1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

o NATIG,

R HE

N WS)))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Osteoporos Int. 2014 August ; 25(8): 2109-2116. doi:10.1007/s00198-014-2738-X.

Adherence to oral bisphosphonates and the risk of
subtrochanteric and femoral shaft fractures among female
medicare beneficiaries

Z. Wang,
Intramural Research Program, National Institute of Arthritis, Musculoskeletal and Skin Diseases,
National Institutes of Health, Bethesda, MD, USA

M. M. Ward,
Intramural Research Program, National Institute of Arthritis, Musculoskeletal and Skin Diseases,
National Institutes of Health, Bethesda, MD, USA

L. Chan, and
Department of Rehabilitation Medicine, the Clinical Center, National Institutes of Health,
Bethesda, MD, USA

T. Bhattacharyya

Intramural Research Program, National Institute of Arthritis, Musculoskeletal and Skin Diseases,
National Institutes of Health, Bethesda, MD, USA. Bldg 10 CRC 4-1350, 10 Center Drive,
Bethesda 20892, USA

T. Bhattacharyya: timothy.bhattacharyya@nih.gov

Abstract

Summary—~Previous studies have shown an association between duration of bisphosphonate use
and atypical femur fractures. This cohort study showed an increasingly higher risk of
subtrochanteric and femoral shaft fractures among those who were more adherent to oral
bisphosphonates.

Introduction—Long-term use of oral bisphosphonates has been implicated in an increased risk
of atypical femur fractures located in subtrochanteric and femoral shaft regions. Another measure
of drug exposure, medication adherence, however, has not been investigated.

Methods—Among all Medicare fee-for-service female beneficiaries from 2006—-2010, we
followed 522,287 new bisphosphonate users from their index prescription until being censored or
having a primary diagnosis of closed subtrochanteric/ femoral shaft or intertrochanteric/femoral
neck fractures. Data about radiographs of fracture site and features were not available. Adherence
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was classified according to the medication possession ratio (MPR) as the following: MPR<1/3 as
less compliant, MPR=1/3-<2/3 as compliant, and MPR=2/3 as highly compliant. Alternative
cutoff points at 50 and 80 % were also used. Survival analysis was used to determine the
cumulative incidence and hazard of subtrochanteric/femoral shaft or intertrochanteric/femoral
neck fractures.

Results—There was a graded increase in incidence of subtrochanteric/femoral shaft fractures as
the level of adherence increased (Gray’s test, P<0.001). The adjusted hazard ratio (HR) for the
highly compliant vs. the less compliant was 1.23 (95 % Confidence Interval [CI] 1.06-1.43)
overall, became significant after 2 years of follow-up (HR=1.51, 95 % CI 1.06-2.15) and reached
the highest risk in the fifth year (HR=4.06, 95 % CI 1.47-11.19). However, age-adjusted incidence
rates of intertrochanteric/femoral neck fractures were significantly lower among highly compliant
beneficiaries, compared to less compliant users (HR=0.69, 95 % CI 0.66-0.73). Similar results
were obtained when the cutoff points for being compliant and highly compliant were set at 50 and
80 %, respectively.

Conclusions—Subtrochanteric/femoral shaft fractures, unlike intertrochanteric/femoral neck
fractures, are positively associated with higher adherence to long-term (=3 years) oral
bisphosphonates in the elderly female Medicare population.
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Introduction

Bisphosphonates, as potent antiresorptive agents, have been widely prescribed in the
prevention and treatment of osteoporosis. While effective at reducing hip fractures such as
intertrochanteric and femoral neck fractures, long-term use of bisphosphonates has been
implicated in increased risks of atypical femur fractures [1-3]. Atypical femur fractures
occur in the subtrochanteric region or in the femoral shaft. They are distinct subgroup of
fractures that are associated with minimal trauma, prodromal pain, and particular
radiographic features such as a transverse fracture orientation [4].

Numerous studies point to the secular trend of increased subtrochanteric/femoral shaft
(ST/FS) fractures during the years of increasing bisphosphonate use [5-7] and among long-
term bisphosphonate users [8-10]. Without radiographic adjudication, these fractures were
found to be associated with bisphosphonates in one study [11] but not others [12-16]. With
radiographic adjudication, atypical femur fractures were found to be strongly associated
with bisphosphonates, although the absolute incidence remained low [8, 10, 17-20].
Additional radiographic features of these rare fractures have been defined and updated
recently, with the notion that a causal relationship between bisphosphonate and atypical
femur fractures has not been established [3].

One important feature that would support a causal relationship between bisphosphonate use
and atypical femur fractures is a graded-response relationship between the two. Several
studies have noted that a longer duration of bisphosphonate therapy was associated with a
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higher relative risk of atypical femur fracture [10, 17, 20], while others have not found
similar associations [12, 13, 15]. Adherence to bisphosphonates, on the other hand, was
important for reducing the risk of the intertrochanteric/femoral neck (IT/FN) fractures [21,
22], but its role in the risk of atypical femur or ST/FS fractures has been questioned [23].

Furthermore, there have been no large scale studies to quantify the actual risk and benefits
associated with bisphosphonate use. To address these questions, we sought to investigate if
there is a graded relationship between the cumulative incidence of ST/FS fractures and
bisphosphonate exposure based on patient adherence among female Medicare beneficiaries,
who initiated bisphosphonate treatment following their enrollments in the medication benefit
program after 2005.

Materials and methods

Study population

We conducted a retrospective longitudinal cohort study, using data on Medicare
beneficiaries provided by the Centers for Medicare and Medicaid Services (CMS). We
included all women with at least 24 months of continuous coverage in the Part D drug
program between 1/1/2006 and 12/31/2010 and at least one filled prescription for oral
bisphosphonates (alendronate, risedronate, or ibandronate) during the study period. We
excluded those women who were dually eligible for Medicare and Medicaid, or received
medication benefit program (aka, Part D) due to low-income status. To identify new
bisphosphonate users, we selected only those with at least a 3-month window between their
Part D enrollment date and the date for first prescription for oral bisphosphonates (the index
date). We excluded those with less than 90 days follow-up (defined below), not covered by
both inpatient care (aka, Part A) and outpatient (aka, Part B) from 365 days prior to index
date until the end of follow-up, not covered by prescription drug plans (PDPs) during the
study period, a diagnosis of any hip fracture within 12 months prior to 90 days after the
index date, or a diagnosis of malignancy or Paget disease any time during the study period.

Ascertainment of fractures

Users were followed from the index date until a primary inpatient diagnosis of
subtrochanteric/femoral shaft (ST/FS) or intertrochanteric/femoral neck (IT/FN) closed
fracture, a switch to another bisphosphonate or other types of anti-osteoporosis medications
(raloxifene, calcitonin, denosumab, teriparatide, and estrogen), disenrollment, death or end
of the study, whichever came first. From the cohort of oral bisphosphonate users, we
captured their first instances of inpatient claims for hip fractures 90 days or more after index
date with the following ICD9 codes: (1) ‘82022’, ‘82101’ for ST/FS fractures and (2)
‘82000°, ‘82001’, “‘82002’, ‘82003’, “82009’, ‘8208’, ‘82021" for IT/FN fractures [5]. We
followed the same order as above for prioritization when more than one site was diagnosed
as fractured. Data about radiographs of fracture site and features were not available.

Data analysis

Adherence to oral bisphosphonates was calculated as the medicine possession ratio (MPR),
i.e., the proportion of the number of days from index date to a set date that had been covered
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by the (re)fills of prescription. If there was an overlap in the covered days for consecutive
(re)fills of prescription, the medication usage was deemed continuous. Persistence was also
used as covariate and measured as whether the patients were refilling prescriptions at the
current quarter [23].

We stratified the final cohort into subpopulations according to the MPR compliance at the
end of each year of follow-up, estimated the absolute incidence rates of fractures during
each year of follow-up, and directly standardized these rates to the age distribution of the
subpopulations at the index date using 5-year age categories. The 95 % confidence limits of
the standardized rates were estimated using the method developed by Fay and Feuer [24].

To test the graded-response relationship between adherence to bisphosphonates and fracture
outcomes, we used competing-risk analysis to estimate the cumulative incidence of ST/FS
fractures, with IT/FN fractures and death as competing interests. Gray’s test was used to test
the equality of cumulative incidence functions among groups with different levels of
compliance [25].

MPR was categorized as <1/3 (less compliant or low compliance), 1/3-<2/3 (compliant or
moderate compliance), or =22/ 3 (highly compliant or high compliance). In addition, we used
1/2 (50 %) and 4/5 (80 %) as the conventional cutoff points. We treated MPR as time-
dependent variable based on daily values of the variable, and we used proportional hazard
Cox model to estimate the hazard ratio for the fracture outcomes.

In the multivariate model, we included age, race, prior vertebral fractures, healthcare
utilization (total numbers of bone mineral density [BMD] test, hospitalization, doctor visits,
or medications), comorbidities (dementia, Parkinson disease, alcoholism, liver disease,
chronic kidney disease, hypertension, diabetes mellitus, chronic obstructive pulmonary
disease, congestive heart failure, inflammatory arthritis, and inflammatory bowel disease),
and other medication usage (antiepileptics, benzodiazepines, opioids, proton pump
inhibitors, statins, selective serotonin reuptake inhibitors, corticosteroids, and warfarin). Age
was determined at the index date, and race was classified as White, Asian, and others. All
the non-demographic variables were determined during the 12 months prior to the index
date. Comorbidity index was developed using Gagne et al. 2011 [26]. Linearity and
proportionality of hazard functions were tested using Martingale and Schoenfeld residuals,
respectively. Particularly, the proportionality of time-dependent covariates such as MPR was
tested against the main outcomes of ST/FS fractures and deemed linear.

All analyses were conducted using SAS Enterprise Guide 4.3 with SAS 9.2 (SAS Institute,
Inc., Cary, NC, USA) at a= 0.05 significance level.

This study was reviewed and approved by CMS and the Institutional Review Board of NIH.

Since the inception of Part D in 2006 to the December 31, 2010, there were 2,584,053
female Medicare beneficiaries who participated in Part D for 24 consecutive months or
more, and had at least one prescription of oral bisphosphonates (alendronate [60.3 %],
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risedronate [22.2 %], or ibandronate [17.5 %]) during the study period. In addition, after
restricting to those with both Part A and B coverage during the study period (including the
12 months prior to index date) and prescription drug plan during the follow-up, 522,287
beneficiaries were eligible for data analysis (Fig. 1). Table 1 shows a description of the final
cohort according to their compliance to oral bisphosphonates as MPR categories measured
at the end of follow-up. It should be noted that at least 70 % of the beneficiaries reached the
end of the study. There was no difference in the average age among beneficiaries with
different levels of adherence, and there were minor differences in the race distribution.

Based on the primary diagnosis, a total of 10,486 fractures were observed during a total of
1,240,435 person-years of follow-up: 948 subtrochanteric/femoral shaft (9.0 %) fractures;
9,521 (91.0 %) IT/FN fractures.

Figure 2 shows the cumulative incidence and number at risk of ST/FS fractures according to
the adherence level of beneficiaries. There were significant graded differences between
adherence levels to oral bisphosphonates and cumulative incidence functions of ST/FS
fractures (Gray’s test, p<0.001). Specifically, the more adherent beneficiaries were, the more
ST/FS fractures accumulated.

Similar results were obtained when the cutoff points for being compliant and highly
compliant were set at 50 and 80 %, respectively. However, the graded differences between
there groups were not as linear as the original cutoff (data not shown).

As shown in Fig. 3, the annual age-standardized incidence rates of ST/FS fractures (A) or
IT/FN fractures (B) were plotted according the three categories of MPR measured at the end
of each year of follow-up, or the end of follow-up if the beneficiary was censored during
that year. For ST/FS fractures, no significant increases in the age-adjusted rates with higher
level of compliance compared to those with lower levels of compliance were seen the first 2
years of treatment. However, in the third and fourth year of treatment, significant higher
incidence rates of ST/FS fractures were detected for those with higher compliance (also see
Table 2). Specifically, within the highly compliant group, the age-adjusted rate of ST/FS
fractures increased from 56.3 per 100,000 person years in the first year to 152.7 in the fourth
year, compared to an increase from 44.1 to 76.6 for the less compliant group during the
same period. In contrast, for IT/FN fractures, the significant reductions in the age-adjusted
rates with increasing levels of adherence were seen after just one year of exposure, with both
the baseline rates and the magnitudes of reduction much larger than those of ST/FS fractures
(Table 2).

Table 3 shows multivariate analysis of common risk factors for ST/FS and for IT/FN
fractures. Age and comorbidity were significantly associated with higher hazards of both
ST/FS and IT/FN fractures. Other risk factors included prior vertebrate fracture, diabetes,
and inflammatory arthritis. As for the ST/FS fractures among bisphosphonate users, the
adjusted hazard ratio for the highly compliant vs. less compliant group was 1.23 (95 %
confidence interval [CI] 1.06-1.43), whereas the hazard ratio comparing the moderate
compliant group and less compliant group was not significant. As for the IT/FN fractures
among these users, the adjusted hazard ratio for the highly compliant vs. less compliant
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group was 0.69 (95 % CI 0.66-0.73), whereas that for the moderate compliant group vs. the
less compliant was 0.86 (95 % CI 0.81-0.90). Among all the other medications included for
this study, statin use was associated with reduced risk of ST/FS fractures (HR=0.82, 95 %
Cl1 0.71-0.94), and IT/FN fractures (HR=0.86, 95 % CI 0.82-0.90).

Figure 4 shows the adjusted hazard ratios of IT/FN and ST/ FS fractures comparing highly
compliant vs. less compliant group, based on the number of years of treatment. After 1 year
of treatment, the risk of IT/FN fractures in high compliance group became significantly
lower than that in low compliant group and remained so for the rest of treatment duration. In
contrast, the hazard for ST/FS fractures turn significantly higher after 2 years of treatment,
and reached the highest risk at 4.06 (95 % CI 1.47-11.19) in the fifth year.

Discussion

In this study of over half-a-million female Medicare fee-for-service beneficiaries, we
showed that higher exposure to bisphosphonates was associated with increased risk of
subtrochanteric/femoral shaft fractures, in contrast to significant reductions of IT/FN
fractures. To our knowledge, this is the first cohort study that demonstrates these inverse
relationships in a large nationwide cohort. In addition, the positive association tended to
depend on bisphosphonate treatment in both dose-response and duration-of-use manners,
supporting the hypothesis that cumulative exposure to oral bisphosphonates may be causally
related to these rare ST/FS fractures.

Our results showed that both age- and multivariate-adjusted rates of ST/FS fractures were
significantly higher after 2 years of treatment among patients in the high compliance group
as compared to less compliant group, consistent with findings from other studies[5, 10, 20].
Similarly, recent studies indicated that there were modest increases in age-adjusted
incidence rates of atypical hip fractures within 2 years of bisphosphonate treatment, but
significantly more after 2 years [10, 20]. This implies that less than 5 years of treatment may
be sufficient for the risks of these fractures to become significantly higher, especially for
those with high adherence. Thus, the determination of drug exposure before drug holiday
should take adherence into consideration, not just the duration of exposure.

In this study, we selected long-term users with at least 24 months of continuous Part D
coverage. More than 70 % of our subjects reached the end of study, providing a stable
population to study long-term effect of medications. In contrast, less than one-third of
enrollees remained in cohorts generated through commercial insurance databases [23]. This
may account for some of the differences in results from previous studies using commercial
databases [23]. Additionally, we used principal diagnosis of fracture as the primary
outcomes. Interestingly, significant results were obtained from Parzianas et al. when they
used principal diagnoses for sensitivity analysis (see Table 3, column 6) to study the hazard
associated with each additional year of therapy with oral bisphosphonates. When they used
any diagnosis as the fracture outcomes, the results were not significant, perhaps due to less
specificity associated with non-primary diagnosis.
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Based on our age-adjusted rates from the highly and less compliant groups, we estimated
that, during 4th year of treatment, there was a decrease of 312 per 100,000 in the rate of
IT/FN fractures, but an increase of 76 per 100,000 in the rate of ST/FS fractures. So, the
number needed to treat with high adherence to prevent an IT/FN fracture was 320, compared
to 1,316 for one additional ST/FS fracture as the number needed to harm. Clearly, the
number needed to harm (NNH) is higher that the number needed to treat (NNT), even
without considering preventive effects from bisphosphonate treatment on vertebral and other
non-vertebral fractures. However, it should be pointed out that our study compared
bisphosphonate users with different adherence, whereas other studies compared users with
non-users. It is expected that the ratio of NNT/NNH should be different when comparing
users against non-users. However, the overall benefit of bisphosphonate therapy within 5
years is reassuring [10].

Our study has several advantages over prior studies. First, our sample size was one of the
largest, allowing us to study rare events such as ST/FS fractures. Second, we reduced the
bias of confounding-by-indication associated with comparison between users with non-users
[12, 13, 20], by comparing users with similar clinical indication but with varying degrees of
compliance. Third, we used adjustment techniques including competing-risk analysis, direct
age standardization, and multivariate survival analysis, all of which reached similar
conclusions.

Despite these advantages, our study has certain limitations. First, while we do have a very
large cohort, their experience may not represent that of the entire female Medicare
beneficiary population as we excluded those who had shorter term of Part D coverage or in
low-income status. Additional biases may have been introduced as we had no information
about the bisphosphonate use prior to beneficiaries’ enroliment into part D and used a
minimal gap of 3 months between enrollment date and index date to define new
bisphosphonate users. Furthermore, although we managed to reduce the confounding by
indication, there are still some fundamental differences between patients with different
levels of adherence, such as their motivation to adhere to medication based on the strength
of the indication. And finally, the non-specificity of our outcomes from claims data [27]
without X-ray adjudication could elevate our type Il error rate, reducing the likelihood that
we would detect significant associations and limit our ability to define additional risk factors
that may help identify those susceptible to these fractures.

In conclusion, we found that increased adherence to bisphosphonate medications was
associated with an elevated risk of subtrochanteric/femoral shaft fracture as well as a
decrease in the incidence of IT/FN fracture. The progressive increase in subtrochanteric/
femoral shaft fractures following each additional year of treatment is in contrast to a steady
reduction in the IT/FN fractures. Postmenopausal women who benefited from the initiation
of bisphosphonate treatment far outnumber those who might suffer subtrochanteric or
femoral shaft fractures following 2 years or more of treatment with high adherence. The
clinical implication of this study is that adherence to oral bisphosphonates after 2 years of
treatment remains beneficial for overall fracture reduction but needs to be monitored for
possible increased risk of atypical femur fractures.
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1,246,825 prior BP users excluded
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1,337,228 New BP users

799,433 Benes excluded

88,494 malignancy/Paget disease
595,489 not covered by Part A/B or PDP
115,450 with follow-up < 90 days

A 4

537,795 New BP users w/ Part A/B/D

\ 4

15,508 Benes excluded (Age < 64)

522,287 Final

Fig. 1.
Flow diagram of cohort selection. Benes beneficiaries, BP bisphosphonates, Part A inpatient

care, Part B outpatient care, Part D drug benefit, PDP, prescription drug plan
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Fig. 2.

Cumulative incidence and numbers at risk of subtrochanteric/femoral shaft fractures
according to the levels of adherence. 1 less compliant, 2 compliant, 3 highly compliant
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~
—

MPR<1/3 I MPR1/3-<2/3 I MPR22/3
Hip Fractures (n=9,521)

Medicine Possession Ratio (MPR)

Age adjusted incidence rate of subtrochanteric/femoral shaft fractures (a) and regular hip
fractures (b) according to the categories of MPR (medication possession ratio) for each year
(year 1-year 4) of bisphosphonate treatment. * indicates that tests were significance. The
fifth year was absent due to empty cell counts during age standardization
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Hip Fractures ST/FS fractures
Highly Less HR(95% Cl) Highly Less
Time compliant compliant HR(95% Cl) compliant compliant HR(95% Cl)
events events events events
<1lyr 1307 813 0.92(0.83-1.02) _. 130 72 1.25(0.87-1.79)
1-2yrs 1016 1341 0.73(0.67-0.80) - 4o 123 99 1.21(0.90-1.64)
2-3yrs 645 1122 0.68(0.60-0.76) - . 106 84 1.51(1.06-2.15)
3-4yrs 325 671 0.74(0.66-0.84) i | —— 64 47 1.80(1.27-2.57)
4-5yrs 90 162 0.71(0.52-0.96) J——— —_—— 21 <11 4.06(1.47-11.19)
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Decreases risk Increases risk

Fig. 4.
Multivariate-adjusted hazard ratios (HR) for regular hip fractures (left side) and

subtrochanteric/femoral shaft fractures (right side) by treatment duration. For numbers at
risk, please see Fig. 2
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Table 1

MPR

Oral bisphosphonate users (N=522,287)

<1/3 (N=214,615)

1/3-<2/3 (N=112,556)

>2/3 (N=195,116)

Demographic factors
Age, years, mean (SD)
Race, White
Race, Asian
Health care utilization
No. of visits, mean (SD)

Hospitalization

No. of prescriptions, mean (SD)

Switched to other medications

Switched to different BIS

Reached the end of study
Comorbidities

Prior vertebral fractures

BMD test

Dementia

Parkinson disease

Alcoholism

Liver disease

Chronic kidney disease

Hypertension

Diabetes mellitus

Chronic obstructive pulmonary disease

Congestive heart failure

Inflammatory arthritis

Inflammatory bowel disease

Comorbidity index, mean (SD)
Other medications

Antiepileptics

Benzodiazepines

Opioids

Proton pump inhibitors

Statin

Selective serotonin reuptake inhibitors

Steroid
Wafarin

75.9 (7.2)
91.6
14

21.4(15.9)
7.0
79(5.1)
7.4

10.0

78.6

31
35.0

1.8

2.2

0.1

0.8

25

57.0
17.9
15.6

5.2

5.0

08

0.6 (1.6)

3.0
44
42
21.3
41.3
16.1
28.8
7.5

75.7 (7.2)
92.4
16

21.0 (15.8)
6.9
7.4(5.0)
9.7

15.8

70.7

3.0
28.9

2.2

2.2

0.2

0.7

2.2

55.2
15.9
13.7

45

5.0

07

05 (1.6)

2.8
4.0
3.6
19.3
41.4
15.2
26.3
6.9

759 (7.2)
93.3
18

20.1 (15.2)
83
7.1(4.8)
10.4

15.6

70.7

31
34.0

23

2.0

0.1

07

21

54.7
14.7
115

42

40

07

0.5 (1.6)

2.8
4.0
3.0
17.9
42.8
13.3
24.8
7.2
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Baseline Characteristics of the US Medicare female beneficiaries by medication possession ratio (MPR) at the
end of follow-up
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Page 16

Multivariable-adjusted hazard ratios for subtrochanteric/femoral shaft (ST/FS) and intertrochanteric/femoral

neck (IT/FN) fractures

Covariate Hazard ratio for ST/FSFx (95 % Cl) Pvalue Hazard ratio for IT/FN Fx (95 % CI) P value
Age 1.36(1.30-1.42) <0.001  1.59(1.57-1.62) <0.001
Less compliant (MPR: <1/3) 1.00 ref 1.00 ref

Compliant (MPR:1/3-<2/3) 1.15(0.97-1.38) 0.07 0.86(0.81-0.90) <0.001
Highly compliant (MPR:22/3)  1.23(1.06-1.43) 0.007  0.69(0.66-0.73) <0.001
Prior vertebral fractures 1.84(1.41-2.41) <0.001  1.88(1.74-2.04) <0.001
Alcoholism 2.58(0.82-8.16) 0.10 2.28(1.58-3.30) <0.001
Diabetes mellitus 1.33(1.13-1.57) <0.001  1.12(1.07-1.19) <0.001
Inflammatory arthritis 1.78(1.39-2.29) <0.001  1.35(1.23-1.48) <0.001
Statin 0.82(0.71-0.94) 0.004 0.86(0.82-0.90) <0.001
Comorbid index 1.09(1.03-1.15) 0.004 1.08 (1.06, 1.10) <0.001

ST/FSsubtrochanteric/femoral shaft, IT/FN intertrochanteric/femoral neck, Fx, fractures, Cl confidence intervals, MPR medication possession ratio
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