). This mech-
anism likely involves the interaction of Wnt proteins 
with the FZD and LRP6 receptors, leading to the inacti-
vation of the cytoplasmic GSK-3β/Axin2/APC complex. 
As a result, β-catenin accumulates in the cytoplasm 
and translocates into the nucleus, where it promotes 
the transcription of target genes involved in bone for-
mation, ultimately facilitating osteoblast differentia-
tion (31). In this line, our findings suggest that reduced 
expression of miR-199b-5p in T2DM patients may con-
tribute to impaired osteogenesis through its regulato-
ry effect on periostin. The observed positive correla-
tion between miR-199b-5p expression and serum peri-
ostin levels supports the hypothesis that miR-199b-5p 
may modulate bone metabolism, at least in part, via 
the periostin–Wnt/β-catenin signaling pathway.

Overall, our results suggest that miR-199b (with os-
teoprotective role in T2DM) could serve as a predictive 
biomarker, potentially enabling the early identifica-
tion and monitoring of osteoporosis progression asso-
ciated with T2DM. 

Interestingly, while our findings support a protective 
role for miR-199b-5p in bone metabolism and osteo-
genesis, particularly in the context of T2DM-related 
osteoporosis, emerging evidence suggests that this 
microRNA may exert deleterious effects in osteoarthri-
tis (OA). Multiple studies have highlighted the role of 
miR-199b-5p in chondrogenesis. A longitudinal bio-
informatics analysis identified miR-199b-5p as a key 
pro-chondrogenic regulator (32). Experimental data 
from the same study showed that inhibition of miR-
199b-5p during the early stages of chondrogenesis led 
to downregulation of chondrogenic markers. A deeper 
understanding of the regulatory mechanisms involved 
in chondrogenesis may offer valuable insights into OA 
pathogenesis. The mechanisms of differentiation dif-
fer between growth plate cartilage and articular carti-
lage. While the growth plate drives longitudinal bone 
growth via cartilage-to-bone substitution, articular 
cartilage maintenance depends on delayed chondro-
cyte maturation and hypertrophy (33). Therefore, it is 
plausible that, in OA, the cartilage maturation process 
becomes aberrantly activated, leading to a loss of bio-
mechanical integrity. In this context, serum exosomal 
small RNA sequencing from clinical OA patients, along 
with gene expression data from serum and cartilage 
samples retrieved from the GEO database, revealed 
that miR-199b-5p is consistently upregulated (19). In 
vitro studies further demonstrated that miR-199b-5p 
negatively affects chondrocyte viability and promotes 
extracellular matrix degradation. Conversely, inhibi-
tion of miR-199b-5p under inflammatory conditions 
exerted protective effects against tissue damage. Ad-
ditionally, in an OA model, blocking miR-199b-5p, al-

leviated disease progression, suggesting that, in con-
trast to its osteoprotective role in T2DM, miR-199b-5p 
may contribute to cartilage degeneration in OA. Of 
note, none of the patients included in our study had a 
diagnosis of osteoarthritis (OA), supporting the inter-
pretation that the observed downregulation of miR-
199b-5p is specifically linked to diabetic bone fragility 
rather than joint-related pathology. 

Similarly, periostin, which was positively correlated 
with miR-199b-5p expression in our T2DM cohort, ap-
pears overexpressed in OA cartilage (34). Immunohis-
tochemical analysis localized periostin to chondrocytes 
and their surrounding matrix, particularly near erosive 
regions. In vitro, periostin stimulation of chondrocytes 
induced the upregulation of MMPs, IL-6, and IL-8, sup-
porting its involvement in OA-associated inflammato-
ry responses.

Overall, these findings underscore the context-depen-
dent nature of miR-199b-5p activity. While it may con-
fer protection vs bone fragility in T2DM by promoting 
osteogenesis through periostin-mediated Wnt/β-cat-
enin signaling, its upregulation in joint tissues under 
inflammatory conditions may exacerbate OA disease. 
Therefore, the development of miR-199b-5p-based 
therapies requires a nuanced understanding of its 
distinct effects in bone versus cartilage to ensure the 
safety and efficacy profile.

Our study has several strengths and limitations. One 
of the main limitations is its cross-sectional design, 
which does not allow us to establish causal relation-
ships between miR-199b-5p expression and bone 
fragility parameters in T2DM. While our findings are 
consistent with the biological role of this microRNA 
in osteogenesis, longitudinal studies are required to 
determine if its downregulation precedes bone loss or 
results from it. In addition, although the sample size 
of our population was small, it is acceptable for a pilot 
study exploring novel molecular markers in a well-de-
fined clinical context. However, caution is advised 
when extrapolating these findings to broader popula-
tions. Moreover, the study cohort included only male 
participants, which limits the assessment of potential 
sex-specific differences, so further studies including 
both, larger populations and women, especially post-
menopausal who are at increased risk of osteoporosis, 
are needed to confirm these results and to enhance 
generalizability.

Despite these limitations, our study has notable 
strengths. As far as we know, this is the first study link-
ing reduced serum miR-199b-5p expression to diabetic 
bone fragility offering novel insights into its potential 
role as a biomarker. The associations were robust and 
supported by correlations with multiple clinical pa-
rameters, including BMD, TBS-adjusted FRAX, serum 
periostin and CTX levels. Additionally, the study ex-
cluded patients with osteoarthritis, reducing the risk 
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of confounding from inflammatory joint disease and 
reinforcing the specificity of the observed associations 
with bone metabolism. The integration of bioinfor-
matic analysis and molecular validation strengthens 
the biological plausibility of our findings.

While our study highlights the potential of miR-199b-
5p as a biomarker for bone fragility in T2DM, we ac-
knowledge that the use of circulating microRNAs in 
clinical practice remains limited. Nevertheless, signif-
icant progress has been made in recent years toward 
the development of robust and standardized assays, 
and circulating miRNAs are increasingly recognized as 
promising candidates for non-invasive diagnostics. In 
this context, our findings contribute to the growing 
foundation for the future incorporation of miRNA 
profiling into clinical decision-making as a comple-
mentary tool for fracture risk assessment.

CONCLUSIONS

This study identifies hsa-miR-199b-5p as a promising 
biomarker for bone fragility in T2DM patients. Its re-
duced expression is significantly associated with low-
er bone mineral density and increased fracture risk, 
suggesting a potential role in impaired osteogenesis. 
Furthermore, the strong correlation between miR-
199b-5p and periostin levels highlights its involvement 
in the Wnt/β-catenin signaling pathway. However, its 
contrasting role in OA underscores the need for con-
text-specific interpretation. These findings support 
the potential of miR-199b-5p as both a diagnostic tool 
and a therapeutic target for skeletal complications in 
T2DM. 

REFERENCES

1.	 Bailes BK. Diabetes mellitus and its chronic complications. AORN 
J 2002;76(2):266-76, 278-82; quiz 283-6. DOI: 10.1016/S0001-
2092(06)61066-1

2.	 Guthrie RA, Guthrie DW. Pathophysiology of diabetes mellitus. 
Crit Care Nurs Q 2004;27(2):113-25. DOI: 10.1097/00002727-
200404000-00003

3.	 Booth FW, Roberts CK. Linking performance and chronic dis-
ease risk: indices of physical performance are surrogates for 
health. Br J Sports Med 2008;42(12):950-2. DOI: 10.1136/
bjsm.2008.052589

4.	 Fletcher B, Gulanick M, Lamendola C. Risk factors for type 
2 diabetes mellitus. J Cardiovasc Nurs 2002;16(2):17-23. DOI: 
10.1097/00005082-200201000-00003

5.	 Soriguer F, Goday A, Bosch-Comas A, Bordiú E, Calle-Pascual A, 
Carmena R, et al. Prevalence of diabetes mellitus and impaired 
glucose regulation in Spain: the Di@bet.es Study. Diabetologia 
2012;55(1):88-93. DOI: 10.1007/s00125-011-2336-9

6.	 Magliano DJ, Boyko EJ, IDF Diabetes Atlas 10th edition scientific 
committee. IDF DIABETES ATLAS [Internet]. 10th ed. Brussels: 
International Diabetes Federation; 2021 [citado 21 de mayo de 
2025]. (IDF Diabetes Atlas). Available at: http://www.ncbi.nlm.
nih.gov/books/NBK581934/

7.	 Standl E, Khunti K, Hansen TB, Schnell O. The global epidem-
ics of diabetes in the 21st century: Current situation and 
perspectives. Eur J Prev Cardiol 2019;26(2_suppl):7-14. DOI: 
10.1177/2047487319881021

8.	 Sanabria-de la Torre R, García-Fontana C, González-Salvatierra 
S, Andújar-Vera F, Martínez-Heredia L, García-Fontana B, et al. 
The Contribution of Wnt Signaling to Vascular Complications in 
Type 2 Diabetes Mellitus. Int J Mol Sci 2022;23(13):6995. DOI: 
10.3390/ijms23136995

9.	 García-Fontana B, Morales-Santana S, Díaz Navarro C, 
Rozas-Moreno P, Genilloud O, Vicente Pérez F, et al. Metabolomic 
profile related to cardiovascular disease in patients with type 
2 diabetes mellitus: A pilot study. Talanta 2016;148:135-43. DOI: 
10.1016/j.talanta.2015.10.070

10.	 Khosla S, Samakkarnthai P, Monroe DG, Farr JN. Update on the 
pathogenesis and treatment of skeletal fragility in type 2 diabe-
tes mellitus. Nat Rev Endocrinol 2021;17(11):685-97. 

11.	 Schousboe JT, Morin SN, Kline GA, Lix LM, Leslie WD. Differen-
tial risk of fracture attributable to type 2 diabetes mellitus ac-
cording to skeletal site. Bone 2022;154:116220. DOI: 10.1016/j.
bone.2021.116220

12.	 Schwartz AV. Epidemiology of fractures in type 2 diabetes. Bone 
2016;82:2-8. DOI: 10.1016/j.bone.2015.05.032

13.	 Koromani F, Oei L, Shevroja E, Trajanoska K, Schoufour J, Muka 
T, et al. Vertebral Fractures in Individuals With Type 2 Diabe-
tes: More Than Skeletal Complications Alone. Diabetes Care 
2020;43(1):137-44. DOI: 10.2337/dc19-0925

14.	 Vilaca T, Schini M, Harnan S, Sutton A, Poku E, Allen IE, et al. 
The risk of hip and non-vertebral fractures in type 1 and type 
2 diabetes: A systematic review and meta-analysis update. Bone 
2020;137:115457. DOI: 10.1016/j.bone.2020.115457

15.	 Seow SR, Mat S, Ahmad Azam A, Rajab NF, Safinar Ismail I, Singh 
DKA, et al. Impact of diabetes mellitus on osteoarthritis: a scop-
ing review on biomarkers. Expert Rev Mol Med 2024;26:e8. DOI: 
10.1016/j.bone.2015.05.032

16.	 Courties A, Berenbaum F, Sellam J. The Phenotypic Approach to 
Osteoarthritis: A Look at Metabolic Syndrome-Associated Osteo-
arthritis. Joint Bone Spine 2019;86(6):725-30. DOI: 10.1016/j.
jbspin.2018.12.005

17.	 Courties A, Sellam J. Osteoarthritis and type 2 diabetes mellitus: 
What are the links? Diabetes Res Clin Pract 2016;122:198-206. 
DOI: 10.1016/j.diabres.2016.10.021

18.	Verzijl N, Bank RA, TeKoppele JM, DeGroot J. AGEing and 
osteoarthritis: a different perspective. Curr Opin Rheumatol 
2003;15(5):616-22. DOI: 10.1097/00002281-200309000-
00016

19.	 Feng T, Zhang Q, Li SH, Ping YL, Tian MQ, Zhou SH, et al. In-
hibition of miR-199b-5p reduces pathological alterations in 
osteoarthritis by potentially targeting Fzd6 and Gcnt2. Elife 
2024;12:RP92645. DOI: 10.7554/eLife.92645

20.	 Huang J, Yang H, Chai S, Lin Y, Zhang Z, Huang H, et al. Identi-
fication of miRNAs related to osteoporosis by high-throughput 
sequencing. Front Pharmacol 2024;15:1451695. DOI: 10.3389/
fphar.2024.1451695



❘  Rev Osteoporos Metab Miner 2025;17(4):160-169  ❘

169

21.	 González-Salvatierra S, García-Martín A, García-Fontana 
B, Martínez-Heredia L, García-Fontana C, Muñoz-Torres M. 
Bone proteins are associated with cardiovascular risk accord-
ing to the SCORE2-Diabetes algorithm. Cardiovasc Diabetol 
2024;23(1):311. DOI: 10.1186/s12933-024-02406-9

22.	 Yuan C, Li J. Research progress of periostin and osteoporosis. 
Front Endocrinol (Lausanne) 2024;15:1356297. DOI: 10.3389/
fendo.2024.1356297

23.	 Do DN, Dudemaine PL, Mathur M, Suravajhala P, Zhao X, Ibe-
agha-Awemu EM. miRNA Regulatory Functions in Farm Animal 
Diseases, and Biomarker Potentials for Effective Therapies. Int J 
Mol Sci 2021;22(6):3080. DOI: 10.3390/ijms22063080

24.	 Songia P, Chiesa M, Valerio V, Moschetta D, Myasoedova 
VA, D’Alessandra Y, et  al. Direct screening of plasma cir-
culating microRNAs. RNA Biol 2018;15(10):1268-72. DOI: 
10.1080/15476286.2018.1526538

25.	 McCloskey EV, Odén A, Harvey NC, Leslie WD, Hans D, Johansson 
H, et al. A Meta-Analysis of Trabecular Bone Score in Fracture 
Risk Prediction and Its Relationship to FRAX. J Bone Miner Res 
2016;31(5):940-8. DOI: 10.1002/jbmr.2734

26.	 Andersen CL, Jensen JL, Ørntoft TF. Normalization of real-time 
quantitative reverse transcription-PCR data: a model-based vari-
ance estimation approach to identify genes suited for normaliza-
tion, applied to bladder and colon cancer data sets. Cancer Res 
2004;64(15):5245-50. DOI: 10.1158/0008-5472.CAN-04-0496

27.	 Baglio SR, Rooijers K, Koppers-Lalic D, Verweij FJ, Pérez Lanzón 
M, Zini N, et al. Human bone marrow- and adipose-mesenchy-
mal stem cells secrete exosomes enriched in distinctive miR-
NA and tRNA species. Stem Cell Res Ther 2015;6(1):127. DOI: 
10.1186/s13287-015-0116-z

28.	 Xu JF, Yang GH, Pan XH, Zhang SJ, Zhao C, Qiu BS, et al. Altered 
microRNA expression profile in exosomes during osteogenic 
differentiation of human bone marrow-derived mesenchymal 
stem cells. PLoS One 2014;9(12):e114627. DOI: 10.1371/journal.
pone.0114627

29.	 Zhao R, Li Y, Lin Z, Wan J, Xu C, Zeng Y, et al. miR-199b-5p 
modulates BMSC osteogenesis via suppressing GSK-3β/β-
catenin signaling pathway. Biochem Biophys Res Commun 
2016;477(4):749-54. DOI: 10.1016/j.bbrc.2016.06.130

30.	 Lv J, Sun X, Ma J, Ma X, Xing G, Wang Y, et al. Involvement of 
periostin-sclerostin-Wnt/β-catenin signaling pathway in the pre-
vention of neurectomy-induced bone loss by naringin. Biochem 
Biophys Res Commun 2015;468(4):587-93. DOI: 10.1016/j.
bbrc.2015.10.152

31.	Robinson JA, Chatterjee-Kishore M, Yaworsky PJ, Cullen 
DM, Zhao W, Li C, et al. Wnt/beta-catenin signaling is a 
normal physiological response to mechanical loading in 
bone. J Biol Chem 2006;281(42):31720-8. DOI: 10.1074/
jbc.M602308200

32.	 Patel K, Barter M, Soul J, Clark P, Proctor C, Clark I, et al. Systems 
analysis of miR-199a/b-5p and multiple miR-199a/b-5p targets 
during chondrogenesis. Elife 2024;12:RP89701. DOI: 10.7554/
eLife.89701.4

33.	 Velasquillo C, Garciadiego D, Ibarra C. Joint cartilage differen-
tiation and osteoarthritis. Reumatol Clin 2007;3 Suppl 3:S2-5. 
DOI: 10.1016/S1699-258X(07)73647-1

34.	 Chijimatsu R, Kunugiza Y, Taniyama Y, Nakamura N, Tomita T, 
Yoshikawa H. Expression and pathological effects of periostin 
in human osteoarthritis cartilage. BMC Musculoskelet Disord 
2015;16:215. DOI: 10.1186/s12891-015-0682-3

mir-199b-5p AS A POTENTIAL BIOMARKER OF BONE FRAGILITY IN TYPE 2 DIABETES MELLITUS – DUAL ROLE IN MUSCULOSKELETAL 
PATHOPHYSIOLOGY



©Copyright 2025 SEIOMM y ©Arán Ediciones S.L. Este es un artículo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Multidisciplinary expert position statement on the prevention and 
management of osteonecrosis of the jaws related to bone resorption 
inhibitors 
María Pilar Aguado Acín1, Pedro Antonio Infante Cossío2,3, José V. Bagán4,5, José Nart6, Luis Miguel Redondo 
González7, Marta Zafra Poves8, Carmen García Insausti9, María Casanova Espinosa10, José Luis Cebrián Carretero11, 
Guillermo Martínez Díaz-Guerra12

1Rheumatology Department. Hospital Universitario La Paz, IdiPaz. Madrid, Spain. 2Oral and Maxillofacial Surgery Department. Hospital Universitario 
Virgen del Rocío. Sevilla, Spain. 3Department of Surgery. Universidad de Sevilla. Sevilla, Spain. 4Department of Stomatology. Universidad de Valencia. 
Valencia, Spain. 5Hospital General Universitario de Valencia. Valencia, Spain. 6Department of Periodontology. Faculty of Dentistry. Universitat Internacional 
de Catalunya. Barcelona, Spain. 7Hospital Universitario Río Hortega - Sacyl - West area. Valladolid, Spain. 8Medical Oncology Department. Hospital 
General Universitario Morales Meseguer. Murcia, Spain. 9Medical Directorate of the Sociedad Española de Hematología y Hemoterapia (SEHH). Spain. 
10Hematology and Hemotherapy Department. Hospital Universitario Costa del Sol. Marbella, Málaga. Spain. 11Oral and Maxillofacial Surgery Department. 
Hospital Universitario La Paz. Madrid, Spain. 12Endocrinology and Nutrition Department. Hospital Universitario 12 de Octubre. Madrid, Spain

Received: 10/27/2025  •  Accepted: 10/27/2025

María Pilar Aguado Acín and Pedro Antonio Infante Cossío are considered the first authors of this 
article.

Aguado Acín MP, Infante Cossío PA, Bagán JV, Nart J, Redondo González LM, Zafra Poves M, García 
Insausti C, Casanova Espinosa M, Cebrián Carretero JL, Martínez Díaz-Guerra G. Multidisciplinary expert 
position statement on the prevention and management of osteonecrosis of the jaws related to bone 
resorption inhibitors. Rev Osteoporos Metab Miner 2025;17(4):170-184      

DOI: 10.20960/RevOsteoporosMetabMiner.00107

Correspondence: 

María Pilar Aguado Acín. Rheumatology Department. 
Hospital Universitario La Paz. P.º de la Castellana, 
261. 28046 Madrid, Spain
e-mail: paguadoacin@gmail.com

Special Document 

Keywords: 
Antiresorptive drugs. 
Antiangiogenic 
drugs. 
Bisphosphonates. 
Denosumab. Bone 
exposure in the jaws. 
Medication-related 
osteonecrosis of 
the jaw. Maxillary 
osteonecrosis.

Abstract
Introduction: medication-related osteonecrosis of the jaw (ONMRJ) is a serious complication associated with the use 
of antiresorptive drugs, such as bisphosphonates and denosumab, indicated for osteoporosis and oncological diseases 
with bone involvement. Its clinical management continues to be controversial due to variability in diagnostic, prevention, 
and treatment strategies. 

Objective: to develop a multidisciplinary position paper that summarizes the main international and national recom-
mendations on the prevention and management of ONJ, as well as to propose clinical practice strategies that promote 
therapeutic adherence and minimize the risk of complications. 

Materials and methods: a literature review and telematic meetings were held with specialists in oral and Maxillofacial 
Surgery, Dentistry, Rheumatology, Endocrinology, Hematology, and Medical Oncology to formulate recommendations 
based on scientific evidence and expert opinion. 

Results: the main drugs involved in ONMRM, risk profiles, predisposing factors, diagnostic criteria, and clinical staging 
are identified. Clinical action algorithms are provided for prevention and treatment in patients with osteoporosis or 
cancer (bone metastases and/or myeloma), as well as guidelines for invasive dental procedures. The need for interdisci-
plinary coordination and the implementation of strategies that promote patient education and therapeutic adherence 
are also addressed. 

Conclusion: ONMRM presents great variability in its diagnosis, prevention, and therapeutic approach. This document 
provides clinicians with recommendations for managing these patients from a multidisciplinary approach. In order to 
ensure proper prevention, the importance of prior dental evaluation, risk factor control, and patient education is empha-
sized. Treatment should be tailored to each case, prioritizing conservative options and promoting adherence to treatment.
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with bone involvement. Its clinical management continues to be controversial due to variability in diagnostic, prevention, 
and treatment strategies. 

Objective: to develop a multidisciplinary position paper that summarizes the main international and national recom-
mendations on the prevention and management of ONJ, as well as to propose clinical practice strategies that promote 
therapeutic adherence and minimize the risk of complications. 

Materials and methods: a literature review and telematic meetings were held with specialists in oral and Maxillofacial 
Surgery, Dentistry, Rheumatology, Endocrinology, Hematology, and Medical Oncology to formulate recommendations 
based on scientific evidence and expert opinion. 

Results: the main drugs involved in ONMRM, risk profiles, predisposing factors, diagnostic criteria, and clinical staging 
are identified. Clinical action algorithms are provided for prevention and treatment in patients with osteoporosis or 
cancer (bone metastases and/or myeloma), as well as guidelines for invasive dental procedures. The need for interdisci-
plinary coordination and the implementation of strategies that promote patient education and therapeutic adherence 
are also addressed. 

Conclusion: ONMRM presents great variability in its diagnosis, prevention, and therapeutic approach. This document 
provides clinicians with recommendations for managing these patients from a multidisciplinary approach. In order to 
ensure proper prevention, the importance of prior dental evaluation, risk factor control, and patient education is empha-
sized. Treatment should be tailored to each case, prioritizing conservative options and promoting adherence to treatment.

INTRODUCTION

Medication-related osteonecrosis of the jaws (MRONJ) 
is a severe adverse reaction that causes necrosis of 
the jawbone tissue, clinically manifesting as exposed 
necrotic maxillary bone in patients treated with cer-
tain medications associated with this complication 
(1). This term was first introduced in 2003, when Marx 
published the first series of 36 MRONJ cases (2). Later, 
in 2005, a series of 10 cases was reported in patients 
undergoing oncologic chemotherapy (3). Since then, 
the concept has evolved to include various drugs that 
regulate bone remodeling (4), especially antiresorp-
tive agents.

TYPES OF DRUGS ASSOCIATED WITH 
MEDICATION-RELATED OSTEONECROSIS  
OF THE JAWS AND PATIENT PROFILE 

Antiresorptive drugs associated with MRONJ are 
mainly used to treat osteoporosis and to prevent skel-
etal complications in patients with oncologic diseases 
affecting the skeletal system or those with multiple 
myeloma (5,6). They are also used in less common 
conditions such as fibrous dysplasia, Paget’s disease, 
osteogenesis imperfecta, and giant cell tumors.

The most important antiresorptive drugs include bi-
sphosphonates, which act by inhibiting the enzyme 
farnesyl pyrophosphate synthase, blocking osteoclast 
activity and therefore bone resorption, and denos-
umab, which prevents osteoclast differentiation and 
activation by interfering with RANK ligand (RANK-L) 
signaling. These mechanisms of action make both 
drugs highly effective in preventing severe skeletal 
complications (7).

Clinically, 2 main patient profiles can be identified: 
those with osteoporosis treated with antiresorptive 
agents and those with oncologic disease involving 
bone, such as metastases from solid tumors or mul-
tiple myeloma.

In patients with osteoporosis, bisphosphonates and 
denosumab are administered at standard doses and 
lower frequencies, usually orally and subcutaneous-
ly, respectively.1 Recently, romosozumab has been 
introduced—a monoclonal antibody with dual os-
teoanabolic and antiresorptive action—indicated for 
patients with severe osteoporosis and a high risk of 
fractures. However, given its transient effect, a subse-
quent consolidation phase with antiresorptive thera-
py is required to maintain the achieved benefits (8).

In cancer patients, bisphosphonates and denosumab 
are used at higher doses and frequencies, typically 
administered intravenously or subcutaneously (9). 
In addition, other drugs used in oncology have been 

linked to MRONJ, including antiangiogenic agents 
such as bevacizumab and tyrosine kinase inhibitors 
(cabozantinib, axitinib, sunitinib, and sorafenib) (10), 
as well as common adjuvant therapies such as corti-
costeroids, aromatase inhibitors (letrozole, anastro-
zole), selective estrogen receptor modulators (ralox-
ifene), mTOR and CDK4/6 inhibitors, immunomodu-
latory agents (lenalidomide), cytotoxic agents, and 
monoclonal antibodies (11).

PREVALENCE AND INCIDENCE RATE

The prevalence and incidence rate of MRONJ depend 
on several factors, including patient profile, type of 
drug used, clinical indication, as well as dosage and 
frequency of administration. In patients treated for 
osteoporosis, the reported incidence is low, rang-
ing between 0.001 % and 0.04 % (12). However, in 
cancer patients with bone metastases or multiple 
myeloma, the incidence increases to between 1.3 % 
and 1.8 % (13). 

RISK-BENEFIT OF TREATMENT

In osteoporosis, bisphosphonates and denosum-
ab have been shown to reduce the risk of vertebral 
fractures by up to 70 % and hip fractures by up to 
40 % (13). These results not only demonstrate the 
therapeutic efficacy of antiresorptive agents but also 
their significant clinical benefits, as they help reduce 
morbidity and mortality associated with osteoporot-
ic fractures and markedly improve patients’ quality 
of life. Because the clinical benefit tends to increase 
with treatment duration, in some cases, a preventive 
“drug holiday” may be considered after several years 
of continuous bisphosphonate use (1). This strategy 
takes advantage of these drugs’ ability to persist in 
bone tissue for long periods, maintaining partial an-
tiresorptive effects after treatment discontinuation. 
However, the long-term effectiveness and safety of 
this practice remain under debate (14,15). It is also es-
sential to clearly differentiate these “drug holidays” 
from definitive treatment cessation, which should 
only be considered when a valid clinical justification 
exists (16).

In oncology, because antiresorptive agents are admin-
istered at higher doses and frequencies than in osteo-
porosis, cumulative drug exposure is greater. However, 
this intensive use is fully justified by their proven abil-
ity to prevent serious skeletal complications such as 
pathologic fractures or spinal cord compression—con-
ditions that have a decisive impact on patients’ quality 
of life and survival (13,17,18).



❘  Rev Osteoporos Metab Miner 2025;17(4):170-184  ❘

172 M. P. Aguado Acín ET AL.

CURRENT ISSUES IN THE MANAGEMENT OF 
ANTIRESORPTIVE AGENTS

The main issues associated with antiresorptive drug use 
include poor therapeutic adherence, variability in clini-
cal management among medical specialties, and lack of 
consensus in recommendations for MRONJ prevention.

In osteoporosis, lack of adherence is one of the main 
barriers. It is estimated that up to 50 % of patients dis-
continue medication within the first year, significant-
ly reducing the benefits in fracture prevention. The 
most common causes are lack of awareness of treat-
ment benefits and fear of adverse effects, particularly 
MRONJ (12). Additionally, there is substantial variability 
in clinical management. While rheumatologists and en-
docrinologists prioritize efficacy in fracture prevention, 
dentists and oral and maxillofacial surgeons focus on 
minimizing MRONJ risk. These differing priorities may 
lead to conflicting decisions, especially when evaluating 
whether to continue or suspend treatment in patients 
scheduled for dental procedures (19). In cancer patients, 
heterogeneity is even greater, as recommendations for 
bisphosphonate and denosumab use vary depending 
on tumor type and the treating specialty (1).

Despite efforts by various scientific societies and clinical 
practice guidelines (CPGs), differences still exist regard-
ing patient management (4). Therefore, it is crucial to 
have evidence-based, consensus-driven recommenda-
tions that promote a multidisciplinary approach to op-
timize drug efficacy and minimize MRONJ occurrence 
without compromising therapeutic benefits.

The objective of this article is to develop an updated 
multidisciplinary position paper on the prevention 
and management of MRONJ, integrating the most ev-
idence-based international and national recommenda-
tions and proposing practical strategies based on expert 
opinion for patients with osteoporosis or bone metas-
tases and/or multiple myeloma treated with antiresorp-
tive agents.

MATERIALS AND METHODS

To develop this position paper, a multidisciplinary 
panel was convened, composed of specialists in Oral 
and Maxillofacial Surgery, Dentistry, Rheumatology, 
Endocrinology, Hematology, and Medical Oncology, 
selected based on their clinical experience, scientific 
output, and participation in the management of pa-
tients treated with antiresorptive bone agents.

The main objectives of the expert group were: a) to 
harmonize diagnostic and therapeutic criteria; b) to 
propose prevention strategies tailored to patient 
risk profiles and the type of agent involved; and  

c) to offer practical recommendations for health care 
professionals involved in patient care across different 
specialties.

We conducted a literature review across Medline/
PubMed using the following search strategy: (“Medi-
cation-related osteonecrosis of the jaws” OR osteone-
crosis OR MRONJ) AND (jaw OR jaws OR maxillary OR 
mandible OR mandibular) AND (“clinical guideline” 
OR “consensus” OR “clinical practice guideline”). The 
search was limited to publications between 2003 and 
2025, in Spanish and English. Clinical practice guide-
lines, consensus statements, and systematic reviews on 
MRONJ were included, while letters to the editor and 
conference abstracts were excluded. This search was 
complemented by the selection of clinical guidelines 
by the multidisciplinary panel and by incorporating 
the accumulated clinical experience of the experts.

Through multiple online meetings and structured 
exchanges of documents and communications, the 
group collaboratively developed an updated and con-
sensus-based position paper. 

RESULTS

Based on the review of documents selected by the ex-
pert panel (1,4,12,13,19-23), the main recommenda-
tions for the diagnosis, prevention, and management 
of patients at risk of MRONJ or with established dis-
ease are outlined below.

DIAGNOSTIC CRITERIA

The diagnosis of MRONJ must be established thorough-
ly to rule out other forms of chronic osteomyelitis not 
induced by antiresorptive agents. Differential diagno-
ses include delayed healing, bone exposure, or bone 
sequestra due to infections, trauma, or chronic inflam-
matory processes (24). On this basis, clinical practice 
guidelines agree on three essential diagnostic criteria 
(25). First, current or previous exposure to an antire-
sorptive or antiangiogenic drug is required. Second, 
there must be exposed bone or an intraoral or extra-
oral fistula with bone involvement persisting for more 
than 8 weeks without healing. Third, there must be no 
history of radiotherapy to the maxillofacial region or 
evidence of metastatic disease in the jaws (1,12,19). 

RISK FACTORS

Multiple risk factors contribute to the development 
of MRONJ. Among pharmacologic factors, the cumu-
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lative drug dose, treatment duration exceeding three 
years, and frequency of administration are significant. 
The risk is higher in cancer patients receiving high-
dose intravenous antiresorptives compared with those 
treated for osteoporosis with oral formulations (23). 
Similarly, concomitant use of antiangiogenic agents, 
corticosteroids, immunosuppressants, aromatase in-
hibitors, or chemotherapy increases susceptibility to 
MRONJ (23,26). The main drugs associated with this 
complication are summarized in table I.

Among local factors, invasive dental procedures such 
as extractions, surgical procedures, or implant place-
ment involving osteotomy represent the most com-
mon triggers, occurring in at least half of all cases (23). 
Periodontal disease, oral infections, advanced caries, 
and mechanical factors (e. g., ill-fitting prostheses or 
mandibular tori) also contribute. Finally, tobacco and 
alcohol consumption, together with systemic diseases 
such as poorly controlled diabetes or immunodeficien-
cy, further increase risk (23,27,28). 

PATIENT STAGING

The staging of MRONJ (0-3) guides therapeutic deci-
sion-making and helps establish prognosis. The disease 
may present with or without bone exposure, as bone 
that is probeable through a fistula also meets diagnos-
tic criteria. 

Stage 0 is the most controversial. Up to 50 % of cases 
progress to stage 1, which is why the American Asso-
ciation of Oral and Maxillofacial Surgeons (AAOMS) 
considers it a potential precursor of MRONJ (1). How-
ever, its recognition is not universal among scientific 
societies, as some interpret it as a preclinical phase or a 
remission stage of stages 1-3, potentially causing con-
fusion in management and diagnostic errors (28-31). 
In clinical practice, dentists are often the first to identi-
fy these cases, especially in patients with osteoporosis, 
who are referred to oral and maxillofacial surgeons 
once the condition becomes more severe.

Differential diagnosis is challenging because stage 0 
symptoms are nonspecific and overlap with common 
oral pathologies. Manifestations such as diffuse pain, 
nonspecific odontalgia, or persistent mandibular dis-
comfort may suggest stage 0 MRONJ but are more 
commonly due to other conditions such as temporo-
mandibular dysfunction, occlusal trauma, poorly fit-
ting prostheses, advanced generalized periodontitis 
(stages 3-4), caries, bruxism, or long-standing severe 
edentulism. According to the consensus experts, this 
clinical overlap explains why, in primary care, some pa-
tients are misdiagnosed with atypical facial neuralgia 
when they actually have functional disorders unrelat-
ed to MRONJ.

The recommended clinical approach in suspected stage 
0 MRONJ is not to suspend antiresorptive treatment, 
to refer the patient early to a maxillofacial specialist, 

Table I. Strength of the association between drugs and the occurrence of medication-related osteonecrosis of the jaws 
(MRONJ)

Drugs with strong signal intensity Drugs with moderate signal intensity Drugs with weak signal intensity

Zoledronic acid

Alendronic acid

Pamidronic acid

Ibandronic acid

Risedronic acid

Alendronic acid + colecalciferol

Denosumab

Radium-223 chloride

Cabazitaxel

Romosozumab

Fulvestrant

Raloxifene

Letrozole

Etidronic acid

Eribulin

Exemestane

Anastrozole

Arsenic trioxide

Prednisolone

Everolimus

Lenalidomide

Daratumumab

Bevacizumab

Ramucirumab

Trastuzumab

Sunitinib

Lenvatinib

Cabozantinib

Palbociclib

Abemaciclib

Classification is based on signal intensity obtained from pharmacovigilance analysis of the FAERS (FDA Adverse Event Reporting System), using the Expected 
Information Component (EIC) and its 95 % confidence interval according to the Bayesian Confidence Propagation Neural Network (BCPNN) method. Strong 
signals (+++) are defined as CI-2SD > 3.0, moderate (++) if 1.5 < CI-2SD ≤ 3.0, and weak (+) if 0 < CI-2SD ≤ 1.5. Data adapted from Zhong et al., 2025.
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and to maintain close follow-up to confirm or rule out 
the lesion and safely guide further management. Pre-
mature and unwarranted treatment discontinuation 
may compromise fracture prevention efficacy, espe-
cially in patients at high skeletal risk (1,4,22).

Table II summarizes the clinical stages, diagnostic cri-
teria, and therapeutic proposals based on scientific 
evidence. In the complementary assessment, imaging 
studies are essential. Panoramic radiography remains 
the most widely used technique, though computed 
tomography (CT) has gained importance for its ability 
to detect early changes, precisely define lesion extent, 
and confirm clinical staging.

PREVENTION AND MULTIDISCIPLINARY 
MANAGEMENT

Prevention and multidisciplinary management of 
MRONJ are essential to reduce its incidence and im-
prove prognosis in patients treated with antiresorp-
tive agents. Preventive strategies should begin before 
treatment initiation and include identification of risk 
factors, comprehensive dental evaluation, elimination 
of infectious foci, and maintenance of adequate oral 
health (32).

The need for and timing of pre-treatment dental eval-
uation depend on the patient’s clinical profile and in-

Table II. Clinical classification and therapeutic management by stages of medication-related osteonecrosis  
of the jaws (MRONJ)

Stage Description Symptoms Clinical findings Radiographic findings
Recommended  
management

At risk

No exposed bone, 
but the patient 
uses antiresorptive 
agents

—  —  —

Semiannual follow-up 
(non-oncologic) or quarterly 
(oncologic); strict oral 
hygiene

0

Patients without 
clinical evidence 
of necrotic bone 
but presenting 
nonspecific 
symptoms or 
clinical and 
radiographic 
findings

Unexplained odontalgia 
not due to an odontogenic 
cause. Dull bone pain in the 
mandible, possibly radiating 
to the temporomandibular 
joint region. Sinus pain, 
which may be associated 
with inflammation and 
thickening of the maxillary 
sinus wall. Altered 
neurosensory function

Tooth loosening not 
explained by chronic 
periodontal disease. 
Intraoral or extraoral 
inflammation

Alveolar bone loss or resorption 
not attributable to chronic 
periodontal disease

Changes in trabecular pattern, 
sclerotic bone, and lack of new 
bone formation in extraction 
sockets. 

Regions of osteosclerosis 
affecting alveolar and/
or surrounding basal bone. 
Thickening/darkening of the 
periodontal ligament (thickened 
lamina dura, sclerosis, and 
narrowing of the periodontal 
ligament space)

Pain control, clinical 
monitoring, antibiotics if 
infectious signs are present

1

Exposed and 
necrotic bone 
or a fistula 
reaching bone 
in asymptomatic 
patients without 
evidence of 
infection/
inflammation

— — 

May present radiographic 
findings described for Stage 0, 
located in the alveolar bone 
region

Chlorhexidine mouth rinses, 
follow-up every 4-6 weeks. 

In surgical treatments, 
platelet-rich plasma (PRP) 
may be used if several 
months have passed and the 
socket remains unhealed

2

Exposed and 
necrotic bone, or 
fistula reaching 
bone, with evidence 
of infection/
inflammation

— —

May present radiographic 
findings described for Stage 0, 
located in the alveolar bone 
region

Oral antibiotics (amoxicillin 
+ metronidazole), analgesia, 
conservative debridement. I

n surgical treatments, 
platelet-rich plasma (PRP) 
may be used if several 
months have passed and the 
socket remains unhealed

(Continues on next page)
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dividual risk. In patients with osteoporosis, pre-treat-
ment dental evaluation is recommended when 
MRONJ risk factors, urgent dental needs, or pending 
invasive procedures are present. However, in low-risk 
patients—and to avoid delaying therapy initiation—
oral evaluation may be performed concurrently with 
the start of treatment. Conversely, in cancer patients, 
pre-treatment oral evaluation is mandatory, and an-
tiresorptive therapy should be delayed until complete 
healing of any oral lesions, whenever the patient’s sys-
temic condition allows (33-35).

Dental follow-up frequency should be tailored to 
MRONJ risk and clinical context. The expert panel rec-
ommends follow-up every 6-12 months for patients 
with osteoporosis and every 3-6 months for cancer pa-
tients (solid tumor bone metastases or multiple myelo-
ma) treated with antiresorptives.

DENTAL PROCEDURES IN PATIENTS TREATED 
WITH ANTIRESORPTIVES

Dental management should be individualized accord-
ing to drug type, clinical profile, and MRONJ risk. In all 
patients, noninvasive conservative treatments—such 
as fillings, nonsurgical endodontics, orthodontics, or 
prosthetic work—are considered safe, and suspension 
of antiresorptive therapy is not recommended.

PATIENTS WITH OSTEOPOROSIS AND LOW 
MEDICATION-RELATED OSTEONECROSIS OF 
THE JAW RISK

Low-risk procedures, such as minor dentoalveolar surgi-
cal procedures, simple extractions, or implant placement 
without osteotomy, can be safely performed with an at-
raumatic surgical technique, primary wound closure, and 

close clinical and radiologic monitoring. In these cases, bis-
phosphonate discontinuation is not recommended.

For patients treated with denosumab, the safest ap-
proach is to schedule the procedure 5-6 months after 
the last administration, avoiding excessive delay of the 
next dose to minimize the risk of skeletal complica-
tions and maintain therapeutic efficacy (22).

PATIENTS WITH OSTEOPOROSIS AND HIGH 
MEDICATION-RELATED OSTEONECROSIS OF 
THE JAW RISK

In this group, bisphosphonate discontinuation has not 
been shown to reduce MRONJ risk due to the drugs’ 
long skeletal half-life (1,22,23). However, some authors 
suggest temporary interruption to promote mucosal 
healing, with recommendations ranging from 1 week 
to 2 months before surgery (22,36). The expert panel 
considers it reasonable to suspend treatment for up to 
2 months, maintaining discontinuation until full mucosal 
healing, provided the patient’s systemic condition allows 
and therapy reintroduction is ensured thereafter.

In contrast, for patients treated with denosumab, sus-
pension is not recommended, as even brief delays may 
cause rapid bone loss and increased risk of multiple 
vertebral fractures (1,22,23) In these cases, procedures 
should be scheduled 5-6 months after the last dose, and 
treatment should be resumed 4-6 weeks after mucosal 
closure, avoiding delays longer than one month (22).

PATIENTS WITH ONCOLOGIC DISEASE (BONE 
METASTASES OR MULTIPLE MYELOMA)

Routine discontinuation of therapy before invasive den-
tal procedures is not supported by scientific evidence, 

Table II (cont.). Clinical classification and therapeutic management by stages of medication-related osteonecrosis  
of the jaws (MRONJ)

Stage Description Symptoms Clinical findings Radiographic findings Recommended  
management

3

Exposed and 
necrotic bone or 
fistulas extending 
to bone

Evidence of infection and one 
or more of the following: 
– � Exposed necrotic bone 

extending beyond the 
alveolar bone region (i.e., 
inferior border and ramus 
of the mandible, maxillary 
sinus, or zygoma) 

– � Pathologic fracture 
–  Extraoral fistula 
– � Oroantral/oronasal 

communication 
– � Osteolysis extending to 

the inferior border of the 
mandible or sinus floor

— —

Conservative surgery 
or bone resection, 
interdisciplinary 
management



❘  Rev Osteoporos Metab Miner 2025;17(4):170-184  ❘

176 M. P. Aguado Acín ET AL.

as no significant risk reduction has been demonstrated 
(4,34). These patients should be considered permanent-
ly high-risk, even after treatment completion. There-
fore, invasive surgical procedures should be avoided 
whenever possible, prioritizing conservative alterna-
tives such as nonsurgical endodontics over extractions 
(1,4).

When surgery is unavoidable or urgent, it should be 
performed in a specialized surgical unit in coordina-
tion with Oncology and/or Hematology services. At-
raumatic techniques with primary closure are recom-
mended, accompanied by abundant irrigation with 
saline or chlorhexidine and, when possible, the use 
of platelet concentrates to promote tissue healing 
(4). Some observational studies suggest that tempo-
rary suspension of intravenous bisphosphonates for at 
least 3 months before surgery may reduce MRONJ risk, 
although evidence remains limited (37). In such cases, 
treatment reintroduction should occur after complete 
wound healing, possibly delayed up to 3 months de-
pending on clinical progress.

For patients treated with denosumab, routine suspen-
sion is also not recommended due to rebound effects 
characterized by rapid bone loss and multiple verte-
bral fractures. The safest approach is to schedule sur-
gery 3-4 months after the last dose and resume ther-
apy 6-8 weeks postoperatively, once mucosal healing 
is confirmed, with close monitoring for potential “re-
bound effects” if denosumab interruption exceeds 4 
weeks beyond the next scheduled dose (1).

PATIENTS WHO HAVE COMPLETED 
ANTIRESORPTIVE THERAPY

The optimal timing for invasive dental procedures de-
pends on the drug type and clinical context. Generally, 
it is safer to operate at least 12 months after the last 
dose, provided adequate healing and absence of ac-
tive lesions. This interval is particularly important for 
patients treated with intravenous bisphosphonates, 
such as zoledronic acid, due to their prolonged skele-
tal action. For patients treated with denosumab, this 
period may be slightly shorter but should always be 
individualized based on clinical evaluation.

Figure 1 illustrates the recommended approach for pa-
tients treated with antiresorptive drugs without MRONJ. 

PATIENTS WITH MEDICATION-RELATED 
OSTEONECROSIS OF THE JAW

Therapeutic decisions should be individualized accord-
ing to disease stage, type of drug, treatment indica-
tion, general health status, and, in oncologic contexts, 

underlying disease prognosis. The creation of multidis-
ciplinary reference units comprising clinicians experi-
enced in MRONJ management is desirable to ensure 
standardized and coordinated care.

Therapeutic goals focus on pain control, infection res-
olution, and prevention of disease progression or new 
complications. Depending on severity, treatment may 
be medical or surgical. Conservative management, in-
dicated for early stages, includes local antiseptic mea-
sures, systemic antibiotics, and symptomatic control 
(22). However, recent evidence suggests that even in 
early stages (1 and 2), early surgical intervention may 
be beneficial when healing fails after several months 
of conservative therapy. In such cases, platelet-rich 
plasma used as an adjunct after curettage has shown 
favorable outcomes (38).

Surgical treatment, ranging from debridement of ne-
crotic areas to bone resection with primary closure, 
should be tailored to clinical evolution and individual 
response. Figure 2 summarizes the therapeutic strate-
gy for patients with established MRONJ.

In stage 1 MRONJ, treatment aims to control local 
symptoms, prevent progression, and maintain oral 
health. Antiresorptive therapy should be continued, as 
discontinuation has not demonstrated clinical benefit.

In advanced MRONJ (stages 3 and 4), temporary sus-
pension of antiresorptive therapy may favor faster 
lesion resolution. However, treatment reintroduction 
should occur only after complete mucosal healing, 
absence of inflammatory or infectious signs, and mul-
tidisciplinary risk-benefit assessment (1). When thera-
peutic benefit outweighs recurrence risk, reinitiation 
should be performed in agreement with the patient 
under dental and maxillofacial supervision.

When reintroduction is not advisable, therapeutic al-
ternatives should be individualized according to the 
previously used drug. In patients treated with bisphos-
phonates, parathyroid hormone (PTH) analogs such as 
teriparatide may be considered as effective anabolic 
options for managing osteoporosis and recovering 
bone mass (22). In contrast, for patients previously 
treated with denosumab, no equivalent alternatives 
exist to replace its potent antiresorptive effect. In such 
cases, close clinical monitoring is advised due to the 
risk of “rebound effect.” If this phenomenon occurs, 
controlled reintroduction of denosumab may be con-
sidered to prevent skeletal complications and main-
tain bone stability.

IMPACT ON THERAPEUTIC ADHERENCE

Fear of developing MRONJ affects adherence to an-
tiresorptive treatment. This concern, often linked to 
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an exaggerated perception of risk, may lead to pre-
mature treatment discontinuation, missed doses, or 
therapy abandonment, thereby increasing the risk of 
osteoporotic fractures or progression of metastatic 
bone disease (39).

In the absence of universal management protocols, in-
dividualized assessment and shared clinical judgment 
among specialists are essential to balance treatment 
risks and benefits. Based on current scientific evidence 
and the expert group’s clinical experience, a set of 
practical recommendations—summarized in figure 
3—is proposed to improve therapeutic continuity and 
minimize associated complications.

DISCUSSION

This document proposes a structured strategy for the 
prevention and management of MRONJ, founded on 
multidisciplinary coordination among dentists, oral 
and maxillofacial surgeons, and prescribing physicians.

In line with the most recent consensuses, routine sus-
pension of antiresorptive therapy in patients with os-
teoporosis is discouraged—even for low-risk dental or 
implant procedures—while emphasizing individual-
ized management according to drug type, treatment 
duration, and local and systemic risk factors (1,22,23).

Figure 3. Ten-point patient recommendations based on scientific evidence and the experts’ clinical experience. This document is part of 
an educational strategy aimed at preventing MRONJ in patients treated with antiresorptives. The recommendations were agreed upon by 
specialists in Oral and Maxillofacial Surgery, Dentistry, Rheumatology, Endocrinology, Hematology, and Medical Oncology, and are intended 
to reinforce therapeutic adherence and oral health through interventions based on the best available evidence.

Decalogue for the prevention of jaw osteonecrosis in patients under antiresorptive treatment

ATTEND REGULAR DENTAL CHECK-UPS  
For patients with osteoporosis, check-ups are recommended every 6-12 months. For those with bone metastases or multiple myeloma, every 3-6 months. 
This is one of the most effective preventive measures.

MAINTAIN GOOD DAILY ORAL HEALTH  
Brush your teeth at least three times a day, use dental �oss or interproximal brushes carefully, and follow your dentist’s recommendations 
to keep your gums healthy.

INFORM YOUR DENTIST AND PRIMARY CARE PHYSICIAN  
If you are on bisphosphonates, denosumab, or antiangiogenic drugs, it is essential that your dentist and primary care physician know this before 
any dental procedure. This allows treatments to be planned safely and in coordination.

DO NOT STOP YOUR TREATMENT ON YOUR OWN  
The decision to interrupt medication must be made by your specialist. Don’t be afraid—many dental procedures can be performed without stopping 
your medication. Stopping treatment without medical supervision can increase the risk of serious fractures. 

COMPLETE DENTAL PROCEDURES BEFORE STARTING ANTIRESORPTIVE TREATMENT 
If you need a dental extraction or oral surgery, it’s best to complete these before starting antiresorptive therapy. If treatment has already begun, 
always consult your dentist or maxillofacial surgeon to determine the best timing for dental intervention.

AVOID TOBACCO AND EXCESSIVE ALCOHOL CONSUMPTION 
These habits increase the risk of jaw osteonecrosis and can impair your recovery.

FOLLOW YOUR DENTIST’S HYGIENE RECOMMENDATIONS 
Use 0.12 % chlorhexidine rinses to maintain proper oral disinfection. Follow the hygiene and prophylaxis instructions tailored to your speci�c clinical situation.

 

RECOGNIZE WARNING SIGNS  
See your dentist if you experience persistent jaw pain, gum swelling, exposed bone in the mouth, bite changes, or recurrent infections.

TRUST YOUR MEDICAL AND DENTAL TEAM 
Antiresorptive treatment has been carefully evaluated, balancing the risk of jaw osteonecrosis against its bene�ts in preventing fractures or metastases. 

REMEMBER THAT JAW OSTEONECROSIS IS RARE AND PREVENTABLE  
Although the risk is higher in oncology patients with bone metastases or multiple myeloma, proper dental follow-up and preventive measures signi�cantly 
reduce this risk. Don’t let fear interfere with your treatment.
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From a diagnostic standpoint, inclusion of stage 0 
in the AAOMS classification (1) represents a mean-
ingful advance, enabling early recognition of in-
cipient forms based on radiographic findings or 
nonspecific symptoms. Recent studies (12,19,20,40) 
support the use of cone-beam computed tomogra-
phy (CBCT) as a complementary tool for early diag-
nosis, although the need to avoid overdiagnosis re-
mains—particularly in the presence of nonspecific 
orofacial symptoms attributable to common dental 
conditions.

Prevention continues to be the most effective tool 
(33-35). Likewise, fear of developing MRONJ can 
undermine treatment adherence. Clear communica-
tion with health care professionals, multidisciplinary 
coordination, and patient education are therefore 
essential.

As a distinctive contribution, this consensus organiz-
es international recommendations into a practical 
algorithm tailored to different clinical profiles—pa-
tients with osteoporosis and those with oncologic 
disease (bone metastasis or multiple myeloma)—in-
tegrating current scientific evidence, clinical experi-
ence, and real-world applicability criteria, with the 
goal of offering clear guidance that is readily im-
plementable in clinical practice. Other recent docu-
ments have addressed this clinical problem. Notably, 
the recommendations by Anastasilakis et al. (22), 
on behalf of the European Calcified Tissue Society 
(ECTS), are based on a critical (and nonsystematic) 
literature review owing to the limited quality of 
available evidence. As in the present consensus, their 
conclusions state that recommendations to prevent 
MRONJ should be adapted to the underlying skele-
tal condition, individual risk factors, and the type of 
antiresorptive therapy received. However, our work 
expands this approach by integrating specific den-
tal recommendations, pharmacologic management 
guidelines differentiated by clinical profile (osteo-
porotic vs oncologic) and by antiresorptive agent, 
providing a more practical and comprehensive view 
of the multidisciplinary approach that should be fol-
lowed in these patients.

Separately, the working group led by de Ali et al. 
(23) conducted a systematic review and meta-analysis 
to determine whether antiresorptive use in patients 
with osteoporosis increases MRONJ risk in those un-
dergoing dental implant placement, as well as its po-
tential impact on implant survival. They concluded 
that the effect of antiresorptive therapy on implant 
failure remains uncertain and that the available—and 
very low-quality—evidence does not support routine 
suspension of antiresorptives prior to the procedure. 
However, that study does not offer specific manage-
ment recommendations for different clinical scenar-
ios—an aspect that this multidisciplinary document 
addresses in detail.

CONCLUSIONS

MRONJ is a serious complication with major clinical im-
plications and marked heterogeneity in its diagnosis, 
prevention, and treatment. This position paper pro-
poses unifying criteria based on scientific evidence and 
expert opinion to optimize prevention and treatment 
strategies. Pre-treatment dental evaluation, risk-factor 
control, and patient education are essential to mini-
mize incidence. Management—both in oncologic and 
non-cancer patients—should be individualized, prior-
itizing conservative strategies and supporting thera-
peutic continuity. The paucity of prospective studies 
limits current evidence and underscores the need for 
further research to standardize clinical protocols.
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