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Abstract

Patients with autism spectrum disorder (ASD) are at increased risk for fracture, and peri-pubertal
boys with ASD have lower bone mineral density (BMD) than controls. Data are lacking regarding
BMD in older adolescents with ASD. We compared BMD using dual-energy X-ray absorptiometry
in 9 adolescents/young adults with ASD against 9 typically developing matched controls. Patients
with ASD and controls were excluded if they had other underlying conditions that may affect
bone. Compared to controls, patients with ASD had (i) lower femoral neck and hip BMD Z-scores,
and (ii) lower spine, femoral neck and hip height adjusted BMD Z-scores even after controlling for
BMI. Understanding the underlying pathophysiology will be key to developing therapies to
improve BMD and reduce fracture risk.
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Introduction

Methods

Autism spectrum disorder (ASD) is defined by abnormalities in social communication and
social interaction and restricted, repetitive patterns of behavior, interests, or activities
(American Psychiatric Association 2013). Recent studies have reported decreased cortical
thickness in children with ASD (Hediger et al. 2008) and low bone mineral density (BMD)
in peripubertal boys with ASD 8-14 years old (Neumeyer et al. 2013). The childhood and
adolescent years are a critical time for bone accrual towards attainment of peak bone mass, a
key determinant of future fracture risk. More than 80 % of peak bone mass is achieved by
the end of sexual and skeletal development (Wren et al. 2014), underscoring the importance
of particularly the adolescent years for bone accrual. Low BMD during adolescence is
associated with a higher risk of osteoporosis and fractures during adulthood (Kanis et al.
2004), and data are lacking regarding bone density in older adolescents with ASD.

Important determinants of pubertal skeletal development include rising levels of growth
hormone, IGF1 and the gonadal steroids (Theintz et al. 1992). Other factors include genetics
(Estrada et al. 2012), gender (Nishiyama et al. 2012), race and ethnicity (Warden et al.
2006), mechanical loading of bone (Deere et al. 2012; Ginty et al. 2005), calcium and
vitamin D intake (Lehtonen-Veromaa et al. 2002), nutritional status (Davies et al. 2005),
presence of concomitant chronic illnesses, and life style choices such as smoking and
alcohol intake (Riggs and Melton 1986). Risk factors for low BMD in ASD include reduced
mechanical loading of bone from decreased physical activity (Pan 2008), impaired calcium
and vitamin D intake, particularly in those with food aversions and restricted diets (Hyman
et al. 2012), higher rates of co-morbid neurologic, psychiatric and gastrointestinal illnesses,
and use of medications that impact bone, such as antiepileptics that impair vitamin D
metabolism (Sheth et al. 2008; Chou et al. 2007), antipsychotics (Calarge et al. 2015; Roke
et al. 2012) and proton pump inhibitors (Freedberg et al. 2015).

Despite the increased predisposition to low BMD in children with ASD, data evaluating
BMD in older adolescents and young adults with this condition are limited. In this study, we
performed a review of BMD in adolescents with ASD 14-21 years old (late pubertal to post-
pubertal), and compared them to age, sex and race matched controls. We hypothesized that
BMD, as assessed by dual energy X-ray absorptiometry (DXA), would be lower in older
adolescents and young adults with ASD compared with typically developing controls.

The study was approved by the Partners Health Care Institutional Review Board. All
children with ASD were receiving ongoing care at the Lurie Center for Autism of
Massachusetts General Hospital for Children, and met DSM IV criteria for diagnosis of
Autistic Spectrum Disorders based on clinical interviews. We reviewed the electronic
medical records of nine children with ASD 14-21 years old, who were identified on chart
review to have received a BMD assessment using DXA (as a part of their clinical evaluation)
between the years 2010-2015. Please note that not all children with ASD recommended for
scans are able to get these given the requirement to stay still for at least 30 s while the scans
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are being obtained. Further, only scans obtained within our institutional system were
available for analysis.

Age (within 2 years), sex and race matched healthy controls were recruited from ongoing
research studies. Subjects (ASD and controls) with other medical conditions known to affect
BMD such as celiac disease, inflammatory bowel disease or mitochondrial disorders, and
those receiving medications that could impact BMD such as oral corticosteroids and
pamidronate infusions were eliminated. This resulted in exclusion of three children from the
current analysis. Subjects using inhaled or intranasal corticosteroid were included given their
minimal impact on BMD (Emin et al. 2011). Subjects on anti-epileptic medications were
also included given that a large proportion of children with ASD have seizure disorder and
excluding such patients may lead to a sample not representative of a clinic population of
children with ASD. Although indications for obtaining a BMD evaluation were not clear
from chart review in most instances, possible indications included concerns regarding
vitamin D status (n = 8) (of which seven had concomittant use of antiepileptic drugs) and
use of proton pump inhibitors (n = 1). Of the patients on antileptic drugs, one also had a
history of limited activity and the other had hypotonia. This suggests a potential referral bias
and an inclination on the part of providers to obtain DXA assessments on children with ASD
in whom there are concerns of vitamin D status (from use of anti-epileptic medications), or
other concerns for low BMD such as use of medications that potentially impact bone such as
proton pump inhibitors, and in those with low physical activity. This would be consistent
with possible risk factors for low BMD reported in our recent study (Neumeyer et al. 2013).

Reliable data for pubertal stage was not available for most subjects. We retrieved
information on the history of previous fractures and whether children with ASD were on a
special diet, in addition to obtaining demographic information, and information regarding
height, weight and Body Mass Index (BMI). In patients whose height and weight were not
available at the time of scan, measurements within 2 months of the date of the scan were
utilized.

All BMD evaluations for children with ASD and typically developing controls were
performed on the Hologic 4500 DXA instrument (Waltham, MA). Z-scores for BMD
measurements obtained from DXA reports were standardized using the longitudinal Bone
Mineral Density in Childhood data base, available online at: http://www.bmdcspublic.com/
zscore.htm. This database allows for calculation of a standardized Z-score for a given bone
mineral density with reference to the subject’s age, sex and race in addition to providing
height adjusted Z-scores.

Statistical Analysis

Stata 13.1 was used for all statistical analysis. Based on the mean and standard deviation for
lumbar spine and femoral neck BMD Z-scores from our previous study (Neumeyer et al.
2013), a sample size of 9 in each group has >90 % power to detect a significant difference
across groups at an alpha level of 0.05 at these sites. The Wilcoxon rank sum test was used
to compare groups for continuous variables, and the Chi square test was to compare
categorical variables. In order to control for BMI (a known determinant of BMD),
multivariate analysis was performed with lumbar, total hip and femoral neck Z scores as the
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dependent variable and BMI and subject group (ASD vs. typically developing controls) as
the independent variables. A pvalue of <0.05 was considered statistically significant.

Participant characteristics are depicted in Table 1. Eighty-nine percent of participants were
male (consistent with the higher prevalence of males amongst patients with ASD), and all
were Caucasian. Of the nine children with ASD, one was on a gluten free, casein free and
soy free diet, another was on a lactose free diet, and one had multiple food allergies.
Information regarding dietary restrictions for the typically developing controls was
unavailable. Review of the medication list showed that seven ASD patients were being
treated with antiepileptic medications and one with an anticoagulant. Six patients were on
proton pump inhibitors and four on SSRIs as well as antipsychotics. Two ASD patients were
on inhaled glucocorticoids. Two ASD patients and three typically developing controls had a
previous history of fractures. Both ASD patients had had fractures within the past five years.
One ASD patient had a fracture in his right tibia and the other had three ankle fractures (the
first followed a fall, the second was incidentally noted when his mother noticed that the
patient was limping, and the history for the third was unclear).

Participants with ASD had lower unadjusted BMD and BMD Z-scores at the hip and
femoral neck than controls (p < 0.03) (data not shown). BMD Z-scores for all the sites
continued to be lower in ASD compared to controls after controlling for BMI Z-Score.
Height adjusted BMD Z-scores (using the Bone Mineral Density in Childhood database) at
the lumbar spine, femoral neck and hip were lower in children with ASD than controls (p <
0.05) before and after adjustment for BMI Z-scores (Table 2). Our data did not change when
we removed the subject with ASD who was on an anticoagulant and the corresponding
matched control from data analysis (Supplemental Table).

Future studies are necessary that account for other comorbidities associated with ASD on
BMD.

Conclusion

Post pubertal children with ASD have lower BMD Z-scores at the lumbar spine, femoral
neck and hip compared to their healthy counterparts. In this limited report we did not
examine the association of low BMD with diet, physical activity, or calcium and vitamin D
intake. However, children with ASD who received a DXA scan were on medications such an
anti-epileptics and proton pump inhibitors (n = 7 and 1 respectively), one had a history of
limited physical activity, and another had hypotonia. These factors may have contributed to
low bone density in this cohort. Our data in older adolescents with ASD 14-21 years old
follow those in (i) boys with ASD 4-8 years old that demonstrated decreased cortical bone
thickness in radiographs compared to reference medians, leading the authors to propose
bone health evaluation as part of routine care for patients with autism (Hediger et al. 2008),
and (ii) peripubertal boys with ASD 8-14 years old that reported lower BMD at the spine,
femoral neck and total hip compared to typically developing controls (Neumeyer et al.
2013). Impaired bone health in older adolescents with ASD raises concerns for peak bone
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mass acquisition and future fracture risk, and is consistent with our previous report of an
increased risk for hip fractures in children and adults with ASD (Neumeyer et al. 2015). It is
important to develop recommendations regarding indications to obtain a DXA scan in
children with ASD, and in addition to known indications (coexisting inflammatory bowel
disorders, celiac disease, use of chronic high dose steroids, prolonged immobilization),
additional indications to consider include those with seizure disorder and on anti-seizure
medications, as well as those with marked hypotonia. Data regarding the impact of
antiseizure medications on vitamin D status and BMD are mixed (Serin et al. 2015; Yaghini
et al. 2015); (Beniczky et al. 2012; Babayigit et al. 2006; Tekgul et al. 2006; Rieger-
Wettengl et al. 2001) and the use of these medications is not an indication for DXA
assessments. However, children with ASD and seizure may be at particular risk for low
BMD. Lower physical activity is a risk factor for low BMD, particularly in younger children
(Ginty et al. 2005; Tan et al. 2014). Of note, low BMD in children with ASD who may not
be that physically active might be physiologically “appropriate” (Schoenau 2005), and
studies are necessary to determine whether or not physically inactive chldren with ASD are
also at a higher risk of fracture. Future interventional studies targeted at improving BMD in
children with ASD are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Demographic and clinical characteristics of participants with ASD and typically developing controls

ASDn=9 Controlsn=9 P value
Sex (M/F) 8/1(88.9/11.1%) 8/1(88.9/11.1%) 1.00
Race (white) 9 (100 %) 9 (100 %) 1.00
Age (years) 17.6 (1.87) 16.6 (2.62) 0.23
Height (cm) 171.5 (8.26) 173.4 (7.5) 0.38
Height Z-score  -0.02 (1.11) 0.15 (1.20) 0.35
Weight (kg) 705 (24.8) 62.2 (4.2) 0.12
Weight Z-score  0.93 (2.36) 0.30 (1.13) 0.27
BMI 25.30 (7.20) 20.71 (2.50) 0.04
BMI Z-score 0.81 (1.50) 0.18 (0.93) 0.03

Values are presented as median and interquartile range or n (%). Wilcoxon rank sum test was used for comparing continuous variables and the Chi
square test for categorical variables
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Table 2

Bone mineral density in ASD versus typically developing control groups

Adge, sex, height, race/ethnicity adjusted BMD Z-score  ASDn=9 Controln=9 Pvalue BMI Z-scoreadjusted p value

Lumbar Spine -0.79 (0.31) 0.05(1.20) 0.047 0.020
Femoral neck -1.57 (0.93) -0.01(0.95) 0.014 0.002
Total hip -2.2(1.03) 0.01 (1.68) 0.006 0.002

Bold values are statistically significant (p < 0.05)

Values are presented as median and inter quartile range IQR or n (%). Wilcoxon rank sum test was used for comparing continuous variables
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