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Abstract

Purpose Coronavirus disease (COVID-19) lockdowns have impacted on management of osteoporosis and the use of tel-
emedicine is increasingly widespread albeit supported by little evidence so far. The aim of the study is to assess adherence
to denosumab and incidence of non-traumatic fractures during the lockdown compared to the pre-COVID-19 year and to
explore the effectiveness of telemedicine in the management of osteoporotic patients.

Methods Retrospective, longitudinal, single-center study on patients receiving subcutaneous denosumab therapy every
6 months. Each patient was scheduled to undergo 2 visits: one during the pre-COVID-19 period (March 2019—March 2020)
and another visit during the lockdown period (March 2020—March 2021). Data on new fractures, adherence, risk factors for
osteoporosis and the modality of visit (telemedicine or face-to-face) were collected.

Results The prevalence of non-adherent patients was higher during the lockdown (35 of 269 patients, 13.0%) than the pre-
COVID-19 period (9 of 276 patients, 3.3%) (p <0.0001). During the lockdown, the number of new non-traumatic fractures
was higher than the pre-COVID-19 year (p <0.0001): 10 patients out of 269 (3.7%) experienced a fragility fracture and 2
patients (0.7%) a probable rebound fracture during the lockdown period, whereas no patient had fragility/rebound fractures
during the pre-COVID-19 period. No difference was found in the prevalence of non-adherence and new non-traumatic frac-
tures comparing patients evaluated with tele-medicine to those evaluated with face-to-face visit.

Conclusion Non-adherent patients and new non-traumatic fractures (including rebound fractures) were more prevalent during
the lockdown in comparison to the pre-COVID-19 period, regardless of the modality of medical evaluation.
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Introduction

Denosumab is a fully human monoclonal antibody approved
for the treatment of osteoporosis both in women and men
[1, 2]. This anti-bone resorption agent is administered as
a single 60 mg subcutaneous injection every 6 months [1].
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In contrast to bisphosphonates, denosumab discontinua-
tion leads to a complete and rapid reversal of its effects in
terms of bone turnover markers levels and bone mineral den-
sity (BMD), so-called rebound effect [3, 4], raising concerns
among clinicians about the off-treatment fracture risk. Six
months after the last injection of denosumab, indeed, bone
turnover markers increase above baseline within 3 months,
reach a peak at 6 months, and return to baseline values at
24 months [5, 6]. Similarly, BMD gains at all skeletal sites
are lost with a return to pre-treatment baseline values after
1-2 years off-treatment [5, 6]. As a consequence, denosumab
withdrawal is associated with a 3- to fivefold higher risk for
vertebral, major osteoporotic, and hip fractures [7-9]. The
risk of rebound fractures is reported as early as 4—8 weeks
after interruption in injection schedule, and therefore, it is
recommended that injections of denosumab should not be
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delayed by more than 7 months after the previous dose [1,
10].

Coronavirus disease 19 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
was characterized as a pandemic by the World Health
Organization (WHO) on March 11, 2020 [11]. In response
to COVID-19 pandemic, many countries have implemented
a series of unprecedented measures to mitigate the spread of
the virus, including national lockdowns [12]. In Italy, start-
ing from the first national lockdown, from March to May
2020, out-patient visits have been abruptly stopped and the
access to hospitals has been restricted only to emergencies.
Inevitably, these restrictions have impacted management of
chronic diseases such as osteoporosis.

For this reason, in the perspective of guaranteeing adher-
ence to anti-osteoporotic treatments and trying to prevent
the harmful rebound phenomenon after denosumab discon-
tinuation, the use of tele-medicine tools (e.g., by telephone
or e-mail) has been highly recommended by experts for the
management of patients with osteoporosis during COVID-
19 pandemic [13-16]. However, these recommendations
are based primarily on expert opinions since there is lit-
tle evidence about the effectiveness of tele-medicine in the
management of chronic diseases so far. Indeed, only in the
last months, a few studies have been published aiming at
exploring the efficacy of tele-medicine, mainly in terms of
adherence to treatment and clinical outcomes, in comparison
to traditional face-to-face visits.

To date, data on the impact of COVID-19 pandemic on
the management of osteoporotic patients are scanty. With
this in mind, the aim of this study was to assess adherence

rate to denosumab during the lockdown year in comparison
to the pre-COVID-19 year. The second aim was to explore
the occurrence of fragility fractures during the lockdown
period, with particular attention to the rebound fractures
among patients who interrupted denosumab. Finally, we
aimed to investigate which role tele-medicine has played in
helping patients to adhere denosumab treatment.

Materials and methods
Study design

A single-center, retrospective, longitudinal study was car-
ried out.

Outpatients referring to our Unit of Endocrinology,
University of Modena and Reggio Emilia, Azienda Ospe-
daliero-Universitaria (AOU) of Modena, in the period
between March 2019 and March 2021, who were receiving
treatment with denosumab for osteoporosis, were enrolled
(Fig. 1). Each patient was scheduled to undergo two vis-
its: one visit during the pre-COVID-19 period (8 March
2019-8 March 2020) and another visit during the lock-
down period (8 March 2020-8 March 2021) for clinical
re-evaluation and renewal of the prescription for deno-
sumab (Fig. 1). We considered the date of March 8, 2020
as watershed since it established the beginning of the first
lockdown in Italy. Visits scheduled during the lockdown
period could be carried out in two different modalities:
tele-medicine or standard face-to-face visits (see below).

March 8, 2017 Maich 8, 2018 March 8, 2019 March 8, 2020 Maich 8, 2021
— - | | | >
Pre-COVID-19 Lockdown
period period
n= 67 Initiation of
Denosumab
Initiation of
© | = 64
~ Denosumab
N
Il ey
< Initiation of
n=57
Denosumab
. Initiation of
Denosumab

Fig. 1 Distribution of enrolled patients in relation to the year of ini-
tiation of denosumab. Each patient underwent two visits in the period
of study: the first in the year before COVID-19 pandemic (yellow
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area) and the second one during the COVID-19 lockdown (blue area).
Dotted boxes represent years of ongoing denosumab
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Data about the adherence rate to denosumab and the
occurrence of non-traumatic fractures collected at both
visits were compared between the pre-COVID-19 and the
lockdown period.

Participants

Osteoporotic patients receiving denosumab treatment initi-
ated before March 2020, in agreement with AIFA note 79,
were retrospectively recruited (Fig. 1).

Inclusion criteria were age > 18 years, and ongoing
treatment with denosumab with date of initiation before
March 8, 2020. For enrolled patients, we collected from
the patients’ record charts the following parameters that
are routinely explored in the real-life practice at out-patient
clinics for osteoporosis: age, gender, weight, height, med-
ication use, prior history of any fracture, osteoporosis-
related risk factors, date of start and of last injection of
denosumab, and date of renewal of its therapeutic plan.

No exclusion criterion was provided.

Main outcomes measures
Adherence to denosumab

In Italy, denosumab prescription is regulated by Italian
Drug Agency (AIFA) note 79 [17] by means of a thera-
peutic plan, which must be issued by an endocrinologist or
another bone specialist. This prescription allows patients
to obtain every 6 months one pre-filled pen of the drug.
In Emilia Romagna, denosumab is dispensed by hospital
pharmacies and drug injection is administered at home by
the patient him/herself or by his/her caregiver.

Adherence to denosumab was defined as receiving the
scheduled denosumab injection on time, i.e., at 6 months
(with an allowable delay of another 4 weeks) after the
date of the previous injection. During the visit, each
enrolled patient was asked whether the scheduled dose of
denosumab was regularly administered, delayed of at least
4 weeks, or almost discontinued. We decided to give only
a 4-week allowance (grace period) because most previ-
ous adherence studies for osteoporosis treatments (oral or
otherwise) have used similar windows of allowable delay
[18, 19]. Therefore, international osteoporosis recommen-
dations have also recommended denosumab injection not
be delayed beyond 4 weeks from when it is due [1].

New non-traumatic bone fracture during denosumab
treatment

The occurrence of new traumatic and non-traumatic frac-
tures was recorded during the pre-COVID-19 period during
the lockdown period. Non-traumatic fractures were further
classified in fragility, rebound, and atypical fractures. Fra-
gility fractures result from mechanical forces that would
not ordinarily result in a fracture, known as low-level (or
'low energy') trauma. WHO has quantified this as forces
equivalent to a fall from a standing height or less. Fractures
occurred 4—8 weeks after denosumab discontinuation were
considered probable rebound fractures, as explained in the
introduction. Atypical fractures are rare type of fractures that
have been associated with the long-term use of antiresorp-
tive bone medications. They originate in the lateral shaft of
the femur and occur with minimal or no trauma [20].

The occurrence of a new fracture, not present at baseline,
were collected based on radiological investigations (X-ray,
computerized tomography [CT]) performed in agreement
with real-life clinical care demands.

Modality of medical evaluation during the COVID-19
lockdown: tele-medicine and face-to-face visits

Endocrine out-patient clinic at AOU of Modena covers
all fields of endocrinology, from the first level to the most
complex cases requiring dedicated expertise and multi-dis-
ciplinary evaluation. Among second-level endocrinology
out-patient clinics, there is one dedicated to osteoporosis
and disorders of calcium—phosphorus metabolism. During
COVID-19 outbreak, the re-organization of the out-patient
clinic was necessary and all planned visits could be per-
formed with two modalities: tele-medicine and face-to-face
visits. At least 5 days before the scheduled visit appointment,
an endocrinologist called the patient by phone to check
patient’s health status (signs/symptoms related to COVID-19
infection and to endocrine disease) and to make the decision
between tele-medicine and face-to-face visit. After phone-
agreement with the patient, tele-medicine was generally pro-
posed in case of: (1) follow-up visits; (2) recognized ability
to use e-mail (with the help of family members/caregivers if
needed); (3) clinical assessment considered to be not abso-
lutely necessary; (4) fragile and older patients. If the patient
agreed to tele-medicine, all the medical reports had to be
sent to a dedicated e-mail address. Thus, the endocrinologist
completed the visit asking the patient (by mail or phone)
detailed information regarding correct assumption of drugs
(in this case the date of last injection of denosumab was
recorded) and commenting clinical reports sent by e-mail.
The visit report form, together with the prescription of the
next control, results of examinations and therapeutic plan for
denosumab, was finally sent to the patient by ordinary mail.
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Risk factors for osteoporosis and history of fractures

Patient self-reports, clinical history, physical examination
(e.g., low body mass index [BMI]), and drug-tracing criteria
obtained from patients’ record charts were used to identify
the presence or absence of conditions inducing bone loss.
Risk factors for osteoporosis are age > 65 years, sedentary
lifestyle, low BMI, alcohol consumption, smoking habits,
family history of fragility fractures, chronic glucocorticoid
therapy, low calcium intake [21]. For women, age at men-
opause <45 years was considered as a further risk factor.
Medical conditions associated to osteoporosis were also
explored (e.g., malabsorption, primary hyperparathyroidism,
hyperthyroidism, diabetes mellitus, idiopathic hypercalciu-
ria, rheumatoid arthritis), together with the current use of
drugs associated to bone loss. Documented prior history of
non-traumatic bone fractures was recorded.

Furthermore, we considered if patients received previ-
ously and for at least 12 months, bisphosphonates and/or
teriparatide and if a supplementation with calcium and/or
vitamin D was ongoing.

Statistical analysis

Proportions and rates were calculated for categorical data;
continuous data were reported as median and interquartile
range (IQR).

The non-parametric Mann—Whitney U test was used for
comparisons of continuous variables since they resulted not
normally distributed at the Kolmogorov—Smirnov test. Cat-
egorical variables were compared by Pearson’s Chi-squared
test.

Multinomial logistic regressions were used to determine
if factors that may play a role in adherence/fractures (i.e.,
age, sex, fracture history, BMI, previous use of other anti-
osteoporotic agents, comorbidities and risk factors for osteo-
porosis) were associated with non-adherence to denosumab
and to the occurrence of new non-traumatic fractures.

Statistical analyses were performed using the Statisti-
cal Package for the Social Sciences’ (SPSS) software for
Windows (version 27.0; SPSS Inc, Chicago, IL, USA).
For all comparisons, p <0.05 was considered statistically
significant.

Results

Age, sex and clinical characteristics of enrolled patients are
summarized in Table 1.

A total of 276 patients initiated on denosumab before
March 2020 were enrolled, in agreement with inclusion and
exclusion criteria. Seven patients out of 276 were not able
to undergo the second visit since 4 of them died during the
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COVID-19 period, and for 3 patients, denosumab therapies
were stopped on medical advice; moreover, we recorded 12
drop-out patients.

A total of 235 patients (85.5%) had a previous history
of fragility fractures, thus, suffering from a severe form
of osteoporosis (Table 1). The majority of patients had
already undergone a previous treatment for osteoporosis
before denosumab: 209 patients (75.7%) had been previ-
ously treated with bisphosphonates, while 75 (27.2%) had
completed the two-year period with Teriparatide (Table 1).
At the moment of the enrollment, the median duration of
treatment with denosumab was 1.92 year (IQR 0.97-2.94)
and the median age at the start of denosumab was 74.7 years
(IQR 69.0-81.0) (Table 1).

Adherence to denosumab therapy

Considering an allowed delay of 4 weeks from the sched-
uled dose of denosumab, we calculated the prevalence of
adherent and non-adherent patients before and during the
lockdown (Table 2).

In the pre-COVID-19 period, 267 patients out of 276
(96.7%) were adherent and 9 patients (3.3%) were found
to be non-adherent (Table 2). In the lockdown period, 234
patients out of 269 (87.0%) were adherent and 35 patients
(13.0%) were found to be non-adherent (Table 2; Fig. 2).
Hence, the prevalence of non-adherent patients was signifi-
cantly higher in the lockdown period, compared to the pre-
COVID-19 period (p <0.0001) (Table 2; Fig. 2).

The majority of patients who were non-adherent and/or
discontinued denosumab during the COVID-19 lockdown
returned for regular follow-up once pandemic restrictions
ceased; indeed, we recorded only 12 out of 276 (4.3%)
drop-out patients. Investigating the individual reason of non-
adherence during the lockdown period, we found that 17
patients out of 269 (6.3%) were afraid of coming to the hos-
pital due to the COVID-19 contagion risk, 5 patients (1.9%)
forgot to make the injection of denosumab, and 1 patient
(0.4%) interrupted denosumab for intercurrent illness.

Patients undergoing visit in the lockdown period were
subdivided into adherent and non-adherent groups, as
reported in Table 3. The prevalence of primary hyperparath-
yroidism and diabetes mellitus was higher among adherent
than non-adherent patients (p =0.038 and p=0.035, respec-
tively). At the multivariate logistic regression including all
available parameters, no factor was found to be predictive of
non-adherence to denosumab in the lockdown period.

Prevalence of fractures
During the lockdown period, the prevalence of new non-

traumatic fractures was significantly higher compared to the
pre-COVID-19 period (p <0.0001) (Table 2). In particular,
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Table 1 Demographic and
clinical characteristics of

Enrolled patients

enrolled patients N

Demographic characteristics
Sex
Females
Males
Age (years)
BMI (kg/m?)

276

246 (89.1%)

30 (10.9%)

77.3 (70.6-82.4)
24.0 (21.7-27.1)

Risk factors, comorbidities and therapies associated with osteoporosis

Familial history of osteoporosis
Smoke

Alcohol consumption > 3 units/day

Inconstant physical activity
Low dietary calcium intake
Prior steroid treatment

Age at menopause <45 years
Malabsorption

PHPT

Hyperthyroidism

Diabetes mellitus
Idiopathic hypercalciuria
Rheumatoid arthritis
Chronic hepatitis

Severe renal insufficiency

Use of drugs associated to bone loss
Anti-estrogen treatment for breast cancer

Anti-androgen treatment for prostate cancer

95 (34.4%)
23 (8.3%)
1(0.4%)
86 (31.2%)
30 (10.9%)
56 (20.3%)
43 (17.6%%)
13 (4.7%)
18 (6.5%)
8 (2.9%)
28 (10.2%)
8 (2.9%)
3(1.1%)
18 (6.5%)
4(1.5%)
60 (21.8%)
29 (10.5%)
16 (5.8%)

Medical and pharmacological history specific for osteoporosis

Patients not treatable with drugs other than denosumab

256 (94.8%)

Supplementation with calcium and/or vitamin D

No integration
Only calcium
Only vitamin D

Calcium and vitamin D

Prior treatment with bisphosphonates

Prior treatment with teriparatide

Prior fragility fractures

11 (4.0%)

1 (0.4%)
170 (61.8%)
93 (33.8%)
209 (75.7%)
75 (27.2%)
235 (85.5%)

Parameters related to denosumab treatment

Duration of denosumab treatment (years)

Age at denosumab start (years)

1.92 (0.97-2.94)
74.7 (69.0-81.0)

Measurements are expressed as median (IQR) for continuous variables

IQR interquartile range, BMI body mass index, PHPT primary hyperparathyroidism

“Percentage was calculated considering only female patients

10 patients out of 269 (3.7%) experienced a documented
fragility fracture and 2 patients (0.7%) a rebound fracture
during the lockdown period, whereas no patient had fragil-
ity or rebound fractures during the pre-COVID-19 period
(Table 2). The 2 patients with rebound fractures were both
female, 85 and 90 years old, respectively, and had history of
previous fragility fractures; even the duration of denosumab

treatment was similar of about 2 years for both (2.22 and
2.11 years, respectively). Fragility fractures were sympto-
matic, confirmed by radiological examinations (X-ray or
CT), and occurred at vertebral site (lumbar or dorsal) for 6
patients, hip for 2 patients, wrist for 1 patient, and ribs for
1 patient; both rebound fractures were hip fractures. There-
after, we re-analyzed the occurrence of fractures restricting
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Table 2 Difference in the

Pre-COVID-19 period Lockdown period p value
prevalence of non-adherent
patients and new fractures N 276 269 _
?;rcé’rgg\%fgti‘; ggi‘gg O S Non-adherent patients 9(3.3%) 35 (13.0%) <0.0001
lockdown period) Adherent patients 267 (96.7%) 234 (87.0%)
New fracture during denosumab 4 (1.4%) 15 (5.6%) 0.020

Traumatic 4 3 -

Fragility 0 10 <0.0001

Rebound 0 2

the analysis to those patients (N = 185) receiving denosumab
since at least 12 months. We confirmed that during the lock-
down period the prevalence of new non-traumatic fractures
was significantly higher compared to the pre-COVID-19
period (p=0.004). In particular, 6 patients out of 185 (3.2%)
experienced a fragility fracture and 2 patients (1.0%) a
rebound fracture during the lockdown period, whereas no
patient had fragility or rebound fractures during the pre-
COVID-19 period. These patients were subdivided into frac-
tured and non-fractured subgroups during the lockdown, as
reported in Table 4. Fractured patients were older (p=0.003)
and initiated denosumab at more advanced age (p =0.005)
than non-fractured (Table 4). However, performing multi-
variate logistic regression including all available parameters
only diabetes mellitus predicted fracture during the lock-
down, though with a wide confidence interval (p =0.044,
OR 17.94, C195%, 1.08-296.7).

Tele-medicine vs face-to-face visits
The prevalence of non-adherent patients during the lock-

down period did not differ between patients evaluated by
tele-medicine compared to those who underwent face-to-face

p<0.0001
|
9 (3.3%) 35 (13.0%)
100%
90%
80%
70%
60%
50% 267 234
(96.7%) (87.0%)
40%
30%
20%
10% ONon-adherent patients
OAdherent patients
0%

Pre-Covid-19 period Lockdown period

Fig.2 Prevalence of non-adherent patients was significantly higher
during the lockdown than pre-COVID-19 period
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visit (Tables 3, 4). Similarly, no difference was found in
the prevalence of new non-traumatic fractures comparing
patients evaluated with tele-medicine to patients evaluated
with face-to-face visit (Tables 3, 4).

Discussion

This study is among the first studies providing data on the
out-patients clinic re-organization during a pandemic out-
break. Our findings suggest that tele-medicine is as effective
as standard face-to-face visits in continuing the follow-up for
patients with chronic endocrine disorders assuming long-
term treatment, such as osteoporotic patients with ongoing
denosumab treatment. Furthermore, this study provides
real-world quantifiable information on the adherence rates
to denosumab and on the occurrence of fragility fractures
during the critical period of the lockdown that was part of
the containment efforts for COVID-19 worldwide.

This single-center study reveals that tele-medicine might
be considered an alternative strategy in the management of
osteoporotic patients, not negatively impacting the compli-
ance to a parenteral anti-osteoporotic drug such as deno-
sumab. Indeed, in our cohort the prevalence of non-adherent
patients increased during the COVID-19 pandemic regard-
less of the modality of medical evaluation (tele-medicine or
face-to-face visit). As suggested by another study [22], the
use of tele-medicine (e.g., virtual clinics, video-consulta-
tions) for chronic endocrine patients might be potentiated in
future to reduce visitors in the busy hospital, and to preserve
hospital capacity for acutely ill patients. These platforms
can also be potentially helpful to emphasize adherence to
medications and can be used to remind patients about timely
administration especially of parenteral medications. Obvi-
ously, more studies are needed to prove the effectiveness of
tele-medicine in the long-term period.

In our real-life series, adherence rates to denosumab
decreased significantly during the lockdown year in compar-
ison to the pre-COVID-19 year. These findings corroborate
what reported by the only one previous study quantifying
adherence to denosumab during the COVID-19 lockdown
in Singapore, through an electronic medical record and a
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Table 3 Difference in clinical parameters between adherent and non-adherent patients during the lockdown period

Adherent patients Non-adherent patients p value

N 234 35
Modality of visit during lockdown
Tele-medicine 71 (30.3%) 6 (17.1%) NS
Face-to-face evaluation 163 (69.7%) 17 (48.6%)
Drop-outs 0 (0%) 12 (34.3%)
Demographic characteristics
Sex

Females 207 (88.5%) 33 (94.3%) NS

Males 27 (11.5%) 2 (5.7%)
Age (years) 78.3 (71.3-83.4) 79.2 (73.8-82.8) NS
BMI (kg/m?) 24.0 (22.0-26.8) 23.9 (20.8-28.3) NS
Risk factors, comorbidities and therapies associated with osteoporosis
Familial history of osteoporosis 85 (36.3%) 11 (31.4%) NS
Smoke 18 (7.7%) 5(14.3%) NS
Alcohol consumption >3 units/day 1(0.4%) 0 (0.0%) NS
Inconstant physical activity 72 (30.8%) 14 (40%) NS
Low dietary calcium intake 26 (11.1%) 5 (14.3%) NS
Prior steroid treatment 49 (20.9%) 6 (17.1%) NS
Age at menopause <45 years 36 (17.4%%) 6 (18.2%%) NS
Malabsorption 12 (5.1%) 1(2.9%) NS
PHPT 12 (5.1%) 5(14.3%) 0.038
Hyperthyroidism 8 (3.4%) 0 (0.0%) NS
Diabetes mellitus 20 (8.5%) 7 (20%) 0.035
Idiopathic hypercalciuria 7(3.0%) 1 (2.9%) NS
Rheumatoid arthritis 2 (0.9%) 1(2.9%) NS
Chronic hepatitis 13 (5.6%) 3 (8.6%) NS
Severe renal insufficiency 3(1.3%) 1(2.9%) NS
Use of drugs associated to bone loss 50 (21.4%) 7 (20.0%) NS
Anti-estrogen treatment for breast cancer 24 (11.6%) 39.1%) NS
Anti-androgen treatment for prostate cancer 15 (55.6%) 1 (50.0%) NS
Medical and pharmacological history specific for osteoporosis
Patients not treatable with drugs other than denosumab 217 (94.8%) 33 (94.3%) NS
Supplementation with calcium and/or vitamin D

No integration 3 (1.3%) 2(5.7%) NS

Only calcium 2 (0.9%) 0(0.0%)

Only vitamin D 141 (60.3%) 21 (60.0%)

Calcium and vitamin D 88 (37.6%) 12 (34.3%)
Prior treatment with bisphosphonates 180 (76.9%) 23 (65.7%) NS
Prior treatment with Teriparatide 62 (26.5%) 11 (31.4%) NS
Prior fragility fractures 201 (85.9%) 29 (82.9%) NS
Parameters related to denosumab treatment
Duration of denosumab treatment (years) 2.11 (1.44-3.29) 2.16 (0.96-3.20) NS
Age at denosumab start (years) 76.0 (69.0-81.0) 76.0 (71.0-80.0) NS
New fractures 13 (6.1%) 2(7.1%) NS

IQR interquartile range, BMI body mass index, PHPT primary hyperparathyroidism, NS not significant (p>0.05)

*Percentage was calculated considering only female patients
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Table 4 Difference in clinical parameters between fractured and non-fractured patients during the lockdown period

Non-fractured patients Fractured patients p value

N 177 8
Modality of visit during lockdown
Tele-medicine 56 (31.6%) 3(37.5%) NS
Face-to-face evaluation 115 (65.0%) 5(62.5%)
Drop-outs 6 (3.4%) 0 (0%)
Demographic characteristics
Sex

Females 165 (93.2%) 7 (87.5%) NS

Males 12 (6.8%) 1 (12.5%)
Age (years) 78.0 (70.9-83.2) 85.6 (82.8-87.1) 0.003
BMI (kg/m?) 24.0 (21.7-26.8) 23.4 (20.8-26.1) NS
Risk factors, comorbidities and therapies associated with osteoporosis
Familial history of osteoporosis 69 (39.2%) 3 (37.5%) NS
Smoke 15 (8.5%) 1 (12.5%) NS
Alcohol consumption >3 units/day 0 (0.0%) 0 (0.0%) -
Inconstant physical activity 57 (32.4%) 3(37.5%) NS
Low dietary calcium intake 23 (13.1%) 0 (0.0%) NS
Prior steroid treatment 30 (17.0%) 1(12.5%) NS
Age at menopause <45 years 28 (17.1%%) 1 (14.3%%) NS
Malabsorption 11 (6.3%) 0 (0.0%) NS
PHPT 8 (4.5%) 0 (0.0%) NS
Hyperthyroidism 7 (4.0%) 0(0.0%) NS
Diabetes mellitus 15 (8.5%) 2 (25%) NS
Idiopathic hypercalciuria 5(2.8%) 1 (12.5%) NS
Rheumatoid arthritis 1 (0.6%) 0 (0.0%) NS
Chronic hepatitis 9(5.1%) 1(12.5%) NS
Severe renal insufficiency 3(1.7%) 0 (0.0%) NS
Use of drugs associated to bone loss 29 (16.5%) 1(12.5%) NS
Anti-estrogen treatment for breast cancer 21 (12.8%%) 1 (14.3%%) NS
Anti-androgen treatment for prostate cancer 3 (25.0%) 0 (0.0%) NS
Medical and pharmacological history specific for osteoporosis
Patients not treatable with drugs other than denosumab 165 (95.4%) 7 (87.5%) NS
Supplementation with calcium and/or vitamin D

No integration 5(2.8%) 0 (0.0%) NS

Only calcium 2 (1.1%) 0 (0.0%)

Only vitamin D 104 (59.1%) 6 (75.0%)

Calcium and vitamin D 65 (36.9%) 2 (25.0%)
Prior treatment with bisphosphonates 139 (79.0%) 6 (75.0%) NS
Prior treatment with Teriparatide 50 (28.4%) 1(12.5%) NS
Prior fragility fractures 156 (88.6%) 8 (100%) NS
Parameters related to denosumab treatment
Duration of denosumab treatment (years) 2.93 (2.01-3.98) 2.60 (2.09-4.78) NS
Age at denosumab start (years) 74.0 (68.0-80.0) 82.5(78.5-74.8) 0.005
Non-adherent 19 (10.8%) 2 (25.0%) NS
Adherent 158 (89.2%) 6 (75.0%)

IQR interquartile range, BMI body mass index, PHPT primary hyperparathyroidism, NS not significant (p >0.5)
*Percentage was calculated considering only female patients
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pharmacy claims database [23]. In the literatures, conflict-
ing results have been reported about the association between
adherence to denosumab therapy and demographic factors
(gender, age) [18, 23-26] or medical history (previous frac-
tures, previous anti-osteoporotic treatment) [18, 23, 27, 28].
In our study, we did not observe any significant association
between adherence rate and any of these factors.

The majority of patients who were non-adherent and/or
discontinued denosumab during the COVID-19 lockdown
returned for regular follow-up once pandemic restrictions
ceased; indeed, we recorded only 12 drop-out patients. This
gave us the possibility to explore the exact individual rea-
sons of their non-adherence during the lockdown, reveal-
ing that concerns of acquiring the infection by attending
hospitals, to renew the therapeutic prescription and to get
denosumab from hospital pharmacy, were the most fre-
quent cause of interruption. A few patients discontinued
denosumab for negligence and only one patient for intercur-
rent illness, including SARS-CoV-2 infection, that required
hospitalization.

Our data also showed a significant increase in the num-
ber of non-traumatic (fragility and rebound) fractures dur-
ing the COVID-19 lockdown period compared to the pre-
COVID-19 period. In agreement, the rise in fragility [29, 30]
and rebound [31] fractures during the pandemic has been
shown by few recent studies. Notably, only patients with
symptomatic fractures came to our attention. It is highly
possible that the impact on fracture incidence due the pan-
demic is even underestimated than what we observed [31].
The general increase of fracture events may be explained,
at least in part, by the higher prevalence of non-adherent
patients during the pandemic, even though we did not find
a significant association, probably due to the small numbers
of fractures. Indeed, it is known that non-persistence and
non-compliance with osteoporotic medications is associ-
ated with lower effectiveness in terms of fracture risk [32]
and BMD [19], and it is also well-known that denosumab
withdrawal is associated with a 3- to 5-fold higher risk for
rebound fractures [7-9]. Though conflicting data exist about
the maximum allowable delay of denosumab injection before
fracture risk increases, the general recommendation is that
injections should not be delayed by more than 7 months after
the previous injection [33].

On the one hand, the increase of fractures may theoreti-
cally collide with the lockdown restrictions and stay-at-home
policies. On the other hand, we can speculate that precisely
due to the social isolation policy, support obtained from
caregivers to prevent falls and to administer pharmacologi-
cal therapies may have been reduced for older patients; this
could have inadvertently been a cause of the increased hip
fractures occurring at home. At the same time, lower sun
exposure and physical activity may have contributed to the
rise in fractures. This contrasts with other studies reporting

a decrease in the number of hip and forearm fractures during
the early phase of pandemic [34-36].

Different from literature data that describe the multi-
ple vertebral fractures as the most typical presentation of
rebound fractures [8, 9], the two fractures off-denosumab
therapy recorded in our cohort were both localized at femo-
ral neck. Recently, hip fractures were also reported in a small
case series in this setting [37]. This is in line with previous
larger observational studies which showed that loss of BMD
during the off-treatment period is not only localized at the
spine, but that hip BMD loss is equal to or even greater than
the gain achieved during treatment [3]. Our finding might be
also explained by the fact that vertebral fractures, in contrast
to hip ones, are more often clinically silent and might remain
undiagnosed if spinal X-rays are not performed [38].

The finding that diabetes mellitus was able to predict
a new fracture confirms the increased risk of fractures in
diabetic patients, already described in literature [39, 40].
Although it is logical to suppose a multifactorial nature of
bone fragility in diabetes, the exact pathophysiology remains
to be elucidated [40, 41].

Our study has several strengths and limitations. First, we
believe that no selection bias is present since all patients who
received a denosumab prescription at our Unit of Endocri-
nology during the period of study were included. Further-
more, our study is the first to provide information about the
adherence rates to denosumab therapy and the reasons of
non-adherence during pre-Covid-19 and pandemic years.
On the other hand, information about the educational level
of patients or the presence/absence of caregiver support is
missing. Both these may have an impact on adherence, even
though the fact that we did not find that age had an impact on
adherence in our study mitigates the lack of the latter infor-
mation. Data were collected using methods, such as conduct-
ing interviews and surveys, that may be hampered by report-
ing biases, missing data, and inaccurate recall by patients.
However, it is unlikely that patients who regularly underwent
medical visits or contacted our Unit (by phone or e-mail) in
case of impossibility to travel during the lockdown, were
non-adherent to therapy. Therefore, we specifically inves-
tigated medical conditions inducing bone loss, such as dia-
betes or androgen-deprivation treatment, while a parameter
for comorbidity in its entirety (e.g., frailty index, Charlson
comorbidity index) is lacking. In literature, there are other
ways to measure adherence to drugs which, however, are
not considered appropriate in the case of denosumab. For
example, proportion of days covered (PDC) is calculated as
the total number of days covered by the medication, divided
by the number of days in the period for the individual patient
[19]. Hence, a patient who is on time for one injection but
delays the next one by 2 months will have the same PDC as
someone who delays both injections by 1 month each, but
the two patients will likely have differing risks of rebound
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bone loss and fractures. Finally, considering that rebound
fractures are not so common, a larger sample size would
have been more adequate for this endpoint.

In conclusion, our study shows that the COVID-19 pan-
demic has negatively impacted on clinical outcomes of
osteoporotic patients with ongoing denosumab treatment,
revealing a higher prevalence of non-adherent patients and
a higher number of new non-traumatic fractures (including
rebound fractures) during the lockdown period in compari-
son to the pre-COVID-19 period, regardless of the modality
of medical evaluation. Hence, tele-medicine seems to be an
alternative strategy to standard face-to-face visits in guar-
anteeing the continuity of follow-up in osteoporotic patients
and short-term compliance to denosumab.
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