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Purpose: The efficacy of osteoporosis medication on reducing the risk of non-trauma
fracture (NTFx) among adults with cerebral palsy (CP) has not been comprehensively
investigated. There are many logistical and biological factors that may reduce this efficacy,
and therefore requires attention. The purpose of this propensity score-matched, observational
cohort study was to determine if osteoporosis medication was associated with NTFx risk
attenuation among adults with CP and compared to adults without CP.

Materials and Methods: Data from 07/01/2011 to 09/30/2015 were extracted from Optum
Clinformatics®™ Data Mart. Claims identified adults (>18 years), CP, osteoporosis medication,
pre-index NTFx (6-months), and post-index NTFx (12-months). CP without osteoporosis
medication (CPpgegs.) and without CP with Meds (non-CPygeqs+; reflects “background”
population) served as controls and were matched (6:1 ratio) to adults with CP with Meds
(CPpegs+; n=306). The Meds groups were further stratified by the initiation of their medica-
tion as new users or consistent users. Changes in the prevalence of NTFx from pre- to post-
index periods were examined with risk ratios (RR) and the change was compared among
groups using the ratio of the RR (RRR) via difference-in-difference analysis.

Results: New users with CP had: a larger risk attenuation of any NTFx compared to CPyeqs.
(RRR=0.39; 95% CI=0.22—0.71), which was consistent for vertebral column/hip and lower
extremities; a larger risk attenuation for NTFx of the lower extremities compared to
consistent users with CP (RRR=0.22; 95% CI=0.05-0.93); and a similar risk attenuation of
any NTFx compared to new users without CP (RRR=0.81; 95% CI=0.45-1.43), which was
consistent for vertebral column/hip and lower extremities.

Conclusion: The findings suggest that osteoporosis medication is associated with clinically
meaningful risk attenuation of NTFx, especially for new users with CP.
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Introduction

Cerebral palsy (CP) is a chronic condition that arises from damage to or malforma-
tion of the infant brain and affects approximately 3.1 per 1000 children in the
United States.'” CP presents as a heterogeneous group of fine and gross motor
disorders that can range from mild (independent ambulation) to severe (dependent
on wheelchair for mobility).? Children with CP have impaired neurological, skeletal

. 4— . ..
muscle, and neuromuscular mechanics,* ® low levels of physical activity,”* and
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suppressed musculoskeletal acquisition,” '® regardless of
motor impairment severity, which is accompanied by ele-
vated musculoskeletal fat infiltration.”®!! These factors, in
addition to altered nutrition and fall risk, heighten suscept-
ibility for non-trauma fracture (NTFx) for children with
cp."”

Unfortunately, the problems with skeletal fragility for
children with CP get worse as they age into and through-
out their adult years. Previous work has shown that the
age-standardized prevalence of fracture is more than dou-
ble for women and men with vs without CP,13’14 and that
nearly half of adults >18 years of age are medically diag-
nosed with low bone mass.'” Emerging evidence using

nationwide administrative claims data suggests that

16

NTFx is a risk factor for mortality ® and incidence of

718 and respiratory'® diseases among

cardiovascular
adults with CP, which are among the leading causes of
premature mortality for this population.”*?' Further, the
relative risk of post-NTFx adverse outcomes was greater
for <65 year olds, suggesting an earlier than expected
burden of NTFx for adults with CP prior to reaching the
elderly years.'®

There is a critical need to identify interventions that
optimize skeletal health across the lifespan for individuals
with CP. However, given the medical and functional com-
plexity of CP, traditional interventions to augment bone
accretion during growth or preserve skeletal integrity in
the adult years, such as exercise and medications, may be
less effective as compared to the general population. The
potential for reduced intervention efficacy on skeletal fra-
gility could stem from logistical or implementation issues,
differences in physiology (eg, altered hormonal milieu), or
differences in biological responsiveness. For example,
sclerostin levels, an osteocyte-secreted protein, are higher
for nonambulatory than ambulatory adults with CP** and
bone marrow fat is higher for children with vs without
CP,” which can suppress the anabolic responsiveness of
bone.”

Osteoporosis medications are prescribed to reduce the
risk of NTFx and augment skeletal robustness and are
associated with a lower risk of mortality,”* which is impor-
tant for adults with CP given the premature mortality
2025 that may be exacerbated by NTFx.'®"
Preliminary studies from children with CP have shown

burden

the efficacy of bisphosphonates, which are anti-resorption
osteoporosis medications, on reducing fracture risk.?® 2
However, these few studies had small sample sizes.
Further, no comprehensive investigations have been

conducted to determine the efficacy of osteoporosis med-
ication on NTFx risk for adults with CP. To address this
knowledge gap, the objective of this propensity score-
matched, observational cohort study was to determine if
osteoporosis medication was associated with NTFx risk
attenuation among adults with CP and compared to adults
without CP.

Materials and Methods

Data Source

Data from July 1, 2011 to September 30, 2015 were
ascertained from the Optum Clinformatics® Data Mart
Database (OptumlnsightTM, Eden Prairie, MN, USA)-
a national single private payer administrative claims data-
base containing information from privately insured or
Medicare Advantage members in the United States, as
previously described.'* The data are de-identified and the
University of Michigan Institutional Review Board
(IRBMED) approved this study as non-regulated. The
investigator (DGW) has a data use agreement to analyze
this database.

Participant Selection

All medical conditions (eg, CP, NTFx) were identified
using the International Classification of Diseases (ICD),
Ninth Revision, Clinical Modification codes. The end
study date of September 30, 2015 was selected to limit
bias because of the switch in ICD-9 to ICD-10 codes on
October 1, 2015.

Adults >18 years of age with CP were identified by
searching for at least one claim for CP which covered all
diagnostic CP types (eg, quadriplegia), as previously
described, including codes.'®'® Data about the severity
of CP using common clinical measures (eg, gross motor
function classification system) are not available in insur-
ance claims. Further, >70% of the CP sample had “other”
or “unspecified” CP.*° Therefore, clinical CP types were
unable to be stratified by or statistically adjusted for.

Between January 1, 2012 and September 30, 2014, an
affirmative to osteoporosis medication was defined by at
least one outpatient pharmacy claim for any one of the
following osteoporosis medications, as guided by previous

studies: %!

alendronate, ibandronate, risedronate, pami-
dronate, denosumab, zoledronic acid, teriparatide, raloxi-
fene, etidronate, and calcitonin. The index date for those
prescribed an osteoporosis medication was the first date

within the time frame. The time frame was selected to
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account for at least 6-months of a “look back” period for
individuals with an index osteoporosis medication date
from January 1, 2012 to June 30, 2012 to ascertain pre-
index fracture and comorbidity data, and up to 12-months
of follow up for individuals with an index osteoporosis
medication date from October 1, 2013 to September 30,
2014 for the outcome.

The osteoporosis medication (med) groups were further
categorized as “new users” and “consistent users”, as the
chronicity of medication exposure may have differential
effects on 1-year NTFx risk. New users were defined as
individuals that had at least 12 continuous months of
enrollment prior to their first identified outpatient phar-
macy claim for an osteoporosis medication.*' Consistent
users were defined as individuals that did not have a full
12 months of continuous enrollment prior to their first
identified outpatient pharmacy claim for an osteoporosis
medication. These cases may have been prescribed osteo-
porosis medication prior to the study time period.

Groups included adults with CP and adults without CP.
The group of adults without CP was used to reflect the
associations among the general population (or “back-
ground” population) to determine if there are different or
unique associations with the CP groups. Groups were allo-
cated based on the status of CP and osteoporosis medica-
tion: (1) with CP and prescribed an osteoporosis medication
(CPpMeds+); (2) with CP and not prescribed an osteoporosis
medication (CPyjeqs.); and (3) without CP and prescribed an
osteoporosis medication (non-CPyqs+). For the main ana-
lysis, the primary group of interest was CPyyeqs+- The start
date of follow-up was defined as the index date of the first
osteoporosis medication claim for CPyppqgs+ and non-
CPpregs+ Or a randomly assigned date within the study
time frame for CPyeqs., as previously described.'®

Individuals were excluded if they did not have at least
6 continuous months prior to their start date of follow-up,
defined as the pre-index time period, and 12 continuous
months after their index date, defined as the post-index
time period.

Fracture

Guided by the literature,>*>* fracture of the vertebral
column, hip (including proximal femur), non-proximal
femur, tibia/fibula, humerus, ulna/radius, or unspecified
location without trauma codes (eg, vehicle accident) 7
days before to 7 days after the index fracture date was
defined as NTFx, as previously described,'®" and all
fractures considered trauma fractures.

other were

Fractures in the pre-index time period was identified as
trauma or non-trauma and by each site. Only NTFx, and
not trauma fractures, were examined in the post-index time
period. The first NTFx in the post-index period was iden-
tified. To ensure that the post-index NTFx event was
indeed an incident event, we required this NTFx event to
be at a new site, or if at the same site, a gap of at least 6
months from the previous claim. The gap of 6 months is
longer than what has been used in previous claims-based
studies.’*>! The rationale for this conservative approach is
that adults with CP may have longer recovery periods and
require more checkups for a fracture than the general
population.

Covariates

Covariates were selected based on their relevance to CP or
NTFx, and availability and reliability in administrative
claims data. Sociodemographic variables included age,
sex, race, US region of residence, and insurance type (ie,
commercial vs Medicare Advantage plan). Glucocorticoid
medications and anti-epileptic medications were defined in
the pre-index time period by at least one outpatient phar-
macy claim for relevant medications. A dichotomous vari-
able was constructed for the presence of a neurological
disability other than CP, including epilepsy, intellectual
disabilities, autism spectrum disorders, or spina bifida.
A modified version of the Elixhauser comorbidity index
was included. The original Elixhauser comorbidity index
includes a score (yes or no) for 30 comorbidities.>
However, since there is some overlap with CP, paralysis
and other neurological disorders were omitted for this
study, making the total count up to 28. Comorbid neuro-
logical disabilities is a better measure to capture other
neurological conditions that may impact osteoporosis,
medication adherence, and NTFx risk for adults with
Cp 1332

Propensity-Score Matching

Several covariates may be required to account for group
differences that accompany clinical decision-making for
osteoporosis treatment, especially for observational study
designs. As l-year fracture incidence is a relatively rare
outcome and the primary group of interest (CPpseqs+) had
a relatively small sample size, regression models adjusting
for several covariates may limit the interpretation due to
bias of parameter estimates. Therefore, to account for
covariates that may influence the associations of interest
without the need for statistical adjustment of several
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covariates in a single model, the comparison groups (ie,
CPuMegs- and non-CPygeqs+) Were matched to the primary
group of interest, CPyje4s+, USing a propensity score via the
PSMATCH procedure in SAS version 9.4 (SAS Institute,
Cary, NC, USA), as previously described.*® Given the rare
outcome, the goal of this matching was to provide a ratio
of 1:x (case:control) that maximized the number of com-
parators per case in order to increase the confidence in the
analyses using a standard caliper of <0.50, without losing
any participants from the CPyseqs+ group to limit bias, and
while achieving balance in matching. We employed the
greedy nearest neighbor method after randomizing the
order of the comparator groups, and therefore, the com-
parators were selected at random. For both comparison
groups, all covariates were initially included to create the
propensity score. If covariates were unable to achieve
balance in matching, as determined using standard proce-
dures, statistical models were developed before and after
adjusting for those covariates to determine if any unba-
lance in covariates impacted the associations of interest.

Statistical Analysis

Descriptive characteristics were presented for each group.
Logistic regression models were developed to compare the
odds of pre- and post-index NTFx, as any NTFx and by
NTFx site, comparing CPpegs+ t0 CPpegs. and non-
CPuMeds+- When post-index NTFx was the outcome, the
models were adjusted for pre-index NTFx corresponding
to the same site. For example, post-NTFx of the lower
extremities was adjusted for pre-index NTFx of the lower
extremities.

To determine the change in NTFx risk from pre- to post-
index time periods for each group, risk ratios (RR) and 95%
confidence intervals (CI) were estimated. To determine if the
change in NTFx risk from pre- to post-index time periods
were different across groups, a difference-in-difference ana-
lysis was conducted using a generalized linear model with
repeated measures and a log link function. Each participant
in the
difference analysis (ie, pre- and post-index NTFx), and the

contributed to two observations difference-in-
interpretation was focused on the relative change, which is
assessed by taking the ratio of the RR (RRR) from the groups
being compared, which approximates the interaction of the
time by exposure variable. Therefore, the logistic regression
models identified if there were group differences in the odds
of NTFx at the pre- and post-index time periods separately,
while the RRR determined if there were group differences in
the change in NTFx risk from pre- to post-index time periods.

One major advantage of following the same participants over
time in the difference-in-difference analysis is that they serve
as their own internal control, thus limiting confounding.

As there might be differential skeletal effects over time
with osteoporosis medication among adults with and without
CP, the RR and RRR were estimated after stratifying the
osteoporosis medication groups (ie, CPpeqs+ and non-
CPpregs+) into their new and consistent user strata. The
comparisons of interest were: new vs consistent users with
CP; new users with vs without CP; and consistent users with
vs without CP. Since the propensity score-matching was for
the whole groups, covariates were compared among the
stratified groups using the Chi-square test for categorical
variables and the independent ¢-test for continuous variables.
If statistically different, then the difference-in-difference
analyses were performed after adjusting for these covariates.

Analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA) and P<0.05 (two-tailed) was
considered statistically significant.

Results

Prior to matching, 306 out of 7027 (4.4%) adults with CP that
met eligibility criteria were prescribed an osteoporosis medi-
cation. Baseline descriptive characteristics of propensity-
matched participants (1:6 matching ratio) CPpjeqs+ (n1=306),
CPpegs- (n1=1836), and non-CPye4s+ (n=1836) are presented in
Table 1. The matches for CPpjeqs+ and CPpgeqs. Were well
balanced. However, the propensity-score matching was unsuc-
cessful for non-CPpeqs+. Upon further examination, age and
comorbid neurodevelopmental disabilities were omitted from
the matching procedure and successful matching between
CPpegs+ and non-CPyqs+ Was achieved. As secondary ana-
lyses, differences between CPpjeqs+ and non-CPpjeger Were
performed before and after statistically adjusting for age and
comorbid neurodevelopmental disabilities. Notably, the CP
groups were approximately 10 years younger on average
compared to non-CPyqs+. Among individuals that were pre-
scribed osteoporosis medication, the distribution of new users
(34.3%, 35.0%) and consistent users (65.7%, 65.0%) was
similar for CPyjeqs+ and non-CPyeget-

Prevalence and Odds of Pre- and

Post-Index NTFx

The prevalence of NTFx is presented in Table 2 and the OR of
NTFx is presented in Table 3. CPyeqs+ had a higher prevalence
and OR of pre-and post-index any NTFx compared to CPpjegs..
CPpjegs+ had a similar prevalence and OR of pre- and post-
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Table | Baseline Descriptive Characteristics of Propensity-Matched Participants (1:6) by Status of Cerebral Palsy (CP) and Prescribed

Osteoporosis Medication (Meds)

CPpMeds+ (n=306) CPpMeds- (n=1836) Non-CPpyegs+ (n=1836)
% (n) % (n) % (n)

Age, mean (SD) 61.6 (14.9) 61.5 (16.2) 71.6 (10.7)

18—40 years 9.5 (29) 10.7 (196) 0.9 (l6)

41-64 years 45.4 (139) 41.8 (767) 22.8 (418)

265 years 45.1 (138) 47.6 (873) 76.4 (1402)
Sex

Women 75.8 (232) 76.3 (1401) 75.4 (1384)

Men 242 (74) 23.7 (435) 24.6 (452)
Race

White 70.3 (215) 69.4 (1274) 723 (1327)

Black 8.8 (27) 9.2 (169) 7.5 (138)

Hispanic 5.2 (le) 7.1 (131) 7.9 (145)

Asian 4.3 (13) 23 (42) 3.6 (66)

Unknown/missing 11.4 (35) 12.0 (220) 8.7 (160)
US region

West 28.1 (86) 28.4 (522) 28.0 (514)

Midwest 21.2 (65) 22.9 (421) 19.8 (364)

South 373 (114) 32.7 (600) 387 (711)

Northeast 13.4 (41) 16.0 (293) 13.5 (247)
Insurance type

Commercial 235 (72) 23.7 (435) 22.6 (415)

Medicare Advantage 76.5 (234) 76.3 (1401) 774 (1421)
Comorbid neurodevelopmental disabilities 40.2 (123) 38.3 (703) 5.7 (105)
Elixhauser comorbidity index

Mean (SD) 24 (2.1) 2.4 (2.4) 2.5 (2.2)

Median (IQR) 2.0 (1.04.0) 2.0 (1.04.0) 2.0 (1.04.0)
Osteoporosis medication

New med users 34.3 (105) 0 (0) 35.0 (642)

Consistent med users 65.7 (201) 0 (0) 65.0 (1194)
Glucocorticoid medications 16.0 (49) 15.5 (285) 14.6 (268)
Anti-epileptic medications 32.7 (100) 31.6 (580) 32.0 (588)

Abbreviations: SD, standard deviation; IQR, interquartile range.

index any NTFx compared to non-CPy.4s+, but after further
adjustment for age, comorbid neurodevelopmental disabilities
(due to omission of these variables in the matching procedure),
and pre-index any NTFx, the OR was elevated for post-index
any NTFx (OR=1.43; 95% CI=0.97-2.13); although, this was
marginally statistically insignificant (P=0.073).

Due to the small number of outcome cases, NTFx of the
vertebral column and hip were combined and adjusted analysis
of the upper extremities was not possible. For the comparison
of CPpjegst and CPyeqs., results were similar for NTFx of the
lower extremities, while the OR of NTFx of the vertebral

column/hip was significantly elevated in the pre-index period,
but not in the post-index period before and after adjusting for
pre-index NTFx. For the comparison of CPps.qs+ and non-
CPpjegs+> the OR was elevated for pre- and post-index NTFx
of the lower extremities.

Change in Pre- to Post-Index NTFx Risk
The pre- and post-index prevalence of NTFx is visually
presented in Figure 1 and the unadjusted RR of NTFx is
presented in Table 2. The change in prevalence of any NTFx
from the pre- to post-index period showed no change for
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Table 2 Prevalence and Unadjusted Risk Ratio (RR) of Pre- and Post-Index Non-Trauma Fracture (NTFx) Among Propensity-Matched
Participants (1:6) by Status of Cerebral Palsy (CP) and Prescribed Osteoporosis Medication (Meds)

CPMeds+ (n=306)

CPpegs. (n=1836)

Non-CPpeas+ (n=1836)

Pre-index period % (n) % (n) % (n)
Any NTFx 12.1 (37) 4.1 (76) 12.0 (221)
Vertebral column or hip 7.8 (24) 2.5 (45) 9.53 (175)
Lower extremities 4.6 (14) 1.3 (23) 2.6 (47)
Upper extremities 23 (7) 0.6 (11) 1.1 (21)
Post-index period % (n) % (n) % (n)
Any NTFx 12.8 (39) 6.8 (124) 10.6 (195)
Vertebral column or hip 4.3 (13) 3.7 (67) 6.8 (125)
Lower extremities 4.6 (14) 1.6 (30) 1.4 (25)
Upper extremities 3.3 (10) 1.5 (28) 1.9 (35)

RR (pre- to post-index)

RR (95% Cl)

RR (95% Cl)

RR (95% Cl)

Any NTFx
Vertebral column or hip
Lower extremities

Upper extremities

1.05 (0.69, 1.61)
0.54 (0.28, 1.04)
1.00 (0.49, 2.06)
.43 (0.55, 3.70)

1.63 (1.24, 2.16)
1.49 (1.03, 2.16)
130 (0.76, 2.24)
2.55 (1.27, 5.10)

0.88 (0.74, 1.06)
0.71 (0.57, 0.89)
0.53 (0.33, 0.86)
.67 (0.97, 2.85)

Abbreviation: Cl, confidence interval.

CPpegs+> increased for CPygeqs., and showed a slight non-
significant decrease for non-CPpeqs+. For NTFx of the ver-
tebral column/hip, the change decreased for CPyjegst
(P=0.067), increased for CPpjeqs., and decreased for non-

CPpreds+- For NTFx of the lower extremities, the change
decreased for non-CPyyeqs+- For NTFx of the upper extremi-
ties, the change increased for CPpjeqs. and non-CPyjeqs+
(P=0.062).

Table 3 Odds Ratio (OR) of Non-Trauma Fracture (NTFx) Among Propensity-Matched Participants (1:6) by Status of Cerebral Palsy
(CP) and Prescribed Osteoporosis Medication (Meds)

Unadjusted OR
(CPMeds+ vs CPMeds-)

Unadjusted OR (CPpycgs+
vs Non-CPpmeqs+)

Adjusted* OR
(CPMeds+ Vs CPMeds-)

Adjusted** OR (CPpMcgs+
vs Non-CPpmeds+)

Pre-index period

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

Any NTFx
NTFx of vertebral
column or hip

NTFx of lower

3.19 (.11, 4.82)
3.39 (2.03, 5.65)

3.78 (1.92, 7.43)

1.01 (0.69, 1.46)
081 (0.52, 1.26)

1.83 (0.9, 3.36)

1.01 (0.68, 1.51)
0.93 (0.58, 1.49)

1.27 (0.65, 2.50)

extremities

extremities
NTFx of the upper 3.88 (1.49, 10.10) 2.02 (0.85, 4.80) ook
extremities

Post-index period
Any NTFx 2.02 (1.38, 2.96) 1.23 (0.85, 1.78) 1.78 (1.20, 2.64) 1.43 (0.97, 2.13)
NTFx of vertebral 1.17 (0.64, 2.15) 0.61 (0.34, 1.09) 1.00 (0.54, 1.87) 0.82 (0.45, 1.52)
column or hip
NTFx of lower 2.89 (1.51, 5.51) 3.47 (1.79, 6.76) 2.56 (1.33, 4.94) 2.86 (1.39, 5.88)
extremities
NTFx of the upper 2.18 (1.05, 4.54) 1.74 (0.85, 3.55) bk ok

Notes: *Adjusted for pre-index NTFx corresponding to the same site (eg, pre-index NTFx of the lower extremities when post-index NTFx of lower extremities was the
outcome). **For the pre-index period, the model was adjusted for age and comorbid neurodevelopmental disabilities. For the post-index period, the model was adjusted for
age, comorbid neurodevelopmental disabilities, and pre-index NTFx corresponding to the same site. **Too few outcome cases for adjusted analysis.

Abbreviation: Cl, confidence interval.
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Figure | Unadjusted prevalence of pre- and post-index non-trauma fracture (NTFx) as (A) any NTFx, (B) NTFx of the vertebral column or hip, (C) NTFx of the lower
extremities, and (D) NTFx of the upper extremities for propensity-matched adults (1:6) by status of cerebral palsy (CP) as with CP (CP) or without CP (w/o CP), and

prescribed osteoporosis medication (Meds).

The RRR results for all comparisons are presented in
Table 4. Comparing CPpjegs+ t0 CPpeqs., the RRR of any
NTFx was 0.65 (95% CI=0.41-1.04), suggesting an attenuated
risk of post-index any NTFx; although, this was marginally
statistically insignificant (P=0.070). When the change in NTFx
risk by the group was examined by the NTFx site, there was
a stronger and statistically significant risk attenuation of post-
index NTFx of the vertebral column/hip for CPye4s+ compared
to CPpeds. (RRR=0.36; 95% CI=0.18-0.74), but not for the
lower extremities (RRR=0.77; 95% CI=0.33-1.77).

Comparing CPpjegs+ to non-CPyeqq+ (and adjusting for age
and comorbid neurodevelopmental disabilities), the relative
change in NTFx risk by group went in opposite directions.
The RRR was lower for NTFx of the vertebral column/hip
(RRR=0.76; 95% CI=0.40-1.45), suggesting a larger risk
attenuation effect for CPyeqs+, but this finding was not statis-
tically significant (P=0.404). Conversely, the RRR was ele-
vated, and to a greater extent, for NTFx of the lower
extremities (RRR=1.89; 95% CI=0.84-4.24), suggesting
a larger risk attenuation effect for non-CPyeqs+; although, this

finding was marginally statistically insignificant (P=0.123).

Effect of New vs Consistent Users
Change in Pre- to Post-Index NTFx Risk

The pre- and post-index prevalence and unadjusted RR of
NTFx for new and consistent users is presented in Table 5.

Figure 2 visually represents the change in pre- to post-
index prevalence of any NTFx for new and consistent
users. The number of NTFx cases for the upper extremities
was too few to perform analyses.

New users with CP had a higher prevalence of gluco-
corticoid medication prescription compared to consistent
users with CP and CPygeqs. (both P<0.005), but no other
differences in descriptive characteristics were observed
across the five groups. For any NTFx, the RRR compared
to CPpreqs- Was significantly lower for new users with CP
and not different for consistent users with CP, and signifi-
cantly lower for new vs consistent users with CP (Table 4).
Notably, for NTFx of the lower extremities, the RRR
compared to CPyqs. Was non-significantly lower for new
users with CP and non-significantly elevated for consistent
users with CP, and significantly lower for new vs consis-
tent users with CP.

After adjusting for age and comorbid neurodevelop-
mental disabilities (due to omission of these variables in
the matching procedure), the RRR of any NTFx was not
different for new users with CP compared to new users
without CP, but the RRR was elevated for consistent users
with vs without CP; although, the latter finding was mar-
ginally statistically insignificant (P=0.059). The RRR was
much larger for NTFx of the lower extremities comparing
consistent users with vs without CP (RRR=5.19; 95%
CI=1.42-18.85).
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Table 4 The Ratio of the Risk Ratio (RRR) of Pre- to Post-Index Non-Trauma Fracture (NTFx) Among Participants by Status of
Cerebral Palsy (CP), Prescribed Osteoporosis Medication (Meds), and Whether the Medication Group Was a New or Consistent

User

NTFx of the Lower Extremities

Any NTFx

NTFx of the Vertebral Column or Hip

Propensity score matched groups

RRR (95% Cl)

RRR (95% Cl)

RRR (95% Cl)

CPMeds+ Vs CPMeds-

CPMeds+ Vs non-CPyegs+*

0.65 (0.41, 1.04)
119 (0.78, 1.83)

0.36 (0.18, 0.74)
0.76 (0.40, 1.45)

0.77 (0.33, 1.77)
.89 (0.84, 4.24)

New med and consistent med users

New users with CP vs CPpygqs.**

039 (0.22, 0.71)

0.25 (0.10, 0.66)

039 (0.13, I.11)

Consistent users with CP vs CPpeqs- 1.17 (0.59, 2.34) 0.59 (0.23, 1.50) 1.73 (0.52, 5.76)
New vs consistent users with CP** 0.33 (0.15, 0.76) 0.43 (0.12, 1.49) 0.22 (0.05, 0.93)
New users with vs without CP 0.81 (0.45, 1.43) 0.62 (0.24, 1.58) 0.80 (0.26, 2.44)
Consistent users with vs without CP 1.94 (0.98, 3.81) 1.03 (0.41, 2.58) 5.19 (1.42, 18.85)

Notes: *Adjusted for age and comorbid neurodevelopmental disabilities. **Adjusted for glucocorticoid medication for any NTFx.

Abbreviation: Cl, confidence interval.

Table 5 Prevalence and Unadjusted Risk Ratio (RR) of Pre- and Post-Index Non-Trauma Fracture (NTFx) Among Participants by

Status of Cerebral Palsy (CP) and Whether the Osteoporosis Medication Group Was a New or Consistent User

New Users with CP Consistent Users with CP New Users without CP Consistent Users without CP
(n=105) (n=201) (n=642) (n=1194)

Pre-index period % (n) % (n) % (n)

Any NTFx 23.8 (25) 6.0 (12) 19.0 (122) 8.3 (99)
Vertebral column or hip 152 (16) 4.0 (8) 15.0 (96) 6.6 (79)
Lower extremities 9.5 (10) 2.0 (4) 3.7 (24) 1.9 (23)

Post-index period % (n) % (n) % (n)

Any NTFx 15.2 (16) 11.4 (23) 15.1 (97) 8.2 (98)
Vertebral column or hip 5.7 (6) 35(7) 9.0 (53) 5.6 (67)
Lower extremities 4.8 (5) 45 (9) 2.3 (15) 0.8 (10)

RR (pre- to post-index) RR (95% Cl) RR (95% CI) RR (95% Cl)

Any NTFx 0.64 (0.36, 1.13) 1.92 (0.98, 3.75) 0.80 (0.62, 1.01) 0.99 (0.76, 1.29)
Vertebral column or hip 0.38 (0.15, 0.92) 0.88 (0.32, 2.37) 0.60 (0.44, 0.82) 0.86 (0.63, 1.17)
Lower extremities 0.50 (0.18, 1.41) 2.25 (0.70, 7.19) 0.63 (033, 1.18) 0.44 (0.21, 0.91)

Abbreviation: Cl, confidence interval.

Discussion

The findings from the current investigation suggest that while
the risk of NTFx was elevated in the post-index period, osteo-
porosis medication was associated with a clinically meaningful
1-year NTFx risk attenuation for adults with CP, especially of
the vertebral column/hip and lower extremities for new users
with CP. Further, the beneficial effect of osteoporosis medica-
tion on 1-year NTFx risk attenuation was stronger for new med
vs consistent med users with CP, and similar to the benefit
observed in adults without CP. We have previously reported
that NTFx of the vertebral column, hip, and lower extremities

increases the risk for incident cardiovascular disease among

adults with vs without CP, but the risk was highest for NTFx of
the lower extremities compared to the other sites.'® Therefore,
reducing NTFx among adults with CP, especially of the lower
extremities, may lead to improvements in healthful aging by
delaying the onset of costly and burdensome diseases. It is
important to note that because this study is observational,
causation cannot be determined, especially for investigating
the effectiveness of medication due to unmeasured confound-
ing. Also, this study did not examine minor and major adverse
events or medical side effects of osteoporosis medication.
When taken together, this study provides real-world evidence

about the effectiveness of osteoporosis medication on NTFx
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Figure 2 Unadjusted prevalence of pre- and post-index any non-trauma fracture (NTFx) for participants by status of cerebral palsy (CP) as with CP (CP) or without CP (w/
o CP), prescribed osteoporosis medication (Meds), and whether the medication group was a new med or consistent med user.

risk attenuation among privately insured adults with CP.
However, future work is needed to determine the safety and
dosing of osteoporosis medication considering the medical and
pharmacological complexities associated with CP prior to
changing clinical practice.

In the current sample of privately insured adults, only 4.4%
of the total CP group (n=7027) was prescribed osteoporosis
medication, which is likely not addressing the pharmacological
needs to bolster skeletal integrity for this adult population.
However, vitamin D and calcium were not assessed in the
current work as many individuals can get these supplements
over the counter, which claims data does not capture. While
vitamin D and calcium are often recommended to manage
skeletal fragility, a meta-analysis of 33 randomized trials with
>51,000 older adults found no association between risk of
fractures with supplementation of vitamin D, calcium, or
both.>” No studies have examined the effect of vitamin
D and/or calcium supplementation for adults with CP in
regards to fracture risk reduction. Nevertheless, previous stu-
dies have shown the age-standardized prevalence of fracture to
be 6.7% for men and 8.5% for women with CP'* and that
nearly half of adults >18 years of age have osteopenia or
osteoporosis.'>** It is well known that care coordination and
healthcare quality are suboptimal and fragmented for adults
with CP3*#! Further, adults with CP often seek medical care
from physicians that lack the necessary expertise to treat adult
patients with CP, which is likely due to inadequate availability

of physicians with sufficient knowledge of the life-course
health/disease development for this population and the absence
of care pathways to guide appropriate treatment. This can result
in less comprehensive medical examinations and screening for

4243 such as bone mineral density via dual-

medical conditions,
energy x-ray absorptiometry, despite this test being feasible for
adults with CP.>® Importantly, there is a need to assess skeletal
fragility at a much younger age for individuals with CP com-
pared to the general population.'* Therefore, the low preva-
lence of osteoporosis treatment for adults with CP observed in
this study may be due to a lack of awareness of the profound
and earlier than the expected burden of skeletal fragility, lead-
ing to missed opportunities to clinically assess for and treat
skeletal fragility among adults with CP.

In the current study, the prevalence of pre- and post-
index NTFx was elevated compared to CPyyeqs. and non-
CPpeqs+- However, the change in NTFx risk differed
among adults with CP and even among new and consistent
users with CP. Compared to CPpjegs., CPpreds+ showed
a large effect for NTFx risk attenuation of the vertebral
column/hip (RRR=0.36). The extent of NTFx risk attenua-
tion at this site mirrored that of the non-CPyeqs+ group,
suggesting a similar effect of osteoporosis medication at
the vertebral column/hip. While not presented, an explora-
tory analysis revealed the same trend between CPyjegs+ VS
CPpmeqs. Wwhen NTFx was examined separately at the ver-
tebral column (RRR=0.38; 95% CI=0.14-1.06) and hip
(RRR=0.34; 95% CI=0.12-0.96).
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At first glance, osteoporosis medication appeared to be
potentially less effective at reducing the risk of NTFx at the
lower extremities, which is the most commonly fractured
region for individuals with CP."*** After further investigation,
new users with CP exhibited a clinically meaningful NTFx risk
attenuation at the lower extremities compared to CPpjegs.
(RRR=0.39) and consistent users with CP (RRR=0.22),
which mirrored the change in NTFx risk from the group with-
out CP. Surprisingly, the change in NTFx risk of the lower
extremities from consistent users with CP was elevated com-
pared to consistent users without CP (RRR=5.19); although,
the number of NTFx events at this site was very low and we
urge caution for interpretation. Nevertheless, the increased
NTFx risk of the lower extremities among consistent users
with CP may be due to several factors. First, there may be
differences in medication persistence,3 ! adherence,45 and
chronicity, which is associated with fracture risk, but unfortu-
nately was not able to be examined in the current study.
Second, adults with vs without CP may be more likely to be
taking several medications (eg, polypharmacy) to manage their
greater disease profiles,” which may lead to drug—drug inter-
actions and reduce the long-term efficacy of osteoporosis
medication. Third, given the poorly developed’®* and
preserved'*">*" musculoskeletal tissue throughout the life-
span, it is possible that the needs of the musculoskeletal system
from adults with CP over time exceed the skeletal benefit of
osteoporosis medication alone in the long term.

It is important to note that very little is known about the
bone turnover profiles for individuals with CP, and whether the
skeletal pathology is due to excess bone resorption, inadequate
bone formation, or a unique combination of both. This has
important clinical implications because some medications tar-
get anti-resorption (eg, bisphosphonates), while other medica-
tions target enhanced bone formation (eg, anabolic agents) or
both (eg, romosozumab). Unfortunately, the sample size in the
current study was too small to examine differential effects by
drug classes. The Fracture Study in Postmenopausal Women
with Osteoporosis provides unique evidence of the benefit of
building the skeletal foundation prior to switching to anti-
resorption medications.*® This approach may be attractive as
there are longstanding issues with building the skeletal net-
work present in early childhood. Given the promising results of
this observational study, future studies are needed to determine
the safety, efficacy, and timing of osteoporosis medication and
time-sequential coupling of osteoporosis medications for
adults with CP accounting for the medical complexity and
heterogeneity that accompanies a CP diagnosis.

The limitations of this study must be discussed. First, the
number of NTFx events was few for the CPpjeqs+ group,
especially when stratified by NTFx location and new/consis-
tent med users. We, therefore, urge extreme caution with
interpretation. Second, based on differences in enrollment
criteria for health insurance and our previous studies, our

privately insured sample likely reflects a healthier’>*’

and
less skeletally fragile*’ segment of the population with CP.
Even with a potentially more skeletally robust sample of adults
with CP, the prevalence of osteoporosis medication is still
inadequate for the skeletal fragility needs of privately insured
adults with CP."**” Further, detection of fractures (especially
hip fractures) among individuals with CP is slightly lower
compared to the general population due to a variety of factors,
including motor and cognitive impairment.™ It is not uncom-
mon for an incidental finding of a current or previously
unhealed fracture in the clinical setting, which is speculated
to be non-traumatic. The NTFx event may not be noticeable,
but may subsequently lead to pain, which can be dismissed as
pain associated with CP (eg, pain from muscle spasticity or
contractures). Third, claims data provides information on
whether or not a prescription was filled, but not whether the
patient actually took the medication and adhered to the correct
dosage and timing. Further, there may have been additional
interventions around the time of osteoporosis medication pre-
scription by the healthcare provider(s) that we are unable to
account for, such as nutrition counseling, exercise and rehabi-
litation consultations, or avoidance of risky behaviors that
could lead to an NTFx event. Fourth, over the counter medica-
tions are not able to be tracked in claims data, such as vitamin
D or calcium supplementation. Fifth, the specific class or type
of osteoporosis medications were not examined in this study,
which may impact results if the distribution differed across
groups. However, a recent study using the same database and
a similar methodology reported that among adults with or
without a neurological condition prescribed an osteoporosis
medication, >95% were prescribed an anti-resorptive medica-
tion with no difference between new and consistent users.*®

Conclusion
Osteoporosis medication was associated with a clinically
meaningful 1-year NTFx risk attenuation for adults with
CP, especially for new users. The extent of NTFx risk
attenuation associated with osteoporosis medication was
similar to adults without CP. Future studies are needed to
identify why consistent med users with CP have an increased
risk of NTFx over time, and if alternative pharmacological
(eg,

treatment strategies time-sequential coupling of
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osteoporosis medications) or multi-modal intervention stra-
tegies (eg, osteoporosis medication and exercise) are feasible
and effective at reducing NTFx risk for adults with CP.

Accessibility of Protocol, Raw Data,

and Programming Code

As part of the Date Use Agreement, authors are not
allowed to provide raw data. Upon a reasonable request,
the corresponding author will provide statistical program-
ming code used to generate results.
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