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Osteoporosis in Adult Patients with Intellectual
and Developmental Disabilities: Special
Considerations tor Diagnosis, Prevention,

and Management
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Abstract: As medical care progresses, patients with intellectual and
developmental disabilities are living longer and beginning to experience
diseases that commonly afflict the aging population, such as osteoporo-
sis. Osteoporosis and resultant fractures increase disability and threaten
the independence of this vulnerable population. In addition, the diagno-
sis, prevention, and management of osteoporosis present unique chal-
lenges in these patients. Critical preventive targets include exercise
modification, fall prevention, and monitoring for nutrient deficiencies.
Commonly used in diagnosis and treatment monitoring, dual-energy
x-ray absorptiometry (DXA) scan of the hip and spine may not be feasi-
ble, whereas peripheral DXA or computed tomography may be more
accessible for patients with physical disabilities. Pharmacological treat-
ment should be tailored to the individual patient, considering factors
such as adherence and comorbidities. Finally, bone turnover markers are
a noninvasive, cost-effective option for monitoring treatment response
in patients who cannot undergo DXA.
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ntellectual and developmental disabilities (IDDs) encompass a

broad group of disorders that may negatively affect a person’s
cognitive, social, emotional, and/or physical development.' Ini-
tially evident at birth or during childhood, these disorders are
typically incurable.®> As a result of advances in medical care,
the life expectancy of most individuals with IDDs approaches
that of people without IDDs, and consideration must be taken
to prevent and treat diseases commonly afflicting older adults
such as diabetes mellitus, cardiovascular disease, dementia,
and osteoporosis (OP).%
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OP is a disease of particular importance, because it may
present earlier and with greater severity in patients with IDD.*
Defined as low mass and structural deterioration of bone, OP
leads to skeletal fragility and an increased risk of fracture.” OP
is especially hazardous in patients with IDD, as fractures increase
morbidity and mortality and exacerbate existing disability.® Clin-
ical trials to determine safe and effective treatments for OP in this
unique population are lacking, and there is a need for educational
literature on this topic. This article reviews the etiology of OP in
adults with various forms of IDD. It also examines current clin-
ical approaches to diagnosis, prevention, and treatment of OP in
adults with IDD.

Etiology of Osteoporosis in Adults with IDD
Although the etiology of OP in adults with IDD differs from that
of typical postmenopausal OP, the basic underlying mechanism
is the same and involves an imbalance between bone formation
and resorption. Normal bone is constantly being remodeled by
osteoblasts (bone-forming cells) and osteoclasts (bone-resorbing
cells). OP results when osteoclasts break down the bone matrix
faster than osteoblasts can rebuild it.”

Primary OP results from bone mineral loss during the nor-
mal aging process. Although most common in postmenopausal
women, estrogen deficiency contributes to primary OP in both
men and women. Secondary OP, however, is defined as low bone
mineral density (BMD) caused by an underlying disease or med-
ication.” Although adults with IDD may develop primary OP as
they age, they are predisposed to secondary OP because of their

Key Points

* Certain medications and insufficient bone growth during child-
hood contribute to the development osteoporosis in adults with in-
tellectual and developmental disabilities

* Diagnosis of osteoporosis in this population requires innovative ap-
proaches, as the gold-standard DXA scan may be difficult to perform

* Treatment of osteoporosis in this population involves standard ap-
proaches with special consideration given to comorbid conditions
and medication adherence
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underlying disability, comorbid conditions, malnutrition, immo-
bility, and certain medications. One such medication class is
antiepileptic drugs, which are required by many patients with
IDD to control seizure disorders. These medications acceler-
ate the degradation of vitamin D into inactive metabolites. As vita-
min D is essential for bone mineralization, its deficiency may
lead to early-onset OP in patients taking antiepileptic drugs.®
Another culprit of secondary OP, depot medroxyprogesterone
acetate, a progestin-only injection, is a favorable contraceptive
option for women with IDD and comorbid epilepsy because it
lowers the seizure threshold and has convenient quarterly dosing.
The progestin in depot medroxyprogesterone acetate functions
by suppressing gonadotropin release, which in turn decreases
estrogen release from the ovaries. As estrogen is required for
normal bone homeostasis, the resulting deficiency leaves women
predisposed to low BMD and OP”

IDDs that have high rates of OP include cerebral palsy
(CP), Lennox-Gastaut syndrome, fetal alcohol syndrome, Down
syndrome, and spina bifida. The Table details the multifactorial
origins of OP in these conditions. Patients with CP have a particu-
larly unique etiology of OP primarily because of insufficient rates
of bone growth during childhood rather than bone mineral loss in
adulthood. In other words, bones in patients with CP never reach
their optimal density in adolescence, so patients with CP present
with a more severe, earlier form of OP than their same-age coun-
terparts.*!° Regardless of the underlying cause of disability, it is
well established that adults with IDD have higher rates of OP than
the general population,'®!®

Diagnosis of Osteoporosis in Adults with IDDs
The gold standard for the diagnosis of OP is a dual-energy X-ray
absorptiometry (DXA) scan, which assesses a patient’s BMD.
The results of a DXA scan are reported as a T score, which is
a standard deviation comparing a patient’s BMD with that of a
healthy 30-year-old of the same sex. AT score <—2.5 is diagnos-
tic for OP, whereas —2.5 to —1.0 indicates osteopenia and a T
score of 2—1.0 is considered normal.
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The z score, another measurement reported by DXA, com-
pares a patient’s BMD with the average BMD of people of the same
age, sex, and ethnicity. A z score is used for children, adolescents,
premenopausal women, and men younger than 50, and can aid in
diagnosing secondary OP in all patients. A z score of <—2.0 indi-
cates low BMD. Alternatively, a diagnosis of OP can be made
clinically without measuring BMD if a patient suffers a fragility
fracture, which is classified as a fall from a standing height or less."”

Performing DXA scans on patients with physical and intel-
lectual disabilities poses multiple challenges. Typically performed
on the lower spine, hips, and full body, DXA is more involved
than conventional x-rays and requires lying flat on a table with
the legs situated in specific positions. In patients with CP, for
instance, muscle contractures and involuntary movements make
it difficult, if not impossible, to properly position the patient.
Surgical hardware is another obstacle that may prevent proper
patient positioning and obscure bone anatomy because of the
radioopaque nature of metal hardware.*

In some forms of IDD, measuring the hips, spine, and whole
body is simply not feasible; therefore, technologists may prefer
to use more accessible sites, where positioning is easier, such
as the lateral distal femur.?® This alternative site for DXA
scanning was developed and tested in children with CP who
demonstrated difficulty with the classic DXA scanning sites.>'
Although most fractures in adults occur in the hip and spine,
peripheral DXA measurements also can be used to predict the
risk of central fractures.?° For this reason, peripheral DXA scan-
ning may prove useful in adults with IDDs who cannot undergo
hip, spine, or whole-body DXA.

Although not used as frequently as DXA, peripheral quan-
titative computed tomography (pQCT) represents another alter-
native for patients unable to undergo full-body scans. pQCT
uses peripheral sites (eg, radius, tibia, femur) with a scan time
of roughly 3 minutes per location.”” Unlike DXA, which measures
only BMD, pQCT can measure BMD plus bone geometrical
parameters and strength strain index. Despite its many advan-
tages, pQCT has limited longitudinal data for predicting fracture

Table. Pathophysiology of osteoporosis in various intellectual and development disorders

Disorder Definition

Factors contributing to osteoporosis and
other conditions increasing fracture risk

Cerebral palsy
Down syndrome

Fetal alcohol syndrome

neurodevelopmental effects

Lennox-Gestaut syndrome

malformations, infections, and tumors
Spina bifida

Disorder of abnormal central nervous system development
leading to impaired coordination, posture, and movement

Genetic disorder caused abnormal cell division that results
in an extra full or partial copy of chromosome 21

Condition resulting from excessive alcohol exposure during
gestation; produces a wide range of physical and

Severe childhood seizure syndrome with multiple causes,
including genetic mutations, perinatal injuries, cortical

Congenital disorder caused by incomplete closure of the
vertebral column + meninges during embryogenesis

Insufficient bone growth and mineralization during development®'®
Structural bone abnormalities (small diameter with thin cortices)*

Growth retardation, hypogonadism, hypothyroidism, muscle
hypotonia, precocious aging, small body size'"'?

In utero ethanol exposure — delayed bone ossification, decreased
bone length, decreased skeletal maturity, and delayed mean
bone age'?

Unclear whether OP results from the underlying disease, external
factors (antiepileptics, immobility, malnutrition), or both'*

Decreased bone strength resulting from smaller bones,
mineralization defects, and lower bone mass'>

OR, osteoporosis.
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risk.? In addition, pQCT and DXA both require that patients
remain still throughout the duration of the scan. Finally, pQCT
cannot be performed with a standard CT scanner, and many insti-
tutions do not have the specific machine required.

Prevention of Osteoporosis and Fractures in
Adults with IDDs

In general, the prevention of low BMD is aimed at maximizing
peak bone mass and minimizing the rate of bone loss, with the
ultimate goals of maintaining bone strength and preventing frac-
tures.”* Although optimal peak bone mass is usually achieved
with lifestyle modifications during adolescence, many of the
same strategies can be used to minimize bone loss in adults both
with and without IDD. These lifestyle strategies include regular
weight-bearing physical activity (at least 2.5 hours/week), ade-
quate nutrition (calcium and vitamin D intake), smoking cessa-
tion, limited alcohol intake, and fall prevention.

Physical Activity and Fall Prevention
Regular weight-bearing exercise decreases a patient’s fracture
risk not only by improving BMD but also by directly preventing
falls; however, staying physically active can be challenging for
adults with IDDs because of the physical and emotional barriers
to exercise that they may face. As such, it is imperative that physi-
cians recommend physical activity options that match the unique
abilities of each patient and connect them with appropriate
resources. For example, patients who use wheelchairs may require
modified seated exercises (eg, leg extensions, shifting body
weight) and other patients with decreased mobility may benefit
from supported exercises, such as using a chair or a rail to perform
exercises. Simply bringing up the topic of exercise is important,
as data from the National Health Interview Survey showed that
adults with disabilities were 82% more likely to be physically
active if their doctor recommended it.>

Many patients with IDDs begin working with physical and
occupational therapy as children and it is important that they
continue to do so throughout adulthood to meet their specific activ-
ity needs. For example, physical therapists can help patients who
use wheelchairs to perform modified exercises and occupational
therapists can help patients with physical disabilities to find ways
to successfully navigate their homes without falling. In addition
to preventing OP, moderate exercise reduces all-cause mortality
and improves quality of life in patients with IDDs.

Vitamin D and Calcium

Calcium and vitamin D are essential nutrients for bone health
and maintenance. Obtaining low quantities of vitamin D through
inadequate diet or sun exposure can lead to insufficient levels of
the vitamin, which can subsequently result in decreased intesti-
nal calcium absorption and low serum calcium levels. To restore
serum calcium levels, the body resorbs calcium from existing
bone, which can reduce BMD and promote OP>¢
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Although the US Preventive Services Task Force does not rec-
ommend calcium and vitamin D supplementation in healthy adults
for primary fracture prevention, adults with IDDs have special con-
siderations and may benefit from supplementation. Patients with
CP, for instance, may have problems preparing and consuming
food, leading to inadequate intake of vitamin D, calcium, and
other nutrients. These patients also may be confined to home
and have poor sunlight exposure. In addition, approximately
half of all patients with CP have epilepsy requiring antiseizure
medications, which may contribute to vitamin D deficiency.?’>°
Considering the aforementioned evidence, adults with IDDs
may benefit from vitamin D and calcium supplementation to
correct deficiencies, promote bone health, and prevent fractures.

Behavioral Health Considerations

In the general population, it is well established that tobacco
smoking is associated with reduced BMD and increased fracture
risk.3!32 As such, for patients who smoke, clinicians should pro-
vide tobacco cessation counseling, paying particular attention to
the patient’s cognitive capacities and tailoring the counseling
appropriately. Heavy alcohol consumption (>2 drinks per day)
decreases BMD and increases fracture risk; however, the effects
of moderate alcohol use are unclear and have been associated
with decreased fracture risk in some studies.>**** Although mod-
erate alcohol use may improve bone health slightly, patients with
IDDs should not be encouraged to start drinking simply for this
purpose, because alcohol may interfere with medications or exacer-
bate medical and psychologic comorbidities. Patients with IDDs
also should be screened and treated if necessary, for major depres-
sive disorder, as major depressive disorder can exacerbate factors
that contribute to OP, such as inactivity, poor nutrition, and med-
ication noncompliance.

Treatment of OP in Adults with IDD

Bisphosphonates

First investigated for use in bone disorders in the 1960s,
bisphosphonates (eg, alendronate, risedronate) remain the first-line
treatment for OP in the general population.®> With a chemical
structure similar to pyrophosphate, bisphosphonates function by
preferentially attaching to hydroxyapatite in bone with high turn-
over. Osteoclasts then bind and become stuck to bisphosphonates,
preventing them from adhering to and breaking down more bone.
Both oral and intravenous (IV) bisphosphonates have been well
studied, and multiple randomized controlled trials highlight their
efficacy in preventing fractures and reducing bone loss in post-
menopausal women and other populations with OP*¢3°

Although bisphosphonates are a highly effective, relatively
safe therapy for OP, their use must be tailored to the unique
needs of adults with IDDs. Traditional oral bisphosphonate use
is associated with upper gastrointestinal adverse effects and
may increase the risk of reflux esophagitis in bedbound patients
who cannot remain upright after taking oral medications. As
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such, physicians may wish to treat bedridden patients with IV
bisphosphates, which do not carry the same risk of upper gastro-
intestinal adverse effects as their oral counterparts. Although little
research exists on the topic, a 2017 study by Kaga et al examined
IV alendronate use in 62 hospitalized adults with severe motor
and intellectual disabilities. Participants in the bisphosphonate
treatment group had significantly improved BMD and bone
metabolism markers, and fewer fractures than controls at 6 months,
1 year, and 2 years after starting treatment.*’

Medication compliance is another consideration that may
prompt physicians to select an IV over an oral bisphosphonate
when treating adults with IDD. IDDs and related social factors
(eg, socioeconomic status, living/care arrangements) can hinder
oral medication adherence.*! In contrast with the daily, weekly,
or monthly dose required for oral bisphosphates, IV formula-
tions are typically given as a supervised infusion once per year,
bypassing any issues with compliance.

As approximately 15% of older adults with intellectual dis-
ability have chronic kidney disease (CKD), prescribers should be
mindful of the impact of bisphosphonate therapy on the kidneys.*?
Because bisphosphonates are renally cleared, lower doses and
slower infusion rates are generally used in patients with CKD.

Parathyroid Hormone Analogs

Endogenous parathyroid hormone (PTH) regulates serum
calcium concentration through its effects on the kidneys, bone,
and intestines. Normally, when serum calcium levels are low,
PTH stimulates osteoblasts to activate osteoclasts, which resorb
bone and release calcium into the bloodstream. As such, persis-
tently elevated PTH levels result in bone mineral loss; however,
low, pulsatile doses of PTH stimulate osteoblasts more than oste-
oclasts. Once-daily injections of PTH analogues (eg, teriparatide,
abaloparatide) capitalize on this principle and work to increase
BMD. PTH analogs are unique among pharmacological OP thera-
pies because they are the only anabolic agents (ie, drugs that increase
bone formation). Other therapies (bisphosphonates, selective
estrogen receptor modulators [SERMs], denosumab) slow bone
resorption, but do not increase new bone formation.

Although research on the use of PTH analogs in adults with
IDD is limited, we believe that these agents may be particularly
effective in patients with a distinct pathophysiology of OP—for
example, patients with CP, in whom OP results from an inade-
quate rate of bone growth during childhood rather than bone
mineral loss. Considering this distinct pathophysiology, the ana-
bolic PTH analogs could provide a unique benefit to patients
with CP by promoting the formation of bone that was never
optimally mineralized in the first place.

Another benefit of PTH analogs is that they are generally
well tolerated, with few serious adverse effects. Hypercalcemia
and hypercalciuria are two common adverse effects that typi-
cally can be managed with a dose reduction, decreased calcium
supplementation, or temporary vitamin D cessation.** In addi-
tion, it should be noted that the alarming association of PTH
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therapy with osteogenic sarcoma (OS) is minimal and the two
may not even be correlated. In the United States, a patient regis-
try that began in 2009 has reported no cases of OS to date among
its 63,270 registered patients.** Out of an abundance of caution,
however, PTH therapy should be avoided in patients with an
increased baseline risk for OS (eg, children and adolescents with
incomplete epiphyseal fusion, patients with previous radiation
therapy involving the skeleton).

Other Pharmacological Therapies

Other therapies for the treatment of OP include denosumab,
SERMs, and calcitonin. Denosumab is a human monoclonal
antibody that functions by inhibiting the receptor activator of
nuclear factor-<B-ligand, which in turn prevents the develop-
ment of osteoclasts. It is not typically used as initial therapy
for OP because of the greater availability, low cost, and proven
efficacy of oral bisphosphonates. There is controversy surround-
ing denosumab versus bisphosphonate therapy, however, with
some studies showing a larger improvement in BMD with
denosumab.*>*" In addition, its infrequent dosing (subcutaneous
injection once every 6 months) may prove valuable in adults with
IDD who have difficulty adhering to daily oral bisphosphonates.
Finally, it is not really cleared like bisphosphonates, making it
useful in IDD patients with comorbid CKD.

The SERMs are synthetic molecules that bind estrogen recep-
tors throughout the body and function as agonists or antagonists,
depending on the target tissue and the specific medication. Because
many disease pathologies involve estrogen, SERMs are used to
treat a wide variety conditions, including breast cancer, infertil-
ity, and OP.*® Raloxifene is a SERM that has high estrogen activ-
ity in bone and therefore increases BMD and prevents fractures
in patients with OP. An estrogen antagonist in breast tissue, ral-
oxifene also reduces the risk of breast cancer.*’ Because of their
greater efficacy, bisphosphonates are typically prescribed over
raloxifene for the treatment of OP; however, raloxifene is a rea-
sonable option for the prevention and treatment of OP, especially
in postmenopausal women looking to decrease their risk of breast
cancer.”® In adults with IDD, it should also be noted that SERMs
are oral medications taken once daily, which may pose a challenge
with adherence.

Calcitonin is a naturally occurring peptide that binds to
osteoclasts and inhibits bone resorption. It is not used as a first-line
therapy because it is less effective than other agents; however,
it provides acute pain relief in patients with vertebral fractures.
Nasal calcitonin preparations have a higher bioavailability than
intramuscular preparations, but daily nasal administration may
be challenging in patients with IDD. In addition, calcitonin may
be associated with adverse events such as hypersensitivity reac-
tions, hypocalcemia, and potential increased cancer risk.>'->

Monitoring Treatment Response
Monitoring response to OP therapy is essential for evaluating
drug efficacy and identifying patients who may benefit from a
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change in medication or dose. Although there are several published
guidelines, the recommendations for the frequency of monitoring
and the ideal site to monitor vary. Most societies recommend
follow-up BMD testing 1 to 2 years after initiating treatment.
The monitoring interval thereafter varies among societies, with
many advocating less frequent monitoring if stable BMD is
achieved.’*>> Most guidelines recommend follow-up scans of
the hip and spine, which may be difficult to perform on adults
with IDDs. An alternative option for these patients is serial
DXA measurements of peripheral body sites (eg, radius, tibia,
femur). Although fewer data exist on peripheral DXA, it may
be the only DXA option that is feasible for patients with severe
physical disabilities.

For patients in whom DXA measurements are impossible or
unreliable, monitoring bone turnover markers (BTMs) is an
additional, cost-effective option for assessing treatment response.
Although not routinely done in practice, measuring BTMs can be
particularly useful in certain individuals, such as patients with
impaired drug absorption, malnutrition, or suspected compli-
ance issues.>® In these patients, a common approach involves
measuring BTMs before and 3 to 6 months after beginning bis-
phosphonate therapy.®” Although there are many BTMs avail-
able, serum carboxy-terminal collagen crosslinks and fasting
urinary N-telopeptide have been investigated in a multinational
randomized controlled trial of postmenopausal women on oral
risedronate. The study by Eastell et al demonstrated that par-
ticipants with a significant decrease in BTMs had a decreased
fracture risk.”® The optimal cutoff for a decrease in these
markers is not universally accepted, however, and the utility
of BTMs has not been studied in the specific population of
adults with IDDs. In addition, BTMs are only useful in patients
taking antiresorptive therapy, not in patients taking anabolic
agents (eg, PTH analogs), as they cause BTMs to increase
because of their bone-building nature.

Conclusions

As medical care continues to improve, patients with IDD are liv-
ing longer and facing many of the same diseases that affect the
general aging population. OP is one such disease that frequently
presents earlier in adults with IDDs than in those without IDDs.
Because fractures from OP increase rates of disability and mor-
tality, effectively diagnosing, preventing, treating, and monitor-
ing OP is critical. Unique challenges arise in diagnosing and
monitoring patients with IDDs because of difficulty performing
DXA at the traditional sites of the hip and spine. For these patients,
peripheral DXA and BTM measurements may provide innova-
tive solutions. In adults with IDDs, treatment decisions should
be individualized based on factors such as comorbid conditions,
fracture risk, compliance, cost, and patient preference.
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