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Abstract
The number of patients on long-term anti-osteoporotic drug therapy is rising. Unfortunately, there are few data to guide 
decisions about duration of pharmacologic therapy for osteoporosis. Many practitioners discontinue therapy after a period 
of 5 years because of the risk of rare but severe side effects that may occur in long-term users. The objective of this narrative 
review was to describe the effects of discontinuation of anti-osteoporotic drugs and to investigate what is not yet known on 
this topic. For each anti-osteoporotic agent, PubMed was searched for evidence from randomized clinical trials in patients 
with osteoporosis on osteoporotic drugs lasting ≥ 3 years, followed by ≥ 1 year of follow-up after discontinuation of therapy 
and reported at least one item of the following: changes in bone mineral density, bone turnover markers and/or the risk 
of vertebral and/or nonvertebral fractures after discontinuation of therapy. The% change in bone mineral density (BMD) 
after 1 year of discontinuation of therapy is − 0.4% or less at the hip and femoral neck in both alendronate- and zoledronic 
acid-treated patients. In the other reported agents (risedronate, ibandronate, raloxifene, teriparatide, denosumab and romo-
sozumab) this percentage of bone loss at the femoral neck and total hip was at least 1%, with the largest decrease in BMD 
after discontinuation of denosumab and romosozumab. In all studies reporting bone turnover markers, a substantial rapid 
rise in these markers was observed after discontinuation of therapy, with a large rebound increase to far above baseline levels 
in the denosumab-treated patients. There were few data on fracture risk after discontinuation of therapy; data showed that 
discontinuing alendronate, zoledronic acid and especially denosumab significantly increases the risk of vertebral fractures. 
In conclusion, osteoporosis should be considered more as a chronic condition. Therefore, in modern fracture risk manage-
ment, continuous monitoring and treatment is required, as is the case with other chronic diseases, to sustain the benefits of 
therapy, especially in denosumab- and romosozumab-treated patients. The exception is alendronate and zoledronic acid, in 
these patients a discontinuation of drug therapy of 1 year or more might be acceptable.

Key Points 

Discontinuation of anti-osteoporotic agents for 1 year 
leads to a decrease in BMD.

Osteoporosis should be considered more as a chronic 
condition.

To sustain the benefits of therapy in the chronic disease 
osteoporosis, fracture risk management should include 
continuous evaluation and monitoring of anti-osteoporo-
tic drugs.
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1 Introduction

Although the number of patients on long term anti-osteo-
porotic drug therapy (usually > 5 years) is rising, many 
patients stop anti-osteoporotic drugs after 5 years of therapy 
or earlier. An important reason for the discontinuation of 
antiresorptive drugs is the fear of severe side effects, i.e. 
atypical femur fracture (AFF) and osteonecrosis of the jaw 
(ONJ), that may occur especially in long-term antiresorptive 
drug users. There are few data to guide decisions about dura-
tion of pharmacologic therapy for osteoporosis. The risk of 
AFF increases with longer duration of bisphosphonate use 
(particularly beyond 3–5 years of use). However, a system-
atic review and meta-analysis examined a subset of studies 
reporting ≥ 5 years of bisphosphonate use, and showed that 
the pooled adjusted RR was 1.62 (95% CI, 1.29–2.04), while 
the overall pooled estimate of adjusted RR for AFF associ-
ated with bisphosphonates using data from the five case‐
control and six cohort studies was 1.70 (95% CI, 1.22–2.37) 
[1]. This meta-analysis did not investigate whether the risk 
increases with increasing dose. The prevalence of ONJ in 
those prescribed high dose intravenous bisphosphonates is 
significantly higher than that seen with low-dose intrave-
nous or oral bisphosphonates, with prevalence rates of 0 to 
0.348%, and the majority being under 0.005% [2]. Lo and 
colleagues evaluated the Kaiser Permanente database and 
found the prevalence of ONJ in those receiving bisphos-
phonates for more than 2 years to range from 0.05 to 0.21% 
and appeared to be related to duration of exposure [3]. The 
risk of these severe but rare side effects contributes to the 
decision to stop anti-osteoporotic drug therapy after a cer-
tain number of years of treatment. However, for denosumab 
for example, there is a rebound effect with increased bone 
resorption markers above baseline values, decreased bone 
mineral density (BMD) and increased vertebral fracture risk 
after stopping. Therefore, it should be questioned whether 
osteoporosis should be considered more as a chronic con-
dition, which, as is the case with other chronic diseases, 
requires continued treatment to sustain the benefits of ther-
apy. Therefore, we reviewed the data available on changes 
in (1) BMD, (2) bone turnover markers (BTM) and (3) ver-
tebral and/or (4) nonvertebral fracture risk after stopping 
pharmacologic therapy for osteoporosis.

2  Search Methodology

For each separate anti-osteoporotic agent, PubMed was 
searched for evidence from randomized clinical trials 
(RCTs) in patients with osteoporosis on anti-osteoporotic 
(antiresorptive) drugs lasting ≥ 3 years, followed by ≥ 1 year 
of follow-up and reported at least one item of the following: 

changes in BMD, BTM and/or the risk of fractures after 
discontinuation of therapy. Since for anabolic drugs, the 
duration of the pivotal trials is much shorter than 3 years 
(1 year for romosozumab and 21 months for teriparatide), 
the shorter length of the pivotal trials was not an exclu-
sion for romosozumab and teriparatide [4, 4]. Each agent 
was searched separately in PubMed using its generic name 
(alendronate, zoledronic acid, risedronate, ibandronate, 
etidronate, raloxifene, bazedoxifene, teriparatide, abalo-
paratide, denosumab, strontium ranelate and romosozumab) 
combined with the term ‘discontinuation’. Each reference 
was reviewed, and if necessary, the abstract or full text was 
reviewed as well to check whether the study met our inclu-
sion criteria. Three recent reviews on this topic were also 
checked for relevant references [6–8]. With this criteria, eli-
gible RCTs were found regarding alendronate, zoledronic 
acid, risedronate and teriparatide. A shorter duration of the 
RCT was accepted if there were not already ≥ 2 RCTs that 
met all the inclusion criteria. This was the case for iban-
dronate (1 year), raloxifene (1 year), teriparatide (two RCTs 
of 1 year and one RCT with a mean duration of treatment of 
18 months), denosumab (2 RCTs with a duration of 2 years 
and 1 large RCT where patients were treated with at least 2 
dosages) and romosozumab (2 years). For teriparatide, one 
study was excluded because the majority of patients used 
a bisphosphonate or other anti-osteoporotic treatment after 
discontinuation of teriparatide, and data were not reported 
for those who did not use any therapy after discontinua-
tion of teriparatide [9]. If the minority of patients used any 
anti-osteoporotic treatment after discontinuing the anti-
osteoporotic treatment, and the data were also reported for 
the patients who did not use any anti-osteoporotic treatment 
after discontinuation, these studies were included. No suit-
able studies were found for bazedoxifene, abaloparatide and 
strontium ranelate.

If data had to be read from a figure (which was mostly 
percentage change compared to baseline at certain time 
points) and was not provided as an exact number in the text, 
the corresponding author was approached to ask for this 
number within two weeks, providing the email address of 
the corresponding author was provided.

Regarding BMD, the percentage change after 1 year of 
discontinuation of the agent was extracted from the article 
or calculated if not provided. For example, if the percent-
age change in a period of 5 year after discontinuation of the 
agent was given, this percentage was divided by 5 to get an 
impression of the percentage change per year. Some stud-
ies reported the percentage change in BMD compared to 
baseline at the time of discontinuation of therapy, and after 
a certain amount of follow-up time after that. If the baseline 
BMD values were provided, these were used to calculate the 
percentage change per year after discontinuation of therapy. 
These values are visualized in the figures. Although this 
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study both assessed BMD changes on lumbar site as on hip 
site (total hip or femoral neck or both dependent on which 
sites were reported), the main focus was the BMD change 
of the hip, since the BMD of the lumbar spine is also influ-
enced by degenerative changes (spondylosis) and aortic 
calcification that elevate the BMD; therefore we reported 
mostly studies in which the BMD of the hip was assessed 
(see Table 1).

Regarding BTM, the percentage change after 1 year of 
discontinuation of the agent was extracted from the article 
or calculated if not provided. Calculating this was possible 
if values of the BTM were available at the moment of dis-
continuation of the agent and 1 year later, or if the baseline 
value was available and the percentages change compared 
to baseline at both these timepoints.

The data reported on effects of fracture risk are summa-
rized in Table 2.

3  Findings of Literature Review

3.1  Effects on BMD

The overall percentage changes in BMD are depicted in 
Figs. 1 and 2, lumbar spine and total hip, respectively.

3.1.1  Alendronate

Two studies reported on BMD after at least 4 years of treat-
ment with alendronate [10, 11]. Bone et al. reported that the 
mean% change (95% CI) from years 6–10 in the discontinu-
ation group after 5 years of alendronate was + 0.3% (− 0.8 
to 1.5) in the lumbar spine, − 2.2% (− 3.9 to − 0.5) in the 
femoral neck and − 1.8% (− 3.5 to − 0.1) in the total hip, 
thus + 0.06% per year in the lumbar spine, − 0.44% in the 
femoral neck per year, and − 0.36% per year in the total hip 
[10]. Overall, the BMD remained above baseline values after 
1 year of discontinuation of alendronate at total hip, femoral 
neck and lumbar spine level, approximately + 5%, + 3% and 
+ 8%, respectively. Black et al. reported − 3.38% change (SE 
0.22) in the total hip, − 1.48% (SE 0.30) in the femoral neck 
and + 1.52% (SE 0.29) in the lumbar spine from years 6–10 
after 5 years of alendronate; thus, − 0.68% per year at the 
total hip, − 0.30% at the femoral neck and + 0.30% at the 
lumbar spine per year [11].

3.1.2  Zoledronic Acid

For zoledronic acid, the mean% change in femoral neck 
BMD from randomization (after 3 years) to 6 years was 
+ 0.24% in the patients who were treated with 6 years 
of zoledronic acid and − 0.80% in the patients who were 
shifted to placebo after 3 years; thus, − 0.27% per year at 

the femoral neck [12]. These percentages were − 0.36 versus 
− 1.58 and + 3.20 versus + 1.18% with regard to the total 
hip and lumbar spine, respectively; thus, − 0.53% at the total 
hip per year, and + 0.40% at the lumbar spine per year. A 
selection of these patients were randomized to zoledronic 
acid or placebo for 3 additional years and the mean change 
from years 6 to 9 was − 1.11 versus − 1.17% (− 0.39% 
per year) in the femoral neck and − 0.54 versus − 1.31% 
(− 0.44% per year) in the total hip (NS when comparing 9 
years of zoledronic acid to 6 years of zoledronic acid fol-
lowed by 3 years of placebo) [13].

3.1.3  Risedronate

Watts et al. reported − 0.83% change in the year follow-
ing discontinuation of risedronate for 3 years in the lumbar 
spine and − 1.23% in the femoral neck [14]. The second, 
smaller, study, looked at different durations of treatment 
with risedronate (30 women who had received 5 years of 
placebo, followed by 2 years of risedronate [placebo/RIS], 
and 31 women who had received 7 years of risedronate). In 
the risendronate group it was observed that one-year discon-
tinuation after 7 years’ risedronate treatment, BMD values 
of lumbar spine changed + 1.3%, total hip BMD decreased 
− 3.2%, and femoral neck increased + 2.0%. In the pla-
cebo/risedronate group with only 2 years’ risedronate treat-
ment after 5 years’ placebo, discontinuation of risedronate 
resulted in a decrease of − 0.41%/year at lumbar spine, 
− 2.39%/year at femoral neck, and − 2.8%/year decrease at 
total hip BMD [15].

3.1.4  Ibandronate

There were no studies with only postmenopausal osteoporo-
tic patients. One study with 119 postmenopausal patients 
with BMD in osteopenic range found that withdrawal after 
1 year of ibandronate led to a BMD decrease in femoral neck 
and lumbar spine of 2%/year on average [16].

3.1.5  Etidronate

On etidronate, only one small study was found with 46 post-
menopausal women with osteoporosis who received 5 years 
of cyclical etidronate followed by 2 years of follow-up and 
54 women who received 2 years of cyclical etidronate fol-
lowed by 2 years of follow-up [17]. The% changes in the ver-
tebral spine compared to baseline at time of discontinuation 
and after 1 and 2 years of follow-up were reported in this 
study; 7%, 6.5%, and 8.5% for those who received 5 years 
of etidronate followed by an additional 2 years of follow-up, 
and 3%, 2.9% and 4% for those who were treated for 2 years 
with etidronate followed by 2 years of additional follow-up 
(without drug treatment). These results are hard to interpret 
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due to the small number of included patients, but it seems 
that there is no significant decrease after discontinuation of 
etidronate.

3.1.6  Raloxifene

Two studies on raloxifene reported on BMD [18, 19]. The 
mean% decreases in BMD 1 year after 5 years of treatment 

in hysterectomized postmenopausal women were all > 1% 
(see Table 1) [18]. In 259 osteoporotic women receiving 
raloxifene, during the interval in which no study drug was 
taken between the 4th and 5th year, the raloxifene group had 
significant bone loss at both the lumbar spine and femoral 
neck (% changes from baseline after months 12 teriparatide 
treatment and after 30 discontinuation of teriparatide were 
3% and 2.9% in the highest dosage group) [19].

Table 2  Reported data on fracture risk after discontinuing anti-osteoporotic treatment

Study Number of patients 
discontinuing treat-
ment

Effects of discontinuing treatment on fracture risk

Alendronate
Bone et al. 2004 [10] 83 No significant effect on (non)vertebral risk
Black et al. 2006 [11] 437 Significant increased risk of clinical vertebral fractures after discontinuation of therapy 

compared to continuing therapy. No significant difference in morphometric vertebral and 
nonvertebral fractures

Wasnich et al. 2004 [30] 165 No data reported
Zoledronic acid
Black et al. 2012 [12] 617 Morphometric vertebral fracture risk was significantly lower in patients continuing zole-

dronic acid versus patients discontinuing treatment. No statistically significant differences 
for clinical vertebral and nonvertebral fracture incidences

Black et al. 2015 [13] 95 No significant effect on morphometric vertebral fractures and all clinical fractures
Risedronate
Watts et al. 2008 [14] 398 In the extension year, new vertebral fractures occurred in significantly more former placebo 

patients than in the former risedronate patients. No differences in non-vertebral fractures
Eastell et al. 2011 [15] 30/31 Vertebral fractures: none

Nonvertebral fractures: only one occurred
Ibandronate No data reported
Etidronate
Miller et al. 1997 [17] 46/54 No data are shown for the period after discontinuation of therapy. However, the vertebral 

fracture rates indicated a trend toward lower rates with longer duration of etidronate
Raloxifene No data reported
Teriparatide
Black et al. 2005 [20] 60 During year 2, 6/238 women had a clinical fracture
Lindsay et al. 2004 [21] 204/180 Compared to placebo the risk or 1 of more new vertebral fractures was reduced during the 

follow-up study
Kaufman et al. 2005 [22] 176 Not reported regarding the period after stopping teriparatide
Denosumab
Bone et al. 2011 [23] 128 Clinical fractures occurred in the same number of participants in the previously treated pla-

cebo group as in the previously treated denosumab group. No clinical vertebral fractures 
were reported

Miller et al. 2008 [24] 47/41 No increase in fracture incidence was observed among the small number of patients who 
discontinued denosumab treatment

Cummings et al. 2018 [25] 1001 After discontinuing denosumab the rate of vertebral fractures increased similar to the 
rate before and after discontinuing placebo. The rate of multiple vertebral fractures was 
slightly higher after discontinuing denosumab than placebo. The new nonvertebral frac-
ture rate was similar in both groups

Romosozumab
McClung et al. 2018 [26] 20 No vertebral fractures or atypical fractures were reported during months 24 to 36 in partici-

pants who transitioned from romosozumab to placebo
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3.1.7  Teriparatide

Three studies reported on discontinuing teriparatide [20–22]. 
The first showed that the mean change in year 2 after 1 year 
of parathyroid hormone was − 1.7% in the spine, which 
was statistically different compared to the increase in BMD 
(4.9%) in the women who received alendronate after 1 year 
of parathyroid hormone [20]. No changes were observed in 
the hip. Lindsay et al. reported only lumbar spine BMD of 
follow-up of a large study on osteoporotic women who were 
treated with two different dosages of teriparatide for a mean 
of 18 months [21]. This led to a calculated decrease in lum-
bar spine BMD of almost 3% in the highest dose group after 
1 year of discontinuation of therapy. The third study, which 
included men with osteoporosis, found somewhat lower 
decreases 1 year after discontinuation after a median of 12 
months treatment with two dosages of teriparatide (− 1.28% 
and − 1.75% in the lumbar spine) [22]. The effect on the 
total hip was smaller: % change from baseline at Month 12 
(3% and 2.9%) in the two dosage groups.

3.1.8  Denosumab

With regard to denosumab discontinuation, three studies 
were included [23–25]. Large decreases in lumbar spine and 
total hip BMD were found after discontinuing denosumab 
(see Table 1); Miller et al. showed that 12 months after 2 
years treatment of denosumab, a BMD decrease of − 6.6% 
at lumbar spine and − 5.3 at total hip [24] was observed. In 
the study of Bone et al. in postmenopausal women with low 
bone mass receiving placebo or denosumab for 24 months, 
followed by 24 months off treatment, found that the increase 
in BMD at both spine (6.4%) and total hip level (3.6%), had 
returned to baseline values by Week 48 [23].

3.1.9  Romosozumab

In the relatively new compound romosozumab, one eli-
gible study was found in a small selection of 20 women 
who received 1 year of placebo after 2 years of romo-
sozumab. Results showed large decreases in BMD after 

Fig. 1  Percentage change in bone mineral density at lumbar spine 
after 1 year of discontinuation of therapy. AL1 and AL2 refer to the 
two studies on alendronic acid [10, 11]. ZOL1 refers to this study 
on zoledronic acid [12]. RIS1 refers to this study on risedronate [14] 
and RIS2placebo/RIS and RIS2RIS to the different regimens in [15]. 
IB refers to this study on ibandronate [16]. RAL1Ral60 and RAL-
1Ral150 refer to the different regimens with raloxifene in Neele et al. 
[18] and RAL2 to the study on raloxifene by Siris et al. [19]. TER1 
refers to this study on teriparatide [20], and TER2 and TER3 to [21] 
and [22] in different dosages. DEN1 refers to this study on deno-
sumab [23] and DEN2Den210 and DEN2Den30 refer to the different 
dosages in the study of Miller et al. [24]. ROM refers to the study on 
romosozumab by McClung [26].

Fig. 2  Percentage change in bone mineral density at total hip after 
1 year of discontinuation of therapy. AL1 and AL2 refer to the two 
studies on alendronic acid [10, 11]. ZOL1 and ZOL2 refer to the 
two studies on zoledronic acid [12, 13]. TER1 refers to this study on 
teriparatide [20]. DEN2Den210 and DEN2Den30 refer to the differ-
ent dosages in the study of Miller et al. [24] and DEN3 to this study 
on denosumab [25]. ROM refers to the study on romosozumab by 
McClung [26]
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discontinuation, with the highest decrease in the lumbar 
spine (9.3%) [26].

3.2  Effects on Bone Turnover Markers

All (calculated) percentage changes in bone turnover mark-
ers after 1 year of discontinuation of therapy are reported 
in Table 1, as far as they were reported in the studies. All 
included studies on alendronate, zoledronic acid, risedronate 
and ibandronate showed increases of several BTM after 
discontinuation of therapy [10–16]. There were no data on 
BTM in etidronate and raloxifene. Regarding teriparatide, 
one study reported data on BTM and showed a mean geo-
metric change from baseline at year 1 and year 2 of + 175 
versus 0% in procollagen type 1 N peptide (P1NP) and of 
+ 120% versus + 20% in C-terminal telopeptide of type 1 
collagen (CTX) [20]. Two of three included studies on deno-
sumab reported BTM data and showed very large increases 
of BTM, exceeding baseline levels (ranging from > 150 to 
1000%), after discontinuation of denosumab [23, 24]. After 
discontinuation of romosozumab both BTMs increased [26].

3.3  Effects on Fracture Risk

3.3.1  Alendronate

Two studies reported on fracture risk after discontinuation 
of alendronate.[10, 11] Bone et al. reported that during years 
6–10, the proportion of women with new morphometric 
vertebral fractures was 6.6% in the discontinuation group, 
13.9% in the 5-mg group and 5.0% in the 10-mg group and 
this was non-significant [10]. During years 8–10, the propor-
tion of women with a first nonvertebral fracture was 12.0% 
in the discontinuation group, 11.5% in the 5-mg group, and 
8.1% in the 10-mg group. Black et al. reported a significantly 
higher risk of clinical vertebral fractures in the 5 years of 
placebo after 5 years of alendronate (5.3%), in contrast to 
the patients who continued alendronate (2.4%); relative risk 
(RR) 0.45; 95% CI, 0.24–0.85. Risks of morphometric and 
nonvertebral fractures were not significantly increased after 
discontinuation of alendronate (morphometric vertebral 
fractures occurred in 11.3% with placebo versus 9.8% with 
alendronate; RR, 0.86; 95% CI, 0.60–1.22 and nonvertebral 
fractures occurred in 19.0% with placebo versus 18.9% with 
alendronate; RR 1.00; 95% CI, 0.76–1.32) [11].

3.3.2  Zoledronic Acid

Both selected studies on zoledronic acid reported on frac-
ture incidence and one showed that morphometric verte-
bral fracture risk was significantly lower in patients who 
received 6 years of treatment (n = 14) versus those who 
were treated with 3 years of zoledronic acid followed by 3 

years of placebo (n = 30; 3.0% vs 6.2%, OR=0.51, 95% CI 
0.26–0.95; p = 0.035) [12]. This study showed no significant 
difference in clinical vertebral incidence and nonvertebral 
fractures and the extension study, which randomized to 9 
years of zoledronic acid or placebo for 3 additional years did 
not show a significant difference in morphometric vertebral 
fractures or all clinical fractures [13].

3.3.3  Risedronate

Watts et al. showed that in the extension year, new verte-
bral fractures occurred in 42 of 361 former placebo patients 
(11.6%) and in 26 of 398 (6.5%) of former risedronate 
patients; RR 0.54 (95% CI, 0.34, 0.86, p = 0.009) [14], con-
cluding that, despite the BMD and BTM decreases, the risk 
of new morphometric vertebral fractures remained lower in 
previous risedronate patients compared with previous con-
trol patients. Non-vertebral fractures occurred in 5.0% of 
patients in the placebo group and 4.8% in the risedronate 
group. In the other study on risedronate, no vertebral frac-
tures occurred and one traumatic fracture of the right proxi-
mal humerus due to a fall was reported as an adverse event 
in one patient (3.2%) in the 5-mg risedronate group [15].

3.3.4  Ibandronate

No data were reported on fractures [16].

3.3.5  Etidronate

No data are shown for the period after discontinuation 
of therapy. The vertebral fracture rates indicated a trend 
towards lower rates with longer duration of etidronate [17].

3.3.6  Raloxifene

No data were reported on fractures [18, 19].

3.3.7  Teriparatide

Two studies reported on fractures, but in the study of Black 
et al, only 6 women had a clinical fracture during year 2 
(not reported in which group) [20]. In Lindsay et al, in the 
subgroup of 549 women who had paired radiographs and 
who did not report the use of any osteoporosis drugs during 
the follow-up study, 27 (16.4%) of 165 in the placebo group, 
21 (10.3%) of 204 in the 20-μg teriparatide group, and 17 
(9.4%) of 180 in the 40-μg teriparatide group experienced 1 
or more new vertebral fractures during the follow-up study 
[21]. This represents a reduction in relative risk of 37% in 
the 20-μg teriparatide group (p = 0.08) and 42% in the 40-μg 
teriparatide group (p = 0.054) and it was concluded that ver-
tebral fracture risk reduction by teriparatide administration 
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persists for at least 18 months after discontinuation of ther-
apy. However, no comparison was made to the period on 
treatment with teriparatide, or to a group of patients who 
continued teriparatide treatment.

3.3.8  Denosumab

Bone et al. reported that clinical fractures occurred in four 
participants (3%) in the previously treated placebo group 
and four participants (3%) in the previously treated deno-
sumab group and that no clinical vertebral fractures were 
reported [23]. Miller et al. reported that no increase in frac-
ture incidence was observed among the small number of 
patients who discontinued denosumab treatment [24]. The 
largest study on denosumab showed that after discontinu-
ation, the rate (95% CI) of vertebral fractures increased to 
7.1 (5.2–9.0) per 100 participant-years, similar to the rate 
before and after discontinuing placebo (7.0 [5.2–8.7] and 8.5 
[5.5–11.5] per 100 participant-years, respectively) [25]. The 
rate of multiple vertebral fractures was slightly higher after 
discontinuing denosumab than placebo (4.2 [2.8–5.7] vs 3.2 
[1.4–5.1] per 100 participant-years. The new nonvertebral 
fracture rate was similar in both groups.

3.3.9  Romosozumab

No vertebral fractures were reported during Months 24 to 
36 in participants who transitioned from romosozumab to 
placebo [26]. No atypical fractures were reported in any of 
the groups.

4  Discussion

In general, stopping all anti-osteoporotic agents leads to 
a decrease in BMD and the rapid increase of BTM after 
discontinuation of treatment supports this. The% change in 
BMD after 1 year of discontinuation of therapy was esti-
mated to be at least − 0.4/year at both total hip and femoral 
neck level in both alendronate- and zoledronic acid-treated 
patients. In all other reported agents (risedronate, iban-
dronate, etidronate, raloxifene, teriparatide, denosumab and 
romosozumab) the percentage BMD loss percentage was at 
least − 1%, with the largest decrease in BMD after discon-
tinuation of denosumab and romosozumab. In all studies that 
reported bone turnover markers, there was a highly variable 
increase in BTMs, varying from + 10 to + 1000%. These 
differences can be explained by the different types of drugs 
studied, but also on the type of BTM markers, the collection 
and analysis of the samples. Nevertheless, the BTMs did not 
return to baseline in 1 year after discontinuation of therapy, 
with an exceptionally large increase to above baseline (250% 
increase or more) after discontinuation of denosumab. This 

supports the idea that osteoporosis should be considered as a 
chronic disease which requires long-term fracture risk man-
agement to evaluate and prescribe anti-osteoporotic drugs 
when necessary to maintain a specific treatment target to 
prevent an enormous fall in BMD, which increases fracture 
risk [27].

It was prominent that in bisphosphonates, the BMD 
decreased more in the hip than in the spine; possibly this 
is due to more atherosclerosis of the aorta and/or spondy-
losis of the lumbar spine, which both may lead to a local 
increase in BMD at the spine, and not at the hips (that is 
the reason why changes in hip BMD are the main outcome 
in our study). On the contrary, in teriparatide for example, 
the largest decrease in BMD was seen in the spine and less 
in the hip after discontinuation, most likely due to different 
mode of action of the different anti-osteoporotic drugs on the 
different bone levels, i.e., spine and hip. In denosumab users, 
it was found that bone loss was much larger in long-term 
users (> 2.5 years) than in short-term users (< 2.5 years) [8].

On etidronate, only one small study reported BMD 
changes in the vertebral spine. Since the data are too lim-
ited, it is not possible to draw any conclusions on etidronate. 
Another issue is the difference between oral bisphospho-
nates: depending on farnesyl pyrophosphate synthase (FPPS) 
inhibitory potency, the binding affinity to hydroxyapatite and 
the accumulation and saturation potential, a drug holiday or 
discontinuation of therapy of 1–2 years for risedronate and 
2–3 years for alendronate and zoledronic acid are currently 
recommended [28]. There were few data on fracture risk 
after discontinuation of therapy. Unfortunately, if occur-
rences of fractures after discontinuation of therapy were 
reported at all, numbers of included patients could have 
been too small to observe an effect on fracture risk after 
discontinuation of therapy, e.g. in the case of romosozumab 
[26]. The data over 3–5 years showed that discontinuing 
alendronate and zoledronic acid significantly increases 
the risk of vertebral fractures when compared to continu-
ing therapy. We probably observed an effect on fracture 
risk after discontinuing alendronate and zoledronic acid, 
despite their modest decreases in BMD, because these stud-
ies were relatively large [11, 12]. In contrast, the vertebral 
fracture rate increased upon denosumab discontinuation to 
the level observed in untreated participants. A majority of 
participants who sustained a vertebral fracture after discon-
tinuing denosumab had multiple vertebral fractures, with 
greatest risk in participants with a prior vertebral fracture 
[25]. The most critical point is that patients who discontinue 
denosumab should switch to an alternative antiresorptive 
treatment. More detail, in the ECTS-position statement [8], 
where it is advocated to switch to oral bisphosphonates for 
12–24 months or to zoledronic acid for 1–2 years after short-
term denosumab treatment (< 2.5 years). After long-term 
denosumab treatment, arbitrarily defined as > 2.5 years, 
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zoledronic acid should be given 6 months after the last 
denosumab injection, followed by a second infusion after 
12 months, or, depending on the increase in bone turnover 
markers, 3 and 6 months later (another option is of course to 
continue denosumab treatment for up to 10 years).

Fracture risks after discontinuing risedronate and teri-
paratide are hard to interpret, although compared to a control 
group, the risk was reduced after discontinuing treatment, 
but the comparison was not made with continuing treatment 
[14, 21].

When extracting the data from the selected RCTs, the dif-
ferent study designs and the different ways of reporting the 
data were striking. Not all studies were originally designed 
to study the effects of discontinuation of the anti-osteoporo-
tic agent. Some studies compared data before and after stop-
ping within the same group, others studied the percentage 
change after stopping with reference to baseline and com-
pared this to another group that did continue treatment. The 
majority of studies showed figures with percentage changes 
compared to baseline and no actual numbers in the text, and 
this makes the extraction of data less precise and more dif-
ficult to interpret. These limitations make it hazardous to 
make any comparisons between different compounds and 
different studies. In an attempt to compare different com-
pounds, we calculated the percentage change in BMD and 
BTM after 1 year of discontinuation of therapy as much as 
possible. If we had to correct for the follow-up time because 
it was not 1 year, this could have given an underestimation 
of the BMD loss in the first year since, for example, in Bone 
et al, most of the decreases in the former denosumab group 
occurred in the first year after discontinuation [23].

Included patients were predominantly women, which is 
analogous with daily practice. This limits the generalizabil-
ity of the data to other patient populations such as men. 
Another issue is that in all studies with oral bisphosphonates, 
daily dosages were used, while currently, weekly or monthly 
regimes are prescribed. This might play a role, since earlier 
data suggest that bone loss is larger after cyclical treatment 
than after daily treatment (with risedronate) [29]. Almost 
all studies reported on osteoporotic or osteopenic patients. 
Despite our predefined inclusion criterium osteoporosis, 
we also included two studies that selected otherwise; Was-
nich et al. on alendronate selected healthy postmenopausal 
women who were younger and closer to menopause than 
the women in the other two selected studies on alendronate 
[30]. This probably explains the larger observed decreases 
in BMD after discontinuing alendronate in this study. The 
other study was by Neele et al. on raloxifene [18]; this study 
selected hysterectomized postmenopausal women who were 
treated with raloxifene for 5 years; since this was the only 
study found with such a long treatment duration that further 
fulfilled the inclusion criteria, we also included this study.

In conclusion, this review shows that discontinuation of 
anti-osteoporotic agents for 1 year leads to a decrease in 
BMD with the largest decrease in BMD after discontinu-
ation of denosumab and romosozumab. This is supported 
by an increase in BTM after stopping therapy, with the 
largest increases after discontinuation of denosumab, to far 
above baseline. There were few studies that reported data 
on fracture risk after discontinuation of therapy and most 
of these were underpowered to find a difference. Neverthe-
less, in larger studies the data showed that discontinuing 
alendronate, zoledronic acid and especially denosumab, sig-
nificantly increases the risk of vertebral fractures, predomi-
nantly in women with prevalent vertebral fractures. There-
fore, osteoporosis should be considered more as a chronic 
condition, as is the case with other chronic diseases, which 
requires continuous treatment. The exception is alendronate 
and zoledronic acid, where a discontinuation of drug therapy 
of 1 year or more might be acceptable. To sustain the ben-
efits of therapy in the chronic disease osteoporosis, fracture 
risk management should include continuous evaluation and 
monitoring of therapeutic interventions for all anti-osteo-
porotic drugs, especially denosumab.
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