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Abstract

Introduction: we aimed to analyze whether the SARS-CoV-2 pandemic has led to a decrease in denosumab (Dmab) adhe-
rence in the population, and assess the incidence of subsequent fractures in non-adherent patients.

Methods: we assessed all patients who should have required the administration of a dose of Dmab in Cantabria (Spain),
during the lockdown Sociodemographic variables, risk factors for osteoporosis, data on Dmab administration, and the
reason for drug discontinuation were collected. Furthermore, the development of a subsequent clinical fracture during the
following year was also analyzed.

Results: a total of 2948 patients should have received a new dose of Dmab during the lockdown months, but 546 (18.5
%) discontinued the drug. The main reason for withdrawal was the patient's own doing (65 %). The incidence of clinical
fractures in the overall group was low (n = 45; 1.46 %) with only 4 vertebral and 3 hip fractures being reported. When
the group that did not receive more doses of Dmab or an alternate antiosteoporotic agent was analyzed (n = 147), it was
revealed that 2 patients (1.36 %) sustained a vertebral fracture and another one (0.68 %) a hip fracture during the year
following the last dose of the drug.

Conclusions: there was a non-negligible percentage of patients who did not receive the dose of Dmab on time during the
lockdown period. However, the incidence of clinical vertebral and non-vertebral fractures was low, even in the non-compliant
subjects who did not receive a different antiosteoporotic agent. None of the patients sustained multiple vertebral fractures
at the 1-year follow-up.
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INTRODUCTION

Osteoporosis is the most frequent metabolic bone dis-
ease and fragility fractures represent a major health
problem (1,2). Among the available therapeutic
schemes, denosumab (Dmab), a monoclonal antibody
that acts as an inhibitor of the RANK ligand (RANKL), is
usually administered via subcutaneous injection every
6 months, frequently in primary care centers. Dmab
Discontinuation without subsequent antiosteoporotic
therapy leads to significant changes in bone remod-
eling, the so-called “rebound phenomenon”, and is
associated with an increased risk of vertebral fractures
(3,4).

The SARS-CoV-2 pandemic, which hit Spain with ex-
traordinary virulence, has had a huge impact on the
management of chronic diseases, including osteo-
porosis. The strict lockdown imposed by the Spanish
government within the first months of the pandemic,
changed the classic health care model, leading to an
increase in telemedicine, delays in performing densi-
tometric studies, and interruptions in drug supply and
administration of parenteral drugs (5). Moreover, the
potential risk of a flu-like reaction that could be mis-
taken for a COVID-19 infection after IV zoledronic acid
administration (6) or fear of visiting the primary care
center in association with the administration of Dmab
represented an important dilemma for both clinicians
and patients with osteoporosis (7).

Taking into account the above-mentioned consider-
ations, we aimed to analyze whether the lockdown
period has led to a decrease in adherence to Dmab
and to study the features of non-adherent subjects.
Besides, we also studied the potential development
of subsequent clinical fractures in non-adherent pa-
tients vs those fully compliant with this monoclonal
antibody.

PATIENTS AND METHODS

All patients from our region (Cantabria, Sppain) who
should have required the administration of a dose of
Dmab during the COVID-19 lockdown period in Spain,
from March through June 2020 were included in the
study. Nine patients were excluded because of incom-
plete data on the clinical chart. To detect non-compli-
ant subjects, drug withdrawal in the pharmacy was
analyzed and later checked in the patient’s health his-
tory.

The study was conducted in Cantabria, a region in
northern Spain, with a population of 581,641 inhab-
itants, an area of 5321 km? and a population density
of 109 inhabitants per km?. As Dmab is administered
biannually, the data of those who received the last

A. PEREZ-MARTIN ET AL.

dose from September to December 2019 were collect-
ed. The study was approved by Cantabria Ethics Com-
mittee (No. 2022.004).

STUDY VARIABLES

Age, sex, the financial contribution of the patient to
pharmacy costs, and the place of residence were col-
lected as sociodemographic variables. An urban area
was considered if the size of the population size ex-
ceeded 10,000 inhabitants.

Risk factors for osteoporosis including smoking, alco-
hol consumption, diseases or drugs affecting bone me-
tabolism, previous drug use, history of fractures, and
use of calcium and/or vitamin D supplements were also
collected, as well as serum 25-hydroxyvitamin D levels
(ng/mL) and bone densitometry parameters. Dmab on-
set and last dose date, the initial prescribing physician,
and the reason for drug withdrawal were also gath-
ered from the clinical charts.

The number and characteristics of the patients who
did not receive the corresponding dose of Dmab or
who received it with a delay of more than 1 month,
as well as the variation in Dmab pick-up in pharmacies
vs the previous year were also assessed. Finally, we an-
alyzed the occurrence of subsequent clinical fractures
at the 1-year follow-up. Data were obtained from the
patients’ health history. A total of 9 patients from the
non-compliant group were excluded from the analysis
because they did not present sufficient valid data on
their clinical charts.

STATISTICAL ANALYSIS

Results were expressed as numbers and percentages,
mean #* standard deviation (SD), or median and in-
terquartile range (IQR), as appropriate. To compare
quantitative and qualitative variables Student t-test
and the chi-square test or Fisher’s exact test were used,
when appropriate. A two-tailed p-value < 0.05 was
considered significant in all calculations.

RESULTS

During the study period, a total of 2948 patients with
osteoporosis should have received their correspon-
dent dose of Dmab. Of these, 546 patients did not re-
ceive the subcutaneous injection (18.5 % of the entire
sample).

| Rev Osteoporos Metab Miner 2024;16(3):71-78 |
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The sociodemographic and clinical variables of the
compliant and non-compliant groups are summa-
rized in table I. The mean age was 76 years, female
sex was predominant (n = 2732; 92.7 %), as well
as the urban residence (n = 2165; 73.4 %) and a fi-
nancial contribution < 10 % to the cost of the drug
(n=2639; 89.5 %). Significant differences were found
regarding the contribution to the cost of Dmab in
pharmacy (p = 0.009).

Figure 1 shows the distribution reason-wise of the
non-compliant group. As can be seen, most patients
discontinued their therapy on their own doing. Char-
acteristics of Dmab prescription and reason for with-
drawal in the group of patients who did not receive
the drug at the scheduled time are shown in table II.
Regarding pick-up Dmab data in pharmacies, -12.4%,
-7.2%, -4.1%, and +10.8% were reported in March,
April, May, and June 2020 vs the same months of the
previous year. These figures represent a 12.9 % de-
crease in the entire study period. Table Il shows the
risk factors for osteoporosis and fragility fractures of
the non-compliant group.

When stratifying these data by sex (Table 1V), statis-
tically significant differences were found for age, al-
cohol intake, and previous vertebral fractures (high-
er in men), and previous antiosteoporotic treatment
and history of non-vertebral fractures (higher in
women).

73

Table V summarizes the incidence of a subsequent frac-
ture at the 1-year follow-up in the studied patients.
When analyzing the group that did not receive more
doses of Dmab (excluding deaths; n = 41, or 36 pa-
tients shifted to an alternate antiosteoporotic agent;
n =147 [27.4 %]), 2 patients (1.36 %) sustained a ver-
tebral fracture, and 1 (0.68 %) a hip fracture during
the year following Dmab discontinuation. All fractures
occurred in women. The first patient with a vertebral
fracture after Dmab discontinuation was an 85-year-
old woman who had sustained multiple previous ver-
tebral fractures, and the second case was a 77-year-old
woman who had sustained a previous vertebral frac-
ture. The reason for Dmab withdrawal was mainly the
patient’s own doing (76.2 %; n = 112), followed by the
physician’s decision (17 %; n = 25) and the odontolo-
gist’s advice (6.8 %; n = 10).

Considering the overall group of patients on Dmab
(n = 2402), 21 patients (0.87 %) sustained a verte-
bral fracture, 10 (0.41 %) a hip fracture, and 4, other
non-vertebral fractures (0.16) at the follow-up. One
patient (2.7 %) of the non-compliant group with alter-
native antiosteoporotic therapy sustained a vertebral
fracture within the next year, and another one (2.7 %)
a hip fracture. Of note, the non-compliant group with-
out alternative antiosteoporotic therapy was 15 older
vs the group with Dmab administration delay, 11 years
older vs the non-compliant group that did receive alter-
native therapy, and 6 years older vs the overall group.

Table I.

Compliant group Non-compliant group
(n = 2402) (n = 546) P
Age (years) 75.8+9.6 76.5+10.6 0.15
Sex Female n=2233(93 %) n =499 (91.4 %) 020
Male n=169 (7 %) n=47 (8.6 %)
Residency Urban n=1847 (76.9 %) n=318(76.8 %) 0.94
Rural n =555 (23.1 %) n=127(23.2 %)
Financial contribution to the cost of drug <10 % n=2167(90.2 %) n =472 (86.4 %) 0.009
>40 % n=235(9.8 %) n=74(13.6 %)

Dmab withdrawal*
n=>537
[
Delay |.n Dn']ab Without alternative Alternative therapy Death
administration therapy (n=36) (n=41)
(n=313) (n=147) n= n=

Figure 1. Flowchart of patients who discontinued Dmab. *A total of patients were excluded because they did not have sufficient valid

data on their clinical charts.

| Rev Osteoporos Metab Miner 2024;16(3):71-78 |
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dil
n %
Rheumatology 195 36.3
Internal Medicine 142 26.4
Primary Care 123 22.9
Physician who starts treatment Endocrinology 28 5.2
Traumatology 19 35
Gynecology 18 34
Other 12 23
Primary Care 16 239
41 61.2
Rheumatologist 19 46.3
Physician who withdraws A different specialist Internist 14 34.1
Palliative care physician 3 7.3
Other 5 123
Odontologist 10 14.9
Patient’s own doing 353 65.7
Postponed by the nurse 76 14.2
Cause of withdrawal Primary care physician 16 3
A different physician 41 7.6
Odontologist 10 1.9
Death 41 7.6
*A total o 9 patients were excluded because they did not have sufficient valid data on their clinical charts.
n %
Previous osteoporosis treatment 266 49.5
Alcohol intake 39 7.3
Current smoking 42 7.8
Secondary osteoporosis 136 253
Corticosteroid use 69 12.8
No. of previous treatment
1 164 62.4
2 53 20.2
3 24 9.1
4 5 1.9
>4 20 6.4
Oral pharmacological calcium intake 173 32.2
Oral vitamin D intake 422 78.6
Previous vertebral fracture 172 32.1
1 81 47.9
2 47 27.8
3 21 12.4
4 12 7.1
>4 8 4.7

(Continues on next page)
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n %
Previous non-vertebral fracture 146 27.2
Hip 43 29.9
Distal forearm 36 24.7
Rib 10 24.7
Humerus 5 34
Other 52 13.7
Serum 250H D level (n = 317); mean = SD (ng/mL) 27.9+14.2
Male (n = 48) Female (n = 489) P
Age (years), mean + SD 79.0+11.2 755104 0.03
Residence ( %) Urban 52.1(n=25) 54.4 (n = 266) 0.88
Financial contribution to the cost of the drug (%) Reduced (< 10 %) 93.8 (n=45) 87.3(n=427) 0.28
Current alcohol intake (%) 188(n=9) 6.1 (n=30) 0.004
Current smoking (%) 10.4 (n=5) 7.6 (n=37) 0.67
Secondary osteoporosis (%)* 18.8(n=9) 25.9 (n=127) 0.36
Corticosteroid use (%) 12.5(n=16) 12.9 (n=63) 0.88
Previous osteoporosis treatment (%) 229(n=11) 52.1 (n = 255) 0.0002
1 12.5(n=6) 32.3(n=158) 0.007
2 42(n=2) 10.4 (n =51) 0.26
No. of previous antiosteoporotic agents (%) 3 21(n=1) 4.7 (n=23) 0.64
4 42(n=2) 0.6 (n=3) 0.09
>4 0(n=0) 35(n=17) 0.38
Pharmacological calcium intake (%) 35.4(n=17) 31.9 (n = 156) 0.74
Pharmacological vitamin D intake (%) 72.9 (n =35) 79.1 (n =387) 0.42
Serum 250H D level (ng/mL), (mean + SD) 28.9+14.1 27.9+14.2 0.10
Presence of previous vertebral fracture (%) 50.0 (n = 24) 30.3 (n = 148) 0.008
1 14.6(n=7) 15.1 (n=74) 0.91
2 27.1(n=13) 6.9 (n=34) 0.0001
No. of previous vertebral fractures (%) 3 42(n=2) 3.9(n=19) 076
4 42(n=2) 2.0(n=10) 0.66
5 0(n=0) 1.6 (n=38) 0.49
Previous non-vertebral fracture (%) 125 (n=6) 28.6 (n = 140) 0.02
Hip 21(n=1) 8.6 (n=42) 0.19
Distal forearm 0(n=0) 7.4 (n=36) 0.10
Rib 0(n=0) 2.0 (n=10) 0.66
Site of previous non-vertebral fracture (%) Humerus 0(n=0) 1.0(n=5) 0.93
Ankle 21(n=1) 0.8(n=4) 0.93
Knee 0(n=0) 04(n=2) 0.43
Foot 0(n=0) 0.2(n=1) 0.15

*Secondary osteoporosis: hypogonadism, endocrine disorder (hyperparathyroidism, hyperthyroidism), G, rheumatologic (rheumatoid arthritis),

or organ transplantation.
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Table V.

. . Non-compliant Non-compliant
Compliant Delay in Dmab . .
Overall P group with group without
group administration ] .
(n =2939)* alternative therapy | alternative therapy
(n = 2402) (n=313)
(n =36) (n=147)
Age (years; mean + SD) 789+8.2 79.3£7.6** 70.5 £ 19.1** 74.0 £ 11.9%* 85.0+2.8
Total fractures (n) 43 35 2 3 3
Clinical vertebral fracture (n) 25 21 1 1 2
Overall clinical vertebral fractures (%) 0.85 0.87 0.31 2.7 1.36
Hip fractures (n) 13 10 1 1 1
Overall hip fractures (%) 0.44 0.41 0.31 2.7 0.68
Non-vertebral fractures (n) 5 4 0 1 0
Overall non-vertebral fractures (%) 0.17 0.16 0 2.7 0
*A total of 9 patients were excluded because they did not present sufficient valid data on the clinical chart. **p < 0.0001 vs the non-compliant group without
alternative therapy.

Given the high risk of age-related fracture related in
the non-compliant group without alternative treat-
ment and the incidence of fracture in this group vs the
other ones, it seems reasonable to suggest that there
is no increased risk of fractures.

DISCUSSION

Our study found that there was a non-negligible per-
centage of patients (18.5 %) who did not receive the
correspondent dose of Dmab during the lockdown
due to the COVID-19 pandemic in Cantabria, Spain.

Kocijan et al. (8) found a decrease in the prescription of
this monoclonal antibody in Austria from March (22 %)
and April (23 %) 2020 vs the previous 6 months. The
same trend was noted in this period regarding IV zole-
dronate (36 % and 49 % decrease vs the previous year).

Fuggle et al. (5) noted that 43% of 209 health profes-
sionals from different parts of the world reported dif-
ficulties in treating osteoporosis during the COVID-19
pandemic. The main issues were problems obtaining
the drug, delays in the administration of parenteral
agents, and the reluctance of patients to go to their
health center. In the specific case of parenteral drugs,
46% were administered appropriately, 3% had to
switch these treatments to an alternative area, 21%
delayed treatment until there was a lower risk of
COVID-19, 13% switched to an oral drug, 8% were
administered at home and 9% had some other issues
such as self-administration of the dose by the patient
at home. Primary care physicians prescribed Dmab
in 15% of the cases, which involves shorter delays in
drug administration than the one we found in the

present study (59.6%) (5). Additionally, these authors
also found a lower percentage of switching to a dif-
ferent antiosteoporotic treatment (4.2 %), although
they saw a greater percentage of change to an oral
bisphosphonate (2.2 %) (5).

Peeters et al. (11) surveyed a total of 77 health care
professionals in The Netherlands and found that 49%
of patients on Dmab were properly treated by their
family physician, and 33.4% were followed in the hos-
pital outpatient clinics or at home via self-injection.
Some 6.3% of patients reported a delay in Dmab ad-
ministration, 8.3% were taught via video conference
to self-administer the drug, and 1% discontinued
treatment without starting another antiosteoporot-
ic agent. These data indicate a lower percentage of
withdrawal or Dmab administration delay than the
one we found (5.0% and 10.6%, respectively).

Dmab discontinuation causes rebound high bone turn-
over and rapid bone loss within the first year, increas-
ing the risk of major osteoporotic fractures, especially
multiple vertebral fractures, particularly among sub-
jects with previous vertebral fractures (3). Besides, the
delayed administration of subsequent Dmab doses by
more than 16 weeks has been associated with an in-
creased risk for vertebral fractures vs on-time dosing.
Nevertheless, evidence for an increased risk of frac-
tures at different anatomical sites with long delays is
insufficient (9).

Based on all this, Dmab should not be discontinued
without switching to an alternative agent, usually
bisphosphonates (4). This approach was very import-
ant during the SARS-CoV-2 pandemic, and the Joint
Guidance on Osteoporosis Management in the Era of
COVID-19 from the ASBMR, AACE, Endocrine Society,
ECTS & NOF recommended that “for patients in whom
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continued treatment with denosumab is not feasible
within 7 months of prior denosumab injection, strong-
ly consider transition to oral bisphosphonate if possi-
ble” (www.asbmr.org).

Although we found no differences in the rate of clini-
cal vertebral or nonvertebral fractures after Dmab dis-
continuation, we observed a crude higher percentage
of vertebral fractures in the group of patients who
discontinued Dmab and switched to other alternative
therapy (2.7%) vs the compliant group (0.87%). The
differences reported were not statistically significant,
mainly because only 1 patient sustained a vertebral
fracture in the latter group. There was also a slight,
albeit non-significant increase in the group of with-
drawal patients without alternative therapy (1.36%)
while in those who delayed the dose the incidence of
fractures was very similar to that of patients who re-
ceived the scheduled dose of Dmab. It may be that the
low frequency of fractures following the non-admin-
istration of Dmab at the scheduled time may be due,
in most cases, to switching to a different drug. Indeed,
in many cases, a delayed administration was report-
ed (exceeding 2 months from the indicated time) but
not an abrupt discontinuation without an alternative
anti-osteoporotic agent. Another possible explanation
could be the reducted physical activity, changes in
lifestyle habits, and lower number of falls associated
with the lockdown. However, we do not have collect-
ed these data to adequately analyze its influence on
this outcome.

Regarding non-vertebral fractures, specifically hip frac-
tures, the incidence of this type of fractures was also
very low and non-significant across the study groups.

Noteworthy, in the placebo group of the FREEDOM
study, the risk of new clinical vertebral fractures was
2.6% (1.6% with 2 or more vertebral fractures), 1.2%
for hip fractures, and 8% for non-vertebral fractures
(12). Furthermore, in a post-hoc analysis of the FREE-
DOM study of 1001 patients who discontinued Dmab
during the study, 5.6% sustained vertebral fractures
and 2.3% non-vertebral fractures (13). The rate of
fractures in both studies was quite similar to that ob-
served in our study.

In the FREEDOM extension study, Cosman found in
the discontinuation group a crude annualized inci-
dence of vertebral fracture of 11.8% (n =56) and 7.2%
(n = 34) in multiple vertebral fractures [9.5 % (n = 31)
in the placebo group for vertebral fractures and 3.7 %
(n = 12) for multiple vertebral fracture (14)].

In the COVID-19 era, we should reconsider the man-
agement strategies of patients with osteoporosis, high-
lighting and implementing therapeutic compliance. To
achieve this, the methods of providing medical care must
also be adapted, either by increasing virtual follow-up
consultations or by facilitating a multidisciplinary ap-
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proach with other health professionals. Although tele-
medicine reduces costs, waiting times, or trips, it also
increases the uncertainty of physicians and patient and
a possible medical and legal vulnerability (5).

The study has several limitations. First, the study was
conducted in a specific area from northern Spain and
included Caucasian people. Therefore, data could not
be extrapolated to other geographical areas or ethnic-
ities. Second, data have been reviewed from clinical
charts, and the overall time on Dmab or the precise
reasons for Dmab withdrawal cannot be well-defined
in some cases. Third, the number of fractures was small
and the short period of follow-up could be a limitation
of the study since the long-term incidence of fractures
was not assessed. Fourth, we only have data on clinical
vertebral fractures, which required radiology. Finally,
we do not have data on Dmab withdrawal during oth-
er periods before or after the lockdown.

In conclusion, the lockdown of the Spanish population
within the first months of the SARS-CoV-2 pandemic
in our health care field of expertise led to almost an
18% rate of Dmab discontinuation due to delayed
administration, switch to a different antiosteoporot-
ic agent, or definitive withdrawal without prescribing
an alternative therapy. With the limitations inherent
to this kind of study design, the interruption of Dmab
during this COVID-19 pandemic was not followed by a
significant increase in clinical and non-vertebral frac-
tures vs the results of the FREEDOM study. None of the
patients sustained multiple vertebral fractures at the
1-year follow-up Despite these data, we consider that
current scientific recommendations should be adopted
in cases of Dmab withdrawal. In the COVID-19 era, cli-
nicians should conduct more intensive and long-term
follow-ups of osteoporotic patients on Dmab to pre-
vent the fractures associated with the discontinuation
of this monoclonal antibody.
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Resumen

Introduccion: el Risk Communication in Osteoporosis Study (RICO) es un estudio internacional multicéntrico que evaluaba
las preferencias de las pacientes con osteoporosis sobre la comunicacion del riesgo de fractura.

Objetivo: comparar los resultados de los paises de habla hispana participantes en el estudio RICO para observar si las
diferencias culturales confieren preferencias diferentes en la comunicacion del riesgo de fractura.

Meétodos: se reclutaron mujeres posmenopausicas con diferentes riesgos de fractura y niveles de educacion. Se disefié un
cuestionario estructurado en diferentes dominios, incluyendo datos sociodemograficos, conocimiento sobre la enfermedad
y riesgo de fractura, preferencias graficas, escritas y/o verbales respecto a la comunicacion del riesgo de fractura, y opinién
respecto a las decisiones terapéuticas una vez entendido este riesgo.

Resultados: de las 332 pacientes incluidas en el estudio internacional, 94 pertenecian a paises de habla hispana. Entre ellas
36 eran de México, 30 de Argentina y 28 de Espafia. Un porcentaje superior de participantes de Espaiia (78,6 %) y México
(86,1 %) habian recibido informacion previa sobre su riesgo de fractura respecto a la media del estudio RICO internacional
(56 %). Las pacientes de habla hispana prefirieron las formas visuales de comunicacién impresas sobre el riesgo de fractura,
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INTRODUCCION

El modelo de la toma de decisiones de forma compar-
tida médico-paciente se fundamenta en la utilizacién
de herramientas de informacion que permiten al pa-
ciente un mayor conocimiento de su enfermedad. Las
herramientas de decisiéon compartida con respecto a la
realizacién de pruebas diagnésticas y/o tratamientos,
se iniciaron durante el siglo XX (1,2), momento en el
cual la sociedad empezé a ser cada vez mas exigente
con la obtenciéon de informacién sobre las enfermeda-
des (3).

La prevalencia actual de osteoporosis (OP) en la mu-
jer posmenopdausica a nivel mundial se situaria en ci-
fras del 23,1 % y, en el hombre mayor de 50 afos, en
un 11,7 % (4). En una proyeccién situada en el afo
2050, considerando el incremento de la poblacién ma-
yor de 60 afios, la estimacion del nUmero de fractu-
ras osteoporaticas, se situaria en un escenario a nivel
mundial de 6,26 millones de fracturas de cadera (5).
Es decir, la OP es una enfermedad extraordinariamen-
te prevalente y con unas consecuencias que pueden
impactar de manera muy significativa a quienes la pa-
decen y que condicionara la sanidad de forma impor-
tante en los préximos afios.

La informacién clara e inteligible para el paciente so-
bre del riesgo de fractura por parte del médico es un
aspecto de comunicacién médico-paciente clave en la
relacién que se mantiene con los pacientes diagnosti-
cados de OP. La transmisién adecuada de informacion
al paciente permite una mayor comprensién de la en-
fermedad, conocer las consecuencias de la misma, la
eficacia y los efectos secundarios de los tratamientos,
y es util para compartir la decision terapéutica final y
reforzar de forma positiva la adherencia a los trata-
mientos (2,6).

En relacion a la OP, existe una discrepancia entre el nu-
mero de pacientes con fracturas por fragilidad y el nu-
mero de pacientes que estan en tratamiento para evi-
tar nuevas fracturas (7). Este dato indica que muchos
pacientes permanecen en un alto o muy alto riesgo de
padecer una nueva fractura por fragilidad, en parte
por no haber recibido suficiente informacion sobre las
consecuencias de la OP.

No obstante, informar a los pacientes sobre la OP y
del riesgo de padecer nuevas fracturas en un lenguaje
transparente y adecuado no es facil. Esta complejidad
viene dada en parte por la variedad de temas a abor-
dar, incluyendo la alimentacién, ejercicios, elementos
nocivos a evitar, y opciones terapéuticas, asi como por
la escasez de herramientas de comunicacién estableci-
das para transmitir este tipo de datos a los pacientes
(8). Asimismo, tampoco es frecuente que los pacien-
tes osteopordticos, que ya han padecido una fractura,
reciban suficiente informacién sobre el riesgo de pa-
decer una nueva fractura a pesar de que existen he-
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rramientas de prediccion especificas como el FRAX (9).
Esto contrasta con lo que ocurre en otras enfermeda-
des como el cancer, enfermedad en la que los pacien-
tes cada vez comparten mas decisiones sobre las op-
ciones terapéuticas en base al riesgo de recidiva (10).

En este contexto se desarrollé el estudio “the Risk
Communication in Osteoporosis (RICO)” (11), un es-
tudio internacional multicéntrico basado en una en-
cuesta estructurada a mujeres con osteoporosis, con y
sin fracturas por fragilidad, con el objetivo de conocer
sus preferencias en cuanto a cémo recibir informacion
sobre el riesgo de padecer una fractura por fragilidad.

En el presente estudio se presenta un subanalisis del
RICO en el que se analizan y se comparan los resul-
tados obtenidos en los paises participantes de lengua
hispana, es decir, México (MEX), Argentina (ARG) y
Espafa (ES), para observar si las diferencias culturales
confieren preferencias diferentes en el ambito de la
comunicacion del riesgo de fractura.

METODOS

DISENO Y OBJETIVOS DEL ESTUDIO

El disefio y la metodologia del estudio “the Risk Com-
munication in Osteoporosis (RICO)"” se ha publicado
recientemente (11). Brevemente, se diseié un estudio
internacional basado en una encuesta estructurada
que se realizé a mujeres con osteoporosis con y sin
fracturas por fragilidad, con y sin fracturas previas y
con diversos niveles de educacion recibida, con el ob-
jetivo de conocer sus preferencias en cuanto a cémo
recibir informacién de su riesgo de padecer una frac-
tura por fragilidad. Ademas, se evaluaron la relevancia
e importancia de las diferentes modalidades de comu-
nicacion y se establecié un modelo que se acercara a
cada una de las poblaciones estudiadas.

El objetivo en este subestudio es evaluar las preferen-
cias de comunicacion de las pacientes de habla hispa-
na.

A continuacion, se describen las caracteristicas princi-
pales del estudio.

Ambito del estudio

El estudio RICO se realizé con pacientes de 11 centros
de diversos paises: Estados Unidos, Canada, Argenti-
na, México, Espafa, Bélgica, Holanda, Reino Unido y
Japon. Los centros participantes fueron invitados por
los coordinadores del estudio de forma individual y a
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través asociaciones de pacientes como la Canadian Os-
teoporosis Patient Network y la UK Royal Osteoporosis
Society.

Criterios de inclusion

Cada centro debia incluir a 30 mujeres posmenopausicas
con osteoporosis o con riesgo de fractura. Cada centro
debia incluir al menos 10 pacientes con fracturas por fra-
gilidad y 10 sin fracturas previas. También debian tener
diferentes niveles de educacién, al menos 10 con estu-
dios superiores y 10 solo con estudios primarios. Respecto
al tratamiento, al menos 10 pacientes debian estar to-
mando activamente tratamiento farmacolégico para la
osteoporosis y 10 sin tomar este tipo de medicacién.

Diseno de la encuesta

La metodologia de cémo se disefié la encuesta y del
estudio piloto que se realizaron previamente estan
ampliamente descritos en Beaudart y cols. (11). Bre-
vemente, una serie de expertos desarrollaron un cues-
tionario en lengua inglesa, en el que invitaron a parti-
cipar a pacientes para dar sugerencias sobre el disefio
del mismo y que concluyé finalmente con un cuestio-
nario estructurado en diversos dominios.

El cuestionario final, que se presenta en el anexo 1
(https://www.revistadeosteoporosisymetabolismomi-
neral.com/anexos/00048-01.pdf), fue traducido a dife-
rentes idiomas: francés, chino, japonés y espainol con
las diferentes acepciones de Espaia, Latino América y
Centro América.

El cuestionario se estructuré en diversos apartados: 1)
una introduccién sobre el objetivo del estudio y recogi-
da de datos socio-demograficos; 2) una segunda parte
para conocer cudl era el conocimiento y la interpretacion
de los pacientes sobre el riesgo de fractura; 3) una parte
mas dirigida a conocer las preferencias de los pacientes
de cdémo recibir informacion sobre el riesgo de fractura,
numérica o escrita, modalidades de presentacion en for-
ma verbal, colores rojo-amarillo-verde, o iconos en forma
de caras; y 4) conocer la opinién sobre la recepcién de
informacién de las consecuencias de las fracturas, y sobre
cuando considerarian empezar el tratamiento si el riesgo
de fractura se presentaba a 2 o 10 afios.

Aspectos éticos

El estudio fue aprobado por Advarra, un Comité de
Etica Institucional de Estados Unidos y por los comi-
tés locales que lo requirieron. En Espafia se obtuvo
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la aprobacién del Comité de Etica de la Investiga-
cion con medicamentos del Parc de Salut Mar nuam.
2022/10299, “Improving Risk Communication in Os-
teoporosis (RICO)”, codigo de protocolo 20197347.

Analisis estadistico

Se utilizé el programa estadistico SPSS Statistics 24
(IBM Corporation, Armonk, NY, United States). Las di-
ferencias en las caracteristicas y preferencias de las pa-
cientes entre los paises se analizaron mediante chi-cua-
drado o test exacto de Fisher para las variables categé-
ricas/binarias y con one-way ANOVA para las variables
cuantitativas. Las diferencias dentro de un mismo pais
se analizaron mediante chi-cuadrado Goodness of Fit.
Se consideré un p-valor < 0,05 como significativo.

RESULTADOS

En el estudio global se incluyeron un total de 332 mu-
jeres con una edad media de 67,5 = 8,0 afios, de las
cuales 94 pertenecian a paises de habla hispana: MEX
(n=36), ARG (n=30) y ES (n =28). En la tabla | se mues-
tran las caracteristicas demograficas de las pacientes.
En estos 3 paises, un 81,9 % de las participantes refirie-
ron haber sido diagnosticadas de OP por sus médicos,
situdndose este valor por encima del 70 % obtenido
en el estudio global. Un 40,4 % de las mujeres de estos
3 paises refirieron haber tenido una fractura, con el
rango de la prevalencia situado entre el 50 % en ES, el
41,7 % en MEX y el 30 % en ARG (p = 0,295). A nivel
de tratamiento, destaca que el 75 % de las participan-
tes de ES recibian tratamiento farmacolégico mientras
que en MEX solamente un 38,9 % (p < 0,01) y ARG se
situaba a un nivel intermedio con un 50 %.

Al inicio de la entrevista, se preguntaba a las partici-
pantes por la educacién recibida y especificamente por
su habilidad con los nimeros. En ESy ARG, un 46 % de
las pacientes refirié sentirse confortable con los ele-
mentos numéricos, frente a un 66,7 % de las pacientes
de MEX (Tabla I).

Cuando se les pregunté a las participantes si conside-
raban importante recibir informacién sobre su riesgo
de fractura en una escala ascendente del 1 al 7, los re-
sultados fueron de 6,79 + 0,6 en ES, 6,23 + 1,3 en ARG
y 6,19 = 1,8 en MEX, sin diferencias significativas entre
los tres paises.

Un 78,6 % de las participantes de ES refirieron haber
recibido previamente informacién sobre su riesgo de
fractura, un 46,7 % en ARG y un 86,1 % en MEX, ha-
biendo diferencias significativas entre ARG y los otros
dos paises de habla hispana (p = 0,007).
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Tablal.

Todos (n =94) | Mexico (n = 36) A(;gen:(;\)a Espaiia (n = 28) p-valor'

Formato de la entrevista

Online 27 (28,7 %) 26 (72,2 %) 0(0,0 %) 1(3,6 %) p < 0,001

Directa 67 (71,3 %) 10 (27,8 %) 30 (100, %) 27 (96,4 %)
Edad (afios) 67,9 8,1 66,5+ 7,36 68,2 + 8,55 69,4 + 8,69 0,007
Estudios

Primarios 16 (17,0 %) 4 (11,1 %) 2(6,7 %) 10 (35,7 %)

Secundarios basicos 11(11,7 %) 6 (16,7 %) 2(6,7 %) 3(10,7 %)

Secundarios superiores 16 (17,0 %) 4 (11,1 %) 9 (30,0 %) 3(10,7 %)

Post secundarios 10 (10,6 %) 2 (5,5 %) 8 (26,6 %) 0(0,0 %)

Universitarios 41 (43,7 %) 20 (55,6 %) 9 (30,0 %) 12 (42,9 %)
Diagnostico de OP 77 (81,9 %) 27 (75,0 %) 22(73.3 %) 28 (100 %) NS
En tratamiento para OP 50 (53,1 %) 14 (38,9 %) 15 (50 %) 21 (75 %) p<0,01
Historia de fractura 38 (40,4 %) 15 (41,7 %) 9 (30,0 %) 14 (50,0 %) NS
Fracturas previas

Columna 0 1 7

Cadera 6 1 3 2

Mufeca 13 8 1 4

Humero 9 4 3 2

Otras 13 6 2 5
'p-valor entre los diferentes paises mediante chi-cuadrado (o Fisher test) para variables categoricas/binarias y one-way ANOVA para cuantitativas;
OP: osteoporosis.

Preferencias de graficos

Cuando se les pregunt6 sobre la preferencia para re-
cibir informacién sobre el riesgo de fractura entre tres
propuestas del grafico de colores rojo-amarillo-verde
(Fig. 1A), el 78,6 % de las pacientes de ES prefirieron
informacién en forma de flecha de colores rojo-amari-
llo-verde de forma significativa respecto a las otras dos
opciones (p = 0,001). Por otro lado, las participantes
de MEX y ARG difirieron en este punto frente a ES, op-
tando por la forma semafoérica vertical en un 58,3 % y
40 %, respectivamente (p = 0,001) (Fig. 1B).

Respecto a las opciones graficas sobre la presentacion
del riesgo de fractura en forma de caras “felices” o
“tristes” (Fig. 2A) la que contenia una escala numérica
fue la opcién preferida en ES en un 67,9 %, al igual
que ARG con un 66,7 %, mientras que en MEX la ma-
yoria no tenia preferencia por ninguna de las opciones
(p =0,001) (Fig. 2B). En cuanto a si las caras “felices” se
situaban en la parte superior o inferior, la mayoria en
ES y en MEX no tenian preferencia, mientras que ARG
preferia las caras “felices” en la parte superior en un
61,9 % (p = 0,009). Respecto a la representacién gra-
fica de las caras en color o blanco y negro, el 92,9 %
en ES preferia el color. MEX y ARG también preferia el
color, pero en menor medida (66,7 % y 73.3 %, respec-
tivamente) (p = 0,006) (Fig. 3A). Respecto a la presen-

tacién de 10 o 100 caras en el grafico, en ES se prefirio
la opcion reducida de 10 caras en un 57,1 % al igual
que ARG con un 70 %, mientras que en MEX no existia
preferencia (p < 0,001) (Fig. 3B).

En cuanto al tratamiento, las participantes de los
tres paises prefirieron que, en todas las formas de
presentacion de riesgo de padecer una fractura,
este se presentara con y sin tratamiento para ver el
efecto de disminucion de riesgo 5,8 + 1,6 sobre una
escala de 1-7 para comunicacién verbal o escrita,
5,93 + 1,53 para grafico de coloresy 5,39 + 1,84 para
caritas.

En cuanto a las consecuencias de padecer una fractura
se les present6 a las participantes unos dibujos para
que eligieran el orden de lo que les preocupaba mas
(Fig. 4). Las pacientes de ES refirieron estar mas preo-
cupadas en primer lugar por la pérdida de indepen-
dencia (46,4 % %) mientras que en MEX era la pérdida
de calidad de vida (36,1 %) y la posibilidad de cifosis
en ARG (33,3 %) (Tabla II).

En los tres paises se dio gran importancia a recibir una
explicacion verbal del riesgo de fractura mediante el
apoyo de graficos: ES 75 %, MEX 86,1 % y ARG 83,3 %,
pero también a recibir la informacién impresa en pa-
pel: ES 77,5 %, MEX 80,6 % y ARG 83,3 %.
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Figura 1. A. Propuestas del grafico de colores rojo-amarillo-verde:
0% horizontal con y sin flecha; vertical con porcentaje incluido.
P loree nosamal  celars horizanal - | eolorss vertem B. Comparacion de las preferencias de las pacientes de los paises
PROPUESTA de habla hispana para cada tipo de grafico de presentacion del
riesgo de fractura. *p < 0,01.
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Figura 2. A. Propuesta de grafico de caras “felices” y “tristes”. B. Comparacion de las preferencias de las pacientes de los paises de habla hispana para
el tipo de gréfico de caras “felices” o “tristes” de presentacion del riesgo de fractura con y sin escala de referencia de porcentajes de riesgo. *p < 0,01.
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Figura 3. A. Comparacion de las preferencias de las pacientes de los paises de habla hispana para el tipo de gréfico de caras “felices” o
“tristes” en color o blanco y negro de presentacion del riesgo de fractura. *p < 0,01. B. Comparacién de las preferencias de las pacientes
de los paises de habla hispana para el tipo de grafico de caras “felices” y “tristes” en nimero de 100 o 10 caras de presentacion del riesgo
de fractura. *p < 0,001.

A Mayor riesgo de morir Tabla "

Consecuencia MEX ARG ES
- - Muerte 19,4 % 20 % 25%
Mayor riesgo de no poder caminar
por su cuenta Incapacidad de andar 25% 16,7 % 36%

Pérdida de independencia 16,7 % 16,7 % 46,4 %
Pérdida de calidad de vida 36,1 % 133 % 17,9 %
Cifosis 28 % 333 % 71 %

Mayor riesgo de perder
su independencia (requiriendo
la necesidad de un cuidador o ingresar
a un hogar de ancianos)

@

DISCUSION

g /;«\‘ Las guias clinicas como las de la Sociedad Espafiola de
P~— / Investigacion Osea y Metabolismo Mineral (SEIOMM)

Mayor riesgo de perder su calidad recomiendan el tratamiento en funcién del riesgo de
de vida fractura (12). Es importante pues, conocer cual es el

riesgo especifico de fractura de cada paciente e infor-
marle de forma adecuada para tomar una decisiéon
compartida del tratamiento mas eficiente y efectivo.

i . En los paises de habla hispana, y sobre todo en ES y
Aumentd su riesgo de estar encorvado

(ser cifético, inclinarse para mirar MEX, las participantes habian recibido informacion
al suelo) previa de su riesgo de fractura por encima de la media

P del estudio RICO internacional donde tan solo un 56 %

. =% Y Figura 4. Dibujos de las pacientes referian haber recibido informacion

y representativos de (11). Probablemente, este dato enlazaria con la carac-

las consecuencias teristica cultural de una mayor comunicacién verbal en

de padecer una los paises de habla hispana. En el propio cuestionario

fractura. se demostraba la preferencia de estos tres paises para
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recibir la informacion de forma grafica e impresa, pero
a la vez, explicada verbalmente por el médico o la en-
fermera. Sin embargo, el objetivo de comunicacién del
riesgo de nuevas fracturas a las pacientes con OP de-
beria acercarse al 100 %, pues como se demostré en
la encuesta, el recibir una informacion adecuada era
una cuestién muy relevante para todas las pacientes
del estudio.

Una de las cuestiones importantes de la OP a nivel
mundial es la diferencia que existe entre el porcentaje
de pacientes que han tenido una fractura y los que
realmente reciben tratamiento para prevenir nuevas
fracturas por fragilidad (13). Si bien se recomienda el
tratamiento cuando ha habido una fractura, reciente
o pasada, lo que representa un alto o muy alto riesgo
de fractura, la realidad es que en el estudio RICO in-
ternacional algunos paises como EE. UU. (California) y
Bélgica, el porcentaje de pacientes sin tratamiento era
mayor del 70 %. En ES esta discordancia no se apre-
ci6, al contrario, existia un mayor porcentaje de pa-
cientes en tratamiento que con historia de fractura,
probablemente porque el 100 % de los participantes
estaban diagnosticados de OP, y en MEX o ARG se si-
tuaba alrededor del 70 %. A pesar de tener una menor
incidencia de fracturas por fragilidad respecto a otros
paises como los del norte de Europa (13,14), ES sigue
teniendo una mayor proporcién de pacientes con OP
susceptibles de tratamiento respecto a los que estan
recibiendo, siendo el pais con una diferencia en este
aspecto que mas ha aumentado respecto otros paises
de Europa segun el reciente estudio Scope 2021 (14).

En relacion a la preferencia de los graficos en cuanto
a la forma de presentar la informacion del riesgo de
fractura, destacar que las participantes de ES preferi-
rian una combinacién de flecha de colores y porcenta-
je, mientas que en MEX y ARG preferian una opcién
mas simple como un seméaforo sin flecha ni porcentaje.

Senalar que, en la mayoria de los casos, las preferen-
cias de las pacientes de MEX estaban bastante alejadas
de las preferencias de las pacientes de ES. En cambio,
las pacientes de ARG tenian unas preferencias bastan-
te similares a las espafolas. Esto demuestra que cada
pais tiene sus particularidades independientemente
del idioma y proximidad geografica.

Esta claro, sin embargo, que la forma de comunicacién
visual es muy agradecida por parte de todas las pacien-
tes, sobre todo mediante el uso de iconos que sean de
facil interpretacion.

Las herramientas de ayuda para una decision compar-
tida en osteoporosis se han ido elaborando a lo largo
de los afios (15). Recientemente un grupo holandés
ha desarrollado una herramienta validada de ayuda
para instaurar tratamientos especialmente disefiada
para las unidades de Fracture Liason Service (16). Esta
herramienta incluye la valoraciéon y comunicacién del
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riesgo de fractura mediante un folleto en el que se ex-
plica la enfermedad de la OP, sus consecuencias, con-
sejos de alimentacién, estilos de vida y tratamientos.
En esta documentacion que se entrega a los pacientes,
se informa también del riesgo de fractura de forma
general mediante figuras de huesos rotos, y es similar
al presentado en forma de caras “felices” al estudio
RICO.

La informacion sobre la OP en forma de folletos o
formato digital es habitual en atencion primaria y en
atencion especializada, sin embargo, la informacion
especifica sobre el riesgo de fractura no es tan comun
(17). FRAX es la herramienta mas utilizada pero no
estd disefiada para ser comunicada a los pacientes, y
en muchas ocasiones no es facil de entender (18). Por
ello es importante desarrollar nuevos elementos de
apoyo al paciente donde se le ofrezcan herramientas
visuales para que puedan entender cudl es el riesgo de
padecer nuevas fracturas. También es muy importante
explicar a los pacientes cuanto se va a reducir este ries-
go con el tratamiento propuesto para conseguir una
mayor adherencia terapéutica (19).

El estudio RICO tiene limitaciones. Por un lado, se ha
desarrollado en tiempo de la pandemia de COVID-19,
lo cual ha determinado que algunas de las entrevistas
con los participantes se hayan realizado de forma vir-
tual lo que puede haber condicionado las respuestas
de algunas de las participantes. En ES, todas las en-
trevistas se realizaron posteriormente a la etapa de
mayores restricciones y se realizaron presencialmente,
mientras que en MEX y ARG fueron mixtas. Asimismo,
la inclusién de pacientes ya diagnosticadas de OP pue-
de haber influenciado resultados como el tratamiento
pues muchas de ellas seguramente estaban mas sen-
sibilizadas a recibir tratamiento para prevenir nuevas
fracturas. Otra limitacion es el dambito del estudio,
que precisamente al ser internacional, incluyé partici-
pantes con diferentes culturas y sobre todo distintos
sistemas sanitarios. Entre los paises de habla hispana,
el sistema publico con financiacién de los farmacos
que tenemos en ES, es diferente al de MEX, donde la
cobertura no es universal, y en ARG, donde también
la sanidad privada predomina sobre la publica. Este
dato, sin embargo, no afectaria a cuestiones como la
de conocer la enfermedad o el riesgo de fractura o las
consecuencias. Si que podria tener influencia en la de-
cisién de no recibir medicacién hasta que el paciente
vea que su riesgo sea muy alto para evitar un gasto
econémico elevado.

CONCLUSIONES

El estudio RICO demuestra que existe un déficit de
transmisién de informacién a los pacientes con OP so-
bre su riesgo de fractura. Las pacientes de habla hispa-
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na mostraron preferencias diferentes en la presenta-
cién de los graficos. En particular, las pacientes de MEX
mostraron preferencias opuestas a las pacientes de ES.
Los resultados indican que se requiere un esfuerzo por
parte de los profesionales sanitarios para buscar for-
mas efectivas de comunicacién sobre el riesgo de frac-
turas, adecuandose a las idiosincrasias culturales de la
poblacién a tratar. Establecer herramientas de comu-
nicacion médico-paciente efectivas puede incrementar
la aceptacion de los tratamientos y probablemente
mejorar la calidad de vida de las/los pacientes con OP.
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INTRODUCCION

Una caida se define como un descenso involuntario o
accidental al suelo u otro nivel mas bajo. En los Estados
Unidos, las caidas son la causa principal de muerte ac-
cidental y la séptima causa de muerte en las personas
mayores de 65 afios (1).

En las personas con 65 o mas afios, las caidas son la
principal causa de lesiones relacionadas con hospita-
lizacion y mortalidad (2). Por tanto, las lesiones pro-
ducidas por caidas ocasionan una carga econdémica
sustancial (3). No obstante, los médicos muchas veces
no advierten las caidas en un paciente que no presen-
ta lesiones o porque en la anamnesis y en el examen
fisico no se suele incluir la busqueda especifica de este
evento. Por otro lado, muchas personas ancianas se
muestran reticentes a informar de una caida porque
la atribuyen al proceso normal de envejecimiento o
porque tienen miedo de que su conocimiento pueda
limitar sus actividades futuras. Aunque conocemos
que muchas personas de edad avanzada se caen, las
caidas no forman parte del proceso normal de enve-
jecimiento.

Las caidas en los ancianos son comunes y provocan
fracturas y otras consecuencias graves para la salud
(4,5). En poblacion anciana, el riesgo de fractura se
incrementa de manera exponencial, no solo con el
descenso de la densidad mineral ésea (DMO), sino
también debido al incremento de las caidas. Varios es-
tudios han demostrado que un historial de caidas se
asocia con una mayor probabilidad de caidas futuras
y un riesgo mas elevado de fracturas (6-10). El aumen-
to de la esperanza de vida en el mundo occidental va
a conducir, salvo que se pongan en marcha medidas
preventivas, a un crecimiento del gasto asociado a las
fracturas osteoporéticas, por lo que prevenir alguno
de los factores que mas contribuyen a su aparicion,
como las caidas, tendrd una importante repercusion
econdmica y sociosanitaria.

Por otro lado, el miedo a caer es otro factor impor-
tante que puede mediar en la relacion entre lo fisico
y factores cognitivos, sintomas depresivos y caidas. El
miedo a caerse se ha relacionado con sintomas de de-
presiéon y ansiedad, y se ha establecido una relacion
entre miedo a caerse y evitar actividades que afectan
la fuerza y la capacidad fisica (11,12), lo que puede
suponer el inicio de discapacidad en personas de edad
avanzada.

Por tanto, el objetivo de este estudio fue en primer
lugar valorar el efecto que las caidas tienen sobre la
calidad de vida percibida por medio de la realizacién
del cuestionario de salud SF-36 y por otro lado analizar
si la existencia de caidas podria tener consecuencias
clinicas mediante un incremento en la incidencia de
fractura osteoporética.
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MATERIAL Y METODOS

Como parte del estudio multicéntrico europeo disefia-
do para conocer la prevalencia e incidencia de frac-
tura vertebral (European Vertebral and Prospective
Osteoporosis Study — EVOS-EPOS) (13) se selecciona-
ron aleatoriamente del registro municipal de Oviedo
308 hombres y 316 mujeres mayores de 50 afios. El
protocolo al que hace referencia este estudio consis-
tié en la cumplimentacién de un cuestionario sobre
factores de riesgo relacionados con osteoporosis, dos
radiografias laterales dorso-lumbares y la recogida de
mediciones antropométricas como altura y peso para
determinar el indice de masa corporal (IMC). Ademas,
mas del 80 % de los participantes realizaron DMO en
columna lumbar y cuello femoral. Todos los sujetos
que acudieron a la Unidad de Gestion Clinica de Me-
tabolismo Oseo del Hospital Universitario Central de
Asturias tenian suficiente capacidad ambulatoria o, en
su defecto, con la ayuda de otra persona y el 99 % vi-
via en su propio domicilio.

A los 4 afios de la realizacion del estudio basal, se invi-
t6 a los participantes a repetir las mismas pruebas que
en el estudio basal, ademas de un estudio bioquimico,
el cuestionario de salud SF-36 y un historial de caidas
en los ultimos 12 meses. De los 404 sujetos que acudie-
ron al segundo corte transversal, 324 hombres y mu-
jeres (80,2 %) estuvieron de acuerdo en realizar todas
las pruebas anteriormente mencionadas.

Esta cohorte fue seguida de forma prospectiva duran-
te otros 4 afnos por medio de dos cuestionarios posta-
les con objeto de investigar la incidencia de fractura
osteopordtica no vertebral.

CUESTIONARIO DE SALUD SF-36

A los 324 participantes que realizaron en el segundo
corte transversal todas las pruebas, se les administro,
mediante entrevista personal, el cuestionario de salud
SF-36. La realizacion de este estuvo a cargo de una per-
sona entrenada en la ejecucién de cuestionarios.

El SF-36 comprende 36 items, 35 de los cuales se en-
cuentran agrupados en 8 dimensiones: funcién fisi-
ca: 10 items; limitaciones del rol por problemas fisi-
cos: 4 items; dolor: 2 items; percepcién de la salud
general: 5 items; vitalidad: 4 items; funcién social:
2 items, limitaciones del rol por problemas emocio-
nales: 3 items; y salud mental: 5 items. Cada uno de
los items en que se divide cada dimension tiene unas
puntuaciones que se transforman en una escala que
va desde 0 (peor estado de salud) hasta 100 (mejor
estado de salud). La versién espaiola de cuestionario
de salud SF-36 fue validada hace unos afos por Alon-
so y colaboradores (14).
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ANALISIS BIOQUIMICO

En el segundo corte transversal se tomé una muestra de
sangre a cada sujeto participante en el estudio. Una vez
separado el suero, las muestras se mantuvieron congela-
das a -80 °C hasta su cuantificacion. Se midié entre otros,
filtrado glomerular estimado, fosfatasa alcalina total y
fosfatasa acido tartrato resistente utilizando un autoa-
nalizador (Hitachi Mod. 717, Ratigen, Alemania).

Los niveles séricos de calcidiol (250HD) se determinaron
mediante extraccién previa con acetonitrilo (IDS, Ltd.,
Bolton, Reino Unido). Los niveles de PTH intacta y osteo-
calcina total se midieron por radio-inmunoensayo (Insti-
tuto Nichols, San Juan de Capistrano, California, EE. UU.).

EVALUACION DENSITOMETRICA

La DMO se midié con un densitometro Hologic® QDR-
1000 DXA (Hologic Inc., Waltham, MA). En todos los ca-
sos, se analizaron la columna lumbar antero-posterior
(L2-L4) y la densidad de fémur derecho. Los coeficientes
de variacion (CV) fueron de 1,2 % y 1,9 % respectiva-
mente (15). El control de precision y calidad fue realizado
diariamente con un phantom de columna lumbar, con
el que se obtuvo un CV de 0,0 = 0,1 %. En el cuarto afo
se determiné la DMO en las mismas areas utilizadas en
el primer estudio y el porcentaje de cambio entre am-
bas mediciones fue utilizado para evaluar los cambios en
DMO en las dos localizaciones anatomicas.

INCIDENCIA DE FRACTURA OSTEOPOROTICA

Tras acudir al segundo corte transversal a todos los parti-
cipantes se les envio, con un intervalo de 2 afios, sendos
cuestionarios postales que hacian referencia a la existen-
cia de fracturas que hubieran tenido en ese periodo. To-
das las fracturas osteoporéticas, excluidas las de craneo y
extremidades (manos y pies) por sus dudas de causa os-
teoporética, fueron confirmadas mediante radiografia.
El porcentaje de personas que participaron en estos dos
seguimientos postales (excluyendo los fallecimientos)
fue del 82,4y 81,3 % respectivamente.

Todos los estudios realizados siguieron los principios
enunciados en la declaracion de Helsinki y fueron for-
malmente aprobados por el Comité de Ensayos Clini-
cos del Principado de Asturias.

ANALISIS ESTADISTICO

El analisis de los datos se llevd a cabo utilizando la ver-
sién 25.0 de SPSS para Windows. Las variables cuanti-
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tativas se analizaron mediante t de Student. Las varia-
bles cualitativas de analizaron mediante chi cuadrado.

Para analizar, a nivel multivariante, el efecto de las cai-
das sobre la salud percibida se utilizé regresion lineal
ajustada por edad, sexo e IMC para el total de los parti-
cipantes al estudio o separadamente por sexos. De igual
forma, para analizar de forma multivariante el efecto
de las caidas sobre la posterior aparicién de fractura os-
teopordtica incidente en ambos sexos se utilizo en este
caso, al ser la variable dependiente dicotdmica, una re-
gresioén logistica ajustada por edad, sexo e IMC.

RESULTADOS

La edad media y el IMC de los que cayeron fue similar
a los que no cayeron (Tabla I). Tampoco se encontraron
cambios entre el grado de funcién renal, midiendo el
filtrado glomerular estimado, entre los que cayerony
no (Tabla I). Los marcadores del metabolismo 6seo y
mineral (calcidiol, PTH, osteocalcina, fosfatasa alcalina
total y fosfatasa acida tartrato resistente) fueron simi-
lares entre los que cayeron y los que no lo hicieron (Ta-
bla I). Respecto a las caidas, el 25 % de los participan-
tes (n = 81) refirieron haber caido al menos 1 vez en los
ultimos 12 meses (Tabla 1), mas frecuente en mujeres
que en hombres (34,9 % vs 14,7 %, p < 0,001). Un 28 %
de las caidas (n = 23) se produjeron en el domicilio. No
hubo tampoco cambios en el porcentaje de cambio en
DMO en columna lumbar y cuello femoral entre am-
bos cortes transversales y la presencia de caidas en el
ultimo ano (Tabla I).

A nivel univariante en el total de la cohorte, 6 de las
8 dimensiones, en que se divide el cuestionario de sa-
lud SF-36, al igual que el score global, se vieron afec-
tadas significativamente por la presencia de caidas,
excepto las limitaciones del rol por problemas fisicos
y por problemas emocionales. Las dimensiones mas
afectadas fueron: vitalidad y salud mental (p < 0,001
en ambos casos) (Tabla Il).

El andlisis de regresién lineal ajustado por edad, IMCy
sexo mostré que la percepciéon de la salud general (co-
eficiente B (B) =-0,140, p = 0,014), vitalidad (B =-0,158,
p = 0,004), salud mental (8 =-0,130, p = 0,016) y score
total (B =-0,138, p = 0,009) se asociaron con las caidas
(Tabla 111).

Por sexos, en mujeres resulté afectado significativamen-
te el dolor en ultimas 4 semanas (8 = -0,231, p = 0,004);
percepcion de la salud general (B =-0,183, p = 0,020); vi-
talidad (B = -0,291, p < 0,001); salud mental (8 =-0,162,
p =0,042) y score global (3 =-0,203, p = 0,015) (Tabla IV).
En hombres, ninguna de las dimensiones del cuestiona-
rio de salud SF-36 se vio afectada. El nimero de caidas
no modifico estos resultados.

| Rev Osteoporos Metab Miner 2024;16(3):88-96 |



EL EFECTO DE LAS CAIDAS SOBRE LA SALUD PERCIBIDA EN POBLACION GENERAL Y SUS CONSECUENCIAS CLINICAS

i Caidas No caidas
Variables Valor de p
(n=281) (n = 243)
Edad (afios) 69+9 68+8 0,195
IMC (kg/m?) 29+5 28+4 0,149
Sexo mujer n (%) 58(71,6) 108 (44,4) < 0,001
Filtrado glomerular estimado (FGe) (mL/min) 64 + 17 67 +17 0,179
Calcidiol (ng/mL) 18+ 11 179 0,322
PTH (pg/mL) 52+ 20 53+24 0,720
Osteocalcina (ng/mL) 59+24 6,023 0,832
Fosfatasa alcalina total (U/L) 175+ 50 176 + 75 0,887
Fosfatasa acida tartrato resistente (U/L) 2007 2,107 0,554
% cambio DMO columna lumbar 0,10 £4,81 0,39+ 5,07 0,497
% cambio DMO cuello femoral -0,25 6,17 0,87 +5,37 0,158

. Caidas No caidas
Variables Valor de p
(n=81) (n = 243)
Dimension 1 (funcion fisica) 76 +21 82 +21 0,015
Dimension 2 (limitaciones por problemas fisicos) 7145 80 + 40 0,124
Dimensidn 3 (dolor ultimas 4 semanas) 7119 7819 0,004
Dimensién 4 (percepcion salud general) 55+25 65+24 0,003
Dimension 5 (vitalidad) 57+28 70 £33 < 0,001
Dimensién 6 (funcion social) 85+26 91 £21 0,044
Dimensidn 7 (limitaciones rol problema emocional) 73 +45 79+ 4 0,253
Dimension 8 (salud mental) 62 +23 73+£23 < 0,001
Puntuacion total (score total) 66+18 75+19 < 0,001

Tabla III.

Coeficiente beta estandarizado

Variables (= 10) Valor de p
Dimension 1 (funcién fisica) -0,061 0,274
Dimension 2 (limitaciones por problemas fisicos) -0,047 0,398
Dimension 3 (dolor Ultimas 4 semanas) -0,098 0,080
Dimension 4 (percepcion salud general) -0,140 0,014
Dimension 5 (vitalidad) -0,158 0,004
Dimension 6 (funcion social) -0,049 0,381
Dimensién 7 (limitaciones rol problema emocional) 0,002 0,977
Dimension 8 (salud mental) -0,130 0,016
Puntuacién total (score total) -0,138 0,009
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Tabla IV.

. i Coeficiente beta estandarizado
Género Variables Valor de p
(n=10)
Dimension 1 (funcion fisica) -0,024 0,745
Dimensidn 2 (limitaciones por problemas fisicos) -0,028 0,725
Dimension 3 (dolor Gltimas 4 semanas) -0,231 0,004
Dimensidn 4 (percepcion salud general) -0,183 0,020
Mujer Dimensién 5 (vitalidad) -0,291 < 0,001
Dimension 6 (funcion social) -0,057 0,469
Dimensién 7 (limitaciones rol problema emocional) -0,040 0,618
Dimensién 8 (salud mental) -0,162 0,042
Puntuacion total (score total) -0,203 0,015
Dimension 1 (funcion fisica) -0,062 0,431
Dimensién 2 (limitaciones por problemas fisicos) -0,040 0,622
Dimension 3 (dolor Gltimas 4 semanas) 0,062 0,445
Dimensidn 4 (percepcion salud general) -0,045 0,779
Hombre Dimensién 5 (vitalidad) 0,067 0,396
Dimension 6 (funcion social) 0,016 0,836
Dimension 7 (limitaciones rol problema emocional) 0,087 0,273
Dimensién 8 (salud mental) -0,088 0,276
Puntuacion total (score total) -0,025 0,752
En ninguno de los dos sexos, los cambios en DMO a DISCUSION
nivel de columna lumbar y en cuello femoral que se
produjeron entre los dos cortes transversales anali- Las caidas fueron mas frecuentes en las mujeres que en
zados se asociaron con la existencia de caidas. En los los hombres. Las caidas afectaron en mujeres a la cali-
hombres, los cambios en DMO fueron muy similares dad de vida en aquellas dimensiones relacionadas con
entre los que caian (columna lumbar: 1,12 + 4,71; cue- la vitalidad, el dolor y la salud general, pero también la
llo femoral: 0,98 + 4,71) y los que no lo hacian (co- salud mental que incluye depresion, ansiedad, control
lumna lumbar: 1,09 + 4,47; cuello femoral: 0,97 + 5,73, emocional y conductual. En hombres, por el contrario,
p > 0,05 en ambos casos). En mujeres, mientras los ninguna de las dimensiones del cuestionario de salud
cambios en DMO a nivel lumbar fueron muy similares SF-36 se vio significativamente afectada. Los cambios
entre las que caian y las que no lo hacian (-0,59 + 4,91 en DMO a nivel de columna lumbar y en cuello femo-
vs -0,49 + 5,37, p = 0,916), en cuello femoral hubo una ral que se produjeron entre los dos cortes transversales
tendencia, aunque no significativa, hacia mayores pér- analizados no se asociaron con la existencia de caidas
didas en aquellas mujeres que caian respecto a los que en ninguno de los dos sexos. Sin embargo, es intere-
no la hacian (-0,71 + 6,32 vs 0,74 + 6,10, p = 0,185). sante resaltar que la presencia de caidas en esta po-
blacién se asocié con un incremento de 3,5 veces de la
En el periodo de 4 afios de seguimientos postales se in- incidencia de fractura osteoporética no vertebral.
formaron 15 sujetos (10 mujeres y 5 hombres) con 16
fracturas incidentes no vertebrales (6 fracturas de ca- Como hemos observado, de acuerdo con lo descrito en
dera, 6 de antebrazo distal y 4 de otras localizaciones). la literatura, las caidas fueron mucho mas frecuentes
El 8,6 % (n = 7) de los que habian caido en el ultimo en mujeres que en hombres (16). Aunque las razones
ano se fracturaron en el periodo de seguimiento de 4 que puedan explicar esta diferencia por sexos siguen
anos frente al 2,9 % (n = 7) de fracturas incidentes os- siendo desconocidas, hay varias teorias relativas al di-
teopordticas que ocurrié entre los que no se habian cai- ferente estilo de vida, la mayor longevidad, la fragili-
do (p = 0,035). El analisis de regresion logistica ajustado dad e incluso factores de tipo genético que pudieran
por edad, IMC y sexo mostré que haber tenido caidas explicar este diferente comportamiento por sexo (17).
previas se asociaron con aumento en la incidencia de Aproximadamente el 30 % de las personas con 65 o
fractura osteoporética [odds ratio (OR) = 3,56, intervalo mas afos que viven en sus domicilios y el 50 % de los
de confianza del 95 % (IC 95 %) = (1,04-12,21)]. residentes en centros de atencién a personas mayores
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se caen mas de una vez al ano (4,18,19). En nuestro
caso, este porcentaje en personas con mas de 54 anos,
que vivia el 99 % en su domicilio, fue ligeramente in-
ferior al 30 %, tal vez por esa diferencia de edad en la
cohorte estudiada.

Las caidas son comunes en los ancianos y se ha encon-
trado una correlacién positiva entre la depresién y las
caidas en algunos estudios (20,21). En un metaanali-
sis, los autores demostraron que la depresion era un
factor predictor de caidas (22). Ademas, el modelo de
riesgo de caidas de Hendrich Il, que es una evaluacion
para predecir el riesgo de caidas de los pacientes, se-
nalé a la depresion como uno de los ocho factores de
riesgo analizados (23). Las caidas y los sintomas depre-
sivos tan comunes en las personas mayores suponen
una carga importante para el sistema sanitario y para
la sociedad (24).

La relacién entre los sintomas depresivos y las caidas
es compleja. Los sintomas depresivos en las personas
mayores se han asociado con una serie de factores de
riesgo de caidas conocidos, incluyendo deterioro cog-
nitivo, velocidad lenta al caminar, mal equilibrio, tiem-
po de reaccion lento y falta de fuerza. Hay autores que
consideran probable que los sintomas depresivos estan
relacionados con problemas fisicos y deterioros cogni-
tivos lo que conduciria a un incremento en el riesgo de
caida (22). Ademas, se ha demostrado que la fragilidad
estd relacionada con una peor funcién cognitiva, una
peor funcién fisica, peor salud autopercibida y proble-
mas de movilidad y actividades de la vida diaria, todas
las cuales también se han relacionado a caidas (25), si
bien no esta claro si los sintomas depresivos son la cau-
sa o el resultado de las caidas o viceversa.

En nuestro caso, hemos observado un mayor efecto de
las caidas sobre la salud percibida en las mujeres, efec-
to que no hemos observado en hombres. Algunos au-
tores han sugerido un efecto del género en la calidad
de vida, efecto que se observa en cohortes con edades
superiores a la nuestra de > 75 afios (26).

El miedo a caer es otro factor importante que puede
mediar en la relacién entre lo fisico y factores cogniti-
vos, sintomas depresivos y caidas. El miedo a caerse se
ha relacionado con sintomas de depresién y ansiedad,
y se ha establecido una relacién entre miedo a caerse y
evitar actividades que afectan la fuerza y la capacidad
fisica (11,12).

Los individuos con miedo a caerse tienen puntuacio-
nes significativamente mas bajas en la funcion social,
la funcién mental y la limitacién del rol debido a los
problemas emocionales. Se dice que esta disminucién
de la calidad de vida esta asociada con una reduccion
en la cantidad de interaccién social que experimenta
el individuo, lo que lleva a un menor contacto social
con amigos y familiares, aislamiento social, depresion
y ansiedad (27).
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El efecto de las caidas y los problemas emocionales ha
sido descrito en otros trabajos, si bien no se ven otras
dimensiones afectadas (17). En nuestro caso esta di-
mension no se afectd significativamente. No podemos
descartar que en personas de 65 o mas afios se estima
una prevalencia de sintomatologia depresiva leve del
15 % en aquellas personas que viven en sus domicilios,
aumentado esta proporcién en aquellos que viven en
residencias de la tercera edad (28-30). En nuestro estu-
dio, el 99 % de los participantes vivia en su propio do-
micilio con lo que es probable una menor limitacién de
la conducta por problemas emocionales a diferencia de
los que viven en residencias de la tercera edad, donde
se sienten en la mayoria de las ocasiones abandonados
por sus familiares, lo que probablemente repercuta de
forma significativa en la esfera emocional. No obstan-
te, debemos recordar que este estudio se realizo hace
casi 30 afos y que probablemente la percepcion de la
esfera emocional de las personas de edad avanzada se
haya visto modificada en el tiempo transcurrido.

Es bien sabido que el envejecimiento poblacional se
estd acelerando sobre todo en el mundo occidental y
donde nuestro pais es uno de los mas envejecidos del
entorno. Las caidas y sus consecuencias son cada vez
mas comunes. Por tanto, prevenir y tratar las caidas
es un desafio desde el punto de vista socio-asistencial.
Hay que realizar un gran esfuerzo para que las per-
sonas mayores no tengan miedo a informar sobre sus
caidas para asi poder implementar medidas efectivas
que impidan una pérdida de la capacidad funcional y
calidad de vida del anciano (31-34).

Otro aspecto interesante a destacar es la presencia de
la caida como un importante factor de riesgo predis-
ponente de fractura. Un trabajo de Kim y cols. (35)
muestra que, en personas mayores, una caida en un
periodo de 4 meses implica un alto riesgo de fractura
durante el siguiente afio, independientemente de su
aparicion (35). En nuestro caso, el haber tenido al me-
nos una caida previa incremento la incidencia de frac-
tura osteoporotica 3,5 veces. Resultados similares se
han observado en otros estudios longitudinales, algu-
Nnos con una mayor asociacion (36), mientras que otros
con una asociacion mucho menor (37). Incluso, algu-
nos autores no han sido capaces de ver el efecto de las
caidas como factor de riesgo para fractura inminente
probablemente por el corto espacio de tiempo obser-
vado de 1 afio (38), mientras que en nuestro estudio
el seguimiento fue a 4 afios. No obstante, nuestros
resultados de presencia de fracturas (8,6 %) durante
un periodo de seguimiento de 4 afios, en aquellos que
cayeron, estuvo en proporcién inferior, pero similar a
lo encontrado por otros autores en un estudio espafiol
de solo un afio de seguimiento (2,3 %), pero en pobla-
cién mas envejecida (19).

Varios medicamentos utilizados para tratar la depre-
sion han demostrado que aumentan el riesgo de cai-
das y fracturas, y algunos también tienen un efecto
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directo sobre el hueso, aumentando potencialmente
el riesgo de fractura en caso de caida (39,40). Sin em-
bargo, solo dos estudios identificaron a los antidepre-
sivos como un predictor de caidas posteriores, efecto
que se perdioé en el analisis multivariante (41,42). Otros
estudios han informado sobre el uso de psicotrépicos o
medicamentos psicoactivos como predictores de caidas
(22).

Un reciente metaandlisis muestra que el riesgo de las
caidas para incrementar la fractura es independiente
de la DMO (43), algo similar a lo que hemos obser-
vado en nuestra cohorte y en ambos sexos a nivel de
columna lumbar y de cuello femoral. Estos resultados
refuerzan la importancia de controlar y evitar las cai-
das como un importante factor predisponente para la
fractura con independencia de los niveles de DMO.

Nuestro estudio tiene limitaciones, pero también for-
talezas. Respecto a las primeras, el hecho de que el
cuestionario de calidad de vida SF-36 no fue autoad-
ministrado sino administrado por un entrevistador
podria haber sesgado alguna de las respuestas de los
participantes. Es probable que el recordatorio del his-
torial de caidas en personas de edad avanzada no sea
del todo fidedigno, pero es una limitacién inherente
a los estudios epidemiolégicos. Otra limitacion podria
ser el escaso numero de fracturas osteoporaéticas inci-
dentes ocurridas en el periodo de 4 ainos. Cabe men-
cionar que este estudio formoé parte de un estudio
multicéntrico europeo que en sus directrices no con-
templaba la realizacion de estudios de calidad de vida.
En nuestro caso, tratando de aprovechar la posibilidad
de disponer de una amplia cohorte poblacional segui-
da de forma prospectiva, analizamos algunos aspectos
concretos no contemplados en las directrices del estu-
dio europeo a nivel global. Tampoco debemos olvidar
que el estudio se realizé hace casi 30 aflos con lo que
algunos de los resultados obtenidos puedan estar con-
dicionados por este periodo de tiempo transcurrido.

Como fortalezas, los porcentajes de participacion de
mas del 80 % en los seguimientos postales realizados
hasta 8 afios después del estudio basal avala la repre-
sentatividad de la muestra analizada. Por otra parte,
este estudio fue prospectivo y no transversal, lo que
refuerza la validez de los resultados encontrados y su
mayor grado de asociacién. Estudios previos de esta
cohorte han mostrado cémo las caidas también se aso-
ciaron con pérdidas de capacidad funcional, lo que de
algun modo avala que los resultados de este estudio
pueden ser tomados en consideracion (44).

Como conclusiones de este trabajo podemos destacar
que prevenir caidas en las mujeres podria condicionar
una mejor percepciéon de la salud y mayor vitalidad,
evitando depresion, ansiedad, asi como un mejor con-
trol emocional y conductual, sin embargo estos resul-
tados deberian ser debidamente confirmados en un
estudio especifico sobre caidas. Las caidas no se rela-
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cionaron en ninguno de los dos sexos con una mayor
pérdida de DMO, ni a nivel de columna lumbar ni de
cuello femoral, pero las caidas podrian tener impor-
tantes consecuencias clinicas con un incremento en la
incidencia de fractura osteoporética.
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Abstract

Introduction: the decrease in oestrogen levels after menopause increases inflammation, activating the NF-«B pathway in
mesenchymal stem cells (MSCs). This pathway has a marked anti-osteogenic effect and plays critical roles in cellular func-
tion. Our hypothesis is that silencing key genes in the canonical and non-canonical NF-kB pathways in endogenous MSCs
using the Aptamer-Lipid Nanoparticle-Gapmer system previously designed by our group could be a viable strategy for the
treatment of osteoporosis. However, it is essential to verify that such silencing does not compromise basic cellular functions,
given the multiple roles of NF-«B in regulating immune responses, apoptosis, and cellular homeostasis.

Materials and methods: the murine MSC line C3H10T1/2 was used to assess the silencing of key genes (Ikka, IkkB, Nemo,
and Nik) in the canonical and non-canonical NF-kB pathways using GapmeRs. Gene expression levels were measured
post-silencing and compared with those achieved using commercial inhibitors (BMS-345541 and MLN120B). Additionally,
basic cellular function assays, including proliferation, chemotaxis, cell migration, and viability, were conducted to evaluate
the safety of NF-«B silencing.

Results: silencing lkka, IkkB, Nemo, and Nik resulted in a significant reduction in gene expression in vitro. While NF-kB
activation with lipopolysaccharide (LPS) significantly increased the expression of target genes such as IL-6 and NFKB1A, this
increase was blocked after gene silencing, reaching levels comparable to those achieved with commercial inhibitors. Cellular
function assays showed no significant changes in proliferation, chemotaxis, cell migration, or viability following silencing.

Conclusions: NF-kB pathway silencing using GapmeRs does not negatively impact basic cellular functions, suggesting
that this approach is safe and efficient. These findings support its potential clinical application in promoting the osteogenic
differentiation of MSCs for osteoporosis treatment.
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INTRODUCTION

Osteoporosis, a condition commonly associated with
advanced age, is characterized by a reduction in bone
mass density and a concomitant deterioration of bone
microstructural integrity, leading to an increased sus-
ceptibility to fractures (1). The overall prevalence of
osteoporosis results in more than 10 million fragility
fractures annually, a number that is expected to rise in
the coming years due to the aging global population
(2). Importantly, osteoporosis-related fragility frac-
tures linked are associated with a significant reduction
in quality of life and increased disability.

Currently, there are 2 different approaches to manage
osteoporosis: antiresorptive and osteoanabolic drugs.
Antiresorptive agents block the osteoclast-mediated
bone resorption process. Typical antiresorptive agents
are monoclonal antibodies such as Denosumab—tar-
geting RANKL—an activator of pre-osteoclast matu-
ration or bisphosphonates such as alendronate, which
induce osteoclast apoptosis. On the other hand, drugs
such as teriparatide, a truncated PTH derivative (3),
or abaloparatide, a PTH analog (4) have an osteoan-
abolic function, stimulating osteoblasts proliferation.
Both antiresorptive and osteoanabolic drugs have im-
portant adverse effects associated to prolonged used,
something difficult to avoid in a chronic disease such
as osteoporosis (3,5). No new agents had come to
market in the last few years except for romosozum-
ab, an anti-sclerostin antibody with a dual antiresorp-
tive and osteoanabolic action (6). However, although
treatment with romosozumab dramatically reduces
the occurrence of fragility fractures in patients with
postmenopausal osteoporosis (7), clinical trials showed
an increased cardiovascular risk in patients on romo-
sozumab (7). In addition, the cost of treatment per
patient with romosozumab is significantly higher than
that of other anti-osteoporotic drugs, something that
would negatively impact the national health system.
Hence, an emergency clinical need exists to develop
cost-effective and long-term safe osteoporosis treat-
ments.

In recent years, there has been increasing interest in
using mesenchymal stem cells (MSCs)-based approaches
to improve bone regeneration (8). MSCs are multipo-
tent cells with self-renewal capacity, which makes them
promising candidates for therapeutic applications in
regenerative medicine (9). Importantly, MSCs from os-
teoporotic individuals seem to have an increased adipo-
genic capacity at the expense of their osteogenic poten-
tial. Therefore, we hypothesize that the enhancement
of this osteogenic capacity in MSCs would be a valid
approach for osteoporosis treatment. We propose to
increase this osteogenic potential of MSCs by silencing
key genes with anti-osteogenic activities.

The Wnt/B-catenin (10) and bone morphogenetic pro-
teins (BMP) signaling (11) pathways play major roles
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in bone formation. The activation of these pathways
drives the transcription of genes, such us alkaline
phosphatase (ALPL), osteocalcin (BGLAP) and the
Runt-related transcription factor 2 (RUNX2), which
regulate osteoblast differentiation, extracellular ma-
trix synthesis, and bone mineralization. Previous works
from our group have shown that silencing inhibitors
of the BMP (Smurf1) or the Wnt/b-catenin (SfrpT)
pathways lead to a significant increase in the osteo-
genic capacity of MSCs in vitro in MSCs from osteopo-
rotic patients (12,13). Moreover, we designed a system
to specifically silence those genes at the endogenous
MSCs (14). Our system is based on the use of a particu-
lar type of lock nucleic acid-antisense oligonucleotides
(LNA-ASOs), known as GapmeRs. These molecules con-
sist of a single-stranded deoxyribonucleotide typical-
ly composed by 14-20 bp, which specifically binds to
its mRNA target creating a DNA/RNA hybrid duplex
that will be then recognized by the RNAseH leading
to the degradation of the targeted mRNA (15). The
GapmeR construct includes a central DNA sequence
flanked by 2 RNA sequences modified for heightened
resistance to endonucleases, ensuring optimal effica-
cy and durability (13). The silencing produced by the
GapmeRs is transient and does not cause permanent
changes to the DNA, thus reducing possible unwanted
side effects. This method is clinically safe enabling the
translation of this treatment into the routine clinical
practice (16). In fact, some treatments currently used
in clinical practice are based in the use of ASOs (17),
such as eteplirsen for treatment of Duchenne muscular
dystrophy (DMD) (18), or nusinersen for treatment of
spinal muscular atrophy (19). To specifically deliver the
GapmeRs to endogenous MSCs, these molecules are
encapsulated within hybrid nanoparticles and specifi-
cally directed to the BM-MSCs using aptamers that rec-
ognize these cells. We have shown that silencing Sfrp1
in vivo, at the level of the endogenous MSCs, using this
system is a viable approach to increase bone mass in an
osteoporotic mouse model. Targeting this inhibitor of
the Wnt/b-catenin in vivo using this gapmeR-nanopar-
ticles-aptamer system increases bone mass in osteopo-
rotic mice by up to 30 % (12,14). Our current aim is
to increase bone-formation efficiency of our system.
For this purpose, in this work we tested the feasibili-
ty of targeting another signaling pathway that has an
anti-osteogenic activity, the NF-kB pathway, with the
notion that the simultaneous silencing of Sfrp7 and a
putative target from the NF-kB pathway will signifi-
cantly increase the previous percentage.

The NF-kB signaling pathway includes 3 integral com-
ponents: the NF-kB dimer, the IKK complex, and the
IkB protein (15). Although the NF-kB dimer is constitu-
tively present in the cytosol of cells it is kept in an inac-
tive state by the action of the IkB proteins. IkB proteins
have a domain called the destruction box, which is rich
in serine residues. When the cell receives a signal ac-
tivating the NF-kB pathway, serine residues in the de-
struction box domain are phosphorylated by the IKK
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protein kinases, thus inducing the degradation of the
IkB protein and the release of the NF-kB dimer. Once
released, this dimer can translocate to the nucleus and
regulate the expression of target genes (15). The NF-
kB pathway exhibits 2 distinct modalities known as the
canonical and alternative pathways. In the canonical
route, the IKK complex is composed by /kka, IkkB, and
Nemo. lkkpB serves as the primary kinase responsible
for phosphorylating the serine residues within the
IkBa destruction box. The phosphorylation of IkBa
leads to the release of the NF-kB dimer, which trans-
locates into the nucleus (15). In contrast, the non-ca-
nonical or alternative route depends on Nik, which is
a constitutively active but normally degraded protein.
When the cell receives an activation signal from the
NF-kB pathway, the degradation of Nik stops and Nik
phosphorylates the Ikka protein, thus leading to a sub-
sequent release of the NF-kB dimer, which again trans-
locates into the nucleus (15). The NF-kB canonical and
no canonical pathways are involved in many process-
es, such as cell proliferation and survival, DNA dam-
age repair, and immunity (20). NF-kB inactivation has
been associated with an increased osteoblast activity
and bone formation (21) suggesting that inactivation
of this pathway could be a likely approach for further
enhancing bone formation in our model (22).

The NF-kB signalling pathway plays a pivotal role in
regulating various basic cellular functions, including
viability, migration, chemotaxis, and proliferation,
particularly in mesenchymal stem cells (MSCs). NF-kB
is a family of transcription factors that control the
expression of genes involved in immune and inflam-
matory responses, as well as cell survival, differentia-
tion, and apoptosis (23). In MSCs, NF-kB activation is
crucial for maintaining cellular viability by regulating
anti-apoptotic genes and promoting resistance to
stress-induced cell death. Moreover, NF-kB influences
the migratory and chemotactic capabilities of MSCs,
which are essential for their therapeutic potential in
tissue repair and regeneration. This pathway modu-
lates the expression of chemokines and adhesion mol-
ecules, thereby guiding MSCs migration towards injury
sites (24). NF-kB also plays a significant role in cell pro-
liferation by regulating the expression of cyclins and
other cell cycle-related proteins, ensuring proper cell
cycle progression and proliferation. These multifacet-
ed roles underscore the importance of NF-«kB signalling
in the functional regulation of MSCs and its potential
implications in clinical applications. Besides its impli-
cation in bone formation and basic cellular functions,
the NF-kB pathway plays a crucial role in the regula-
tion of inflammation, which indirectly impacts bone
formation. Ageing and, in women, the decline in es-
trogen levels after menopause, lead to a significant
increase of inflammation in the bone marrow (BM)
microenvironment, resulting in the establishment of a
hostile environment. This inflammatory environment
prevents the differentiation of MSCs into osteoblasts
promoting their adipocytic differentiation (25). The
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activation of the NF-kB pathway in BM MSCs directly
contributes to the establishment of this hostile micro-
environment. Once this pathway has been activated in
MSCs, these cells would produce a set of pro-inflam-
matory cytokines, that, in turn, exacerbate inflamma-
tion, further hindering bone regeneration.

We propose that silencing key genes of the canonical
and/or non-canonical NF-kB pathways in MSCs would
increase their osteogenic capacity, thus increasing the
efficiency of our previous model based on the sole si-
lencing of Sfrp1. Importantly, this approach would not
only enhance osteogenic differentiation but could also
modulate the composition of the MSCs secretome,
thus reducing the presence of pro-inflammatory fac-
tors. This immunomodulatory effect would create a
permissive BM microenvironment that would facilitate
bone regeneration. Both strategies aim to effectively
increase bone mass, offering a promising treatment
approach for diseases characterized by reduced bone
mass, including osteoporosis.

MATERIALS AND METHODS

CELL CULTURE

C3H10T1/2 (Clone 8, Ref. CCL-226, ATCC, Manassas,
VA, United States), an immortalized murine MSCs line
was cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM, Invitrogen, Waltham, MA, USA) supplement-
ed with 10 % Fetal Bovine Serum (FBS) and 1 % peni-
cillin-streptomycin. Cell passage was performed using
TrypLE Express (Ref. 12604-013, Gibco, Thermo Fisher
Scientific, Waltham, MA United States).

GapmeR DESING

Antisense LNA GapmeRs were purchased from Exigon
(Qiagen, Venlo, The Netherlands). A non-specific Gap-
meR Negative Control A (Ref. 339515 LG00000002-
DDA) was used as a control GapmeR, and specific Gap-
meRs were used to target /kka (Ref. LG00824583-DDA),
IKKB (Ref. LG00824663-DDA), Nemo (Ref. LG00824633)
and Nik (Ref. LG00824353).

CELL TRANSFECTION

Lipofection was performed in a 24-well plate using
Dharmafect (Ref. T-2001-01, Dharmacon, Horizon Dis-
covery, Cambridge, United Kingdom), following the
manufacturer’s instructions for use. Cells were seeded
at 12,500 cells/cm? 24 hours before transfection. Two
hours before transfection, cells were washed twice
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with PBS 1X and culture medium was replaced with
Opti-MEM (Ref. 31985047, Gibco, Thermo Fisher Scien-
tific, Walthman, MA, United States). GapmeR concentra-
tion used was 20nM. Transfection was performed follow-
ing the manufacturer’s instructions for use. After incu-
bation at 37 °C for 24 hours, an equal volume of culture
medium was added. Finally, 48 hours after transfection,
the medium was removed and the cells were washed
once with PBS, and culture medium was added.

RNA EXTRACTION AND CONVERSION
TO cDNA

Cells were washed twice with PBS prior to collect the
MRNA using TRIzol reagent (Invitrogen, Walthman,
MA, United States). After TRIzol addition, the plate
surface was scrapped to maximize the material collect-
ed. RNA was extracted following the manufacturer’s
instructions for use. mRNA retrotranscription was per-
formed with the PrimeScript RT Reagent Kit (RRO37A,
Takara Bio Inc, Shiga, Japan) following the manufac-
turer’s instructions for use. The resulting cDNA was di-
luted 4 times with ddH,O to perform gene expression
analysis by semi-quantitative PCR.

GENE EXPRESSION ANALYSIS

Gene expression levels were measured using
semi-quantitative PCRs TagMan assays (Applied Bio-
systems, Waltham, MA, United States). To test gene
silencing, the following TagMan assays were used:
MmO00432529_m1 (lkka), Mm01222247_m1 (lkkB),
MmO00494927_m1 (Nemo), Mm00444166_m1 (Nik). To
analyze gene expression of the NF-kp pathway tar-
get genes, the following TagMan assays were used:
MmO00446190_m1(/l-6)and NFkBTA(MmO00477798_m1).
For normalization, we used the mouse housekeeping
GAPDH gene (Assay Mm99999-915_G1).

FLOW CYTOMETRY AND APOPTOSIS ASSAY

FITC Annexin V Apoptosis Detection Kit | (556547, BD
Bioscience, San Diego, CA, United States) was used
following the manufacturer’s instructions for use. For-
ty-eight hours after transfection, 100,000 cells per con-
dition were transferred into 2 flow cytometry tubes
and washed twice with 1x PBS at 4 °C. The cells were,
then, resuspended in 100 pyL of Binding Buffer and
2.5 pL of Annexin V-FITC labelled antibody was added
to 1 tube for each condition. After 30 minutes incuba-
tion in the dark, cells were washed twice with 1X PBS
at 4 °C and resuspended in 100 pL of Binding Buffer.
Finally, 2.5 pL of 7-amino-actinomycin D (7-AAD) was
added to each tube just before flow cytometry.
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CELL PROLIFERATION ASSAY

Cells were transfected in 24-well plates as previously
explained and harvested 48 h after transfection. Af-
terwards, different cell numbers (100, 200, 300 and
400 cells per well) were seeded onto a 96-well plate in
triplicates and allowed to attach overnight. Then, cells
were allowed to proliferate for 1,4, 6,8, 10 and 12 days.
To determinate cells viability at different timeframes,
culture media was substituted by complete DMEM
(10 % FBS and 1 % penicillin-streptomycin) containing
0.5 mg/mL of 3-(4.5-dimethylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide (MTT) and cells were incubated
for 4 hours. Then, the media was changed to 100 pL
of 2-propanol and incubated at 37°C for 10 minutes.
Finally, absorbance at 570 nm was measured with a
plate lector Eon (BioTek, Winooski, VT, United States).
The results are represented as the increase in cell num-
ber vs the previous day.

CELL MIGRATION ASSAY

Cell migration capacity after transfection with the
GapmeRs was analyzed by a wound healing assay. For
this, C3H10T1/2 cells were seeded at high confluence
in a 6-well plate (25,000 cells/fcm?) and then transfect-
ed following the standard protocol. Wounds were
performed using a 0.1-20 pL pipette tip to produce
wounds 300 pm wide. In a Nikon Eclipse Ti (Nikon In-
struments Inc. Melville, NY, United States), pictures of
the 6 different fields were taken every 3 hours for a
total of 15 hours. The live cell microscope maintained
the cells at 37 °C under normoxic conditions. Finally,
we measured the area of the wound every 3 hours
with the NIS-Elements software (Nikon Instruments
Inc., Melville, NY, United States), and determine the
average wound area per time and condition.

TRANSWELL MIGRATION ASSAY

A total of 7000 transfected cells resuspended in 200 pL
of serum-free media were seeded per upper chamber of
a 6.5 mm Transwell with 8 um Pore Polycarbonate Mem-
brane Insert (3422, Corning, Somerville, Massachusetts,
United States). Cells were incubated with 100 ng/mL
Stromal cell-Derived Factor-1 (SDF-1, Ref. 10118-HNAE,
Sino Biological Inc., Houston, Texas, United States) in
600 pL of serum-free media in the lower chamber for
24 hours at 37 °C. After incubation, to avoid background
signal, cells that did not migrate through the mem-
brane were eliminated by washing the upper chamber
twice with 1x PBS and cleaning it with a cotton swap.
Finally, cells were stained with 600 pL 1.01 pg/mL DAPI
(Ref. 62248, ThermoFisher Scientific, Rockforf, United
States) in 1X PBS for 10 minutes and kept in 1x PBS until
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4-5 fields per well at 10x pictures were taken in a flu-
orescence or phase contrast microscope. Graph rep-
resents average cell number per well.

STATISTICAL ANALYSIS

Error bars on graphs represent the standard error of
the mean value (SEM). Statistical significance was cal-
culated using the Students’ t test. Significance was al-
ways set at p < 0.05.

RESULTS

NF-KB PATHWAY INACTIVATION IN THE MSCs
CELL LINE C3H10T1/2

We hypothesized that silencing key genes in the NF-
kB pathway may led to a reduced overall activity of
the pathway, thus increasing the osteogenic potential
of MSCs. To put this hypothesis to the test, we first
needed to efficiently silence these genes and confirm
the inactivation of the pathway in the murine MSCs
cell line C3H10T1/2. We selected 4 key components
of the canonical and non-canonical pathways: lkka,
IkkB, Nemo and Nik and designed specific GapmeRs to
achieve gene silencing. The expression of the targeted
genes was assessed by gqPCR 48 hours after transfec-
tion with these GapmeRs (Fig. 1A). Transfection with
a non-specific gapmeR was used as a control in all the
experiments (GpmR Ctrl). We observed a statistically
significant silencing of 61.2 % of lkka, 62.1 %of IkkB,
64.5 % of Nemo and 43 % of Nik vs control.

Once we confirmed the silencing of the different tar-
gets, we needed to make sure that those levels of
silencing led to a significant inhibition of the NF-kB
pathway. For this purpose, we needed to establish a
method to monitor the activation of the NF-kB sig-
naling pathway. Activation of this pathway in MSCs
in vitro is generally achieved through incubation with
lipopolysaccharide (LPS) (26). To determine the opti-
mal concentration of LPS for pathway activation in our
experimental settings, we measured the activation of
the pathway in response to different concentrations of
LPS by evaluating the increase in /I-6 expression levels,
a direct target of this pathway (27). We conducted a
screening in untransfected cells using 3 different con-
centrations of LPS (0.5 pg/mL, 1 pg/mL, and 50 pg/mL)
(Fig. 1B). Our results indicate that a concentration of
1 pg/mL LPS leads to a significant increase in /-6 ex-
pression levels and thus, is optimal for NF-kB pathway
activation. This amount of LPS, maintained in the cul-
ture media for 18 hours, resulted in a 1.5-fold increase
in Il-6 expression.
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Simultaneously, we determined the appropriate
concentration of commercial inhibitors of the NF-kB
pathway (BMS-345541 and MLN120B) that effective-
ly block its activation without inducing toxicity in the
C3H10T1/2 cell line (Fig. 1C). These molecules would
be used as controls of pathway inhibition in our exper-
iments. Two different concentrations of each inhibitor
were tested, 10 uM and 20 uM in cells cultured in the
presence of 1 mg/mL LPS. With both inhibitors a con-
centration of 10 pM was found to significantly inhibit
the surge in /-6 expression in response to LPS. In the
case of the BMS-345541 inhibitor, a higher reduction
in 1l-6 expression was detected when the concentra-
tion used was 20 uM due to the toxic effect of this
condition that would lead to a significant increase in
cell death.

Once the appropriate concentrations of LPS and
inhibitors were determined, we were set to veri-
fy that the inhibition of the different components
of the NF-kB pathway with the specific GapmeRs
did indeed lead to a reduction in the activity of the
pathway. Therefore, we compared the expression of
11-6 in transfected cells grown in LPS to that of cells
transfected with the control GapmeR grown in the
same inductive conditions. The decrease in the lev-
el of pathway activity achieved by the silencing of
each of the genes was compared to that achieved by
the commercial inhibitors BMS-345541 and MLN120B
(Fig. 2A). The results show that cells transfected with
lkka, Nemo and Nik GapmeRs did not respond to LPS
by increasing /-6 expression confirming that the si-
lencing of those genes greatly impacts the activity
of the pathway. Results obtained with cells where
IKKB had been silenced where somewhat different.
The graph shows that //-6 expression significantly in-
creases in cells where Ikkp has been silenced vs the
gpmR control group without LPS. Since it has been
described that /kkB silencing could have an effect on
the expression of negative regulators of the path-
way, such as IkBa, which sequester NF-kB in the cyto-
plasm, affecting both basal and stimulated activity,
we decided to analyze the expression of an alterna-
tive target of the NF-kB pathway, the NFkBTA (28)
gene (Fig. 2B) to provide insights into whether the
observed effects on //-6 are specific to its regulatory
mechanisms or reflect a broader alteration in NF-kB
signaling. In this case, the pattern of NFkB1A, unlike
11-6, would support the negative effect of /kkp silenc-
ing on general NF-kB activity.

EVALUATION OF THE BIOSAFETY
OF SILENCING NF-KB GENES IN THE MURINE
MSCs CELL LINE C3H10T1/2

Since the NF-kB pathway regulates various cellular
responses, including cell proliferation, migration,
and survival, we decided to analyze the effect of
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Figure 1. Silencing of NF-kB pathway in the C3H10T1/2. A. Relative expression of targeted genes. Expression was measured 48 hours
after transfection with specific GapmeRs. Absolute values were normalized vs those obtained after transfection with a control GapmeR

(n = 4). B. Relative expression of /-6 after treatment with different concentrations of LPS. Expression was measured 18 hours after growing
C3H10T1/2 with LPS 0.5, 1 and 50 pg/mL to activate NFkB pathway (n = 3). C. Relative expression of /-6 with commercial inhibitors BMS-
345541 and MLN120B in the presence of 1 ug/ml LPS (n = 3). Bars show standard deviation of mean values. *p < 0,05; **p < 0,005).

lkka, IkkB, Nemo and Nik silencing these basic cel-
lular functions.

To analyze the proliferation of the transfected cells,
we performed an MTT assay (Fig. 3A). Results are rep-
resented as the increase in cell number vs the previous
day. No significant differences were observed between
the silenced cells and control, except for /kkp silenced
cells at the D8/D4 point exhibiting a significant in-
crease in proliferation. Nevertheless, this increase was
resolved at the last day, a point at which proliferation
levels were comparable to those of the control.

CXCL12/CXCR4 signaling is involved in the chemo-
taxis and homing of stem cells (29). Since one of the
known targets of the NF-kB pathway in other cells
is C-X-C chemokine receptor type 4 (CXCR4) (30), the
receptor for the stromal cell derived factor 1 (SDF-
1 a) (27), we decided to analyze if silencing the dif-
ferent genes could affect the capacity of transfected

cells to respond to this chemotactic agent (Fig. 3B).
Therefore, we performed a chemotaxis analysis using
a transwell migration assay. Forty-eight hours after
transfection, cells were added to the upper side of
a 0.8 transwell membrane and exposed to medium
containing SDF-1 on the lower chamber of the tran-
swell. Cells were allowed to migrate towards the low-
er part of the transwell membrane for 24 hours. Cells
that had migrated and were attached to the lower
part of the transwell membrane were stained with
DAPI and detected using fluorescence microscopy.
The results are normalized to gapmeR control-trans-
fected cells exposed to SDF-1. The negative control
(CTRL corresponding to cells not exposed to SDF-1a)
showed a significantly lower migration than that of
cells exposed to SDF-1a (SDF-1a). However, no signifi-
cant differences were found between the chemotac-
tic response to SDF-1a of the cells where the different
genes of the NF-kB pathway have been silenced and
non-transfected cells.
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Figure 2. Relative Expression of //-6 in silenced cells
treated with LPS. Expression of 11-6 (A) or NFkBTA (B)
measured 48 hours after transfection with specific
GapmeRs. Representative experiment. Cells transfected with
control GapmeR (GpmR Ctrl) or GapmeRs-specific for the
silencing of target genes (GpmR /KKa, GpmR /KK8, GpmR
Nemo, GpmR Nik) were grown in the absence (LPS 0) or
presence (LPS 1 mg/mL) of lipopolysaccharide and different
inhibitors of the NF-kp signaling pathway (BM and ML)
used at a 10mM concentration. BM stands for inhibitor
BMS-345541 and ML stands for inhibitor MLN120B. Graph
shows values from a representative experiment. Bars show
standard deviation of mean values. *p < 0.05; p < 0.005).

Finally, to analyze the effect of lkka, IkkB, Nemo and
Nik silencing on MSCs viability, we performed an
Annexin/7-AAD assay (Fig. 3C) 48 hours after trans-
fection, using annexin V (AnnV) and 7-amino-acti-
nomycin D (7-AAD). AnnV marks cells undergoing
apoptosis, as it binds to phosphatidylserine when this
phospholipid translocates to the outer part of the
cell membrane, one of the early signs of apoptosis.
Conversely, 7-AAD marks cells in late apoptosis, as it
binds to DNA but cannot penetrate intact cell mem-
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branes, thus only entering the cells when cellular
integrity is compromised. We can detect viable cells
(Ann-/7-AAD-), early apoptotic cells (Ann+/7-AAD-),
late apoptotic cells (Ann+/7-AAD+), and dead cells
(Ann-/7-AAD+). Although a tendency to an increase
of apoptotic cells was observed upon transfection
with the gapmeR for the Nemo silencing, this differ-
ence was no significant, suggesting that the silencing
of genes from the NF-kB signaling pathway has no
effect on cell viability.
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Figure 3. Evaluation of the biosafety of MSCs C3H10T1/2 cell line expressing low levels of NF-kB key genes. A. Effect of target inhibition
on cell proliferation. Results from the MTT analysis to measure the effect of target gene inhibition on cell proliferation ability. The results
are expressed as the difference of each endpoint relative to the previous one (n = 2). B. Effect of target inhibition over the response to
chemotactic agents. C3H10T1/2 migration capacity in response to SDF-1a. To the left, representative images of transfected cells that
migrated through the transwell membrane stained with DAPI (magnification 10x). To the right, quantification of migrating cells. The number
of migrating cells in each case is normalized vs the number of cells transfected with the control GpmR migrating in the absence of SDF-
Ta. Representative result (n = 5). C. Effect of target genes inhibition over MSCs viability. Results are expressed as the percentage of cells
marked with AnnV and/or 7-AAD. AnnV+ are early apoptotic cells, AnnV+/7-AAD+ are late apoptotic cells, and 7-AAD+ are necrotic cells
(n = 3). For all experiments, graph express the mean values of 5 or 3 experiments, as indicated. Bars show standard deviation of the mean
values. *p < 0.05; **p < 0.005). D. Wound healing assay performed 48 h after transfection. E. Right. representative pictures at time 0, 3,
9, 15 hours of control group and cells transfected with specific GapmeRs for /kka, kk6, Nemo and Nik. Areas lacking cells are outlined in
green. Left. Mean values of the quantification of the wound area (in pixels) performed every 3 hours.
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DISCUSSION

MSCs-based approaches had been proposed as an
alternative to improve bone regeneration. We have
previously managed a 30 % increase in the osteogen-
ic potential of osteoporotic MSCs by silencing SfrpT,
an inhibitor of the Wnt/B-catenin signaling pathway
(14). We hypothesize that it would be possible to fur-
ther increase this osteogenic potential by silencing key
genes of the NF-kB canonical and non-canonical path-
ways. This hypothesis originates from the previously
explained role of the pathway in reducing bone mass,
both directly through the inhibition of osteoblasto-
genesis and indirectly through the increase of inflam-
mation levels in the BM microenvironment.

Regarding its anti-osteogenic activity, the NF-kB sig-
naling pathway influences osteogenesis through dif-
ferent mechanism. NF-kB binds to the promoter of
Smurf1 and Smurf2, both inhibitors or the BMP path-
way, and increases their transcription (22). In addition,
NF-kB inhibits the activity of Fos-related antigen 1 (Fra-
1) (31). This protein, part of the activator protein-1
(AP-1) family, regulates the expression of various
genes involved in osteoblast differentiation and bone
matrix production. In relation to the indirect influence
of NF-kB in bone formation, this pathway plays a ma-
jor role in establishing the BM pro-inflammatory mi-
croenvironment. Loss of estrogen increases the activity
of Th17 (32) cells, and, consequently, proinflammatory
cytokines such as Interleukine-6 (IL-6), tumor necrosis
factor alpha (TNFa), interleukine-17 (IL-17) and recep-
tor activator of NF-kB (RANKL) (33). These molecules
work by activating the NF-kp signaling pathway, thus
perpetuating the activation of Th17 lymphocytes by
producing cell survival factors and pro-inflammato-
ry cytokines. In addition, the activation of the NF-kp
pathway inhibits the anti-inflammatory activity of
B lymphocytes. B cells reduce the pro-inflammatory
environment and increase bone formation produc-
ing osteoprotegerin (OPG) (33), while T cells have a
pro-inflammatory action (34). These pro-inflammatory
cytokines also inhibit the Wnt/B-catenin pathway by
increasing the expression of sclerostin and decreasing
the synthesis of RUNX2, IBSP and BGLAP (35). All this
combined results in major differentiation of MSCs into
adipocytes, decreasing their differentiation into osteo-
blasts, thereby compromising bone homeostasis.

To silence the selected target genes of the NF-kB path-
way we designed a specific gapmeR for each target
gene which binds to the mRNA molecule by inducing
its degradation by the RNase H. The silencing caused
by this system is transient and does not cause perma-
nent changes to the DNA, thereby ensuring its safety.
Silencing target genes with GapmeRs was confirmed
by gPCR. The expression of target genes is significant-
ly reduced after transfection vs the control GapmeRs,
indicating an efficient silencing of those genes. Al-
though the different expression of the targeted genes
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between control cells and those transfected with the
correspondent GapmeR were rarely > 65 %, this reduc-
tion in gene expression is enough to produce substan-
tial changes in cellular behavior, protein production,
and overall phenotype. For instance, in therapeutic
contexts, even the partial knockdown of a gene in-
volved in a disease can result in meaningful clinical
improvements (36,37).

Once the efficiency of GapmeRs in silencing gene ex-
pression was evaluated, we needed to perform an es-
say to make sure that the inhibition of target genes
effectively reduced NF-kB signaling. IL-6 serves as a
marker of pro-inflammatory activity, showing clear re-
sponses to pathway activation levels (27). Ikka, IkkB,
Nemo and Nik targeting showed a statistically signifi-
cant reduction of /-6 expression upon activation with
LPS 1 pg/mL for 18 hours vs control (Fig. 2A), meaning
that NF-kB is effectively inhibited even in the presence
of an inducer. This underscores the fact that a small
percentage of gene silencing could have substantial
effects on cell phenotype, particularly in the case of
Nik silencing where a significant decrease of /-6 ex-
pression is achieved. Interestingly, we found that cells
where IkkB had been silenced showed a significant
increase in Il-6 expression without LPS. However, ex-
pression levels of NFKBIA—another direct target of
the NF-kB pathway—did follow the expected expres-
sion pattern and were downregulated in /kkp-silenced
cells. The differences in the effects of /kkB silencing on
II-6 and NFkBIA (IkBa) expression highlight the com-
plex nature of NF-kB signaling regulation. When IkkB
is silenced, the canonical NF-kB pathway is inhibited,
as evidenced by the decreased expression of NFKBIA.
However, the increased /-6 expression could be due
to compensatory mechanisms such as the activation
of the MAPK/ERK or JNK pathways, which can inde-
pendently regulate IL-6 production (38). Moreover, the
NF-kB pathway involves intricate feedback loops, and
silencing IKKB might disrupt these loops, leading to an
unexpected upregulation of /-6 as a compensatory re-
sponse (39).

NF-kB pathway is not only involved in inflammation
but in other cell functions such as cell proliferation.
Therefore, we needed to make sure that the changes
introduced in the MSCs did not affect basic cell func-
tions. Although the results of our MTT assays showed a
significant difference in IkkB-silenced cells at the mid-
point. Of note, this difference disappears at the end-
point when its proliferation matches the control. This
suggests that this difference found at midpoint is not
due to a true increase in their proliferation capacity.
No other significant differences were found. There-
fore, these results suggest that the silencing target
genes does not affect the cells proliferative capabili-
ties.

On the other hand, reducing NF-kB pathway activity
by silencing target genes could reduce CXCR4 expres-
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sion affecting the MSCs behavior in the bone marrow.
However, the results of our transwell migration assay
eliminated this possibility in our system since no sta-
tistically significant differences were found between
the different conditions. These results suggest that NF-
kB silencing is not affecting the ability of the trans-
fected cells to respond to chemotactic agents. In fact,
MSC chemotaxis could be regulated by other signal-
ing pathways that are not affected by the silencing of
NF-kB components. For instance, chemokine receptors
such as CXCR4 are also regulated by the PI3K/Akt and
MAPK/ERK signalling pathways, which might maintain
chemotactic responses independently of NF-kB (40).

To be able to use a pro-regenerative approach involv-
ing silencing of any of the targeted genes in vivo, we
also needed to guarantee the safety of this change
and check that silencing of the targeted genes was
not touching the cells viability. Therefore, we conduct-
ed a flow cytometry analysis with AnnV and 7-AAD.
Our results show no significant differences at this level
between control and the silenced cells. However, Ne-
mo-silenced cells seem to have more apoptotic cells,
and lkka and lkkB-silenced cells seem to have more
percentage of necrotic cells. However, none of these
differences were significant confirming that silencing
targeted genes does not affect the cells viability.

Our study demonstrates that targeted silencing of key
genes in the NF-kB pathway could be used as an ap-
proach to enhance the osteogenic potential of MSCs
without compromising their viability, proliferative
capabilities, or chemotactic behavior. The significant
reduction in /-6 expression upon silencing key com-
ponents of the pathway underscores the critical role
of the NF-kB pathway in modulating inflammatory re-
sponses within the BM microenvironment. Moreover,
the transient nature of gene silencing via GapmeRs en-
sures the safety and reversibility of changes, making
this approach viable for potential clinical applications.

The combination of silencing genes from the NF-kB
signalling pathway with the previously proven silenc-
ing of Sfrp1 in endogenous MSCs (12,14) could syn-
ergistically enhance the pro-osteogenic properties of
osteoporotic MSCs. Our previous research has shown
that silencing Sfrp1—an inhibitor of the Wnt/B-catenin
signalling pathway—Ileads to a 30 % increase in osteo-
genic potential (14). Therefore, combining the silenc-
ing of Sfrp1 with key genes from the NF-kB signalling
pathway may further amplify the regenerative effects,
offering a robust strategy to fight osteoporosis and
other bone-related conditions. Future research should
focus on in vivo studies to validate these findings and
explore the long-term effects of combined pathway
modulation on bone homeostasis and regeneration.
Additionally, investigating the interplay between NF-
kB and other signalling pathways involved in MSC
differentiation and function could provide deeper in-
sights into optimizing regenerative strategies.

J. CABELLO-SANZ ETAL.

REFERENCES

1. Siris ES, Adler R, Bilezikian J, Bolognese M, Dawson-Hughes B,
Favus MJ, et al. The clinical diagnosis of osteoporosis: a posi-
tion statement from the National Bone Health Alliance Wor-
king Group. Osteoporosis International 2014;25:1439-43. DOI:
10.1007/500198-014-2655-z

2. Sing C, Lin T, Bartholomew S, Bell JS, Bennett C, Beyene K, et al.
Global Epidemiology of Hip Fractures: Secular Trends in Inciden-
ce Rate, Post-Fracture Treatment, and All-Cause Mortality. JBMR
2023;38:1064-75. DOI: 10.1002/jbmr.4821.

3. Cranney A. Parathyroid hormone for the treatment of osteopo-
rosis: a systematic review. Can Med Assoc J 2006;175:52-9. DOI:
10.1503/cmaj.050929.

4. Shirley M. Abaloparatide: First Global Approval. Drugs
2017;77:1363-8. DOI: 10.1007/s40265-017-0780-7

5. Kennel KA, Drake MT. Adverse Effects of Bisphosphonates:
Implications for Osteoporosis Management. Mayo Clin Proc
2009;84:632-8. DOI: 10.1016/50025-6196(11)60752-0

6. Markham A. Romosozumab: First Global Approval. Drugs
2019;79:471-6. DOI: 10.1007/s40265-019-01072-6

7. Fixen C, Tunoa J. Romosozumab: a Review of Efficacy, Safety,
and Cardiovascular Risk. Curr Osteoporos Rep 2021;19:15-22.
DOI: 10.1007/s11914-020-00652-w

8. Zigdon-Giladi H. Recent advances in bone regeneration using
adult stem cells. World J Stem Cells 2015;7:630. DOI: 10.4252/
wjsc.v7.i3.630

9. Ding D-C, Shyu W-C, Lin S-Z. Mesenchymal Stem Cells. Cell
Transplant 2011;20:5-14. DOI: 10.3727/096368910X

10. Li L, Peng X, Qin Y, Wang R, Tang J, Cui X, et al. Acceleration
of bone regeneration by activating Wnt/B-catenin signalling
pathway via lithium released from lithium chloride/calcium
phosphate cement in osteoporosis. Sci Rep 2017;7:45204. DOI:
10.1038/srep45204

11. Beederman M, Lamplot JD, Nan G, Wang J, Liu X, Yin L, et al.
BMP signaling in mesenchymal stem cell differentiation and
bone formation. J Biomed Sci Eng 2013;06:32-52. DOI: 10.4236/
jbise.2013.68A1004

12. Wan M, Cao X. BMP signaling in skeletal development. Biochem
Biophys Res Commun 2005;328:651-7. https://doi.org/10.1016/j.
bbrc.2004.11.067

13. Garcia-Sanchez D, Gonzalez-Gonzalez A, Garcia-Garcia P, Re-
yes R, Pérez-Nafez MI, Riancho JA, et al. Effective Osteogenic
Priming of Mesenchymal Stem Cells through LNA-ASOs-Media-
ted Sfrp1 Gene Silencing. Pharmaceutics 2021;13:1277. DOI:
10.3390/pharmaceutics13081277

14. Garcia-Garcia P, Ruiz M, Reyes R, Delgado A, Evora C, Riancho
JA, et al. Smurf1 Silencing Using a LNA-ASOs/Lipid Nanoparticle
System to Promote Bone Regeneration. Stem Cells Transl Med
2019;8:1306-17. DOI: 10.1002/sctm.19-0145

15. Garcia-Garcia P, Reyes R, Garcia-Sanchez D, Pérez-Campo FM,
Rodriguez-Rey JC, Evora C, et al. Nanoparticle-mediated selective
Sfrp-1 silencing enhances bone density in osteoporotic mice. J Na-
nobiotechnology 2022;20:462. DOI: 10.1186/512951-022-01674-5

16. Brasier AR. The NF-«B Regulatory Network. Cardiovasc Toxicol
2006;6:111-30. DOI: 10.1385/CT:6:2:111

17. Crooke ST, Witztum JL, Bennett CF, Baker BF. RNA-Targeted
Therapeutics. Cell Metab 2018;27:714-39. DOI: 10.1016/j.
cmet.2018.03.004

| Rev Osteoporos Metab Miner 2024;16(3):97-107 |



EXPLORING NF-KB SILENCING BIOSAFETY IN MESENCHYMAL STEM CELLS AS A POSSIBLE STRATEGY FOR OSTEOGENIC
AUGMENTATION

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Dhuri K, Bechtold C, Quijano E, Pham H, Gupta A, Vikram A, et
al. Antisense Oligonucleotides: An Emerging Area in Drug Disco-
very and Development. J Clin Med 2020;9:2004. DOI: 10.3390/
jcm9062004

Lim KR, Maruyama R, Yokota T. Eteplirsen in the treatment of Du-
chenne muscular dystrophy. Drug Des Devel Ther 2017;11:533-
45.DOI: 10.2147/DDDT.597635

Acsadi G, Crawford TO, Miiller-Felber W, Shieh PB, Richard-
son R, Natarajan N, et al. Safety and efficacy of nusinersen in
spinal muscular atrophy: The EMBRACE study. Muscle Nerve
2021;63:668-77. DOI: 10.1002/mus.27187

Hayden MS, West AP, Ghosh S. NF-kB and the immune response.
Oncogene 2006;25:6758-80. DOI: 10.1038/sj.onc.1209943
Jimi E, Takakura N, Hiura F, Nakamura |, Hirata-Tsuchiya S. The
Role of NF-«B in Physiological Bone Development and Inflam-
matory Bone Diseases: Is NF-kB Inhibition “Killing Two Birds with
One Stone"? Cells 2019;8:1636. DOI: 10.3390/cells8121636
Chang J, Liu F, Lee M, Wu B, Ting K, Zara JN, et al. NF-kB in-
hibits osteogenic differentiation of mesenchymal stem cells
by promoting B-catenin degradation. Proceedings of the Na-
tional Academy of Sciences 2013;110:9469-74. DOI: 10.1073/
pnas.1300532110

Rinkenbaugh A, Baldwin A. The NF-kB Pathway and Cancer Stem
Cells. Cells 2016;5:16. DOI: 10.3390/cells5020016

Mussbacher M, Salzmann M, Brostjan C, Hoesel B, Schoergen-
hofer C, Datler H, et al. Cell Type-Specific Roles of NF-kB Linking
Inflammation and Thrombosis. Front Immunol 2019;10. DOI:
10.3389/fimmu.2019.00085

McLean RR. Proinflammatory cytokines and osteoporosis. Curr
Osteoporos Rep 2009;7:134-9.DOI: 10.1007/s11914-009-0023-2
Sakai J, Cammarota E, Wright JA, Cicuta P, Gottschalk RA, Li N,
et al. Lipopolysaccharide-induced NF-kB nuclear translocation
is primarily dependent on MyD88, but TNFa expression requires
TRIF and MyD88. Sci Rep 2017;7:1428. DOI: 10.1038/s41598-
017-01600-y

Libermann TA, Baltimore D. Activation of Interleukin-6 Gene Ex-
pression through the NF-«kB Transcription Factor. Mol Cell Biol
1990;10:2327-34. DOI: 10.1128/mcb.10.5.2327-2334.1990
Basak S, Kim H, Kearns JD, Tergaonkar V, 0'Dea E, Werner SL, et
al. A Fourth IkB Protein within the NF-«kB Signaling Module. Cell
2007;128:369-81. DOI: 10.1016/j.cell.2006.12.033

Greenbaum A, Hsu Y-MS, Day RB, Schuettpelz LG, Christopher
MJ, Borgerding JN, et al. CXCL12 in early mesenchymal pro-

| Rev Osteoporos Metab Miner 2024;16(3):97-107 |

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

107

genitors is required for haematopoietic stem-cell maintenance.
Nature 2013;495:227-30. DOI: 10.1038/nature11926

Penzo M, Habiel DM, Ramadass M, Kew RR, Marcu KB. Cell
migration to CXCL12 requires simultaneous IKKa and IKKB-de-
pendent NF-kB signaling. Biochimica et Biophysica Acta (BBA).
Molecular Cell Research 2014;1843:1796-804. DOI: 10.1016/j.
bbamcr.2014.04.011

Chang J, Wang Z, Tang E, Fan Z, McCauley L, Franceschi R, et al.
Inhibition of osteoblastic bone formation by nuclear factor-«B.
Nat Med 2009;15:682-9. DOI: 10.1038/nm.1954

Abbas AK, Lichtman AH, Pober JS. Cellular and Molecular Immu-
nology; 2000. Fourth edition.

Collins FL, Rios-Arce ND, Schepper JD, Parameswaran N, McCabe
LR. The Potential of Probiotics as a Therapy for Osteoporosis.
Microbiol Spectr 2017;5(4):10.1128/microbiolspec.BAD-0015-
2016. DOI: 10.1128/microbiolspec.BAD-0015-2016.

Li J-Y, Tawfeek H, Bedi B, Yang X, Adams J, Gao KY, et al. Ova-
riectomy disregulates osteoblast and osteoclast formation
through the T-cell receptor CD40 ligand. Proceedings of the
National Academy of Sciences 2011;108:768-73. DOI: 10.1073/
pnas.1013492108

Kim B-J, Bae SJ, Lee S-Y, Lee Y-S, Baek J-E, Park S-Y, et al. TNF-a
mediates the stimulation of sclerostin expression in an es-
trogen-deficient condition. Biochem Biophys Res Commun
2012;424:170-5. DOI: 10.1016/j.bbrc.2012.06.100

Kang H, Ga YJ, Kim SH, Cho YH, Kim JW, Kim C, et al. Small
interfering RNA (siRNA)-based therapeutic applications against
viruses: principles, potential, and challenges. J Biomed Sci
2023;30:88. DOI: 10.1186/512929-023-00981-9

Wang Y, Zhai Y, Zhang M, Song C, Zhang Y, Zhang G. Escaping
from CRISPR—Cas-mediated knockout: the facts, mechanisms,
and applications. Cell Mol Biol Lett 2024;29:48. DOI: 10.1186/
$11658-024-00565-x

Hoffmann A, Levchenko A, Scott ML, Baltimore D. The IkB-NF-
kB Signaling Module: Temporal Control and Selective Gene
Activation. Science 2002;298(5596):1241-5. DOI: 10.1126/
science.1071914

Hayden MS, Ghosh S. Regulation of NF-kB by TNF family
cytokines. Semin Immunol 2014;26:253-66. DOI: 10.1016/j.
smim.2014.05.004

Shi Y, Riese DJ, Shen J. The Role of the CXCL12/CXCR4/CXCR7
Chemokine Axis in Cancer. Front Pharmacol 2020;11:574667.
DOI: 10.3389/fphar.2020.574667



Articulo Especial

R MM

Revista de Osteoporosis
y Metabolismo Mineral

The most interesting papers on vitamin D published in 2023

José Luis Mansur

Centro de Endocrinologia y Osteoporosis La Plata. Buenos Aires, Argentina

Abstract

We have chosen the most important articles related to vitamin D published in 2023. We chose manuscripts with clinical
importance on the non-classical actions of this hormone, and its use in the prevention or treatment of non-bone diseases. We
will analyze the genetics and the presence of an onco-suppressor gene to explain why supplementation with vitamin D can
be effective in some subjects and not in others, the lower appearance of autoimmune diseases in a randomized controlled
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study, the use of vitamin D in women with diabetes gestation, the possible programming of stems cells in embryos and
the risk of type 2 diabetes mellitus, the relationship with Parkinson's disease, the increase in levels with supplementation
related to basal body weight, and the relationship with uterine fibroids (leiomyomas or fibroids).

This is a highly subjective selection of papers that
caught my attention published from January 15t 2023
through January 31, 2024.

Although, for years, it has been known why vitamin D
deficiency is clearly associated with the presence of
non-bone diseases—also in longitudinal studies—and
the appearance of these conditions, the first studies
ever reported on supplementation vs placebo did not
prove beneficial in these conditions (cancer, diabetes,
hypertension, cardiovascular disease, etc.). It quickly
became clear to me that many publications were be-
ing conducted with low doses, using short regimens,
or with “sufficient” populations of 250HD.
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After delving into these articles, interesting topics
emerged:

1.Some beneficial effects of supplementation occur
“in many” but not “in all” patients due to genetics.
Studies have been published (in my opinion with
very little impact) showing benefits in subgroups of
people with some genetic polymorphisms and not
in others. The first paper was published years ago by
Baron in England, United Kingdom (1). He published
that in subjects with colonic polyps, supplementa-
tion with vitamin D did not prevent the appearance
of new polyps. However, the next year, when they
genetically studied that population, they found that
polyps had been prevented in the subgroup that

Artificial intelligence: the authors declare not to have used artificial intelligence (Al) or any Al-

assisted technologies in the elaboration of the article.

Correspondence:

Mansur JL The most interesting papers on vitamin D published in 2023. Rev Osteoporos Metab Miner

2024;16(3):108-111

DOI: 10.20960/RevOsteoporosMetabMiner.00057

| Rev Osteoporos Metab Miner 2024;16(3):108-111 |

José Luis Mansur. Centro de Endocrinologia
y Osteoporosis La Plata. 1900 Buenos Aires,
Argentina

e-mail: joseluismansur@yahoo.com.ar



THE MOST INTERESTING PAPERS ON VITAMIN D PUBLISHED IN 2023

had the rs7968585 polymorphism among individu-
als with the AA genotype (26 %) in the vitamin D
receptor (VDR) gene. It is in this subgroup that the
supplementation of vitamin D was able to reduce
the appearance of new polyps by 64 % (2).

The first new study on this subject is of that same
style. It has a first “negative” part and a second,
new “positive” part. This is the AMATERASU study
conducted by Urashima et al. (3), which, in 2019,
showed that administering 2000 1U/d for 3.5 years
vs placebo did not prevent recurrences or improve
survival in Japanese subjects with digestive can-
cers. Now, it is postulated that the key to achieving
a certain “extraosseous” benefits is not the dose
administered but to what extent 250HD levels
were reached. In the subgroup with < 20 ng/mL
at baseline, a mean of 36 ng/mL was reached. In
the subgroup with between 20 and 40 ng/mL at
baseline, they reached a mean of 45 ng/mL. In the
analysis of subgroup study, lower recurrence and
higher survival were demonstrated... but in which
subgroup? In those who had very little vitamin D
(< 20 ng/mL) or in those who had enough for the
IOM criterion (> 20 ng/mL)? The answer is that it
was prevented in the subgroup that had more
250HD (HR, 0.44), which are those that reached a
mean value > 40 ng/mL. The authors highlighted
this finding with caution. At that time, it was not
postulated that perhaps 40 mg/mL could be a cut-
off value to achieve to prevent or alleviate some
non-classic conditions. In this study, polymorphisms
of the VDR receptor and the transporter protein
were analyzed, and no relationship with benefit
was ever found. The new study by this group—
whose lead author is now Kanno (4)—studied how
many of these subjects were “immunoreactive to
the onco-suppressor protein P53", defining them
by having serum antibodies against P53 (+) or an
accumulation of that protein in more than 99 % of
cancer cells. The hypothesis was that supplement-
ing with vitamin D can increase the anti-cancer
immunoreaction only in a subgroup, and results
proved it: in the P53 (+) subgroup, relapse or death
occurred in 9/56 subjects (16.7 %) vs 14/26 with pla-
cebo (53.8 %), while no differences were reported
in the P53 (-). In my opinion this manuscript did not
achieve the impact it deserves. It is clear that the
answer to 250HD in some non-classical diseases—
cancer in this case—may depend on genetics or the
presence of certain onco-suppressive proteins.

.Another re-analysis: supplementing with vitamin D

prevented the appearance of autoimmune dis-
eases in the vital study. In 2021, Hanh published
that in the 5.3-year follow-up the appearance of
an autoimmune disease was confirmed in fewer
supplemented patients vs the placebo group (HR,
0.61; 0.43-0.86), concluding that it reduced them
by 25 % to 30 %—especially rheumatoid arthritis—
and after 2 years of supplementation (5).

| Rev Osteoporos Metab Miner 2024;16(3):108-111 |

109

What is new about this topic?: Well, 2 years lat-
er (at the end of the 7t year), Costenbader pub-
lished that prevention was no longer significant
(patients no longer had supplementation) yet the
condition appeared: psoriasis was prevented (HR,
0.61; 0.38-0.98). The other finding is that catego-
rizing them by their BMI, those whose BMI was
< 25 kg/m? maintained prevention (HR, 0.75; 0.59-
0.95). Of note, the main limitation of this study,
which did not prevent any positive results: partic-
ipants were allowed the voluntary use of vitamin
supplements (6).

3.Vitamin D supplementation improves outcomes in

women with gestational diabetes. A meta-analysis
(7) that analyzed 20 RCTs concluded that those sup-
plemented increased their HDL-C levels, decreased
their LDL-C and triglyceride levels, and reduced the
risk of premature birth, hyperbilirubinemia and
neonatal hospitalization. Of note what doses these
women (mostly from Iran and China) received.
Another topic is the prevention of gestational di-
abetes, which we have analyzed with other “out-
comes” in a review (8).

4. A work as fascinating as it is complex is “Embryonic

vitamin D deficiency programs hematopoietic stem
cells to induce type 2 diabetes mellitus”. The au-
thors study in mice the epigenetic mechanisms that
influence the risk of intrauterine diabetes associ-
ated with vitamin D deficiency. Studies in rodents
confirm the relationship among intrauterine vita-
min D deficiency, inflammation, hepatic steatosis,
excess adiposity and insulin resistance (IR), suggest-
ing it induces epigenetic programming. It has been
suggested that the VDR receptor plays a role in
programming the immune system during embryo-
genesis. In these studies, vitamin D-deficient fetal
hematopoietic stem cells (HSCs) were transplanted
into the uterus of vitamin D-sufficient mice induc-
ing diabetes. These studies show that the deficit
epigenetically suppresses Jarid2 expression and ac-
tivates the Mef2/PGC1 step in HSCs, which results
in adipose infiltration into macrophages, which
secrete miR106-5p, which in turn promotes IR. Vi-
tamin D-deficient monocytes in the human cord
have, these studies state, the above-mentioned
changes, causing IR. The authors conclude that
this vitamin D deficiency during development has
enough epigenetic consequences on the immune
system to trigger IR (9).

5.Vitamin D and Parkinson’s disease (PD). Two me-

ta-analyses from 2017 and 2018 confirmed the as-
sociation between 250HD deficiency and PD risk
and severity (10,11). What is new is the appear-
ance of a meta-analysis on supplementation. It only
includes 5 articles (4 on PD and 1 on restless legs
syndrome). Some studies showed improvement,
especially 1 from Poland where 4000 1U/d were ad-
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ministered only for 3 months to patients with BMI
< 25; 5000 1U/d with BMI = 25-30 and 6000 1U/d with
BMI > 30. Another study with a 4-month regimen
of 10,000 1U/d only seemed to improve balance in
young participants, while the remaining studies
which administered 1000 IU/d and 1200 1U/d found
modest improvements. The authors conclude that
screening for vitamin D deficiency and supplemen-
tation might be necessary in patients with PD (12).

6.A Vital sub-study showed that the increase in
250HD observed with 2000 IU/d supplementation
was lower in obese and overweight subjects. What
was the extent of this 250HD increase based on
their respective BMI?

BMI n | <185 185249 |250-299 | 30.0-349 | >350

250HD ng/mL | 16.375 | 326 | 324 30.6 290 | 280 | p<0.001

This may partly explain higher or lower respons-
es to health objectives that were found in other
megatrials (13).

7.Vitamin D and uterine fibroids, more common-
ly called leiomyomas, or fibromas. This year (14)
Okoro that 75 women with uterine leiomyoma
had 250HD levels of 15.26 + 4.96 ng/mL while the
75 controls had 250HD levels of 22.45 + 6.93 ng/
mL (p < 0.001). Additionally, there was a nega-
tive correlation between fibroid volume and 250H
Vit D (p < 0.001). In 2013 reports came on the
negative correlation between 250HD and fibroid
weight (15) and, in 1997, on the fact that black
women had less vitamin D and greater fibroid
masses (16).
In 2023 Combs conducted an interesting me-
ta-analysis and concluded that 14 studies con-
firmed the correlation between 250HD and the
presence of fibroids. A different question is if vi-
tamin D supplementation could reduce the size
of leiomyomas? Four out of 5 studies found that
compared to placebo, leiomyomas did not grow
or shrink. Of note, 2 studies were conducted for
as long as 2 months, another 2 for as long as 3
months, and 1 study for as long as 1 year. All par-
ticipants in all studies were supplemented with
50,000 IU/week, except for the 1-year study in
which participants received 50,000 IU/month for 2
months, followed by 2000 IU/day (17).
Finally, a Chinese study conducted after this me-
ta-analysis compared 25 women with fibroids sup-
plemented with a 3-month regimen of 1600 U/
day vs placebo and found a decrease in size with
vitamin D. What is striking is that this increase was
not very significant (from 10.45 up to 17.14 ng/
mL), which are values that stand far away from for
the bone health target of 30 ng/mL and even fur-
ther from the targets suggested for non-classical
actions (40 ng/mL) (18).

J. L. MANSUR

In conclusion, these are arbitrarily selected studies
that, nonetheless, allow us to keep in mind the possi-
bility that vitamin D supplementation can prevent or
alleviate multiple non-bone conditions.
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