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Osteoporosis is a potentially lethal condition. Some of this
excess mortality is attributable to the time-dependent increase
in death that occurs in the aftermath of a fracture, particularly a
hip fracture [1]. However, the factors that contribute to devel-
oping osteoporosis in the first place, including lifestyle (mal-
nutrition, smoking, alcoholism) and medical comorbidities
(too numerous to list) also increase mortality risk independent
of any effect on fracture [2]. Indeed, mortality is highest in the
first year after the fracture event and rapidly wanes with time,
suggesting a decreasing proportion of deaths causally related
to the fracture [3—5]. This complex interplay between fracture
and death is explicitly modeled in the fracture risk assessment
tool (FRAX) [6]. Indeed, when fracture probability is estimat-
ed in the presence of competing mortality the exponential age-
dependent increase in fracture risk is actually counteracted,
reaching an inflection point around age 80 years, with a sub-
sequent downturn [7].

Many studies show low bone mineral density (BMD) and/
or rapid BMD loss be associated with increased mortality risk
[8—12]. Whether this is a causal or simply guilt by
association—illness leading to weight loss, sarcopenia, im-
paired mobility, and frailty—is uncertain. To date, no bone-
derived factor has been identified that would explain why
greater BMD would reduce mortality independent of fracture,
or conversely a factor released during rapid bone catabolism
that adversely affect survival. One provocative connection is
the increasing evidence of shared risk factors between osteo-
porosis and atherosclerosis [13]. A large study that included
5590 at-risk subjects without known coronary artery disease
(mean age 57 years, 69% male) performed coronary artery
calcium scoring and BMD measurements (four consecutive
thoracic vertebrae, T7-T10) with follow-up for mean of
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8 years [14]. Increasing coronary artery calcification (CAC)
severity correlated with lower BMD. Moreover, greater CAC
and lower BMD were independently associated with the se-
verity of CAC that in turn predicts mortality. A meta-analysis
that included 46,182 participants from 10 studies (3991 all-
cause deaths, 1479 cardiovascular deaths, and 403 stroke
deaths) found lower BMD to be associated with significantly
increased risk of all-cause and cardiovascular mortality
(pooled hazard ratio 1.20 per standard deviation decrease in
hip BMD) [15].

It was therefore a surprising but welcome relief that against
the backdrop of increased mortality in patients with osteopo-
rosis that the HORIZON Recurrent Fracture Trial reported an
unexpected “side benefit” for treatment with intravenous zo-
ledronic acid following a hip fracture [16]. The safety analysis
(but not a planned outcome) demonstrated a 28% relative
reduction in all-cause mortality (13.3% placebo vs 9.6% zo-
ledronic acid, P=0.01). Inspection of the survival curves
demonstrated no separation until approximately 16 months
into the trial and then progressive separation out to 36 months.
There was a non-significant trend to a reduction in death from
cardiovascular causes (4.9% vs 3.4%, P=0.10). The authors
were appropriately cautious in interpreting this finding. A re-
analysis of adjudicated cause of death by the blinded Central
Review Committee confirmed that zoledronic acid was asso-
ciated with a 25% reduction in mortality when adjusted for
baseline fracture risk, and a 23% reduction in mortality when
further adjusted for new clinical fractures (accounting for only
8% of the death benefit) [17]. Interestingly, when cause of
death was examined, the primary benefit of zoledronic acid
was in those with acute conditions (pneumonia and arrhyth-
mia), a finding at variance with the late curve separation after
16 months. In contrast, the HORIZON Pivotal Fracture Trial
in post-menopausal women with osteoporosis did not demon-
strate a favorable mortality difference (2.9% placebo vs 3.4%
zoledronic acid, P =0.27). Although women in the latter were
at much lower mortality risk than in the fracture trial, the total
numbers of deaths in both trials was identical, suggesting that
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statistical power was not the explanation. In fact, if the two
HORIZON trials are pooled, then no significant mortality dif-
ferences are seen (5.4% placebo vs 4.9% zoledronic acid, P=
0.3).

The experience with zoledronic acid sparked a systematic
review and meta-analysis to see if this effect was detectable
more broadly. Bolland et al. [18] searched for randomized
placebo-controlled trials up to September 2008, and included
8 studies of 4 agents (risedronate, strontium ranelate, zoledro-
nic acid, denosumab). Trials of estrogen and selective estrogen
receptor modulators were excluded. The primary analysis
found an 11% reduction in mortality that was nominally sig-
nificant (P =0.036). Similar results were seen in a meta-
analysis of bisphosphonate for elderly patients with hip fracture
in studies to January 2015 (2 randomized trials, 2 prospective
trials) but this was dominated by the HORIZON Recurrent
Fracture Trial [19]. A more recent meta-analysis examined car-
diovascular outcomes in randomized controlled trials studies of
bisphosphonates published to January 2016 (1991-2014, 61
included in the analysis) [20]. Although bisphosphonates had
no effect on cardiovascular events (pooled relative risk (RR) in
20 trials 1.03; 95% CI 0.91-1.17), there was a slight reduction
in cardiovascular mortality (pooled RR in 10 trials 0.81; 95%
CI 0.64-1.02) and significant reduction in all-cause mortality
(pooled RR in 48 trials 0.90; 95% CI 0.84-0.98). Subsequent
reports have been observational with mixed findings. The most
dramatic effect of osteoporosis treatment was in the subset of
hip fracture patients randomized to case manager vs usual care
who subsequently initiated oral bisphosphonate therapy where
adjusted risk of death was reduced by 8% per month treated
[21]. Of course, if such effects were real, then 1 year of therapy
would produce quasi-immortality and bisphosphonates should
be added to the drinking water!

The current issue of Osteoporosis International digs further
into the question of confounding in observational studies
reporting reduced mortality in bisphosphonate users.
Bergman et al. [22] examined mortality in hip fracture patients
identified through the Swedish Hip Fracture register using
linked data on prescription medication dispensations through
Swedish pharmacies. From the large number of hip fracture
patient available, they selected individuals that were judged to
meet the eligibility criteria for the previous zoledronic acid
trial (49,765 of 260,574 patients), and then performed time-
dependent propensity score matching to identify 10,178 pair-
matched bisphosphonate users and controls. Time from frac-
ture to treatment initiation was not clear but was incorporated
into the analysis through the time-dependent matching. The
groups were extremely well matched for comorbidities that
could impact on fracture risk as judged by conventional
methods (standardized mean difference Cohen’s d<0.1).
Median follow-up was 2.8 years which is again similar to
the previous clinical trial and the observed mortality (29%)
was also similar. Bisphosphonate users had a 15% lower

@ Springer

mortality rate compared with matched controls. In contrast
with the zoledronic acid trial, mortality curves separated early
and this effect was seen in both the curves and hazard func-
tions from day 6 onwards. The majority of the bisphosphonate
therapy was with oral alendronate, with a small fraction of
risedronate and zoledronic acid use. The authors concluded
that bisphosphonate use was associated with lower mortality
within days of treatment initiation. They proposed that this
was consistent with confounding since there is no known
pathway whereby oral bisphosphonate therapy should have
such a rapid effect. Results were further assessed in relation
to cause of death recorded in the Swedish register, which was
similarly reduced across all categories including dementia/
Alzheimer’s disease, defying a plausible biologic mechanism.

Clearly, the work of Bergman et al. [22] supports the pres-
ence of confounding in the observational data regarding bis-
phosphonate use and mortality. However, existence of bias
does not exclude the possibility of a true effect of bisphospho-
nate treatment. [ am pessimistic that there will be definitive
evidence from a future clinical trial with mortality as the pri-
mary endpoint. Such a trial would be difficult to fund since
generic bisphosphonates have changed the landscape in terms
of funding large clinical trials, and the ethics of withholding
treatment from high-risk individuals for many years is dubi-
ous. Cummings et al. [23] recently shed light on this subject in
a comprehensive meta-analysis of randomized placebo-
controlled trials. No significant mortality benefit was seen
for all osteoporosis treatments combined (38 clinical trials,
45,594 placebo, 56,048 active therapy; risk ratio (RR) 0.98;
95% CI, 0.91-1.05), bisphosphonates (21 clinical trials;
20,244 placebo; 22,623 active therapy; RR, 0.95; 95% CI,
0.86—1.04), or zoledronate (6 clinical trials, 6944 placebo,
6926 active therapy; RR, 0.88; 95% CI, 0.68-1.13).

In summary, it should be reassuring to healthcare providers
and patients that mortality risk is certainly no higher with
bisphosphonate therapy, offering a refreshing counterpoint to
the barrage of “bad news” in the media [24, 25]. But much as
my heart longs for a good news story and to believe that
bisphosphonates are the elixir of life that can prevent death
regardless of cause, my brain whispers “When it sounds too
good to be true...”
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