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Abstract
Risperidone and aripiprazole, commonly used antipsychotics in children with
autism spectrum disorder (ASD), have previously been associated with elevated
fracture risk in other populations. The aim of this study was to evaluate and com-
pare the risk of fracture among children with ASD using risperidone or aripiprazole.
This was a retrospective, propensity-score matched cohort study, set between
January 2013 and December 2018. We used the MarketScan Medicaid insurance
data, which covers multiple states of the United States. We included ASD children
aged 2–18 years, who were new users of aripiprazole or risperidone and with no
prior history of antipsychotic use or fractures. The main exposure was the continued
use of aripiprazole or risperidone. The incidence rates of any fracture during follow-
up were evaluated, and the risk between aripiprazole and risperidone was compared
via Cox-proportional hazard models. Results were stratified by age, sex, duration of
exposure and fracture site. In total, 3312 patients (78% male; mean [SD] age 11.0
[3.7] years) were identified for each cohort. Over the full duration of follow-up, frac-
ture incidence rates per 1000 patient-years were 23.2 for risperidone and 38.4 for
aripiprazole (hazard ratio and 95% confidence interval: 0.60 [0.44–0.83]). Risks were
similar between cohorts throughout the first 180 days on treatment, but significantly
higher in the aripiprazole group thereafter. Extremity fractures drove most of the
increased risk, with the biggest differences in lower leg and ankle fractures. Differ-
ences widened for children aged 10 years or younger (HR [95% CI]: 0.47
[0.30–0.74]). In conclusion, compared to aripiprazole, risperidone was associ-
ated with 40% lower risk of fracture. Further analysis on the mechanism and long-
term bone health of antipsychotic-treated children with ASD is warranted.

Lay summary: We compared the risk of bone fractures among 6624 children with
autism spectrum disorder (ASD), half of whom used risperidone and half of
whom used aripiprazole. Taking other factors into account, risks were similar
between the two groups throughout the first 180 days on treatment, but signifi-
cantly higher in the aripiprazole group thereafter. The biggest differences were in
lower leg and ankle fractures. Overall, compared with aripiprazole, risperidone
was associated with 40% lower risk of fracture.

KEYWORDS
antipsychotics, aripiprazole, autism spectrum disorder, fractures, risperidone

INTRODUCTION

Annually in the United States of America (US), around
16%–25% of children with autism spectrum disorders

MarketScan is a registered trademark of Truven Health Analytics Inc., an IBM
Company.
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(ASD) are exposed to antipsychotic medications
(Edelsohn et al., 2017; Houghton et al., 2017; Jobski
et al., 2017; Madden et al., 2017). For treatment of irrita-
bility and aggression in ASD, the only such medications
actually approved for use by the US FDA are the atypi-
cal antipsychotics risperidone (since 2006) and
aripiprazole (since 2009). Evidence leading to the
approvals of risperidone and aripiprazole in this indica-
tion primarily came from randomized placebo-controlled
trials (RCTs), each with a double-blind phase lasting
8-weeks (Marcus et al., 2009; McCracken et al., 2002;
Owen et al., 2009; Shea et al., 2004). However, a drug
utilization study among 35,921 US children aged 3–
17 years in 2014 showed that the mean duration of anti-
psychotic use in one given calendar year ranged between
4.6 (3–4 years old) and 8.3 months (12–17 years old)
(Houghton et al., 2017).

Fractures were not reported as a potential side effect
in these RCTs, probably as a result of a small sample size
and/or short duration of follow-up. The risk of fractures
has been widely reported however among elderly users of
various classes of antipsychotics and a wide range
of mechanisms for antipsychotic-induced fracture risk
have been proposed (Lee et al., 2017; Papola et al., 2018).
Antipsychotics may either increase the risk of falling
(Fraser et al., 2015) or reduce bone mineral density
(BMD) (Chen et al., 2016). Although the relationships
have typically been studied in elderly dementia patients,
some of the proposed mechanisms for fracture risk may
be similar in adults and children (Calarge et al., 2013).

Fall-induced fracture risk may be compounded by
other side effects of risperidone or aripiprazole, which were
reported in clinical trials. These include somnolence/seda-
tion (17%–51% for aripiprazole; 55%–73% for risperidone;
4%–9% placebo), and extrapyramidal disorders (6%–15%
for aripiprazole; 12%–28% for risperidone; 0%–13% pla-
cebo) over 6 to 8 weeks, with exact estimates varying with
dose and event definition (Ichikawa et al., 2017; Kent
et al., 2013; Marcus et al., 2009; McCracken et al., 2002;
Owen et al., 2009; Shea et al., 2004).

Regarding reduced BMD, most antipsychotics have
been implicated in this process via well-established antag-
onistic effects on dopamine D2 receptors, which in turn
can cause hyperprolactinemia (Bostwick et al., 2009;
Gonz�alez-Blanco et al., 2016). However, evidence for a
precise causal relationship between hyperprolactinemia
and decreased BMD in antipsychotic treated patients is
limited to case reports and observational studies (Calarge
et al., 2010, 2015; Lally et al., 2019; Roke et al., 2012).
Thus, it is currently difficult to disentangle hyper-
prolactinemia effects from effects of the underlying dis-
ease (De Hert et al., 2016). In any case, aripiprazole has
a unique pharmacological profile, being one of few anti-
psychotics to have an agonistic D2 effect, meaning its
mechanism is opposite to risperidone in this regard
(Siafis et al., 2018; Tuplin & Holahan, 2017). Indeed, in
pediatric ASD clinical trials, aripiprazole group mean

serum prolactin levels after 8 weeks were between 5.4 and
13.8 ng/ml lower than baseline (Ichikawa et al., 2017;
Marcus et al., 2009; Owen et al., 2009) opposed to
20.2 ng/ml higher than baseline values under risperidone
(Kent et al., 2013). A 6-month head-to-head study con-
firmed this finding with levels decreasing 1.5 ng/ml in the
aripiprazole group versus a 14.0 increase under risperi-
done (Lamberti et al., 2016). Hence, a comparison of
aripiprazole and risperidone over longer periods is an
opportunity to test the BMD hypothesis.

Finally, in ASD children, use of risperidone or
aripiprazole could theoretically have protective effects on
fractures that are related to trauma, given a beneficial
effect on aggressive behavior and potentially self-injurious
behavior (Stachnik & Gabay, 2010). Weight gain is
another established side effect of antipsychotics in children
with ASD (Ichikawa et al., 2017; Kent et al., 2013; Marcus
et al., 2009; McCracken et al., 2002; Owen et al., 2009;
Shea et al., 2004) and the current literature offers inconsis-
tent results regarding BMI and possible increased fracture
rates in childhood (Campbell et al., 2013; Sabhaney
et al., 2014). Given existing research, it is possible that ris-
peridone and aripiprazole could increase or reduce the risk
of fracture for children with ASD. Due to the paucity of
data on this topic, the aim of this study was to evaluate
and compare the risk of fracture among children with
ASD using these medications.

METHODS

Data source

For this study, we used the MarketScan Medicaid insur-
ance claims database (IBM Watson Health, 2019). As
such, all patients are Medicaid beneficiaries. Information is
available from all billed episodes of care, across all spe-
cialty settings, and includes retail pharmacy and mail-order
prescription drugs. This version of the database covers
approximately 10–12 US states per year. The specific states
vary over time and are not disclosed, however, states are
geographically distributed across the US. For each year
between 2012 and 2018, the data contained between 4.1
and 5.9 million patients aged between 2 and 18 years. The
mean duration of follow-up for these patients, including
with drug coverage, was approximately 3.3 years.

Study population

This was a retrospective matched-cohort study. Data
were available from January 1, 2012, until December
31, 2018. Patients selected were new users of risperidone
or aripiprazole between January 1, 2013, and December
31, 2018. The date of their first prescription defined start
of follow-up (index date). On the index date patients were
aged 2–18 years, had a history of at least one prior ASD
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claim, and at least 1 year of prior Medicaid enrollment.
Patients with a history of fractures or use of any antipsy-
chotics were excluded.

After applying these eligibility criteria, we used 1:1
propensity score (PS) matching to find comparable
risperidone-only and aripiprazole-only users for analyses.
We considered 31 variables in the PS matching, including
age (exact and grouped), sex, race, reason for Medicaid
eligibility and plan type, length of prior database follow-
up, years since first ASD claim, comorbidities, concur-
rent drug use, and non-drug healthcare use. Com-
orbidities were mainly common psychiatric conditions
including attention deficit hyperactivity disorder
(ADHD), anxiety, bipolar disorder, depression, epilepsy,
schizophrenia, sleep disturbances, and intellectual disabil-
ity, but also included asthma and obesity at any previous
time in the patient record. Previous or current drug use
(at least 1 prescription in last 6 months) included: oral
corticosteroids (van Staa et al., 2003); antidepressants;
ADHD medications (stimulants or atomoxetine); benzo-
diazepines; other anxiolytics, sedatives, or hypnotics
(excluding benzodiazepines); and hypotensive agents (clo-
nidine or guanfacine) (Houghton et al., 2017; Takkouche
et al., 2007; Vestergaard et al., 2006). Non-drug resource
use included any emergency visit, behavioral therapy, or
occupational, physical, or speech therapy in the past
year. Finally, we also balanced for year and month of
treatment, to account for changes in drug utilization pat-
terns over time, and known fracture variability by season
(Hedström et al., 2010; Lyons et al., 1999).

Exposure

Exposure was defined as continual use of initial study
drug, either aripiprazole or risperidone, allowing for a
maximum of 90 days between prescriptions. Prescription
dispenses are identified based on National Drug Code
(NDC) numbers, and the timing of use is based on the
dispense date plus the exact number of days’ supply. Typ-
ical supply was 30 days for the vast majority (>85%) of
aripiprazole and risperidone dispense records.

Outcome or end of follow-up

The primary outcome was any fracture during or
within 90 days following study drug exposure. The full
list of ICD-9-CM and ICD-10-CM codes used for
identifying fractures are in Appendix Table A1. We
censored patients data at the first of (a) prescription of
any other antipsychotic medication, including
switching to risperidone or aripiprazole (b) no pre-
scription of study drug for at least 90 days (c) reached
age 19 years (d) loss of follow-up for any reason,
including death or end of database follow-up
(December 31, 2018).

Statistical analysis

We used Kaplan–Meier curves to visually assess fracture
risk over the whole study period. To estimate hazard
ratios (HR) and 95% confidence intervals (CI) over the
whole study period, a Cox proportional hazards model
was used. Incidence rates and type of fractures were also
broken down into periods of short (less than 31 days),
medium (31–180 days) and long (more than 180 days)
term duration of use. The rationale being that difference
in behavior or sedation-related fractures should appear
most pronounced within a few weeks after first exposure.
On the other hand, changes in weight or BMD would
take longer to translate into differences in fracture risk.
Another effort to indirectly assess the etiology of frac-
tures was to separate fractures most likely accident or
fall-related (e.g., wrist) from BMD related (e.g., femur),
although this part of the analysis is only descriptive given
the wide variety of possible fracture sites and reasons for
a specific case (Hedström et al., 2010; Rennie
et al., 2007).

Sensitivity analyses

When evaluating risk over the whole study period, we
stratified the analysis to assess the possible impact of sex
and age. For these analyses, we dichotomized age at
11 years old to coincide approximately with the age of
puberty. In other pre-planned sensitivity analyses, we
only included patients with prior behavioral therapy and
no prior anticonvulsants or epilepsy to estimate effects in
more homogeneous subgroups. We also ran the model
after excluding patients who discontinued treatment
within 30 days (i.e., usually after one dispense of treat-
ment). Finally, in order to test assumptions about the
plausible temporal relationship of exposure and out-
comes we changed the outcome definition to only include
fractures during or within 30-days following treatment.

Ethics review

Institutional Review Board (IRB) approval was not
applicable for this study. This is a retrospective, observa-
tional study. All personal information used is de-
identified and is compliant with the US Health Insurance
Portability and Accountability Act (HIPPA). Data are
de-identified with no possibility of linkage back to indi-
vidually identified patients.

RESULTS

After applying the inclusion and exclusion criteria, there
were 3593 aripiprazole and 8749 risperidone eligible
patients identified in the database (see Appendix
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Table A2 for full attrition table). The biggest difference
between cohorts prior to PS matching was an older mean
age in the aripiprazole group (11.3 vs. 9.3 years), which
was accompanied by higher rates of depression and anxi-
ety comorbidities.

After PS matching there were 3312 patients in each
cohort and covariate balance was considerably improved
(Table 1). In both cohorts, the mean age was 11.0 years,
78% of patients were male, and treatment groups were
well-balanced on all the 31 measured characteristics
(SMD < 0.05). A comparison of PS distributions before
and after matching showed almost perfect overlap in PS
between treatment groups after matching (Appendix
Figures A1 and A2). The mean length of study follow-up
time, until fracture or censor, was 9.6 months for
aripiprazole users and 10.0 months for risperidone users.
This was not markedly different in children aged 2–
10 years (9.7 vs. 10.8 months) or in children aged 11–
18 years (9.4 vs. 9.3 months). By 12 months, almost 75%
of patients in both cohorts experienced a fracture or were
lost to follow-up, but some patients were followed for
almost 6 years. Reasons for end of follow-up were mostly
similar between groups, with discontinuation of study
drug for more than 90 days being the most common rea-
son. Approximately one-fifth of patients (18.6%
aripiprazole, 22.5% risperidone) discontinued treatment
within 30 days (i.e., received only one dispense). See
Appendix Table A3 for full details.

Figure 1 shows the Kaplan–Meier curves for both
cohorts. In the aripiprazole cohort, 101 (3.0%) patients
had a fracture in follow-up versus 64 (1.9%) in the risperi-
done cohort. Across the whole study period, this cor-
responded to a higher incidence rate (95% CI) of 38.4
(31.7–46.4) per 1000 patient-years for aripiprazole versus
23.2 (18.2–29.6) per 1000 for risperidone. The risk of
fracture was visually comparable during the first
6-months of treatment, but became greater in the
aripiprazole cohort near 1 year of exposure (log-rank p-
value over whole study period: 0.001).

Figure 2 shows that comparisons between
aripiprazole and risperidone were broadly similar for
males and females (Figure 2a,b). Aripiprazole associated
fracture risk was also more pronounced in younger chil-
dren than in adolescents (Figure 2c,d). Fracture rates
were similar across all subgroups for risperidone, but
were higher in females and children aged 10 years or
younger in the aripiprazole cohort.

Table 2 presents the Cox-proportional hazard models
for the main analyses and for predefined sensitivity ana-
lyses. The HR (95% CI) for any fracture was 0.60 (0.44–
0.83), indicating lower risk of fracture in the risperidone
cohort. Difference in risks slightly narrowed in
predefined homogeneous subgroups, but were consistent
with the pattern of higher risk in the aripiprazole cohort.
Across males and females, as well as younger and older
children, all results indicated increased risk in the
aripiprazole group. Constant with the Kaplan–Meier

curves, the HR in children aged 2–10 years indicated big-
ger risk differences in this group than in adolescents. In
analyses only including fractures during or within 30 days
of treatment end (opposed to within 90 days per main
analyses), HRs marked an even greater difference in risk
between groups, but had consistent patterns across
subgroups.

Table 3 stratifies results by fracture site and time since
start of follow-up. There were only 14 fractures in the
first 30 days of treatment, limiting statistical power to
compare the treatment groups over this timeframe.
Directionally however, more fractures happened in the
aripiprazole group (10 vs. 4) and this was mainly due to
additional fractures of the distal forearm (3 vs. 0) and
wrist or hand (3 vs. 0). In the medium term (31–180 days
after first exposure), fracture rates were comparable
between treatment groups, for all sites. Finally, after
long-term exposure (>180 days) the risk of fracture was
significantly elevated in the aripiprazole cohort (48.0 per
1000 patient years) versus the risperidone group (20.6
per 1000 patient years). After long-term exposure, frac-
ture sites most commonly broken in accidents or falls
were observed more frequently in the aripiprazole group
(57 vs. 26). The single largest imbalance towards
aripiprazole during this timeframe was for fractures of
the tibia and fibula bones of the lower leg (10 vs. 2).
Across all periods, there were very few fractures of the
femur, spine, ribs, hip and other axial/central bones.

DISCUSSION

Over the duration of this retrospective, observational
study, we found that risk of any fracture was 40% lower
among children with ASD who were using risperidone
versus aripiprazole (HR and 95% CI: 0.60 [0.44–0.83]).
Incidence rates of fracture were similar between cohorts
during the first 180 days on treatment (albeit with low
statistical power in first 30 days), but based on non-
overlapping confidence intervals, were significantly
higher in the aripiprazole group thereafter. Results were
directionally stable across sensitivity analyses and sub-
groups. However, differences widened further for chil-
dren aged 10 years or younger (HR and 95%CI: 0.47
[0.30–0.74]), potentially highlighting an especially vulner-
able subgroup when exposed to aripiprazole.

Clearly, these results did not support any hypothesis
that linked risperidone-induced hyperprolactinemia to
increased risk of fracture in children with autism. As frac-
ture rates were higher in the aripiprazole cohorts, the
results can perhaps shed light on the possible mechanisms
for the relationship between bone fractures and antipsy-
chotics in other older patients too. Recently, other frac-
ture studies in adults also found that risperidone does not
have a higher risk of fracture than other antipsychotics,
despite a higher D2 affinity (Clapham et al., 2020; Shen
et al., 2019). Our results did not fit any hypothesis that
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TABLE 1 Cohort baseline characteristics before and after matching

Before matching After propensity score matching

Aripiprazole Risperidone SMD Aripiprazole Risperidone SMD

n 3593 8749 3312 3312

Age in years, mean (SD) 11.27 (3.78) 9.26 (3.74) 0.534 10.97 (3.73) 10.98 (3.77) 0.003

Age group, n (%) 0.527 0.045

2–6 417 (11.6) 2454 (28.0) 417 (12.6) 426 (12.9)

7–10 1195 (33.3) 3335 (38.1) 1177 (35.5) 1132 (34.2)

11–14 1106 (30.8) 1934 (22.1) 993 (30.0) 1055 (31.9)

15–18 875 (24.4) 1026 (11.7) 725 (21.9) 699 (21.1)

Male, n (%) 2786 (77.5) 7000 (80.0) 0.060 2591 (78.2) 2590 (78.2) 0.001

Race, n (%) 0.449 0.011

White 2415 (67.2) 4417 (50.5) 2173 (65.6) 2167 (65.4)

Black 631 (17.6) 1681 (19.2) 610 (18.4) 608 (18.4)

Hispanic 150 (4.2) 257 (2.9) 133 (4.0) 130 (3.9)

Other/unknown 397 (11.0) 2394 (27.4) 396 (12.0) 407 (12.3)

Year of treatment start, n (%) 0.179 0.025

2013 417 (11.6) 1377 (15.7) 399 (12.0) 408 (12.3)

2014 439 (12.2) 1117 (12.8) 412 (12.4) 394 (11.9)

2015 508 (14.1) 1430 (16.3) 487 (14.7) 474 (14.3)

2016 633 (17.6) 1590 (18.2) 591 (17.8) 611 (18.4)

2017 802 (22.3) 1745 (19.9) 724 (21.9) 724 (21.9)

2018 794 (22.1) 1490 (17.0) 699 (21.1) 701 (21.2)

Month of treatment start, n (%) 0.083 0.038

January 262 (7.3) 727 (8.3) 247 (7.5) 259 (7.8)

February 281 (7.8) 697 (8.0) 255 (7.7) 254 (7.7)

March 327 (9.1) 854 (9.8) 301 (9.1) 308 (9.3)

April 315 (8.8) 749 (8.6) 292 (8.8) 281 (8.5)

May 334 (9.3) 741 (8.5) 304 (9.2) 315 (9.5)

June 265 (7.4) 640 (7.3) 245 (7.4) 240 (7.2)

July 297 (8.3) 653 (7.5) 272 (8.2) 271 (8.2)

August 276 (7.7) 751 (8.6) 258 (7.8) 268 (8.1)

September 284 (7.9) 774 (8.8) 270 (8.2) 269 (8.1)

October 352 (9.8) 786 (9.0) 322 (9.7) 297 (9.0)

November 310 (8.6) 728 (8.3) 287 (8.7) 279 (8.4)

December 290 (8.1) 649 (7.4) 259 (7.8) 271 (8.2)

Capitated health plan, n (%) 1902 (52.9) 4768 (54.5) 0.031 1785 (53.9) 1800 (54.3) 0.009

Medicaid Eligibility, n (%) 0.258 0.009

Child 1692 (47.1) 3613 (41.3) 1545 (46.6) 1555 (47.0)

Disability 1033 (28.8) 3477 (39.7) 992 (30.0) 991 (29.9)

Foster care 180 (5.0) 501 (5.7) 175 (5.3) 176 (5.3)

Other 688 (19.1) 1158 (13.2) 600 (18.1) 590 (17.8)

Prior enrollment in database in years, mean (SD) 3.03 (1.55) 3.01 (1.51) 0.016 3.04 (1.55) 3.07 (1.53) 0.019

Time since first ASD claim in years, mean (SD) 1.63 (1.46) 1.64 (1.45) 0.008 1.64 (1.46) 1.65 (1.51) 0.011

Psychiatric comorbidities (any prior record, n [%])

ADHD 2549 (70.9) 5890 (67.3) 0.078 2345 (70.8) 2362 (71.3) 0.011

Depression 844 (23.5) 1342 (15.3) 0.207 708 (21.4) 699 (21.1) 0.007

Anxiety 1337 (37.2) 2034 (23.2) 0.308 1137 (34.3) 1150 (34.7) 0.008

Epilepsy 292 (8.1) 953 (10.9) 0.094 277 (8.4) 284 (8.6) 0.008

(Continues)
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solely links fractures to increased drowsiness and somno-
lence. If this were true then we would expect higher rates
of fracture immediately after treatment start rather than
after longer periods of exposures. However, our data
suggested an opposite trend with aripiprazole exposure,
with those patients having the highest incidence rate of
fractures beyond 180 days of treatment.

Overall, the incidence fracture rates in our study (23.2
per 1000 patient years for risperidone and 38.4 per 1000
patient years for aripiprazole) were consistent with the
wide range of estimates previously reported for the gen-
eral pediatric population (between 9.1 and 36.1 per 1000
patient years) (Hedström et al., 2010; Naranje
et al., 2016). Children with ASD have previously been
thought to have lower incidence of fractures than general
pediatric population (Furlano et al., 2014). Nevertheless,
results from our study could be on the higher end of the
previously published range given that all children in our

cohort were on antipsychotic medication, therefore likely
representing above-average behavioral needs. In this
study, we opted not to compare fracture rates in treated
patients versus completely untreated patients due to
biases that would likely have arisen from confounding
(e.g., due to severity of ASD leading to treatment initia-
tion), or selection bias (e.g., immortal time, due to no
well-defined index date in untreated patients;
Suissa, 2008). Nonetheless, our findings should be repli-
cated in comparisons against unexposed comparison chil-
dren in order to better assess whether a clinically
significant increased fracture risk is associated with
aripiprazole exposure. Such future studies could consider
a negative-exposure control such as initiation of behav-
ioral therapy, which might partly mitigate against these
biases.

The most common fractures observed in our cohorts
were of the wrist/hand and forearm which is consistent

TABLE 1 (Continued)

Before matching After propensity score matching

Aripiprazole Risperidone SMD Aripiprazole Risperidone SMD

Sleep disturbances 905 (25.2) 2382 (27.2) 0.046 841 (25.4) 873 (26.4) 0.022

Schizophrenia 41 (1.1) 65 (0.7) 0.041 39 (1.2) 40 (1.2) 0.003

Bipolar 313 (8.7) 476 (5.4) 0.128 267 (8.1) 280 (8.5) 0.014

Intellectual disability 634 (17.6) 1842 (21.1) 0.086 608 (18.4) 629 (19.0) 0.016

Number of above psychiatric comorbidities, n (%) 0.180 0.021

0 371 (10.3) 1213 (13.9) 358 (10.8) 351 (10.6)

1 1019 (28.4) 2908 (33.2) 985 (29.7) 963 (29.1)

2 1161 (32.3) 2562 (29.3) 1048 (31.6) 1050 (31.7)

> = 3 1042 (29.0) 2066 (23.6) 921 (27.8) 948 (28.6)

Psychotropic drugs (in the last 6 months, n [%])

Antidepressant 1493 (41.6) 2139 (24.4) 0.370 1259 (38.0) 1264 (38.2) 0.003

Benzodiazepines 163 (4.5) 490 (5.6) 0.049 157 (4.7) 153 (4.6) 0.006

Anxiolytics, sedatives and hypnotics 349 (9.7) 640 (7.3) 0.086 297 (9.0) 283 (8.5) 0.015

ADHD drugs (stimulants or atomoxetine) 1785 (49.7) 4063 (46.4) 0.065 1658 (50.1) 1662 (50.2) 0.002

Hypotensives (clonidine or guanfacine) 1606 (44.7) 4274 (48.9) 0.083 1526 (46.1) 1522 (46.0) 0.002

Number of above psychotropic drug classes, n (%) 0.170 0.005

0 796 (22.2) 2306 (26.4) 765 (23.1) 770 (23.2)

1 991 (27.6) 2680 (30.6) 915 (27.6) 911 (27.5)

2 1112 (30.9) 2539 (29.0) 1006 (30.4) 1008 (30.4)

> = 3 694 (19.3) 1224 (14.0) 626 (18.9) 623 (18.8)

Other comorbidities or resource use (in the last year, n [%])

Asthma 838 (23.3) 2315 (26.5) 0.073 777 (23.5) 770 (23.2) 0.005

Overweight 619 (17.2) 1132 (12.9) 0.120 530 (16.0) 528 (15.9) 0.002

Oral corticosteroid 268 (7.5) 784 (9.0) 0.055 250 (7.5) 265 (8.0) 0.017

Emergency department visit 1603 (44.6) 3871 (44.2) 0.007 1462 (44.1) 1473 (44.5) 0.007

Behavioral therapy visit 2274 (63.3) 4870 (55.7) 0.156 2069 (62.5) 2079 (62.8) 0.006

OT, PT, or speech and language therapy visit 1470 (40.9) 4371 (50.0) 0.182 1403 (42.4) 1406 (42.5) 0.002

Note: The anxiolytics, sedative, and hypnotic classes did not include benzodiazepines. Propensity score matching with maximum caliper distance 0.05.
Abbreviations: ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder; OT, occupational therapy; PT, psychical therapy; SD, standard
deviation; SMD, standardized mean difference.
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with sites of fracture observed in the general pediatric
population (Clark, 2014; Hedström et al., 2010; Lyons
et al., 1999; Rennie et al., 2007). Around 8% of fractures

were skull or facial fractures, which is far more than 1%
expected based on previous literature (Hedström
et al., 2010). This possibly indicates characteristics of
self-injurious behavior (e.g., head banging) in the ASD
cohort, although the specific causes of fracture cannot be
ascertained from this data.

Extremity fractures drove most of the increased risk in
the aripiprazole group, with the biggest difference in the
lower leg and ankle. In additional to sporting accidents,
upper limb fractures are commonly associated with falls,
while lower limb fractures are commonly due to twisting of
ankle or road traffic accidents (Rennie et al., 2007). Lower
limb fractures are the most common type of fractures in
maltreated or neglected children, who are also typically
younger than accidental trauma patients (Ghanem
et al., 2018). Extremity fractures have also been associated
with being underweight (Sabhaney et al., 2014) and over-
weight (Singer et al., 2011). Although risperidone and
aripiprazole are both associated with weight gain, evidence
on the whole shows weight gain is higher with risperidone
exposure, so perhaps weight gain in some children with
ASD is protective for fractures (Almandil et al., 2013).

In searching for the explanation why aripiprazole
patients had higher rates of fractures, we must consider

F I GURE 1 Proportion of children without any fracture during
study follow-up. y-axis marks the fraction of children without any
fracture. x-axis is time in years since treatment start. Numbers in plot
represent the fracture incidence rate per 1,000 patient years and
corresponding 95% confidence interval over the whole study period

F I GURE 2 Proportion of children without any fracture during study follow-up by sex and age. y-axis marks the fraction of children without any
fracture. x-axis is time in years since treatment start. Numbers in plot represent the fracture incidence rate per 1,000 patient years and corresponding
95% confidence interval over the whole study period
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the possibility of unmeasured or residual confounding,
even after matching. Unfortunately, a limitation of this
study is that important risk factors such as BMI, physical
activity levels, diet (Neumeyer et al., 2013, 2015), geogra-
phy (Moon et al., 2016), socioeconomic differences, and
severity of ASD could not be captured in the database.
On the other hand, a strength of our study is that we were
able to achieve excellent propensity score matching on
31 variables, which included other important risk factors
such as age, sex, race, concomitant drug use, com-
orbidities, and general healthcare resource use. Further-
more, while aripiprazole and risperidone are seldom
compared head-to-head in ASD, such studies (DeVane
et al., 2019; Ghanizadeh, 2013; Lamberti et al., 2016)
and network meta-analyses (Cohen et al., 2013; Fallah
et al., 2019) suggest comparable efficacy and safety pro-
files over the short term: so there is no clear evidence-
based reason to start treatment with one drug over
another. The higher proportion of patients in the initial
sample initiating risperidone is likely due to longer avail-
ability as a generic drug (DeVane et al., 2019). In the first
30 days following treatment, there were more distal fore-
arm (3 vs. 0) and wrist/hand fractures (3 vs. 0) in the
aripiprazole group. Such bones can be fractured in the
course of breaking a fall (Rennie et al., 2007). However,
it is unlikely these results represent such phenomenon,

given that sedation, drowsiness, and extrapyramidal
symptoms are more often reported in risperidone trials
than aripiprazole (Ichikawa et al., 2017; Kent
et al., 2013; Marcus et al., 2009; McCracken et al., 2002;
Owen et al., 2009; Shea et al., 2004). Meta-analysis of
controlled trials has demonstrated a similar risk of extra-
pyramidal symptoms and/or akathisia in children and
adolescents (Cohen et al., 2012). The results could be a
potential sign of inherent unmeasured confounding too,
but that is also unlikely given differences did not persist
in the midterm after first exposure (31–180 days). All
things combined, in the absence of clear explanation and
small sample size, the imbalance of fractures in the first
30 days can most likely be attributed to chance. A final
reassurance that unmeasured confounding did not occur
was that our results were stable in pre-defined homoge-
neous subgroups of patients that received behavioral
therapy and did not have epilepsy or anticonvulsant ther-
apies. While the database only documents dispenses of
treatment rather than actual use, we assume that any dis-
crepancies would be non-differential between cohorts,
and therefore unlikely to affect our results.

An alternative explanation of our results is that while
risks were similar during the medium term, there could
have been a differential loss to follow-up over longer
periods. Indeed, only around 25% of the patients in each
cohort were followed for more than 12 months. Still, as
the mean follow-up time in both cohorts was around
10 months and up to 6 years for some patients, our study
offers considerable improvements and insights into real
world clinical practice. This length of follow-up resem-
bles clinical practice (Houghton et al., 2017), and is far
beyond the length of clinical trials of these medications
(typically 8 weeks) (Ichikawa et al., 2017; Kent
et al., 2013; Marcus et al., 2009; McCracken et al., 2002;
Owen et al., 2009; Shea et al., 2004). Some of the larger
longer-term studies of risperidone (Aman et al., 2015),
aripiprazole (Findling et al., 2014; Ichikawa et al., 2017;
Marcus et al., 2011) and both (Lamberti et al., 2016)
have credibly addressed other risks, however, none have
reported fracture rates, likely due to lack of statistical
power.

Finally, higher observed fracture rates with the use of
aripiprazole versus risperidone may be related to higher
“equivalent” doses being prescribed to children with
aripiprazole. Among children with ASD, the daily dose
of both drugs is recommended to be slowly increased
with intervals of ≥7 days (aripiprazole) or ≥ 4 then
≥14 days (risperidone) according to patient response and
tolerability. The steady-state concentrations occur
approximately 2 weeks (aripiprazole; package insert) and
5 days (risperidone; package insert) after the last dose
increase. If physicians and families make their judgment
of effectiveness well before the steady-state for
aripiprazole is achieved, this may result in youth being
treated with higher equivalent doses. Such detailed
exposure-outcome relationships are difficult to study in
the current database, as it does not yield information on

TABLE 2 Risk of any fracture with use of risperidone use versus
use of aripiprazole

Main analyses
(count fractures
within 90 days of
risperidone or
aripiprazole end)

Sensitivity analyses
(count fractures
within 30 days of
risperidone or
aripiprazole end)

Hazard ratio (95% confidence interval)a

Overall cohort 0.60 (0.44–0.83) 0.47 (0.31–0.69)

Subgroup analyses

Group with
behavioral
therapy

0.68 (0.46–1.00) 0.49 (0.30–0.81)

Group without
epilepsy or
anticonvulsant

0.63 (0.45–0.87) 0.52 (0.34–0.78)

Group continuing
treatment for
>30 daysb

0.59 (0.43–0.82) 0.45 (0.29–0.68)

By sex

Males 0.63 (0.44–0.89) 0.47 (0.30–0.73)

Female 0.53 (0.27–1.04) 0.47 (0.20–1.08)

By age, years

2–10 0.47 (0.30–0.74) 0.37 (0.21–0.64)

11–18 0.78 (0.50–1.21) 0.62 (0.35–1.10)

Note: Limiting the outcome definition to fractures within 30 days of last
treatment resulted in 76 versus 36 fractures in the aripiprazole versus risperidone
groups, respectively. This compares to 101 versus 64 fractures in the main
analysis, which counted fractures within 90 days of last treatment.
aReference category: use of aripiprazole.
bThis analysis excludes patients who only received one dispense of treatment.
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individualized increasing dosing schedules, tapering regi-
mens, body weight, or measures of effectiveness and tol-
erability as perceived by children, their parents or
caregivers, and their doctors. We believe the comparisons
made are still clinically relevant however, given our study
is observational and therefore reflects real-life clinical
practice.

In conclusion, this real-world observational study
appears to show a significantly increased risk of fractures
in ASD children exposed to aripiprazole over the long-

term, versus those exposed to risperidone. A causal rela-
tionship cannot be confirmed from this data however due
to extremely complex underlying mechanisms and risk
factors for fracture in this population. Results highlight
the need for long-term prospective studies. In the mean-
time, clinicians should be aware of the signal that fracture
risk may be increased in children exposed to aripiprazole,
especially those aged 10 years or younger and after long
periods of exposure, and consider these aspects in the
overall benefit–risk profile of each treatment in

TABLE 3 Fracture types by site and duration of use of antipsychotics

All-time periods First 30 days 31–180 days >180 days

Aripiprazole Risperidone Aripiprazole Risperidone Aripiprazole Risperidone Aripiprazole Risperidone

Any fracture

N 101 64 10 4 27 30 64 30

Time at risk, person
years

2633 2758 266 267 1034 1031 1333 1459

Incidence rate per
1000 years (95%
CI)

38.4 (31.7–
46.4)

23.2 (18.2–
29.6)

37.6 (20.5–
69.1)

15.0 (5.70–
39.6)

26.1 (18.0–
37.9)

29.1 (20.4–
41.4)

48.0 (37.8–
61.0)

20.6 (14.4–
29.3)

By fracture types, more likely fall or accident related

N 90 55 10 3 23 26 57 26

Clavicle 3 1 0 0 1 1 2 0

Distal Humorous 6 2 1 1 2 1 3 0

Shaft or distal
radius/ulna

15 11 3 0 4 6 8 5

Wrist and hand
level

23 18 3 0 5 9 15 9

Lower leg,
excluding ankle
or foot

12 4 0 1 2 1 10 2

Foot and toe,
except ankle

12 9 2 1 3 4 7 4

Ankle 5 1 1 0 1 0 3 1

Skull and facial
bones

8 5 0 0 2 2 6 3

Unspecified
fractures or
multiple sites on
the same day

6 4 0 0 3 2 3 2

By fracture types, less likely to be fall or accident related

n 11 9 0 1 4 4 7 4

Scapula or
proximal
humorous

6 3 0 0 2 1 4 2

Proximal forearm 2 2 0 0 1 2 1 0

Femur 1 1 0 0 0 0 1 1

Cervical vertebra
and other parts
of neck

1 1 0 0 0 0 1 1

Rib(s), sternum and
thoracic spine

0 1 0 0 0 1 0 0

Lumbar spine and
pelvis

1 1 0 1 1 0 0 0

Note: Incidence rates were not calculated for specific fracture sites due to small numbers and the need to reassess time and risk for each specific fracture. Sites more or less
likely to be fall or accident-related were defined a priori but their underlying etiology cannot be accurately confirmed in the database.
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individual cases. Further studies that consider the dose
levels of both aripiprazole and risperidone should also be
considered.
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APPENDIX

Tables A1, A2, A3 and Figures A1, A2

TABLE A 1 ICD codes used for fracture identification

More likely fall or accident-related ICD-9-CM ICD-10 -CM

Clavicle 810 Fracture of clavicle S42.0-Fracture of clavicle

Distal Humorous 812.4x Lower end of humorous closed
812.5x Lower end of humorous open

S42.4-Fracture of lower end of humorous

Shaft or distal radius/ulna 813.2x Shaft closed
813.3x Shaft open
813.4x Lower end closed
813.5x Lower end open

S52.2-Fracture of shaft of ulna
S52.3-Fracture of shaft of radius
S52.5-Fracture of lower end of radius
S52.6-Fracture of lower end of ulna

Wrist and hand level 814 Fracture of carpal bone(s)
815 Fracture of metacarpal bone(s)
816 Fracture of one or more phalanges of

hand
817 Multiple fractures of hand bones

S62.0-Fracture of navicular [scaphoid]
bone of wrist

S62.1-Fracture of other and unspecified
carpal bone(s)

S62.2-Fracture of first metacarpal bone
S62.3-Fracture of other and unspecified

metacarpal bone
S62.5-Fracture of thumb
S62.6-Fracture of other and unspecified

finger(s)
S62.9-Unspecified fracture of wrist and

hand

Lower leg, excluding ankle or foot 822 Fracture of patella
823 Fracture of tibia and fibula

S82.0-Fracture of patella
S82.1-Fracture of upper end of tibia
S82.2-Fracture of shaft of tibia
S82.3-Fracture of lower end of tibia
S82.4-Fracture of shaft of fibula
S82.8-Other fractures of lower leg
S82.9-Unspecified fracture of lower leg

Foot and toe, except ankle 825 Fracture of one or more tarsal and
metatarsal bones

826 Fracture of one or more phalanges of
foot

S92.0-Fracture of calcaneus
S92.1-Fracture of talus
S92.2-Fracture of other and unspecified

tarsal bone(s)
S92.3-Fracture of metatarsal bone(s)
S92.4-Fracture of great toe
S92.5-Fracture of lesser toe(s)
S92.8-Other fracture of foot, except ankle
S92.9-Unspecified fracture of foot and toe

Ankle 824 Fracture of ankle S82.5-Fracture of medial malleolus
S82.6-Fracture of lateral malleolus

Skull and facial bones 800 Fracture of vault of skull
801 Fracture of base of skull
802 Fracture of face bones
803 Other and unqualified skull fractures
804 Multiple fractures involving skull or

face with other bones

S02.0-Fracture of vault of skull
S02.1-Fracture of base of skull
S02.2-Fracture of nasal bones
S02.3-Fracture of orbital floor
S02.4-Fracture of malar, maxillary and

zygoma bones
S02.5-Fracture of tooth (traumatic)
S02.6-Fracture of mandible
S02.8-Fractures of other specified skull

and facial bones
S02.9-Fracture of unspecified skull and

facial bones

Other/Unspecified/
Multiple

More than 1 fracture type on same day
818 Ill-defined fractures of upper limb
819 Multiple fractures involving both

upper limbs and upper limb with rib(s)
and sternum

827 Other multiple and ill-defined
fractures of lower limb

829 Fracture of unspecified bones

More than 1 fracture type on same day

(Continues)
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TABLE A 1 (Continued)

More likely fall or accident-related ICD-9-CM ICD-10 -CM

828 Multiple fractures involving both
lower limbs lower with upper limb and
lower limb(s) with rib(s) and sternum

Less likely fall or accident related ICD-9-CM ICD-10-CM

Scapula or proximal humorous 811 Fracture of scapula
812 Fracture of humorous
812.0x Upper end of humorous closed
812.1x Upper end of humorous open
812.2x Shaft or unspecified closed
812.3x Shaft or unspecified open

S42.1-Fracture of scapulaS42.2-Fracture
of upper end of humorous

S42.3-Fracture of shaft of humorous
S42.9-Fracture of shoulder girdle, part

unspecified

Proximal/unspecified forearm 813 Fracture of radius and ulna
813.0x Upper end radius/ulna closed
813.1x Upper end radius/ulna open
813.8x Unspecified closed
813.9x Unspecified open

S52.0-Fracture of upper end of ulna
S52.1-Fracture of upper end of radius
S52.9-Unspecified fracture of forearm

Femur 820 Fracture of neck of femur
821 Fracture of other and unspecified

parts of femur

S72.0-Fracture of head and neck of femur
S72.1-Pertrochanteric fracture
S72.2-Subtrochanteric fracture of femur
S72.3-Fracture of shaft of femur
S72.4-Fracture of lower end of femur
S72.8-Other fracture of femur
S72.9-Unspecified fracture of femur

Cervical vertebra and other parts of neck 805 Fracture of vertebral column without
mention of spinal cord injury

806 Fracture of vertebral column with
spinal cord injury

S12.0-Fracture of first cervical vertebra
S12.1-Fracture of second cervical vertebra
S12.2-Fracture of third cervical vertebra
S12.3-Fracture of fourth cervical vertebra
S12.4-Fracture of fifth cervical vertebra
S12.5-Fracture of sixth cervical vertebra
S12.6-Fracture of seventh cervical

vertebra
S12.8-Fracture of other parts of neck
S12.9-Fracture of neck, unspecified

Rib(s), sternum, and thoracic spine 807 Fracture of rib(s) sternum larynx and
trachea

S22.0 Fracture of thoracic vertebra
S22.2 Fracture of sternum
S22.3 Fracture of one rib
S22.4 Multiple fractures of ribs
S22.5 Flail chest
S22.9 Fracture of bony thorax, part

unspecified

Lumbar spine and pelvis 808 Fracture of pelvis
809 Ill-defined fractures of bones of trunk

S32.0-Fracture of lumbar vertebra
S32.1-Fracture of sacrum
S32.2-Fracture of coccyx
S32.3-Fracture of ilium
S32.4-Fracture of acetabulum
S32.5-Fracture of pubis
S32.6-Fracture of ischium
S32.8-Fracture of other parts of pelvis
S32.9-Fracture of unspecified parts of

lumbosacral spine
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TABLE A 2 Attrition table

Cohort eligibility rule Total Aripiprazole Risperidone

N n (% of total) n (% of total)

1. Patients must have at least ASD claim followed
by a risperidone or aripiprazole prescription at
age 18 years or younger and between January 1,
2013 and December 31, 2018.

21,105a 6982 (33.1%) 14,081 (66.7%)

2. Additionally, patients with record of any type of
antipsychotic treatment were excluded
(including the same day).

18,858 5814 (30.8%) 13,044 (69.2%)

3. Additionally, patients with less than 1 year prior
enrollment in database were excluded. This was
needed to derive baseline information and check
for used of previous antipsychotics.

13,332 3924 (29.4%) 9408 (70.6%)

4. Additionally, patients with any prior fracture in
database were excluded.

12,342 3593 (29.1%) 8749 (70.9%)

a42 patients with prescription records for risperidone and aripiprazole on the same day were excluded.

TABLE A 3 Timing and reasons for the end of follow-up

Aripiprazole Risperidone

n 3312 3312

Length of follow-up time, months
(unless otherwise stated)

mean (median) 9.6 (6.4) 10.0 (6.2)

Q1–Q3 4.0–12.3 4.0–12.2

Min–max 1 day to
68.7

1 day to
70.9

Mean (median) for age 2–10 years 9.7 (6.5) 10.8 (6.5)

Mean (median) for age 11–18 years 9.4 (6.4) 9.3 (6.0)

Reason for end of follow-up

Fracture event 101 (3.0) 64 (1.9)

Reached December 31, 2018 695 (21.0) 757 (22.9)

Coverage stopped (any reason) 492 (14.9) 382 (11.5)

Switched to opposite study drug
(i.e., aripiprazole or risperidone)

339 (10.2) 421 (12.7)

Switched to another antipsychotic
(not aripiprazole or risperidone)

323 (9.8) 223 (6.7)

Stopped study drug for >90 days 1286 (38.8) 1387 (41.9)

Turned age 19 years 76 (2.3) 78 (2.4)

Patients that discontinued
treatment within 30 days

617 (18.6) 746 (22.5)

Abbreviation: Q1, first quartile; Q3, third quartile.

F I GURE A 1 Distribution of propensity scores before and after
matching
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F I GURE A 2 Standardized mean difference
(SMD) of all variables before and after propensity
score (PS) matching. Yellow and blue dots indicate
standardized mean difference (SMD) before and
after matching, respectively. Higher SMD statistic
denotes greater differences in variable distribution
between cohorts. SMD < 0.1 is typically considered
an acceptable balance. After matching, SMD < 0.05
was achieved in all 31 covariates in this study
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