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Abstract

Summary—We evaluated whether older adults who received kyphoplasty had reduced risk of
mortality compared to those who did not. In unmatched analyses, those receiving kyphoplasty
were at reduced risk of death but after matching on age and medical complications, patients who
received kyphoplasty were at increased risk of death.

Purpose—In previous observational studies, kyphoplasty for treatment of osteoporotic vertebral
fractures has been associated with decreased mortality compared to conservative management. The
purpose of this research was to determine whether older adults who received kyphoplasty had
reduced risk of mortality compared to matched patients who did not.

Methods—Retrospective cohort study of US Medicare enrollees with osteoporotic vertebral
fractures between 2017-2019 comparing patients who underwent kyphoplasty to those who did
not. We identified 2 control groups a priori: 1) non-augmented patients who met inclusion criteria
(group 1); 2) propensity-matched patients on demographic and clinical variables (group 2). We
then identified additional control groups using matching for medical complications (group 3) and
age + comorbidities (group 4). We calculated hazard ratios (HRs) and 95% confidence intervals
(95% Cls) associated with mortality.

Results—A total of 235,317 patients (mean (+ standard deviation) age 81.1 + 8.3 years; 85.8%
female) were analyzed. In the primary analyses, those who received kyphoplasty were at reduced
risk of death compared to those who did not: adjusted HR (95% CI) in group 1 = 0.84 (0.82,
0.87); and in group 2 = 0.88 (0.85, 0.91). However, in post hoc analyses, patients who received

“Laura S. Gold, goldl@uw.edu.

Supplementary Information The online version contains supplementary material available at https://doi.org/10.1007/
$00198-023-06796-6.

Statement of Human and Animal Rights In accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki
and its later amendments, this study was determined to be exempt from review by the University of Washington Institutional Review
Board.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gold et al.

Page 2

kyphoplasty were at increased risk of death: adjusted HR (95% CI) in group 3 = 1.32 (1.25, 1.41)
and 1.81 (1.58, 2.09) in group 4.

Conclusion—An apparent benefit of kyphoplasty on mortality among patients with vertebral
fractures was not present after rigorous propensity matching, illustrating the importance of
comparing similar individuals when evaluating observational data.
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Introduction

Osteoporotic vertebral fractures are common in older adults, with an estimated prevalence
of approximately 20% among North American adults over 50 years [1]. They are associated
with functional limitations, decreased quality of life [2], increased risk of subsequent
osteoporotic fractures [3, 4], and mortality [5].

Treatment options are limited and include use of analgesics, physical therapy [6], exercise,
and education [7]. Vertebroplasty, a percutaneous injection of polymethyl-methacrylate into
the affected vertebral body, is associated with small improvements in pain and function
among older adults [8] but it is not endorsed by major medical societies [9, 10] because it
showed little benefit compared to sham procedures in randomized trials [11]. Kyphoplasty, a
similar augmentation procedure, has been shown in unblinded studies to improve back pain,
function, and quality of life compared to non-surgical management [12, 13]. However, no
randomized trials have compared kyphoplasty to sham procedures, and a recent analysis we
conducted in a younger cohort showed that kyphoplasty was associated with increased fills
of opioids and spine-related healthcare costs [14].

A recent meta-analysis reported that patients who received vertebral augmentation (either
vertebroplasty or kyphoplasty) were at reduced risk of death compared to patients who
received non-surgical management [15]. However, the included studies may have been
affected by immortal time bias [16, 17] in which the follow-up time for survival starts

at the event (osteoporotic vertebral fracture) rather than at the intervention (kyphoplasty).
Thus, subjects who received kyphoplasty must have lived long enough after the osteoporotic
vertebral fractures and have been healthy enough to have undergone kyphoplasty, whereas
subjects who died shortly after their vertebral fractures did not have an opportunity to
undergo kyphoplasty and were automatically placed in the non-surgical management group.
This methodologic flaw may have biased results in favor of kyphoplasty [18, 19].

Our purpose was to determine whether kyphoplasty was associated with decreased risk of
death by comparing mortality in patients who received kyphoplasty to carefully selected
control patients who did not. We hypothesized that mortality rates would differ depending
on which control groups were used. In the analysis that relied on adjustment, rather

than matching, to account for selection bias among those who did and did not receive
kyphoplasty, we hypothesized that patients who received kyphoplasty would have reduced
rates of mortality compared to those who did not receive augmentation. We hypothesized

Osteoporos Int. Author manuscript; available in PMC 2024 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gold et al.

Page 3

that when we matched on patient demographic and clinical factors, we would observe
similar death rates between the two groups.

Materials and Methods

Patient Population

We identified enrollees in the Centers for Medicare and Medicaid Services (CMS) who
had International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-
CM) diagnosis codes [20] (eTable 1) from 2017-2019 that potentially indicated thoracic

or lumbar osteoporaotic vertebral fractures (“index fractures”). We did not include cervical
vertebral fractures because the majority are not osteoporotic [21, 22]. Because some thoracic
or lumbar vertebral fracture diagnosis codes were not specific to osteoporaotic fractures,

we also required that patients had at least one diagnosis code for osteoporosis within the
year prior through the six months after their index fractures. To limit the sample to those
with osteoporotic fractures, we excluded patients with neoplasms, intraspinal abscesses,
inflammatory spondylosis, osteomyelitis, or transportation/spinal cord injuries in the year
prior to the fracture. We excluded patients who were not enrolled in CMS = 1 year before
their index fracture and excluded individuals who were enrolled in health maintenance
organization (HMO) plans in addition to their CMS insurance because we did not have
access to HMO claims. Because we wanted to identify fills of opioid prescriptions, we
excluded patients not enrolled in Part D (drug) plans (Fig. 1).

Kyphoplasty identification

We identified patients with codes indicating kyphoplasty from the day of the index fracture
through 180 days later and compared them to patients who did not receive augmentation
(either kyphoplasty or vertebroplasty). We excluded patients who received kyphoplasty or
vertebroplasty > 180 days after the index fracture or had unlisted spine procedures that
may have included vertebral augmentation. We also excluded patients who had major spine
surgery, cancer diagnoses, or adverse events such as cauda equina syndrome, spinal cord
injuries, or spinal artery compression syndromes from the index fracture dates through the
kyphoplasty dates (Fig. 1). In matched analyses, we identified a “pseudo-kyphoplasty” date
for patients who did not receive augmentation procedures, defined as the index fracture
date plus the number of days between the matched pair’s fracture date and the date of
kyphoplasty. We did this so we could begin to assess mortality on the same day relative to
the index fracture for those who did and did not receive kyphoplasty.

Non-augmented control groups: primary analyses

We identified two control groups of patients who did not receive augmentation procedures
to compare with the group of patients who had kyphoplasty (eTable 2). Control group 1
was an “unmatched” group consisting of patients who met the inclusion criteria above,
with the additional stipulations that patients could not have had major spine surgery, cancer
diagnoses, or adverse events related to the index fracture within 1 year of the index fracture
and did not undergo augmentation within 180 days of the index fracture.
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Control group 2 used 1:1 propensity score matching to account for the fact that patients
who underwent kyphoplasty were likely different from patients who did not receive
kyphoplasty. This group was chosen a priori as the primary comparator to patients who
received kyphoplasty. We used logistic regressions that included age, sex, patient race,

year of index fracture, admission for the index fracture, fulfillment of pain medications
(opioids, non-steroidal anti-inflammatory drugs (NSAIDs), muscle relaxers, gabapentin,
benzodiazepines, pregabalin) 1-90 days prior to the index fracture, spinal region of the index
fracture, whether the state paid the individual’s monthly premium for coverage (a metric for
patient socioeconomic status), number of inpatient and outpatient encounters in the 1-365
days prior to the index fracture, region of residence, frailty score [23], whether the patient
had major medical complications [24] (eTable 2) in the year prior to the index fracture,

and Charlson co-morbidity score [25] to determine each individual’s propensity to receive
kyphoplasty. Because we did not have indications of pain severity, control group 2 also
matched exactly on fills of opioids and receipt of cross-sectional imaging, both of which

are associated with greater pain severity [26, 27]. We matched patients who underwent
kyphoplasty and who filled = 1 opioid prescription between the day of the index fracture
and the day before kyphoplasty to patients who did not receive augmentation but also filled
> 1 prescription for an opioid in the analogous period between the index fracture and the
day before their pseudo-kyphoplasty. We performed a similar matching strategy for patients
who did not fill opioids during this time window. We also matched patients who underwent
kyphoplasty who received imaging from six weeks before the index fracture through the day
before kyphoplasty to patients who did not receive kyphoplasty but received imaging during
the same time. We performed similar matching for patients who did not receive imaging
during this time.

Non-augmented control groups: secondary analyses

The analysis of control group 2 showed that individuals who did not receive kyphoplasty
were more likely than those who did to experience major medical complications after

their index fracture dates but before the pseudo-kyphoplasty dates. This suggested that
patients who might have been candidates for kyphoplasty had been deemed unsafe to
undergo the procedure due to concerning medical conditions, leading to “confounding by
contraindication[28].” Specifically, confounding could occur if these complications were
associated both with kyphoplasty (patients with complications would be less likely to be
offered kyphoplasty than those without) and death (patients with these complications would
be at increased risk of imminent death).

This concern motivated two post hoc secondary analyses. Control group 3 had the same
requirements as group 2, but also matched exactly on whether patients had diagnosis codes
for major health complications (eTable 2) that occurred after the date of the index fracture
but before the date of kyphoplasty/pseudo-kyphoplasty. Control group 4 had the same
requirements as control group 3 and also matched exactly for age (+ 1 year) and number of
comorbidities (categorized as 0, 1, 2-3, 4-5, and = 6).
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For control group 1, we began follow-up at the time of the index fracture and assessed
mortality at any time after the index fracture date, emulating prior studies [15, 29, 30]. For
control groups 2-4, we began ascertainment of deaths on the day of kyphoplasty/pseudo-
kyphoplasty. The primary outcome using time-to-event analysis was death at any time
during follow-up. We also evaluated deaths at 30 days, 6 months, and 12 months.

Statistical Analysis

Results

Following propensity score matching, we calculated descriptive statistics for the matched
variables. We created Kaplan—Meier curves and graphed the conditional probability of death
among those who did and did not receive kyphoplasty to visualize unadjusted mortality.

We used Cox proportional hazards regression to determine hazard ratios (HRs) and 95%
confidence intervals (95% Cls), adjusted for a priori identified potential confounders: age,
sex, race, year of fracture, admission for fracture, pre-fracture fills of pain medications,
level of fracture, state buy-in of Medicare, healthcare utilization prior to fracture, Charlson
comorbidity score derived from the year prior to fracture, and frailty score.

We used SAS version 9.4 (Cary, NC) and two-sided p-values < 0.05 were considered
statistically significant.

A total of 168,104 individuals who did not receive augmentation procedures met our
inclusion criteria for the unmatched (control group 1) analysis and were compared to 38,034
(18.5%) patients who received kyphoplasty within 180 days (Fig. 1). Characteristics of these
individuals are shown in Table 1. Those who received kyphoplasty tended to be younger,
were more likely to have identified as white and to have filled pain medications prior to
their fractures. Those who received kyphoplasty were at reduced risk of death starting at day
1 throughout follow-up, with an adjusted HR (95% CI) of 0.84 (0.82, 0.87) for deaths at

any time (Fig. 2a; Table 2). When we examined the conditional probability of death over
time (eFigure 1), deaths among patients who did not receive kyphoplasty were much higher
than those who received kyphoplasty in the first ~ 100 days of follow-up, after which the
conditional probability of death was similar.

For the matched (control groups 2—-4) analyses, a total of 187,391 individuals who did not
receive augmentation procedures met the inclusion criteria (Fig. 1). For control group 2,
37,938 (99.7%) individuals who received kyphoplasty were propensity-matched to controls
who had the same pattern of filling opioid prescriptions and receiving advanced imaging
prior to kyphoplasty/pseudo-kyphoplasty. Patients who had kyphoplasty were slightly
younger, less frail, less likely to have been admitted for the index fracture and had fewer
complications in the time between the index fracture and their kyphoplasties than those who
did not receive kyphoplasty (Table 3). Like control group 1, those who received kyphoplasty
were at reduced risk of death throughout follow-up (Fig. 2b; Table 2) but again we noted in
the conditional probability plot that the majority of the differences in death rates occurred in
the first ~ 100 days of follow-up, after which rates of death were similar (eFigure 2).

Osteoporos Int. Author manuscript; available in PMC 2024 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gold et al.

Page 6

Post hoc analyses applied more stringent propensity matching to account for

medical complications between the index fracture and kyphoplasty/pseudo-kyphoplasty,
comorbidities, and age. For control group 3, which used the same matching as control group
2 and included exact matching on medical complications, 26,282 (69.1%) patients who
received kyphoplasty were matched to patients who did not. Descriptive characteristics of
the matched individuals (Table 4) show that patients who received kyphoplasty were older
on average, had more comorbidities, and were frailer. When we examined mortality rates,
patients who received kyphoplasty were at lower risk of death in the beginning of follow-up,
but after about a year they were at greater risk of death (Fig. 2c). Overall, patients who
received kyphoplasty were at 32% (95% CI: 25%-41%) increased risk of death compared to
those who did not (Table 2). The conditional probability of death was greater in those who
did not receive kyphoplasty through the first weeks of follow-up but later became greater in
those who received kyphoplasty (eFigure 3).

Finally, in control group 4, which included the same matching criteria as control

group 3 with the added stipulation of close matching on age and comorbidities, 6380
(16.8%) kyphoplasty patients matched to non-augmented controls. Characteristics of these
individuals (eTable 3) indicate that, as expected, those who did and did not receive
kyphoplasty were very similar in age, number of comorbidities, and most specific
comorbidities, but the group that received kyphoplasty was somewhat frailer and more likely
to have been admitted for the index fracture. In our analyses of mortality in control group 4,
we found that patients who received kyphoplasty were at reduced risk of death in the first

30 days after kyphoplasty/pseudo-kyphoplasty (adjusted HR (95% CI): 0.45 (0.30, 0.68)) but
at increased risk of death at all subsequent timepoints, including over total follow-up (1.81
(1.58, 2.09)) (Fig. 2d; Table 2; eFigure 4).

Discussion

This study provides important evidence that the composition of patients in the control
groups of observational studies examining the effectiveness of an intervention can
meaningfully alter the effect estimates. In particular, analysis strategies need to account
for time-varying factors that may be important confounders. We found that in unmatched
analyses assessing mortality after osteoporotic vertebral fractures, patients who received
kyphoplasty were at decreased risk of death. However, when we used increasingly careful
matching to account for the fact that those who received kyphoplasty were healthier than
those who did not, we found an increased overall risk of death among those who received
kyphoplasty. These differences in results depending on matching technique highlight the
importance of choosing proper control groups in observational studies.

Our findings differ from those of a 2020 meta-analysis of observational studies [15].

The authors included 7 studies, 4 of which [31-34] included patients who received
vertebroplasty, not kyphoplasty. The largest of the studies on kyphoplasty included over

2 million osteoporotic vertebral fracture patients enrolled in Medicare from 2005-2014
by Ong et al. [29]. These authors determined that those who received kyphoplasty had a
19% (95% CI: 19-19%) lower adjusted 10-year mortality risk than the cohort that did not
receive augmentation procedures, which was defined in a similar way as our control group
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1. Furthermore, their method of assessing death from the date of the index fracture date
was similar to our analyses of control group 1, in which we found a decreased adjusted

risk of death at any time (16% (13%-18%)). However, by assessing death beginning at the
osteoporotic vertebral fracture and allowing kyphoplasty to have occurred up to 1 year later,
this study was subject to immortal time bias. Those who received kyphoplasty had to have
survived long enough to receive it by design, but those who died soon after their fractures
and were less likely to have been healthy enough to have been offered kyphoplasty were
placed in the non-surgical management group.

Since the 2020 meta-analysis, a study by Lohan et al. also examined mortality among
those who received kyphoplasty at one institution compared to those who did not receive
augmentation procedures at a different institution [35]. These authors concluded that there
was no difference in adjusted mortality between those who received kyphoplasty and those
who were treated conservatively.

Confounding by indlication can occur when treatments are influenced by patient or clinician
impressions of disease severity or prognosis. We anticipated addressing this in the primary
analyses using control group 2, which matched > 99% of individuals who received
kyphoplasty to controls and showed a beneficial effect of kyphoplasty on mortality, but

it occurred considerably earlier than expected. The posited mechanisms [15] in which
kyphoplasty may reduce mortality include improvement in pulmonary function by reducing
kyphosis [36, 37] and providing pain relief [38] allowing patients to resume their usual
activities more readily compared to conservative treatment. We thought it unlikely that these
factors would lead to death within 1 month in those who did not receive kyphoplasty, but
instead might lead to differential mortality rates over months or years. Additionally, matched
controls in control group 2 had notably higher comorbidities and medical complications
occurring priorto the date of pseudo-kyphoplasty. With more stringent matching, lower
proportions of those who received kyphoplasty matched to controls but the direction of
effect of kyphoplasty reversed, indicating a detrimental effect on mortality. This likely
reflects confounding by contraindication, a type of bias in which the indications for not
receiving a treatment are influenced by disease severity or prognosis. This may have
manifested as pre-procedural concerns that some patients could not tolerate kyphoplasty,
leading to them preferentially not being offered the procedure. Our findings demonstrate
how confounding by contraindication can bias effect estimates in observational studies, but
also illustrate how such biases can be detected and accounted for, even using administrative
data.

Our findings also indicate that, by selecting patients who are most likely to tolerate
kyphoplasty, providers may be inadvertently selecting those patients who are most likely

to survive in general. However, once this selection is accounted for by rigorously matching
such patients to controls, kyphoplasty is actually associated with increased mortality risk.
Since no blinded randomized control trials comparing kyphoplasty to sham controls have
been conducted, the only evidence evaluating mortality rates have compared kyphoplasty to
non-surgical management. In these two studies, researchers found equal rates of mortality in
the kyphoplasty and non-surgical management groups [12, 39] but death rates were very low
in both studies and neither was powered to detect differences in mortality.
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Our study included a large, geographically representative population of older adults

with osteoporotic vertebral compression fractures in the United States. Furthermore,

as our control groups became more similar to patients who received kyphoplasty, we

found a dose—response relationship of an increased risk of mortality among those who
received kyphoplasty. Our study had some limitations, however. While we applied many
methods including exclusions, propensity matching and exact matching of carefully selected
variables, we cannot be certain that our results are not affected by residual confounding, as
the patients who underwent kyphoplasty may have been meaningfully different from those
who did not. Additionally, analyses of control groups 3 and 4 were not planned a priori.

Conclusions

In analyses with limited matching for age, comorbidities, and complications, we found

that kyphoplasty was associated with a reduced risk of death, which might be due to the
kyphoplasty, but could be attributed to confounding. After incrementally more rigorous
matching for potential confounders including age, comorbidities, pain medications, imaging,
and major medical complications that occurred prior to kyphoplasty/pseudo-kyphoplasty, we
found that receipt of kyphoplasty was associated with a decreasing benefit that turned into

a statistically significantly increased risk of death after 30 days. These findings illustrate
how studies of the effects of treatment using administrative data can detect and account

for sources of confounding, including confounding by contraindication. Our work also
emphasizes how difficult it can be to analyze and interpret observational studies and

that healthcare providers, policy makers and patients must be extremely cautious about
concluding that an intervention conveys a benefit in an event as rare as mortality without
supporting evidence from RCTSs.
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analyses | and not enrolled in health maintenance | frachireg o Part D plan, andiar nfalled
organization plan, and enrolled in Part D P
Procedures and | plan |
diagnoses from index =
fracture date through | | =
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Fig. 1.
Flow of participants in analysis
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