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Abstract
Summary We performed a systematic review on the effect of drug holidays (discontinuation) on bone mineral density (BMD)
and fracture risk. Bisphosphonate discontinuation may be considered for women who do not have low hip BMD after 3–5 years
of initial treatment, while women who have low hip BMD may benefit from treatment continuation.
Introduction We performed a systematic review and meta-analysis on the effect of drug holidays (discontinuation) on BMD and
fracture risk.
Methods We searched PubMed, Embase, and Cochrane Library databases to locate controlled clinical trials and cohort studies
evaluating the effect of drug holidays/discontinuation versus osteoporosis treatment continuation. We performed random-effects
meta-analyses of hazard ratios of hip and any clinical osteoporotic fracture for individuals who discontinued bisphosphonates
compared to persistent users.
Results Thirteen records reporting results from eight different studies met inclusion criteria. The FLEX study found a reduced
clinical vertebral fracture risk with 10 years of alendronate therapy compared to 5 (RR 0.45, 95% CI 0.24–0.85), and the
HORIZON extension studies found a reduced risk of morphometric vertebral fracture with 6 years of zoledronic acid therapy
compared to 3 (OR = 0.51, 95% CI 0.26–0.95); subgroup analyses showed that women with low hip BMD T-scores after the
initial treatment period benefitted from continued treatment in terms of reduced vertebral fracture risk. Meta-analysis of adjusted
hazard ratios of hip and any clinical osteoporotic fracture for women who discontinued bisphosphonates revealed no significant
differences in the risk of hip fracture (summary estimate of HR 1.09, 95% CI 0.87–1.37) or any clinical fracture (summary
estimate of HR 1.13, 95% CI 0.75–1.70) compared to persistent users.
Conclusions Bisphosphonate discontinuation may be considered for women who do not have low hip BMD after 3 to 5 years of
initial treatment, while women who have low hip BMD may benefit from treatment continuation.
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Introduction

Osteoporosis affects 10 million people in the USA [1] and
approximately half of postmenopausal women and one in five

white men will experience an osteoporotic fracture [2], which
are associated with significant morbidity, mortality, and costs
[1–6]. Bisphosphonates are commonly used medications for
osteoporosis treatment to reduce risk of fracture, but they
should not be continued indefinitely due to limited efficacy
data beyond 5 years and increased risk of rare serious adverse
events such as atypical femur fractures and osteonecrosis of
the jaw with increased treatment durations [7]. Thus, drug
holidays/discontinuation, or periods of time treatment is
stopped, are an important consideration to reduce potential
risks of treatment.

Currently, various recommendations call for treatment de-
cisions with respect to bisphosphonate discontinuation to be
individualized [7, 8]. The National Osteoporosis Foundation
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(NOF) recommends that after an initial 3- to 5-year treatment
period with bisphosphonates a comprehensive risk assessment
should be performed, and those who are at high risk for frac-
ture should continue treatment with a bisphosphonate or alter-
native therapy, while it is reasonable to discontinue
bisphosphonates in people at modest risk of fracture [7]. The
American Society for Bone and Mineral Research (ASBMR)
recommends that after 5 years of oral bisphosphonate therapy
or 3 years of intravenous bisphosphonate therapy reassess-
ment of risk should be considered, and for women at high risk,
such as those with a low hip T-score, high fracture risk score,
those with previous major osteoporotic fracture or fracture on
therapy, or older women, bisphosphonate continuation for up
to 10 years with oral therapy or 6 years with intravenous
therapy, with periodic evaluation, should be considered [8].
For patients who stop treatment, the optimal duration of dis-
continuation before restarting treatment is unknown.

We performed a systematic review and meta-analysis to sum-
marize the evidence on the effect of osteoporosis treatment drug
holidays/discontinuation on bone mineral density and/or fracture
risk, to help guide decisions on when to discontinue therapy.

Methods

Data sources and search strategies

We searched PubMed, Embase, and Cochrane Library data-
bases to locate clinical studies evaluating the effect of discon-
tinuation from osteoporosis treatment on bone mineral density
and/or fracture risk. We developed broad search strategies to
have high sensitivity for locating relevant studies, and includ-
ed a variety of search terms for osteoporosis, bone mineral
density (BMD), fracture, drug holiday/discontinuation, osteo-
porosis medications, controlled clinical trials [9], and cohort
studies. We performed the database searches on January 24,
2018 for PubMed and Embase, and January 25, 2018 for the
Cochrane Library. Supplemental Table 1 shows the PubMed
search strategy; the Cochrane Library and Embase strategies
are available upon inquiry. The reference lists of included
studies identified with the database search strategies were
reviewed to locate additional relevant studies.

Study selection

We applied inclusion and exclusion criteria to the literature
retrieved with the search strategies to choose relevant studies.
We included studies that were controlled clinical trials or co-
hort studies; included patients with osteoporosis or osteopenia
who had received osteoporosis treatment for at least 3 years;
had at least two patient groups, one which continued on treat-
ment and one which discontinued treatment (drug holiday);
and reported the effect of drug discontinuation versus

continuing on treatment on BMD and/or fracture risk. For
studies whose results were reported in multiple publications,
we excluded publications presenting duplicate data and in-
cluded the publications reporting the most complete data from
any study. No exclusion criteria were applied for any patient
sociodemographic criteria, language of publication, or country
where study was performed. We reviewed studies for inclu-
sion versus exclusion in two stages—titles and abstracts were
reviewed first, and studies determined to be possibly relevant
after title and abstract screening underwent full-text review.

Data extraction

Relevant information was extracted from included studies,
including sociodemographic characteristics of participants;
number of participants; publication year; location/setting of
study; osteoporosis medication(s) evaluated; sources of study
funding; duration of treatment and duration of drug discontin-
uation; BMD and/or fracture outcomes data; adverse events
data; and information about possible sources of bias.

Data analysis

We qualitatively described the characteristics of included stud-
ies and their findings on the impact of drug discontinuation on
fracture outcomes and BMD, and also assessed study quality/
risk of bias. For clinical trials, we assessed risk of bias in
domains of selection bias, performance bias, detection bias,
attrition bias, and reporting bias using the Cochrane
Collaboration’s risk of bias tool [10]. For cohort studies, we
assessed quality using the Newcastle-Ottawa quality assess-
ment scale for cohort studies [11].

When two or more s tud ies eva lua ted s imi la r
bisphosphonate(s), treatment durations, and discontinuation
durations and reported the same fracture outcomes measures
or sufficient information to calculate the same fracture out-
comes measures (2 × 2 table values—the number of individ-
uals who did and did not experience the outcome in the con-
tinued treatment and discontinuation groups), we conducted
random-effects meta-analysis with the DerSimonian and Laird
method [12] to calculate summary effect size estimates.
Between-study heterogeneity was assessed in each meta-
analysis with I2 values. We performed all meta-analyses using
Stata version 11.0 (StataCorp, College Station, TX).

Results

Literature search and study selection

The literature search identified 1214 unique records
(references); 28 records underwent full-text review, and 13
records reporting results from eight different studies met
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inclusion criteria [13–25]. Figure 1 shows a flow diagram of
the literature search and study selection process.

Study characteristics

Table 1 shows the characteristics of included studies. The
studies were published between 1997 and 2018, all stud-
ies included women only, all but one study was performed
in the USA, and number of patients for which data was
evaluated ranged from 166 to 156,236. All included stud-
ies evaluated continued usage versus discontinuation of
bisphosphonates. Data from 13 papers reporting results
of eight different studies were included. Of the eight in-
cluded studies, four were randomized controlled trials and
four were retrospective cohort studies. Of the randomized
controlled trials, two evaluated alendronate, one evaluated
zoledronic acid, and one evaluated etidronate. All four
cohort studies evaluated cohorts that had taken
bisphosphonates, with alendronate predominating in all
of the cohort studies. The included clinical trials all re-
ported BMD as well as fracture outcomes, and all includ-
ed cohort studies reported fracture outcomes only. All

included clinical trials reported adverse event rates, but
none of the included cohort studies reported adverse event
rates. All four clinical trials and one of the cohort studies
[19] reported pharmaceutical company funding.

Study quality and potential sources of bias

Study quality assessment evaluations are shown in
Supplemental Tables 2 and 3. All four clinical trials received
a summary assessment of unclear risk of bias, as a conse-
quence of each study having at least one bias domain category
in which they were assessed as having unclear risk of bias.
With respect to the cohort studies, Adams et al. 2018 [13] was
scored as receiving 9 out of 9 points on the Newcastle-Ottawa
quality assessment scale, Curtis et al. 2008 [19] was scored as
receiving 8 points, and Curtis et al. 2017 [20] andMignot et al.
2017 [22] were each assessed as receiving 7 points. We con-
sidered a score of 7 and higher on the Newcastle-Ottawa scale
to be indicative of a high-quality study, although universal
standards for categorizing scores on this scale are not
established.

Fig. 1 Flow diagram of literature
search and study selection
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Table 1 Characteristics of included studies

Study Study description Relevant outcome
results

Randomized controlled trials

HORIZON extension studies—
Black, 2012 [14]; Black, 2015
[15]; Cosman, 2014 [18]

Health Outcomes and Reduced Incidence with
Zoledronic acid Once Yearly-Pivotal Fracture Trial
(HORIZON-PFT) was extended to 6 years (E1) and
9 years (E2). Postmenopausal women who received
zoledronic acid for 3 years in the core study were
randomized to 3 additional years of zoledronic acid
or placebo (6-year extension, E1); and women on
zoledronic acid for 6 years in E1were randomized to
3 more years of zoledronic acid or placebo (9-year
extension, E2). Number of participants: Z3P3—617;
Z6—616; Z9—95; Z6P3—95

BMD percentage change from randomization
(intention-to-treat (ITT) population)

Femoral neck (FN):
E1: + 0.24% (Z6), − 0.80% (Z3P3), difference 1.04%;

p = 0.0009
E2: − 1.11% (Z9), − 1.17% (Z6P3), difference 0.06%;

p = 0.935
Total hip (TH):
E1: − 0.36% (Z6), − 1.58% (Z3P3), difference 1.22%;

p < 0.0001
E2: − 0.54% (Z9), − 1.31% (Z6P3), difference 0.78%;

p = 0.183
Lumbar spine:
E1: + 3.20% (Z6), + 1.18% (Z3P3), difference 2.03%;

p = 0.002
Distal radius:
E1: − 0.12% (Z6), − 0.49% (Z3P3), difference 0.37%;

p = 0.50

Fractures
Morphometric vertebral fracture risk:
E1: Z6—3.0% (n = 14), Z3P3—6.2% (n = 30),

OR = 0.51, 95% CI 0.26–0.95, p = 0.035
E2: Z9—3.2% (n = 3), Z6P3—5.3% (n = 5),

OR = 0.58, 95% CI 0.13–2.55, p = 0.461

Morphometric vertebral fracture incidence and OR in
E1 for Z3P3 vs. Z6 by T-score at extension baseline
and prior fracture subgroups:

FN T-score ≤ − 2.5: Z3P3—9.2% (23/250), Z6—3.5%
(9/257), OR = 0.36, 95% CI 0.15–0.77, p = 0.01

FN T-score > − 2.5: Z3P3—3.0% (7/235), Z6—2.4%
(5/210), OR = 0.79, 95% CI 0.23–2.53, p = 0.70

TH T-score ≤ − 2.5: Z3P3—14.3% (16/112), Z6—
4.2% (5/120), OR = 0.26, 95% CI 0.08–0.69,
p = 0.0113

TH T-score > − 2.5: Z3P3—3.8% (14/373), Z6—2.6%
(9/347), OR = 0.68, 95% CI 0.28–1.58, p = 0.3793

Incident MorphVertFx during Core: Z3P3—25%
(4/16), Z6—NA (0/11), p = 0.12

No Incident MorphVertFx during Core: Z3P3—5.6%
(26/467), Z6—2.6% (12/454), OR = 0.46, 95% CI
0.22–0.90, p = 0.03

Nonvertebral fracture incidence:
E1: Z6 (estimated event rate—8.2%) vs. Z3P3

(estimated event rate—7.6%), HR 0.99, 95% CI
0.7–1.5

In E1 subgroup analyses based on TH BMD, prevalent
vertebral fracture at baseline, and incident NVF in
Core, there were no significant treatment effects (no
significant differences between discontinuation and
continuation groups).

Clinical vertebral fracture incidence:
E1: Z6 vs. Z3P3, HR 1.81, 95% CI 0.53–6.2
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Table 1 (continued)

Study Study description Relevant outcome
results

Hip fracture incidence:
E1: Z6 (estimated event rate—1.3%) vs. Z3P3

(estimated event rate—1.4%), HR 0.9, 95% CI
0.33–2.49

All clinical fracture incidence:
E1: Z6 vs. Z3P3, HR 1.04, 95% CI 0.71–1.54
E2: Z9 (estimate event rate—12.2%) vs. Z6P3

(estimated event rate—9.5%), HR 1.11, 95% CI
0.45–2.73, p = 0.821

FLEX extension studies—Black,
2006 [16]; Ensrud, 2004 [21];
Schwartz, 2010 [24]

The Fracture Intervention Trial (FIT) was extended to
10 years—the Fracture Intervention Trial Long-term
Extension (FLEX). Postmenopausal women who
received alendronate for a mean of 5 years in FIT
were re-randomized to 5 additional years of
alendronate or placebo. Number of participants:
1099 (329 alendronate 5 mg/day, 333 alendronate
10 mg/day, 437 placebo)

Results from duration of FLEX:

BMD mean percentage change
Total hip:
− 1.02% (alendronate combined group); − 3.38%

(placebo); mean difference 2.36%, 95% CI
1.81–2.90%, p < 0.001

Femoral neck:
+ 0.46% (alendronate combined group); − 1.48%

(placebo); mean difference 1.94%, 95% CI
1.20–2.68%, p < 0.001

Trochanter:
− 0.08% (alendronate combined group); − 3.25%

(placebo); mean difference 3.17%, 95% CI
2.49–3.84%, p < 0.001

Lumbar spine:
+ 5.26% (alendronate combined group); + 1.52%

(placebo); mean difference 3.74%, 95% CI
3.03–4.45%, p < 0.001

Total body:
+ 1.01% (alendronate combined group); − 0.27%

(placebo); mean difference 1.28%, 95% CI
0.70–1.86%, p < 0.001

Forearm:
− 1.19% (alendronate combined group); − 3.21%

(placebo); mean difference 2.01%, 95% CI
1.35–2.68%, p < 0.001

Fractures
Clinical vertebral fracture risk:
Continuing alendronate—2.4% (16/662) vs.

discontinuing—5.3% (23/437), RR 0.45, 95% CI
0.24–0.85

Morphometric vertebral fracture risk:
Continuing alendronate—9.8% (60/662) vs.

discontinuing—11.3% (46/437), RR 0.86, 95% CI
0.60–1.22

Any clinical fracture risk:
Continuing alendronate—19.9% (132/662) vs.

discontinuing—21.3% (93/437), RR 0.93, 95% CI
0.71–1.21

Nonvertebral fracture risk:
Continuing alendronate—18.9% (125/662) vs.

discontinuing—19.0% (83/437), RR 1.00, 95% CI
0.76–1.32
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Table 1 (continued)

Study Study description Relevant outcome
results

Hip fracture risk:
Continuing alendronate—3.0% (20/662) vs.

discontinuing 3.0% (13/437), RR 1.02, 95% CI
0.51–2.10

Forearm fracture risk:
Continuing alendronate—4.7% (31/662) vs.

discontinuing 4.3% (19/437), RR 1.09, 95% CI
0.62–1.96

Nonvertebral fracture risk for alendronate group vs.
placebo by T-score and prior fracture categories at
FLEX baseline:

FN T-score ≤ − 2.5: Continuing alendronate—22.6%
vs. discontinuing 29.5%, RR 0.77, 95% CI 0.50–1.2

FN T-score > − 2.5 to ≤ − 2.0: Continuing
alendronate—20.5% vs. discontinuing 20.6%, RR
1.0, 95% CI 0.63–1.7

FN T-score > − 2.0: Continuing alendronate—14.9%
vs. discontinuing 10.1%, RR 1.5, 95% CI 0.86–2.6

Prevalent vertebral fracture: Continuing alendronate—
27.7% vs. discontinuing 23.3%, RR 1.20, 95% CI
0.80–1.8

No prevalent vertebral fracture: Continuing
alendronate—14.1% vs. discontinuing 16.7%, RR
0.86, 95% CI 0.59–1.3

Clinical vertebral fracture risk for alendronate group vs.
placebo by T-score and prior fracture categories at
FLEX baseline:

FN T-score ≤ − 2.5: Continuing alendronate—4.7% vs.
discontinuing 8.3%, RR 0.57, 95% CI 0.23–1.40

FN T-score > − 2.5 to ≤ − 2.0: Continuing
alendronate—1.6% vs. discontinuing 7.1%, RR
0.22, 95% CI 0.05–0.74

FN T-score > − 2.0: Continuing alendronate—1.4% vs.
discontinuing 1.7%, RR 0.84, 95% CI 0.18–4.2

Prevalent vertebral fracture: Continuing alendronate—
4.0% vs. discontinuing 8.0%, RR 0.47, 95% CI
0.19–1.1

No prevalent vertebral fracture: Continuing
alendronate—1.6% vs. discontinuing 3.8%, RR
0.42, 95% CI 0.16–1.1

Nonvertebral fracture risk for alendronate group vs.
placebo for women without a vertebral fracture at
FLEX baseline by T-score categories:

FN T-score ≤ − 2.5: Continuing alendronate—14.7%
vs. discontinuing 28.0%, RR 0.50, 95% CI
0.26–0.96, RD − 13.32%, 95% CI – 25.46 to − 1.18

FN T-score > − 2.5 to ≤ − 2.0: Continuing
alendronate—12.4% vs. discontinuing 15.9%, RR
0.79, 95% CI 0.37–1.66

FN T-score > − 2.0: Continuing alendronate—14.8%
vs. discontinuing 10.8%, RR 1.41, 95% CI
0.75–2.66

LS T-score ≤ − 2.5: RR 0.64, 95% CI 0.28–1.49
LS T-score > − 2.5 to ≤ − 2.0: RR 0.65, 95% CI

0.27–1.61
LS T-score > − 2.0: RR 1.00, 95% CI 0.62–1.62
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Table 1 (continued)

Study Study description Relevant outcome
results

Nonvertebral fracture risk for alendronate group vs.
placebo for womenwith a vertebral fracture at FLEX
baseline by T-score categories:

FN T-score ≤ − 2.5: Continuing alendronate—33.3%
vs. discontinuing 31.6%, RR 1.11, 95% CI
0.61–2.02

FN T-score > − 2.5 to ≤ − 2.0: Continuing
alendronate—35.9% vs. discontinuing 29.5%, RR
1.32, 95% CI 0.67–2.61

FN T-score > − 2.0: Continuing alendronate—15.2%
vs. discontinuing 8.2%, RR 1.68, 95% CI 0.54–5.21

Morphometric vertebral fracture risk for alendronate
group vs. placebo for women without a vertebral
fracture at FLEX baseline by T-score categories:

FN T-score ≤ − 2.5: Continuing alendronate—7.7% vs.
discontinuing 11.0%, RR 0.68, 95% CI 0.24–1.90

FN T-score > − 2.5 to ≤ − 2.0: Continuing
alendronate—5.4% vs. discontinuing 7.6%, RR
0.69, 95% CI 0.21–2.22

FN T-score > − 2.0: Continuing alendronate—4.8% vs.
discontinuing 5.7%, RR 0.84, 95% CI 0.30–2.31

Morphometric vertebral fracture risk for alendronate
group vs. placebo for women with a vertebral
fracture at FLEX baseline by T-score categories:

FN T-score ≤ − 2.5: Continuing alendronate—25.4%
vs. discontinuing 27.5%, RR 0.90, 95% CI
0.39–2.05

FN T-score > − 2.5 to ≤ − 2.0: Continuing
alendronate—17.7% vs. discontinuing 23.1%, RR
0.72, 95% CI 0.27–1.93

FN T-score > − 2.0: Continuing alendronate—11.5%
vs. discontinuing 4.7%, RR 2.67, 95% CI
0.55–12.98

Results from interim analysis (3 years into FLEX):

BMD mean percentage change (95% CI)
Total hip:
− 0.34% (− 0.64 to − 0.05), alendronate combined

group; − 2.38% (− 2.74 to − 2.03), placebo group;
mean difference 2.0%, p < 0.001

Femoral neck:
+ 0.57% (0.15–0.99), alendronate combined group;

− 1.10% (− 1.61 to − 0.60), placebo group; mean
difference 1.7%, p < 0.001

Trochanter:
+ 0.71% (0.35–1.07), alendronate combined group;

− 1.90% (− 2.34 to − 1.46), placebo group; mean
difference 2.6%, p < 0.001

Lumbar spine:
+ 3.50% (3.10–3.89), alendronate combined group;

+ 0.97% (0.50–1.45), placebo group; mean
difference 2.5%, p < 0.001

Total body:
+ 0.62% (0.35–0.90), alendronate combined group;

− 0.31% (− 0.64 to 0.02), placebo group; mean
difference 0.9%, p < 0.001
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Table 1 (continued)

Study Study description Relevant outcome
results

Forearm:
− 0.90% (− 1.31 to − 0.49), alendronate combined

group; − 2.13% (− 2.62 to − 1.64), placebo group;
mean difference 1.2%, p < 0.001

Extensions to Alendronate Phase III
osteoporosis clinical trials—Bone,
2004 [17]; Tonino, 2000 [25]

Alendronate Phase III osteoporosis clinical trials were
extended to 10 years, with randomized group
assignments and blinding maintained. Women in the
original active-treatment groups continued receiving
alendronate during the first extension (years 4 and 5).
In two subsequent extensions (years 6–7 and 8–10),
women who had received alendronate 5 or 10 mg
daily continued on same treatment. Women who had
received 20 mg of alendronate daily for first 2 years
of the study followed by 5 mg daily in years 3–5
subsequently received 5 years of placebo in years
6–10. Number of participants: 2nd extension (years
6–7)—115 discontinuation group, 113 alendronate
5 mg group, 122 alendronate 10 mg group; 3rd
extension (years 8–10)—83 discontinuation group,
78 alendronate 5 mg group, 86 alendronate 10 mg
group

BMD mean percent change (95% CI)
Lumbar spine:
Years 6–7: Discontinuation group 0.20 (− 0.51 to 0.91);

alendronate 5 mg group 1.45 (0.71 to 2.19);
alendronate 10 mg group 1.60 (0.92 to 2.28)

Years 6–10: Discontinuation group 0.3 (− 0.8 to 1.5);
alendronate 5 mg group 2.5 (1.3 to 3.6); alendronate
10 mg group 3.7 (2.6 to 4.8)

Years 8–10: Discontinuation group 0.2 (− 0.7 to 1.1);
alendronate 5 mg group 1.2 (0.2 to 2.1); alendronate
10 mg group 2.3 (1.4 to 3.1)

Femoral neck:
Years 6–7: Discontinuation group − 0.46 (− 1.54 to

0.62); alendronate 5 mg group 0.32 (− 0.77 to 1.41);
alendronate 10 mg group 0.49 (− 0.53 to 1.51)

Years 6–10: Discontinuation group − 2.2 (− 3.9 to
− 0.5); alendronate 5 mg group 1.0 (− 0.8 to 2.7);
alendronate 10 mg group 0.9 (− 0.8 to 2.6)

Years 8–10: Discontinuation group − 1.7 (− 3.0 to
− 0.3); alendronate 5 mg group 0.3 (− 1.2 to 1.7);
alendronate 10 mg group 1.0 (− 0.3 to 2.4)

Trochanter:
Years 6–7: Discontinuation group − 0.47 (− 1.48 to

0.53); alendronate 5 mg group 0.04 (− 0.98 to 1.05);
alendronate 10 mg group 0.20 (− 0.75 to 1.15)

Years 6–10: Discontinuation group − 1.0 (− 2.7 to 0.6);
alendronate 5 mg group 0.0 (− 1.7 to 1.7);
alendronate 10 mg group 1.0 (− 0.7 to 2.6)

Years 8–10: Discontinuation group − 1.0 (− 2.4 to 0.4);
alendronate 5 mg group 0.3 (− 1.2 to 1.8);
alendronate 10 mg group 0.9 (− 0.5 to 2.4)

Total hip:
Years 6–10: Discontinuation group − 1.8 (− 3.5 to

− 0.1); alendronate 5 mg group 0.7 (− 0.9 to 2.3);
alendronate 10 mg group 0.8 (− 0.9 to 2.4)

Years 8–10: Discontinuation group − 1.6 (− 2.8 to
− 0.4); alendronate 5 mg group − 0.2 (− 1.4 to 1.0);
alendronate 10 mg group 0.1 (− 1.1 to 1.3)

Total body:
Years 6–7: Discontinuation group − 0.50 (− 0.95 to

− 0.04); alendronate 5 mg group − 0.29 (− 0.76 to
0.17); alendronate 10 mg group 0.35 (− 0.08 to 0.78)

Years 6–10: Discontinuation group − 0.6 (− 1.7 to 0.4);
alendronate 5 mg group − 0.7 (− 1.8 to 0.3);
alendronate 10 mg group 0.4 (− 0.6 to 1.4)

Years 8–10: Discontinuation group − 0.4 (− 1.1 to 0.4);
alendronate 5 mg group − 0.2 (− 0.9 to 0.6);
alendronate 10 mg group − 0.3 (− 1.0 to 0.4)

Distal 1/3 of forearm:
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Table 1 (continued)

Study Study description Relevant outcome
results

Years 6–7: Discontinuation group − 0.84 (− 1.53 to
− 0.15); alendronate 5 mg group 0.06 (− 0.61 to
0.72); alendronate 10 mg group 0.31 (− 0.35 to 0.97)

Years 6–10: Discontinuation group − 2.3 (− 3.8 to
− 0.8); alendronate 5 mg group − 0.4 (− 1.8 to 1.0);
alendronate 10 mg group − 0.1 (− 1.6 to 1.3)

Years 8–10: Discontinuation group − 2.1 (− 3.2 to
− 1.1); alendronate 5 mg group − 1.1 (− 2.1 to − 0.1);
alendronate 10 mg group − 1.0 (− 2.0 to 0.1)

Fractures
New morphometric vertebral fractures:
Years 6–10: Discontinuation group 6.6%, alendronate

5 mg group 13.9%, alendronate 10 mg group 5.0%
(differences among groups non-significant; p values
not provided)

First nonvertebral fractures:
Years 8–10: Discontinuation group 12.0%, alendronate

5 mg group 11.5%, alendronate 10 mg group 8.1%

Nonvertebral fractures:
Years 6–7: Discontinuation group 7.8% (n = 9),

alendronate 5 mg group 7.1% (n = 8), alendronate
10 mg group 6.6% (n = 8)

Clinical vertebral fractures:
Years 6–7: Discontinuation group 7.0% (n = 8),

alendronate 5 mg group 6.2% (n = 7), alendronate
10 mg group 6.6% (n = 8)

Miller, 1997 [23] In original study, women with postmenopausal
osteoporosis randomized to cyclical etidronate or
placebo for 2 years (etidronate 400 mg/day or
placebo for 14 days, followed by 76 days of
calcium; cycle repeated 4 times each year), which
most patients continued for 3rd year. Then, patients
enrolled into open-label study for years 4–5 in which
all patients received cyclical etidronate. Then,
patients re-randomized to placebo or cyclical
etidronate for years 6–7. Outcomes of interest
included BMD and fractures. Number of
participants: 193 (including 51 in 7-year group and
46 in 5-year group)

BMD mean percent change (95% CI)
Results for 7-year group (7 years of treatment) and

5-year group (5 years of treatment followed by
2 years of placebo) from baseline (beginning of year
6) to week 52 (end of year 6) and from baseline to
week 104 (end of year 7):

Spine:
52 weeks: 7-year group 0.5 (− 0.44 to 1.44); 5-year

group − 0.6 (− 1.72 to 0.52)
104 weeks: 7-year group 1.8 (0.41 to 3.19); 5-year

group 1.4 (− 0.78 to 3.58)
Femoral neck:
52 weeks: 7-year group − 0.5 (− 1.77 to 1.07); 5-year

group − 0.3 (− 1.97 to 1.37)
104 weeks: 7-year group 0.5 (− 1.11 to 2.11); 5-year

group − 0.9 (− 2.78 to 0.98)
Trochanter:
52 weeks: 7-year group − 0.3 (− 1.50 to 0.90); 5-year

group − 1.30 (− 2.44 to − 0.16)
104 weeks: 7-year group 0.4 (− 1.09 to 1.89); 5-year

group − 0.6 (− 2.38 to 1.18)
Distal radius:
52 weeks: 7-year group 0.0 (− 2.00 to 2.00); 5-year

group 0.5 (− 1.66 to 2.66)
104 weeks: 7-year group − 1.1 (− 3.61 to 1.41); 5-year

group 0.2 (− 1.64 to 2.04)

Fractures
Morphometric vertebral fractures during years 6 and 7:
7-year group: 2.4% (1/42); 5-year group: 10.2%
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Table 1 (continued)

Study Study description Relevant outcome
results

Cohort studies

Adams, 2018 [13] Retrospective cohort study of women age ≥ 45 with
≥3 years bisphosphonate exposure (98.8% used
alendronate) with ≥ 50% adherence. Participants
with bisphosphonate holiday (≥ 12 months with no
use) were compared to persistent users (≥ 50%
adherence) and non-persistent users (< 50%
adherence) for outcome of incident
osteoporosis-related fractures. Average BP holiday
length was 3.1± 1.6 years and occurred after
5.2 ± 1.8 years of bisphosphonate use. Average
individual length of follow-up was 4.0 ± 2.4
person-years for persistent users, 4.1 ± 2.4 for
non-persistent users, and 4.9 ± 2.5 person-years for
women who had a bisphosphonate holiday. Number
of participants: 39,502 (17,123 persistent users,
10,882 non-persistent users, 11,497 bisphosphonate
holiday)

Fractures
Hazard ratios (adjusted) of fracture risk for

bisphosphonate holiday group compared to
persistent use group:

Overall clinical osteoporosis-related fracture: HR 0.92,
95% CI 0.84–0.99

Hip fracture: HR 0.95, 95% CI 0.83–1.10
Vertebral fracture (clinical): HR 0.83, 95% CI

0.74–0.95

Hazard ratios (adjusted) of fracture risk for
bisphosphonate holiday group compared to
persistent use group stratified by lowest T-score,
prior fracture, and fracture risk:

Lowest T-score ≤ − 2.5:
Any osteoporotic fracture: HR 0.89, 95% CI 0.79–1.01
Hip fracture: HR 0.99, 95% CI 0.81–1.22
Vertebral fracture (clinical): HR 0.82, 95% CI

0.68–1.00
Lowest T-score − 2 to − 2.5:
Any osteoporotic fracture: HR 0.86, 95% CI 0.71–1.05
Vertebral fracture (clinical): HR 0.82, 95% CI

0.60–1.14
Lowest T-score − 1 to − 2:
Any osteoporotic fracture: HR 0.93, 95% CI 0.72–1.22
Hip fracture: HR 1.09, 95% CI 0.81–1.45
Lowest T-score ≥ − 1:
Any osteoporotic fracture: HR 1.00, 95% CI 0.56–1.79
Vertebral fracture (clinical): HR 0.84, 95% CI

0.58–1.23
Prior fracture:
Any osteoporotic fracture: HR 0.79, 95% CI 0.67–0.94
Hip fracture: HR 0.81, 95% CI 0.52–1.28
Vertebral fracture (clinical): HR 0.74, 95% CI

0.52–1.05
No prior fracture:
Any osteoporotic fracture: HR 0.94, 95% CI 0.86–1.03
Hip fracture: HR 0.97, 95% CI 0.83–1.14
Vertebral fracture (clinical): HR 0.85, 95% CI

0.75–0.98
High fracture risk:
Any osteoporotic fracture: HR 0.88, 95% CI 0.78–0.99
Hip fracture: HR 1.00, 95% CI 0.81–1.22
Vertebral fracture (clinical): HR 0.85, 95% CI

0.71–1.02
Medium fracture risk:
Any osteoporotic fracture: HR 0.93, 95% CI 0.75–1.15
Hip fracture: HR 1.15, 95% CI 0.79–1.67
Vertebral fracture (clinical): HR 0.78, 95% CI

0.54–1.11
Low fracture risk:
Any osteoporotic fracture: HR 0.99, 95% CI 0.78–1.25
Hip fracture: HR 0.95, 95% CI 0.56–1.59
Vertebral fracture (clinical): HR 0.84, 95% CI

0.58–1.23
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Table 1 (continued)

Study Study description Relevant outcome
results

Curtis, 2008 [19] Retrospective cohort study of women ages 60–78 years
at the beginning of study with ≥ 2 years compliance
with bisphosphonate therapy (Medication
Possession Ratio (MPR) ≥ 66%), with initial therapy
with alendronate (77%) or risedronate (23%).
Participants who discontinued bisphosphonates
(MPR < 50%) were compared to those who
remained on therapy for outcome of hip fracture.
Number of participants with 3 years of prior
bisphosphonate therapy: 4556 MPR ≥ 66%, 3715
MPR ≥ 80%. Number who continued/discontinued
therapy not provided

Fractures
Hip fracture incidence rates among women who

discontinued bisphosphonates versus those who did
not after 3 years of prior bisphosphonate therapy:

MPR ≥ 66%: 7.11 vs. 4.79 per 1000 person-years (p
value not significant but not provided)

MPR ≥ 80%: 6.34 vs. 5.11 per 1000 person-years (p
value not significant but not provided)

Adjusted hazard ratio of hip fracture per 90 days
following discontinuation:

MPR ≥ 66% at 3 years: 1.1 (0.9–1.4)
MPR ≥ 80% at 3 years: 1.1 (0.8–1.5)

Adjusted hazard ratio of hip fracture following
discontinuation with time since discontinuation
examined in discrete intervals:

Time since discontinuation 0–9 months:
MPR ≥ 66% at 3 years: 0.9 (0.3–2.5)
MPR ≥ 80% at 3 years: 0.7 (0.2–2.4)
Time since discontinuation > 9 months:
MPR ≥ 66% at 3 years: 2.7 (0.7–9.8)
MPR ≥ 80% at 3 years: 2.0 (0.4–9.3)

Curtis, 2017 [20] Retrospective cohort study of women with Medicare
benefits who initiated a bisphosphonate (alendronate
71.7%, zoledronic acid 16.2%) and were at least
80% adherent for ≥ 3 years (“baseline”); then,
“follow-up” began. Patients who continued vs.
discontinued treatment were compared for the
outcome of hip fracture. Median follow-up time of
2.1 years (interquartile range 1.0–3.3 years).
Number of participants: 156,236 total (62,676 of
whom stopped bisphosphonates ≥ 6 months)

Fractures
Hip fracture rate by duration of BP drug holiday (time

since bisphosphonate discontinuation), adjusted for
competing risk of death:

0 (i.e., current use): crude incidence rate per 1000
person-years 9.6 (9.2, 10.1); adjusted hazard ratio 1.0
(reference)

> 0 to ≤ 3 months: crude incidence rate per 1000
person-years 13.1 (12.0, 14.3); adjusted hazard ratio
1.29 (1.17, 1.42)

> 3 months to ≤ 1 year: crude incidence rate per 1000
person-years 12.0 (11.0, 13.1); adjusted hazard ratio
1.12 (1.02,1.24)

> 1 to ≤ 2 years: crude incidence rate per 1000
person-years 13.3 (12.0, 14.6); adjusted hazard ratio
1.21 (1.09, 1.35)

> 2 to ≤ 3 years: crude incidence rate per 1000
person-years 15.7 (13.7, 17.8); adjusted hazard ratio
1.39 (1.21,1.59)

Mignot, 2017 [22] Retrospective cohort study of postmenopausal women
who continued or discontinued bisphosphonates
(44% alendronate, 40% risedronate, 11% zoledronic
acid, 5% ibandronate) after first-line therapy for 3 to
5 years, with outcome of interest of new clinical
fractures. Number of participants: 183; 6- to
36-month follow-up data were available for 166
patients, of which 135 (81.3%) continued treatment
and 31 (18.7%) discontinued (drug holiday)

Fractures
Percentage of patients with clinical fractures during

follow-up:
Continuation group: 11.9% (16/135)
Drug holiday group: 16.1% (5/31)

Number of patients with clinical fragility fractures
during follow-up:

Vertebral: drug holiday group 1/31; continuation group
6/135

Pelvic: drug holiday group 1/31; continuation group
3/135

Hip: drug holiday group 0/31; continuation group
2/135

Wrist: drug holiday group 0/31; continuation group
3/135
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Qualitative summary of clinical trial findings

Of the four included clinical trials, the Fracture Intervention
Trial Long-term Extension (FLEX) study and extensions to
Alendronate Phase III Osteoporosis clinical trials evaluated
alendronate discontinuation versus continuation [16, 17, 21,
24, 25], the Health Outcomes and Reduced Incidence with
Zoledronic acid Once Yearly-Pivotal Fracture Trial
(HORIZON-PFT) extension studies evaluated zoledronic acid
discontinuation versus continuation [14, 15, 18], and a study
by Miller et al. evaluated etidronate discontinuation versus
continuation [23]. Data reported for the two alendronate stud-
ies were not sufficiently similar to permit meta-analysis for
any fracture outcomes.

In the FLEX study, 1099 postmenopausal women who re-
ceived alendronate for a mean of 5 years in the Fracture
Intervention Trial (FIT) were re-randomized to 5 additional
years of alendronate or placebo [16, 21, 24]. There were sig-
nificant differences in favor of individuals who continued
alendronate in terms of maintaining or increasing BMD at
the total hip, femoral neck, trochanter, lumbar spine, total
body, and forearm (Table 1). With respect to fracture out-
comes, individuals who continued alendronate had signifi-
cantly reduced relative risk of clinical vertebral fractures
(RR 0.45, 95%CI 0.24–0.85), but not other fracture categories
compared to individuals who discontinued alendronate. In
subgroup analyses, relative risk of clinical vertebral fracture
was significantly reduced for women with femoral neck (FN)
T-scores between − 2.5 and − 2.0 at FLEX baseline who con-
tinued alendronate compared to those who discontinued, but
there were no significant differences in relative risk of clinical
vertebral fracture for women in other T-score categories or
based on prior vertebral fracture status. For women without
a vertebral fracture at FLEX baseline, nonvertebral fracture
risk was significantly reduced for individuals with FN T-
scores ≤ − 2.5 who continued alendronate compared to those
who discontinued (RR 0.50, 95% CI 0.26–0.96, risk

difference (RD) − 13.32%, 95% CI − 25.46% to − 1.18%),
but there were no significant differences in nonvertebral frac-
ture risk for individuals in other FN or lumbar spine (LS) T-
score categories. For women with a vertebral fracture at FLEX
baseline, there were no FN T-score categories for which there
were significant differences in risk of nonvertebral fracture.
There were no significant differences in serious adverse events
between groups.

In the extensions to Alendronate Phase III osteoporosis
clinical trials, women who had received alendronate 5 mg or
10 mg daily in the original trial (years 1–3) plus first extension
(years 4–5) continued on the same treatment in the second
extension (years 6–7) and third extension (years 8–10), while
women who had received 20 mg of alendronate daily for the
first 2 years of the study followed by 5 mg daily in years 3–5
subsequently received 5 years of placebo in years 6–10 [17,
25]. A total of 247 individuals participated in the third exten-
sion. Both alendronate continuation groups experienced con-
tinued gains in BMD at the lumbar spine in years 6 to 10,
whereas the discontinuation group did not have a significant
change in lumbar spine BMD after year 5. Furthermore, both
alendronate continuation groups did not experience a signifi-
cant change in BMD at the femoral neck, total hip, or distal
forearm, while the discontinuation group experienced signifi-
cant decreases at those sites. With respect to fractures, in years
6–10 there were no significant differences among the groups
with respect to new morphometric vertebral fractures. The
safety profiles (adverse event rates) were similar among all
three groups.

In the HORIZON-PFT extension studies, 1233 postmeno-
pausal women who had received zoledronic acid for 3 years in
the core study were randomized to 3 addition years of zole-
dronic acid (Z6) or placebo (Z3P3) in the 6-year extension
(E1), and 190 women on zoledronic acid for 6 years in EI
were randomized to 3 more years of zoledronic acid (Z9) or
placebo (Z6P3) in the 9-year extension (E2) [14, 15, 18].
There were significant differences between the Z6 and Z3P3

Table 1 (continued)

Study Study description Relevant outcome
results

Foot: drug holiday group 1/31; continuation group
1/135

Rib: drug holiday group 0/31; continuation group 2/135
Fibula: drug holiday group 1/31; continuation group

0/135
Clavicle: drug holiday group 1/31; continuation group

0/135

Adjusted hazard ratio (HR) of new clinical fractures in
drug-holiday patients compared to continuation
group:

1.40, 95% CI 1.12–1.60; p = 0.0095
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groups in favor of the Z6 group better maintaining or increas-
ing BMD at the femoral neck, total hip, and lumbar spine
(Table 1); however, there were no significant differences be-
tween the Z9 and Z6P3 groups in terms of BMD percentage
change at the femoral neck or total hip (Table 1). In terms of
fracture outcomes, there were significantly fewer morphomet-
ric vertebral fractures in the Z6 group versus the Z3P3 group
(OR = 0.51, 95% CI 0.26–0.95), but no significant difference
between the Z6 group and Z3P3 group in rates of other frac-
ture categories. For the Z9 group compared to the Z6P3 group,
there were no significant differences in morphometric verte-
bral fracture or all clinical fracture outcomes. In subgroup
analyses, there was a significant reduction in odds of morpho-
metric vertebral fracture for Z6 versus Z3P3 for individuals
with FN or total hip (TH) T-score ≤ − 2.5 at extension base-
line, but no significant reduction in odds of morphometric
vertebral fracture for individuals with FN or TH T-scores >
− 2.5 at extension baseline (Table 1). There were no statisti-
cally significant differences in serious adverse events in the Z6
group compared to the Z3P3 group; there was a small increase
in cardiac arrhythmias in the Z9 group compared to the Z6P3
group, but no significant difference in other safety parameters.

In a study published by Miller et al. in 1997, results of
interest for this systematic review were presented for a group
of 51 women that received cyclical etidronate for 7 years and a
group of 46 women that received 5 years of cyclical etidronate
followed by 2 years of placebo [23]. The group receiving
cyclical etidronate for 7 years had a statistically significant
increase in lumbar spine BMD in years 6–7, but the group
receiving cyclical etidronate for 5 years did not (Table 1).
Neither the 7-year group nor the 5-year group had statistically
significant changes in BMD at the femoral neck, trochanter, or
distal radius during years 6–7 of the study. With respect to
incident morphometric vertebral fractures in years 6–7, a
smaller percentage of individuals in the 7-year group
sustained new morphometric vertebral fractures compared to
the 5-year group (2.4 vs. 10.2%), but no statistical significance
was provided. Serious adverse events were described as com-
parable between the groups.

Qualitative summary of cohort study findings

All four included cohort studies evaluated the impact of con-
tinuing versus discontinuing bisphosphonates on fracture out-
comes. Adams et al. published a retrospective cohort study of
39,502 women age 45 years and older who had 3 or more
years of bisphosphonate exposure (almost all used
alendronate), with at least 50% adherence [13]. Women who
took a bisphosphonate holiday (at least 12 months with no
use) were compared to persistent users (at least 50% adher-
ence) and non-persistent users (less than 50% adherence) for
outcomes of incident osteoporosis-related fractures. Average
bisphosphonate holiday length was 3.1 ± 1.6 years and

occurred after 5.2 ± 1.8 years of bisphosphonate use.
Adjusted hazard ratios (HRs) of fracture for the bisphospho-
nate holiday group compared to the persistent use group were
lower for overall clinical osteoporosis-related fracture (HR
0.92, 95% CI 0.84–0.99) and clinical vertebral fracture (HR
0.83, 95% CI 0.74–0.95); there was no significant difference
in risk of hip fracture. In subgroup analyses for individuals
with a history of prior fracture, the risk of any osteoporotic
fracture was reduced for the bisphosphonate holiday group
compared to the persistent user group (HR 0.79, 95% CI
0.67–0.94); there were no significant differences in the risk
of hip or clinical vertebral fracture. In subgroup analyses for
individuals with no prior history of fracture, the risk of clinical
vertebral fracture was reduced for the bisphosphonate holiday
group compared to the persistent user group (HR 0.85, 95%
CI 0.75–0.98); there were no significant differences in the risk
of any osteoporotic or hip fracture. In subgroup analyses strat-
ified by fracture risk group, within the high-risk subset indi-
viduals in the bisphosphonate holiday group were at reduced
risk of any osteoporotic fracture compared to the persistent
user group (HR 0.88, 95% CI 0.78–0.99); there were no sig-
nificant differences in the risk of hip or clinical vertebral
fracture.

A retrospective cohort study by Curtis et al. published in
2008 included women ages 60–78 years at the beginning of
the study with at least 2 years compliance with bisphospho-
nate therapy (medication possession ratio (MPR) ≥ 66%);
77% had initial therapy with alendronate, 23% with
r i sedronate [19] . Indiv idua ls who discont inued
bisphosphonates (MPR < 50%) were compared to those who
stayed on therapy for the outcome of hip fracture. The number
of participants in the study who had 3 years of prior bisphos-
phonate therapy with a MPR ≥ 80% was 3715. They found no
significant difference in hip fracture incidence rates or adjust-
ed hazard ratios among women who discontinued
bisphosphonates versus those who did not after 3 years of
prior therapy (Table 1).

Another retrospective cohort study by Curtis et al. pub-
lished as an abstract in 2017 included 156,236 women with
Medicare benefits who initiated a bisphosphonate (71.7%
alendronate, 16.2% zoledronic acid) and had at least 80%
adherence for at least 3 years, after which follow-up began
[20]. Over a median follow-up time of 2.1 years, Curtis et al.
found an increased risk of hip fracture for individuals who
took drug holidays, with adjusted hazard ratios of 1.21 (95%
CI 1.09–1.35) for individuals who had discontinued
bisphosphonates for > 1 to ≤ 2 years, and 1.39 (95% CI
1.21–1.59) for individuals who had discontinued
bisphosphonates for > 2 to ≤ 3 years.

A small retrospective cohort study by Mignot et al. pub-
lished in 2017 included 183 postmenopausal women who ei-
ther continued or discontinued bisphosphonates after first-line
therapy for 3 to 5 years [22]. Six- to 36-month follow-up data
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were available for 166 patients of which 135 (81.3%) contin-
ued treatment and 31 (18.7%) discontinued. For the outcome
of new clinical fractures, the adjusted hazard ratio for drug-
holiday patients compared to the continuation group was 1.40
(95% CI 1.12–1.60).

Meta-analyses

We performed meta-analyses for the outcome measures of
adjusted hazard ratios of hip fracture and any clinical osteo-
porotic fracture that included data from the cohort studies that
reported these outcome measures. Meta-analysis results are
shown in Table 2. There was no significant difference in the
risk of hip fracture (summary estimate of HR 1.09, 95% CI
0.87–1.37) or any clinical fracture (summary estimate of HR
1.13, 95% CI 0.75–1.70) for individuals who discontinued
bisphosphonates compared to persistent users of
bisphosphonates.

Discussion

This systematic review identified 13 publications reporting
results from eight different studies (four clinical trials, four
cohort studies) that evaluated the impact of continued usage
versus discontinuation of bisphosphonates after at least 3 years
of prior treatment on BMD and fracture risk. With respect to
the clinical trial findings for fracture outcomes, the FLEX
study found that individuals who continued alendronate for
5 additional years after an initial 5-year treatment period had
a significantly reduced relative risk of clinical vertebral frac-
tures (RR 0.45, 95% CI 0.24–0.85), but not any other fracture
category, compared to those who discontinued treatment for
5 years [16]. The FLEX study also found that for women
without a vertebral fracture at FLEX baseline (but not for

women with a vertebral fracture at baseline), nonvertebral
fracture risk was significantly reduced for individuals with
FN T-scores ≤ − 2.5 who continued alendronate compared to
those who discontinued (RR 0.50, 95% CI 0.26–0.96, RD −
13.32%, 95% CI − 25.46% to − 1.18%) [24]. The extensions
to Alendronate Phase III osteoporosis clinical trials found no
significant difference between individuals who continued
alendronate for 5 additional years after an initial 5-year treat-
ment period compared to those who discontinued treatment
with respect to new morphometric vertebral fractures [17].
The HORIZON-PFTextension studies that evaluated zoledro-
nic acid continuation or discontinuation after an initial treat-
ment period of 3 or 6 years found that the Z6 group had
significantly fewer morphometric vertebral fractures than the
Z3P3 group (OR = 0.51, 95% CI 0.26–0.95), but there were
no significant differences between the Z6 group and Z3P3
group in rates of other types of fracture [14], and no significant
differences between the Z9 group and the Z6P3 group in mor-
phometric vertebral fracture or all clinical fracture outcomes
[15]. Subgroup analysis by T-score categories at extension
baseline showed a significant reduction in odds of morpho-
metric vertebral fracture for Z6 versus Z3P3 for individuals
with FN or TH T-scores ≤ − 2.5, but not for individuals with
FN or TH T-scores > − 2.5 at extension baseline [18]. With
respect to the cohort study findings, meta-analysis of adjusted
hazard ratios of hip fracture and any clinical osteoporotic frac-
ture for individuals who discontinued bisphosphonates after
an initial treatment period of at least 3 years compared to
persistent users of bisphosphonates revealed no significant
differences in the risk of hip fracture (summary estimate of
HR 1.09, 95% CI 0.87–1.37) or any clinical fracture (summa-
ry estimate of HR 1.13, 95% CI 0.75–1.70).

Our systematic review findings were limited by a small
number of included studies; relatively small sample sizes of
several studies, particularly the included clinical trials; half of

Table 2 Meta-analysis results
Fracture outcome Included cohort studies Summary estimate of hazard ratio (HR)a

(95% CI; I2 valueb)

Hip fracture Adams, 2018 [13]; Curtis, 2008c [19];
Curtis, 2017d [20]

1.09 (0.87–1.37; I2 = 74.1%)

Any clinical
osteoporotic fracture

Adams, 2018 [13]; Mignot, 2017 [22] 1.13 (0.75–1.70; I2 = 94.3%)

a Random-effects meta-analysis using DerSimonian and Laird method; results for bisphosphonate discontinuation
group compared to persistent user group. Hazard ratios from included studies were all adjusted estimates present-
ed in the studies
b Percentage of variation across studies attributable to heterogeneity
c For Curtis et al. 2008 study [19], results for adjusted hazard ratio of hip fracture for individuals who had a time
since bisphosphonate discontinuation of > 9months compared to those who continuedwith aMPR of ≥ 80%were
used for meta-analysis
d For Curtis et al. 2017 study [20], results for adjusted hazard ratio of hip fracture for individuals who had a time
since bisphosphonate discontinuation of > 1 to ≤ 2 years compared to those who continued were used for meta-
analysis
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the included studies being cohort studies, with the associated
methodological limitations; and all of the included clinical
trials being assessed as having unclear risk of bias.
Furthermore, we could only perform meta-analyses for frac-
ture outcomes including data from the cohort studies; the clin-
ical trial characteristics and reported data were not similar
enough to enable meta-analysis. Moreover, alendronate was
the predominant bisphosphonate evaluated in the majority of
included studies; few studies assessed other bisphosphonates.
Additionally, none of the included studies evaluated drug
holidays/discontinuation for osteoporosis treatments other
than bisphosphonates such as denosumab or included male
study participants, and thus our findings are specific for
bisphosphonates and female patients. Finally, it is possible
that our literature search strategy may not have identified all
relevant studies that exist, even though the search strategy was
designed to be sensitive.

Despite these limitations, our findings suggest that it is
likely reasonable to discontinue bisphosphonates after 3–
5 years of initial treatment, particularly for women who do
not have low hip BMD T-scores (e.g., ≤ − 2.5) after the initial
treatment period. The evidence suggests a reduced risk of
clinical vertebral fracture with 10 years of alendronate therapy
compared to 5, and a reduced risk of morphometric vertebral
fracture with 6 years of zoledronic acid therapy instead of 3,
with subgroup analyses suggesting that the individuals who
benefit in terms of reduced vertebral fracture risk from contin-
ued treatment beyond the initial 3–5-year period are those
with low hip BMD T-scores after the initial treatment period.
There is not sufficient overall evidence at this time to support a
benefit in terms of nonvertebral fracture risk reduction for
continuing bisphosphonate treatment after an initial 3–5-year
treatment period; however, one large cohort study ofMedicare
beneficiaries did find a lower risk of hip fracture for individ-
uals who continued bisphosphonates after an initial treatment
period of at least 3 years compared to those who discontinued
[20], and thus further studies looking at the impact of bisphos-
phonate discontinuation on hip and/or other nonvertebral frac-
tures may be worthwhile. On the basis of the current body of
evidence, a reasonable approach may be to recommend bis-
phosphonate discontinuation for women who do not have low
hip BMD after initial treatment (e.g., those with T-scores > −
2.5) after 5 years of initial alendronate treatment or 3 years of
initial zoledronic acid treatment, while considering discussion
with patients who do have low hip BMD after the initial treat-
ment period whether to continue bisphosphonate treatment for
another 5 years (alendronate) or 3 years (zoledronic acid) to
potentially reduce risk of clinical vertebral fractures and mor-
phometric vertebral fractures, respectively. Data are limited on
discontinuation studies using risedronate or ibandronate, so
further guidance on holidays with these bisphosphonates
await additional studies. With respect to the duration of

bisphosphonate discontinuation, further research would be
useful to help clarify the period of time individuals who are
on a drug holiday should stop bisphosphonates for and the
parameters for restarting. The ideal length of the discontinua-
tion period may likely vary based on the particular bisphos-
phonate and factors that affect fracture risk, such as T-scores
and age. Other factors that may add to continuation of therapy
include risk factors not included in FRAX but that are impor-
tant to older adults such as fall risk, frailty, multiple comorbid
conditions, and medications that contribute to falls and frac-
tures. Future studies should include these factors when con-
sidering decisions about discontinuation of therapy and the
duration of discontinuation.

Several organizations have published guidelines for osteo-
porosis care including recommendations with respect to bis-
phosphonate drug holidays/discontinuation. A report of a task
force of the ASBMR published in 2016 recommended that
after 5 years of oral bisphosphonate therapy or 3 years of
intravenous bisphosphonate therapy reassessment of risk
should be considered, and women at high risk, such as those
with a low hip T-score, high fracture risk score, those with
previous major osteoporotic fracture or fracture on therapy,
or older women, bisphosphonate continuation for up to
10 years with oral therapy or 6 years with intravenous therapy,
with periodic evaluation, should be considered [8]. The NOF
published the Clinician’s Guide to Prevention and Treatment
of Osteoporosis in 2014 that recommended that after an initial
3- to 5-year treatment period with bisphosphonates a
comprehensive risk assessment should be performed, and
those who are at high risk for fracture should continue
treatment with a bisphosphonate or alternative therapy, while
it is reasonable to discontinue bisphosphonates in people at
modest risk of fracture [7]. Our study findings generally
support the ASBMR and NOF guidelines, with the
qualification that our findings suggest that the key factor that
should be considered when deciding whether to discuss
continuing bisphosphonate treatment beyond the initial 3- to
5-year treatment period is low hip BMD. Since osteoporosis is
a chronic disease, bisphosphonate discontinuation will still
require lifelong management and appropriate follow-up with
the patients whomay need therapy for osteoporosis, bone loss,
or fractures at a later date.

In conclusion, our findings suggest that it would be
reasonable to recommend bisphosphonate discontinuation
for women who do not have low hip BMD after 3 to 5 years
of initial treatment, while discussing possible continuation of
therapy with a bisphosphonate for another 5 years
(alendronate) or 3 years (zoledronic acid) for those who do
have low hip BMD (e.g., those with T-scores ≤ − 2.5) after the
initial treatment period. Additional research would be useful
to help clarify optimal durations of bisphosphonate discontin-
uation and the parameters for restarting.
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