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Methods

The study was performed via a systematic review. The study was conducted using the

Introduction

Stimulant prescriptions for adolescents, primarily for ADHD, have :

increased 1n recent years, with ~10% reporting medical use and ~17%

reporting nonmedical use'2. While effective for symptom control, search engine Endnote, investigating primary resources and articles through PUBMed and

stimulants are also widely misused for academic and athletic EMBase. 111 mitial studies were analyzed and were assessed using keywords “pediatrics”,

99 ¢¢ 2%  ¢¢

) . . . . “bone”, “stimulants™, “osteoporosis”, “health”. Stimulants were defined as prescription
performance?®. Beyond recognized side effects such as insomnia and

cardiovascular changes®, emerging evidence links stimulant use with medications primarily used 1n the treatment of attention-deficit/hyperactivity disorder

reduced bone mineral density and impaired bone healing®s. This is (ADHD), including amphetamine-based drugs (e.g., Adderall, Dexedrine) and

concerning given that over half of U.S. children participate in methylphenidate-based drugs (e.g., Ritalin, Concerta). Primary articles which did not contain

organized sports, where fracture risk is already elevateds. Interference these search criteria were excluded. Based upon exclusion criteria, 44 primary articles

with bone accrual during adolescence may compromise peak bone remained. Independent variables such as stimulant dosage, frequency, patient age, and

mass, increasing the likelihood of fragility fractures later in life®S. previous medical history were tracked and assessed. Dependent variables such as bone mineral

Despite these risks, research on the long-term skeletal effects of cortex (BMC), bone mineral density (BMD), and osteoporosis were measured and assessed

stimulant use and misuse remains limited. This study systematically accordingly. Of the 44 articles, 6 articles were included for analysis following secondary

. . . . exclusion criteria with measurements of the independent and dependent variables mentioned.
reviews the evidence to clarify potential consequences and future

clinical counseling.

Results
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Data from NHANES 1999-2004 youth aged 8-20 years (N=6754). Data from NHANES 1999-2004 youth aged 8-20 years (N=6754).
Source: Feuer et al., Journal of Pediatrics, 2016,;178:196-202.e1. Source: Feuer et al., Journal of Pediatrics, 2016,178:196-202.e1.

Figure 2: Bone Mineral Content in Stimulant vs. Non-Stimulant Users in Pediatric populations. Stimulant users had significantly lower BMC

Figure 1: Stimulant users had significantly lower BMD compared to non-users across all measured skeletal regions. Specifically, lumbar spine BMD was across all measured bone sites compared to non-users. Lumbar spine BMC was 9.19+ 0.27 in stimulant users versus 10.81 = 0.14 in non-users

0.74 £0.01 g/cm? in stimulant users versus 0.83 =0.005 g/cm? in non-users (p = 0.004). Femoral neck BMD was 0.78 = 0.01 g/cm? versus 0.84 +0.006 g/cm? (p = (p < 0.001). Femoral neck BMC was 3.66 % 0.10 compared to 4.07  0.06 (p = 0.013), and total femur BMC was 25.77 = 0.73 versus
0.014), and total femur BMD was 0.83 +=0.01 g/cm? versus 0.91 £ 0.006 g/cm? (p = 0.004). 29.12+0.40 (p=0.001)
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Data from a cross-sectional study of 5-17 year olds with ADHD (N=5472). Data from a cross-sectional study of 5-17 year olds with ADHD (N=5472).
Source: Fu et al., European Journal of Pediatrics, 2021,;180:2221-2231. Source: Fu et al., European Journal of Pediatrics, 2021;180:2221-2231.
Figure 3: Bone Mineral Content growth following 3 months of stimulant usage versus controls in pediatric populations. Lumbar spine had significant decreases Figure 4: BMD between stimulant vs. non-stimulant users in pediatric populations. There was a significantly decreased BMD measured at the
in stimulant users vs. non-stimulant users (31.66 £ 13.54 vs. 35.23 £15.33, p<0.001) and in the pelvis (150.24 = 71.15 vs. 168.47 £81.96, p <0.001). The level of the lumbar spine (0.76 £0.16 vs. 0.82 £0.17, P<0.001), pelvis (0.92+0.21 vs. 1.00+0.22, P <0.001), and total body (0.87+0.12 vs.

study’s results showed > 3 months of stimulant usage associated with significantly lower BMC [lumbar: B =—1.35 (p = 0.028), pelvis: B =—9.06 (p = 0.004), 0.90+0.14, P<0.001).

total: B =—52.96 (p = 0.002)].

Conclusions

Stimulant use in adolescents 1s rising both for ADHD treatment and
nonmedical performance enhancement, creating an underrecognized threat to
skeletal health during a period of rapid musculoskeletal development!->1°. Our
synthesis of the available evidence demonstrates consistent reductions in bone
mineral density (BMD) and bone mineral content (BMC) at clinically
significant sites, including the lumbar spine, femoral neck, and pelvis*®. Even
relatively short exposures (>3 months) were associated with impaired bone
accrual and diminished healing after fracture, suggesting that stimulant effects
extend beyond transient growth suppression and may alter fundamental
processes of skeletal remodeling’%.

Mechanistic studies support these clinical findings: stimulants may impair
osteoblast differentiation, disrupt calcium balance, and compromise trabecular

and cortical bone microarchitecture, offering a biologically plausible pathway
to long-term fragility*®. These risks are especially concerning in youth
athletes, over half of whom participate 1n organized sports where fracture risk
is already elevated®. Left unaddressed, these changes could translate into
premature osteoporosis and higher lifetime fracture burden.

Clinically, our findings highlight the importance of proactive counseling
for families, careful monitoring of bone health in stimulant-treated youth, and
the consideration of protective strategies such as optimizing vitamin D,
calcium intake, and weight-bearing exercise. At the systems level, these data
emphasize the need {for preventive education targeting the rising
normalization of stimulant misuse 1n both academic and athletic
environments® 1Y,

Future research should directly assess fracture incidence in stimulant-
treated versus untreated children using large-scale electronic health record
(EHR) data, which will provide crucial evidence to guide prescribing
practices and inform targeted interventions.
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