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Abstract. – OBJECTIVE: The clinical effica-
cy and tolerability of denosumab in severe os-
teoporosis are well-known. However, the eval-
uation on general health and quality of life over 
time and compared to population norms is still 
lacking. We aimed at evaluating denosumab ef-
fectiveness in a real-world clinical sample with 
a 6-years average follow-up. 

PATIENTS AND METHODS: In this retrospec-
tive-matched study with prospective data collec-
tion, a total of 101 patients affected by severe os-
teoporosis and treated with denosumab between 
2014 and 2020 were evaluated. All patients com-
pleted the self-perceived quality of life (36-Item 
Short Form - SF-36) survey and visual analogue 
scale (VAS) before and after treatment.

RESULTS: Overall, 13 patients died of caus-
es unrelated to the procedure, 12 stopped ther-
apy with denosumab, and 30 did not participate 
in the follow-up; thus, 46 patients completed the 
study. There were 44 (95.7%) women and 93.4% 
of patients reported history of osteoporotic frac-
tures. The mean follow-up was 59±17.8 months 
and the mean age at follow-up was 73.9±10.6 
years. We found a significant improvement 
in bodily pain (baseline 53.8±33.4, follow-up 
62.7±26.6; p=0.002) and in general health (base-
line 35±25.4, follow-up 41.7±24.2; p=0.002) over 
time. The bodily pain score at follow-up was 
similar to the mean of the age-matched healthy 
population (62.7±26.6 vs. 67.6±26, p=0.374). The 
MCS-36 scores were higher than the norma-
tive values before treatment and at follow-up 
(51.6±9.8 vs. 45.8±9, p=0.004 and 50.6±11.7 vs. 
45.8±9, p=0.030, respectively). The PCS-36 
score at follow-up was comparable to the nor-
mative values (39.4±10.4 vs. 42.7±9, p=0.107).

CONCLUSIONS: Denosumab is effective to 
improve bone health and global mental and 
physical wellbeing, and quality of life over time. 

Key Words:
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Introduction

Quality of life (QoL) is defined as a complete 
state of both mental and physical health, with 
adequate social and personal functioning, good 
perception of own health, high life satisfaction, 
and general well-being1. Several factors can con-
tribute to reduce global health status and QoL, 
including, but not limiting to, childhood adver-
sities2, neighborhood environment3, work situ-
ation4, severe psychiatric conditions5, treatment 
management6, and chronic psychical disease7. 

On this regard, osteoporosis is one of the main 
chronic and disabling diseases affecting elderly 
people all over the world, with the highest inci-
dence among female, especially in Europe, USA 
and Japan1,8. Osteoporosis is a skeletal disease 
leading to a weakness condition with reduced 
bone strength and mineral density, thus increas-
ing the risk for fragility fractures, pain and 
physical impairment8-10, whose progression can 
also be facilitated by severe mental and physical 
diseases and prolonged antidepressant prescrip-
tion11,12. Therefore, a strong relationship exists 
between bone health, general health status and 
QoL, considering that people living with osteo-
porosis present an impaired global functioning, 
particularly relating to the physical, psychological 
and social aspects, with highest risk of obesity, 
sedentary lifestyle and loss of work13.
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Denosumab is a fully human IgG2 monoclonal 
antibody that neutralizes the receptor activator of 
nuclear factor kappa-B ligand (RANKL), block-
ing the interaction between the cytokine and its 
receptor (RANK), with a consequent inhibition 
of osteoclast-mediated bone resorption14. Petrano-
va et al15 found that denosumab treatment could 
improve bone microarchitecture and reduce pain 
in women with osteoporosis, improving general 
clinical outcome. Hence, denosumab represents 
a valid therapeutic option for osteoporosis16, with 
direct positive consequences on physical status 
and indirect enhancements on global health status 
and patients’ personal functioning17.

Although the existing large body of literature 
on the negative role of chronic and debilitating 
diseases, such as osteoporosis on general health 
and global functioning, and although the clinical 
improvement induced by pharmacological thera-
py is evident, to the best of our knowledge there 
are no studies evaluating the definite improve-
ment on health status of patients after treatment 
with denosumab compared to their own previous 
functioning and to the referring population in the 
medium-long term.

Therefore, the aim of this research was to 
evaluate the clinical improvement of general 
health status measured by the self-perceived QoL 
(36-Item Short Form Survey - SF-36) in a sample 
of patients suffering from osteoporosis and treat-
ed with denosumab.

Patients and Methods

A retrospective matched study with prospec-
tive data collection was performed on 101 patients 
treated with denosumab for severe osteoporosis 
that referred to our institution between Decem-
ber 2014 and December 2020. The study protocol 
was approved by the local ethics committee, and 
the research was conducted in compliance with 
the Declaration of Helsinki18. Informed consent 
was obtained from all individual participants 
included in the study before collecting any data. 
The inclusion criteria were: (1) patients treated 
with denosumab according to the Italian na-
tional health system reimbursement criteria for 
anti-osteoporotic pharmacological treatment, (2) 
a T-score of -2.5 standard deviations (SD) or less 
at the femoral neck, lumbar spine or both, verified 
by Dual X-ray Absorptiometry (DXA) scan, and 
(3) a minimum 1-year follow-up. The exclusion 
criteria were: (1) severe cognitive impairment 

(Mini-Mental State Examination score < 24), (2) 
high-impact fractures, (3) contraindications to the 
use of denosumab, and (4) failure to understand 
or complete the questionnaires. 

Data gathered included the age of the patient, 
body mass index (BMI), the presence of rheu-
matoid arthritis, diabetes mellitus, chronic ob-
structive pulmonary disease, inflammatory bowel 
disease, acquired immunodeficiency syndrome, 
Parkinson’s disease, multiple sclerosis, breast and 
prostate cancer, history of treatment with predni-
sone, and history, number, and type of fractures.

The lumbar spine and femoral neck BMD 
were assessed by the DXA exam at the baseline. 
Osteoporotic vertebral fractures were detected by 
lateral vertebral assessment from T4 to L4, using 
the Genant visual semi-quantitative method19, as 
recommended by the International Society for 
Clinical Densitometry – ISCD20, or by lateral 
thoracolumbar spine X-ray examination21.

All the patients were treated with 60 mg de-
nosumab which was administered subcutaneous-
ly every 6 months and a supplementation with 
cholecalciferol (800 IU daily) plus a supplemen-
tation with calcium carbonate (1,000 mg daily) in 
case of an inadequate nutritional calcium intake.

Health-Related Quality of Life and 
Pain Assessment

Before treatment and at follow-up, the Italian 
version of the SF-36 questionnaire22 was admin-
istered to all patients. The SF-36 is a generic mea-
sure of health status that contains 36 questions 
measuring the physical, social, and mental com-
ponents of respondents. This questionnaire yields 
eight domains of scores (i.e., physical function-
ing, PF; role physical, RP; bodily pain, BP; gener-
al health, GH; vitality, VT; social functioning, SF; 
role emotional, RE; and mental health, MH), as 
well as physical component summary (PCS) and 
mental component summary (MCS) measures. 
Each domain is scored on a standardized scale 
with values ranging from 0 to 100. Higher scores 
indicate better health-related QoL23,24. The SF-36 
results were compared to normative data22,25.

The visual analogue scale (VAS)26 on a 0-10 
scale was used as a subjective measure of low 
back pain perception. Patients’ assessments were 
performed by two trained physicians who were 
not involved in the primary care of the patient.

Statistical Analysis
The mean, standard deviation, and range were 

noted for the continuous variables, and counts 
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were noted for the categorical variables. All data 
were collected, measured, and reported with one 
decimal accuracy. The distribution of the nu-
meric samples was assessed with the Kolmogor-
ov-Smirnov normality test. Based on this prelim-
inary analysis, parametric tests were adopted. To 
evaluate the significance of differences between 
pretreatment and at follow-up values, a two-tailed 
paired sample Student’s t-test was performed; a 
2x2 contingency table was used to compare cate-
gorical variables. Post-hoc power was calculated 
by considering the sample size, the observed ef-
fect size, and an α-value of 0.05; a post-hoc power 
greater than 80% was considered appropriate. 
IBM SPSS Statistics software (version 26, IBM 
Corp., Armonk, NY, USA) and G*Power (version 
3.1.9.2, Institut für Experimentelle Psychologie, 
Heinrich Heine Universität, Düsseldorf, Germa-
ny) were used for database construction and sta-
tistical analysis. A p-value lower than 0.05 was 
considered significant.

Results

The demographics and clinical characteristics 
of the study population are summarized in Table 
I. From the original sample, 13 patients died of 
causes unrelated to the procedure, 12 discontin-
ued denosumab during the follow-up period (8 
patients reported difficulties in renewing the de-

nosumab prescription due to logistical problems 
while for another 4 patients it was necessary to 
suspend treatment because they had to undergo 
major dental procedures), and 30 refused to par-
ticipate in the follow-up; therefore, the final sam-
ple consisted of 46 patients, who were enrolled 
and fully evaluated.

There were 44 (95.7%) women. The mean 
follow-up was 59 ± 17.8 months (range 17-94) 
and the mean age at follow-up was 73.9 ± 10.6 
years (range 46-90 years). History of osteoporotic 
fractures was reported in 93.4% of cases. Among 
the criteria for prescribing denosumab complica-
tions or intolerance to bisphosphonates treatment 
(n=33; 71.7%), contraindications to bisphospho-
nates (n=3; 6.5%), previous teriparatide treatment 
for 2 years (n=3; 6.5%), and new osteoporotic 
fracture that occurred during previous treatment 
with other antiresorptive drugs (n=3; 6.5%) have 
been reported. Four patients (8.7%) were naïve to 
anti-osteoporotic treatment.

Clinical Outcomes
Pre-treatment and at follow-up SF-36 scores 

are shown in Table II. The GH domain score sig-
nificantly improved from 35 ± 25.4 to 41.7 ± 24.2 
(p = 0.002). The BP domain score significantly 
improved from 53.8 ± 33.4 to 62.7 ± 26.6 (p = 
0.002); the BP score at follow up was similar to 
the mean of the age-matched healthy population 
(62.7 ± 26.6 vs. 67.6 ± 26, p = 0.374). 

Table I. Baseline characteristics of included patients.

	 Patients (n = 46) 	 Mean ± SD (range) or n (%)

Gender	
Male	 2 (4.3 %)
Female	 44 (95.7 %)
Age at follow-up (years)	 73.9 ± 10.6 (46-90)
BMI (kg/m2)	 25 ± 4.1 (16.6-35.6)
Post-menopausal women	 40 (90.9 %)
Breast cancer	 11 (25 %)
Adjuvant treatment	 9 (81.8 %)
History of osteoporotic hip and vertebral fractures	 33 (71.7 %)
   n of osteoporotic fractures per patient	 1.4 ± 1.1 (0-3)
History of other osteoporotic fractures	 10 (21.7 %)
Family history of hip or vertebral fractures	 18 (39.1 %)
Rheumatoid arthritis	 5 (10.9 %)
Diabetes mellitus	 3 (6.5 %)
Chronic obstructive pulmonary disease	 2 (4.3 %)
Parkinson’s disease	 1 (2.2 %)
> 12 months treatment with prednisone (> 5 mg daily)	 3 (6.5 %)
Pre-treatment lumbar spine bone mineral density T-score	 -3.2 ± 0.7 (0-4)
Pre-treatment hip bone mineral density T-score	 -3.1 ± 0.2 (3-4)
Follow-up (months)	 59 ± 17.8 (17-94)

BMI means body mass index; SD, Standard Deviation; n, Number of cases.
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PF and GH scores were lower than the norma-
tive values (57.7 ± 34.8 vs. 71.7 ± 24, p = 0.027 
and 59.9 ± 29.5 vs. 71.7 ± 24, p = 0.026 for the 
PF domain and 35 ± 25.4 vs. 55.4 ± 19, p < 0.001 
and 41.7 ± 24.2 vs. 55.4 ± 19, p = 0.003 for the 
GH domain, respectively) both before treatment 
and at follow-up. MH scores were higher than 
the normative values (76.2 ± 23.1 vs. 64.7 ± 19, p 
= 0.011 and 74.6 ± 25.6 vs. 64.7 ± 19, p = 0.038) 
before treatment and at follow-up.

No differences were found for the MCS-36 and 
PCS-36 summary scores before treatment and at 
follow-up. The MCS-36 scores were higher than 
the normative values before treatment and at 
follow-up (51.6 ± 9.8 vs. 45.8 ± 9, p = 0.004 and 
50.6 ± 11.7 vs. 45.8 ± 9, p = 0.030, respectively). 
The PCS-36 score at follow-up was comparable 
to the normative values (39.4 ± 10.4 vs. 42.7 ± 9, 
p = 0.107).

No difference was found between VAS scores 
before treatment and at follow-up (6.9 ± 2.6 vs. 
6.5 ± 2.3, p = 0.345). No local or systemic adverse 
events, including new hip and vertebral osteopo-
rotic fractures, and osteonecrosis of the jaw, were 
reported.

Discussion

In this study, we aimed at evaluating the effi-
cacy of denosumab to improve general health and 
QoL in a real-world clinical sample of patients 
suffering from osteoporosis during a mean fol-
low-up of 6 years. We used the SF-36 tool to as-
sess several self-report generic clinical outcomes 
comparing the results both longitudinally and 
compared to the population norms, in order to 
obtain a relative and absolute measure of outcome 

Table II. Differences in SF-36 scores over time and in comparison with the normative data.

		  Cases (n= 46)	 Population norms*	
	 SF-36 scale	 mean ± SD	 mean ± SD	 p-value

Baseline PF	 57.7 ± 34.8	 71.7 ± 24	 0.027
PF at follow-up	 59 ± 29.5		  0.026
    p-value	 0.847		
Baseline RP	 51.1 ± 44.7	 65.9 ± 38	 0.091
RP at follow-up	 51.6 ± 43.6		  0.097
    p-value	 0.935		
Baseline BP	 53.8 ± 33.4	 67.6 ± 26	 0.030
BP at follow-up	 62.7 ± 26.6		  0.374
    p-value	 0.002		
Baseline GH	 35 ± 25.4	 55.4 ± 19	 < 0.001
GH at follow-up	 41.7 ± 24.2		  0.003
    p-value	 0.002		
Baseline VT	 62.7 ± 26.5	 59.3 ± 19	 0.481
VT at follow-up	 60.5 ± 26.4		  0.803
    p-value	 0.374		
Baseline SF	 80.7 ± 27.2	 75.8 ± 23	 0.353
SF at follow-up	 84.6 ± 23.1		  0.070
    p-value	 0.736		
Baseline RE	 76.2 ± 43.1	 73.5 ± 34	 0.740
RE at follow-up	 70 ± 46.4		  0.681
    p-value	 0.384		
Baseline MH	 76.2 ± 23.1	 64.7 ± 19	 0.011
MH at follow-up	 74.6 ± 25.6		  0.038
    p-value	 0.296		
Baseline PCS-36	 36.7 ± 11.1	 42.7 ± 9	 0.006
PCS-36 at follow-up	 39.4 ± 10.4		  0.107
    p-value	 0.339		
Baseline MCS-36	 51.6 ± 9.8	 45.8 ± 9	 0.004
MCS-36 at follow-up	 50.6 ± 11.7		  0.030
    p-value	 0.131		

BP, bodily pain; GH, general health; MCS-36, Mental Component Summary; MH, mental health; PCS-36, Physical Component 
Summary; PF, physical functioning; RE, role emotional; RP, role physical; SD, standard deviation; SF-36, Short Form-36 Health 
Survey; SF, social functioning; VT, vitality. *65-74 years old individuals.
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with respect to the changes achieved by patients. 
Bodily pain and general health status both signifi-
cantly improved when compared to the baseline 
condition and to the populations norms values, 
thus suggesting positive and effective role for 
denosumab in improving bone health and global 
mental and physical wellbeing, and quality of life 
over time.

In our sample, 13 (12.9%) patients died of 
causes unrelated to the procedure, 12 patients 
(11.9%) discontinued denosumab during the fol-
low-up period, while 30 (29.7%) refused to par-
ticipate in the follow-up. These findings stand in 
line with similar prospective clinical studies27-29, 
where even the main reasons for dropping out 
were similar, including treatment noncompliance, 
adverse events, consent withdrawn, subject re-
quest, disease progression, lost to follow-up, or 
death. Moreover, also demographics features we 
found in individuals included in the study were 
almost completely overlapping to literature data, 
considering the highest female sex prevalence30, 
post-menopausal women rate31, elderly age32 and 
BMI average33.

Overall, we found a global improvement in 
almost all the investigated categories, except for 
VT, RE and MH. In details, our results partic-
ularly highlighted a statistically significant im-
provement in BP reported by participants (base-
line 53.8± 33.4, follow-up 62.7 ± 26.6; p= 0.002) 
along the follow-up observation and during the 
treatment course with denosumab. This data are 
even more sound when compared to the popu-
lation norm; the significant improvement in BP 
scores over time that we found allowed us to 
reach a mean BP score similar to that of the re-
ferring population (baseline p=0.030; follow-up 
p=0.374). 

These findings confirm what is already known 
about denosumab prescription approved indica-
tions, namely, to prevent and reduce bone pain in 
several conditions such as multiple myeloma or 
bone metastases from solid tumors, and osteopo-
rosis in postmenopausal women as well as men 
with osteoporosis at high risk of fracture34-36. We 
also identified a clear and important improvement 
of general health condition reported by patients 
during the observation time (baseline 35 ± 25.4, 
follow-up 41.7 ± 24.2; p=0.002). In this case too, 
the results progress made it possible to bring the 
values of the reference population even closer, 
despite the fact that the improvement was not 
such as to allow for a significant overlap (baseline 
p=<0.001; follow-up p=0.003), thus confirming 

the persistence of an absolute difference in terms 
of general health compared to the healthy popu-
lation. However, it is not surprising if considering 
the role that several chronic physical diseases 
play in the overall QoL, physical activity and 
personal functioning of individuals37,38, which 
therefore may in some way limit the positive ther-
apeutic effect of denosumab39,40.

It is interesting to notice as well that we found 
an average higher level of MH scores if compared 
to the normative values (76.2 ± 23.1 vs. 64.7 ± 
19, p = 0.011 and 74.6 ± 25.6 vs. 64.7 ± 19, p = 
0.038) both before treatment and at follow-up. 
On the other hand, also MCS-36 and PCS-36 
summary scores were higher than the normative 
values before treatment and at follow-up (51.6 ± 
9.8 vs. 45.8 ± 9, p = 0.004 and 50.6 ± 11.7 vs. 45.8 
± 9, p = 0.030, respectively). Considering that 
these results have been recorded even before the 
pharmacological intervention itself, it does not 
seem to be related to the treatment, but rather to a 
characteristic of the sample examined. Moreover, 
it should be taken into account that the SF-36 is 
a tool developed to provide a rapid and compre-
hensive assessment of the patient’s current health 
status, while a more detailed physical and mental 
examination could have identified more peculiar 
differences in the study population41,42.

Moreover, when considering the scoring algo-
rithm for PCS, we found a positive improvement 
trend in our sample. This confirms previously 
discussed results since PCS calculation includes 
positive weights for the physical functioning, 
role-physical, bodily pain, general health and 
vitality scales and negative weights for the so-
cial functioning, role-emotional and emotional 
well-being scales43. In our sample the PCS-36 
total score improved (baseline 36.7 ± 11.1, fol-
low-up 39.4 ± 10.4; p=0.339), becoming compara-
ble with the population norms (baseline p=0.006; 
follow-up p=0.107). Therefore, the PCS-36 and 
MCS-36 and analysis, which represent two useful 
tools to validate SF-36 results in orthopedics44,45, 
synthetize the overall positive therapeutic effect 
of denosumab, which has proved to be useful and 
effective in improving global health status and 
QoL in patients suffering from osteoporosis in 
middle-long term.

Limitations
Although this study evaluates the effective-

ness of denosumab on the overall health of pa-
tients with osteoporosis for the first time, with 
a mean follow-up of 6 years and comparing 
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both the population longitudinally and with the 
normalized population, our results presented in 
this article should be interpretated in the light 
of some limitations. First, we reached a 56.4% 
drop-out rate for several reasons previously dis-
cussed, which drops to 43.6% if we exclude 
cases of death for causes unrelated to the study 
procedure. Although this data stand in line with 
similar studies, and although this confirms what 
normally happens in everyday clinical practice, 
this could certainly have influenced the results 
obtained. Therefore, future studies with low 
percentages of patients lost to follow-up would 
be desirable to increase the strength of the find-
ings. Second, the self-administered assessments 
inherently present a certain amount of assess-
ment bias. Also, in this case, our work does 
not differ from what is present in the literature 
on this topic23,46, but in the future structured 
evaluations carried out by mental health care 
providers with more suitable and comprehensive 
assessments would increase the solidity of what 
we have found. Finally, the different duration of 
the follow-ups observation time of the patients 
included in the study led to different and not 
always overlapping surveillance periods. How-
ever, this limit was exceeded by using an aver-
age follow-up value and including both obser-
vation extremes in the analysis. For the future, 
a prospective design that includes an a priori 
defined observation time and with periodic and 
time-distributed observations is desirable.

Conclusions

Patients suffering from osteoporosis treat-
ed with denosumab reported a substantial im-
provement in health status and QoL at a mean 
follow-up of 6 years. The global health status 
that has been achieved is comparable to the 
population norms.

The analysis of the results presented in this 
study underlines the importance of considering 
the patient’s health as a comprehensive condition, 
not exclusively linked to the primary physical, 
with repercussions in terms of personal, social 
and occupational functioning that must increas-
ingly be considered in future studies.
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