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Adults with Down syndrome (DS) represent a unique population who are in need of

clinical guidelines to address their medical care. The United States Preventive Service

Task Force (USPSTF) has developed criteria for prioritizing conditions of public health

importance with the potential for providing screening recommendations to improve

clinical care. The quality of existing evidence needed to inform clinical guidelines has

not been previously reviewed. Using the National Library of Medicine (NLM) database

PubMed, we first identified 18 peer reviewed articles that addressed co-occurring

medical conditions in adults with DS. Those conditions discussed in over half of the

articles were prioritized for further review. Second, we performed detailed literature

searches on these specific conditions. To inform the search strategy and review

process a series of key questions were formulated a priori. The quality of available

evidence was then graded and knowledge gaps were identified. The number of

participating adults and thedesignof clinical studies variedby condition andwereoften

inadequate for answering all of our key questions.We provide data on thyroid disease,

cervical spine disease, hearing impairment, overweight-obesity, sleep apnea,

congenital heart disease, and osteopenia-osteoporosis. Minimal evidence demon-

strates massive gaps in our clinical knowledge that compromises clinical decision-

making and management of these medically complex individuals. The development of

evidence-based clinical guidance will require an expanded clinical knowledge-base in

order to move forward.
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1 | INTRODUCTION

According to recent estimates, the number of persons with DS living

in the United States (2008–2010) is between 200,000 and 250,000

(de Graaf, Buckley, & Skotko, 2017; Presson et al., 2013). A marked

increase in the number of persons aged 35–60 years can be

explained by the baby boom (1946–1964) and increased life

expectancy for older individuals (Presson et al., 2013). The total

population prevalence of DS in the United States as of 2010 was

estimated to be 6.7/10,000 inhabitants. The age-adjusted preva-

lence is estimated at 8.6/10,000 for 20- to 24-year-olds; 6.4/10,000

for 30- to 36-year-olds; and 1.9/10,000 for 60- to 69-year olds (de

Graaf et al., 2017). Thus, the number of adults (>18 yr) with DS living

in the United States approaches or exceeds 125,000 individuals (de

Graaf et al., 2017). Further, the life expectancy of persons with DS

has increased dramatically in the last half century and now

approaches an average of 60 years in many developed countries

(Bittles & Glasson, 2004; Glasson et al., 2002).

Consensus-derived health supervision guidelines for children

with Down syndrome (DS) (birth-21 yr) have existed since 1994

(AAP, 1994) and continue to be revised on a regular basis based on

emerging evidence (AAP, 2011). Consensus-based guidelines for

adults with DS over 21 years do not exist. There is, however, a

growing literature published in peer-reviewed medical journals

addressing screening and/or evaluation for co-occurring medical

conditions seen in adults with DS. Many of the reports that highlight

co-occurring medical conditions in adults with DS are largely

informed by clinical experience and supported by existing literature

when available (Chicoine, McGuire, Hebein, & Gilly, 1994; Galley,

2005; Jensen & Bulova, 2014; Malt et al., 2013; Martin, 1997;

Pueschel, 1990; Smith, 2001; Steingass, Chicoine, McGuire, &

Roizen, 2011; Wilson, Jones, Weedon, & Bilder, 2015). Clinical

convenience samples ascertained through specialty clinics focused

on DS or intellectual and developmental disabilities (IDD) have also

been used to estimate the prevalence and variety of medical

conditions in adulthood (Henderson, Lynch, Wilkinson, & Hunter,

2007; Jensen, Taylor, & Davis, 2013; Jones, 2009; Real de Asua,

Quero, Moldenhauer, & Suarez, 2015; van Allen et al., 1999; Van

Buggenhout et al., 1999). Occasionally IDD population-based

databases have been utilized to compile this information using

survey methods (Maatta et al., 2011; Wong, 2011).

In a primary care setting, the impetus to initiate screening or

evaluation may be based on a person's age, gender, clinical suspicion,

existing guidelines, and/or the presence of risk-factors and other co-

morbidities. In children with DS the estimated prevalence of certain

co-morbidities (e.g., thyroid disease, obstructive sleep apnea) is

sufficiently high that routine screening is recommended in asymptom-

atic individuals (AAP, 2011). In adults questions about the prevalence

and severity of co-morbid health conditions and their respective risk-

factors has not been fully elucidated. Likewise the efficiency, financial

costs, and risk/benefit of routine screening have not beenwell studied.

Nor has the question of whether such screening actually results in

measurably improved health outcomes.

The risk ofmanifesting any particularmedical condition varieswith

the life-stage of an individual (Esbensen, 2010). Several authors have

focused on these age-related comorbidities (Glasson, Dye, & Bittles,

2014), reasons for hospitalization (Tenenbaum, Chavkin, Wexler,

Korem, &Merrick, 2012), and causes of death (Bittles, Bower, Hussain,

& Glasson, 2007). Given the absence of clinical guidance for medical

conditions in adults there is sufficient reason to believe that the

medical and mental health needs of this adult population also remain

largely underserved (Carfi, Brandi, Zampino, Mari, & Onder, 2015;

Jensen et al., 2013). Such questions have taken on greater importance

as adults with DS are living longer (Presson et al., 2013) and typically

experience an increased burden of chronic medical conditions

associated with high morbidity or mortality (Bittles et al., 2007;

Esbensen, 2010; Glasson et al., 2014; Tenenbaum et al., 2012).

In November 2007, a meeting held at the Centers for Disease

Control entitled, “Setting a Public Health Research Agenda for

Down Syndrome” was convened to review current knowledge,

identify gaps, and develop priorities for future public health

research related to Down syndrome (Rasmussen, Whitehead,

Collier, & Frias, 2008). Participants from clinical medicine and

public health were asked to identify key public health research

questions and to discuss potential strategies to address those

questions. A subset of topics focused on the provision of health

care, including the identification of risk and preventive factors for

various health outcomes; understanding of comorbid conditions,

including their prevalence, clinical variability, natural history, and

optimal means of evaluation and treatment; identification of

mental health comorbidities; and improved methods for the

diagnosis and treatment of Alzheimer disease.

Since 2010, the Down Syndrome Medical Interest Group in the

United States of America (DSMIG-USA) has met annually to focus on

health care and related topics at their annual symposium. Beginning

in 2014, adult health topics started to receive special priority within

DSMIG-USA which in turn has catalyzed interest in further assessing

the quality of existing evidence. During this time many of the

authors participated in the DSMIG-USA symposia where a portion of

this information has been presented. Under the auspices of

DSMIG-USA an Adult Health Workgroup was created to present

and discuss annually, the emerging evidence in the adult health

literature. This article summarizes those efforts and the findings of

the Workgroup.

The goals of this review are as follows:

Goal 1: Using the National Library of Medicine (NLM) database

PubMed (MEDLINE) identify review articles in peer-reviewed

journals that discuss co-occurring medical conditions and their

relative frequency in adults with DS

Goal 2: Use PubMed to identify original research articles that

address the prevalence, severity and methodologies for

screening or evaluation of adults with DS

Goal 3: Guided by key questions formulated a priori determine

the quality of the available evidence

Goal 4: Identify critical areas of deficit in our clinical knowledge
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Goal 5: Discuss the implication of these findings for the

development of practice guidelines and the direction of future

clinical research.

2 | MATERIALS AND METHODS

2.1 | Survey of resources on health conditions

Using the National Library of Medicine (NLM) PubMed database

(NCBI, 1946–2015), we undertook a survey of review articles that

discussed the co-occurrence of medical conditions in adults with DS.

Many of the 18 articles contained recommendations for routine

screening or evaluation, but only a portion contained original, clinical

data in support of their recommendations (Henderson et al., 2007;

Jensen et al., 2013; Jones, 2009; Maatta et al., 2011; Real de Asua

et al., 2015; van Allen et al., 1999; Van Buggenhout et al., 1999).

Additional sources of reference not indexed in PubMed included books

and book chapters (Chicoine & McGuire, 2010; Pueschel, 2006;

Pueschel & Pueschel, 1992; Rubin & Dwyer, 1989) guidance docu-

ments prepared for health providers (Cohen & Group, 1999; Sullivan

et al., 2006; Van Cleve et al., 2006), several journal articles (Kerins,

Petrovic, Bruder, & Gruman, 2008; Prasher, 1994), and websites

(Forster-Gibson & Berg, 2011). See Table 1a for a summary of the

resources about general health that were consulted.

2.2 | Survey of review articles

The 18 review articles identified through PubMed were reviewed in

detail to determine the types ofmedical condition that were considered

and discussed. Review articleswere classified according to study design

and the source of patient data as either “literature review/expert

opinion,” “clinic chart review/original data,” “cohort survey/original

data.” See Table 1b for a summary of data classification.

The frequency at which specific conditions were discussed was

totaled across all the articles, and thereby served as a “post hoc

consensus” of informed expert-opinion regarding the clinical significance

of these conditions in adults with DS. This information was then used to

inform the next stage of our review. See Table 2 for the frequency and

rank order of medical conditions discussed in the review articles.

The conditions discussed in the publications in rank-order

included ophthalmologic-vision, age-related dementia, behavior-men-

tal health, thyroid disease, otolaryngology-hearing, cardiac disease,

musculoskeletal-cervical spine, overweight-obesity, respiratory-sleep

apnea, dermatologic concerns, seizures, dental concerns, gastrointes-

tinal disorders, vaccination-infectious disease, gynecology-women's

health, autoimmune disorders, type II diabetes and various cancers.

Fewer, than one-third of articles discussed urologic-renal disorders,

hematologic conditions, movement disorders, medication use, hyper-

lipidemia, gout, chronic pain, and syncope. None of the review articles

discussed hospitalizations, end of life care, or cause of death.

2.3 | Topic selection

OurWorkgroup agreed that those conditions appearing in greater than

50% of the review articles warranted priority for further review. We

prioritized those conditions that met criteria outlined by the United

States Preventive Service Task-Force (USPSTF) because of (1) public

health importance (i.e., burden of suffering and expected effectiveness

of the preventive service to reduce that burden) and (2) the potential

for recommendations to impact clinical practice (based on existing

controversy or the belief that a gap exists between evidence and

practice) (USPSTF, 2008). It was the consensus of the Workgroup to

proceed with review of the following medical topics initially, thyroid

disease, hearing impairment, congenital heart disease, cervical spine

disease, osteopenia-osteoporosis, overweight-obesity, and sleep

apnea. The Workgroup continues to evaluate the literature on visual

impairment, behavior-mental health, age-related dementia, pulmonary

disease, dermatology, gastrointestinal problems, dental problems,

infectious disease, and women's health to be included in future

manuscripts.

TABLE 1 Health information gathered on adults with Down syndrome by resource type and health information from PubMed review articles

(a) Health information gathered on adults with Down syndrome by resource type

Review article,
N = 18

Review article,
N = 2

Book or chapter,
N = 4

Medical interest groups,
N = 3

Website,
N = 1

Source PubMed Not in PubMed Not in PubMed Not in PubMed Not in PubMed

Original data 10 (55%) 2 2 No No

Guidance provided 13 (72%) No 3 3 1

(b) Health information from PubMed review articles

All review
articles, N = 18

Literature review-expert
opinion, N = 9

Clinic chart
review, N = 7

Survey of IDD or
DS cohort, N = 2

Number of subjects 748 adults na 554 adults 194 adults

Ages covered 18–70+ years Adults 18–60+ years 18–70+ years

Original data 10 (55%) 1 7 (100%) 2 (100%)

Guidance provided 13 (72%) 9 (100%) 3 (43%) 1 (50%)

118 | CAPONE ET AL.



2.4 | Key questions

In accordance with USPSTF practice, we next formulated a series of

key questions. The formulation of key questions is an integral part of

the approach to conducting systematic literature reviews. Along with

the analytic framework, these questions specify the logic and scope of

the topic and become critical in guiding the literature search,

abstraction, and analysis process (USPSTF, 2008). By consensus, the

Workgroup agreed that key questions needed to pertain to the clinical

prevalence, severity, risk-factors, screening or evaluation methods,

and potential benefits and/or harms in an adult population of persons

with DS.

By consensus, the following key questions were formulated:

1. Is the prevalence of (condition) in adults with DS known?

2. Is the clinical severity of (condition) in adults with DS known?

3. Among adults with DS can those at ultra-high risk (for condition) be

identified?

4. What are the screening or evaluation methods utilized?

5. Does screening or evaluation lead to reduced morbidity or

mortality?

6. What are the financial costs, potential benefits, or harms of

screening or evaluation?

2.5 | PubMed literature search

A second phase of topical literature searches were conducted in

2015–2016 also using the National Library of Medicine (NLM)

biomedical literature database PubMed (MEDLINE) (NCBI, 1946–

2013) to identify original research manuscripts addressing our

prioritized topics. We used the Medical Subject Headings (MeSH) (the

NLM controlled vocabulary thesaurus for indexing) to capture related

entry terminology in our searches. For example, theMeSH term “Down

syndrome” included the search entry terms: Downs syndrome, Down's

syndrome, Mongolism, Trisomy 21, Partial Trisomy 21.

The MESH term “Down syndrome” was combined with one or

moreMeSHmain heading terms to capture literature (unfiltered) about

specific conditions in our search. Then, the limiters “Human,” “>19

years” were applied to narrow the scope of the search (filtered).

Abstracts from Medline were reviewed and excluded according to

their relevance in pertaining to key questions. Whenever an abstract

made mention of any key question (or there was doubt) the full article

was procured. The sections 2 and 3 were then reviewed to determine

which articles met inclusion or exclusion criteria. A single reviewer

from our group was chosen to conduct the literature searches then

individual reviewers performed the data review and extraction

process. See Table 3 for results of PubMed searches.

2.6 | Article inclusion criteria

Study sample includes those >19 years, data addresses at minimum

one key question, supporting data are original (not previously

published), case series includes >5 participants, or uses a cohort,

case-series or case-control research design or randomized clinical trial.

2.7 | Exclusion criteria

Study sample includes those <18 years (exclusively), data do not

address at least one key question, study uses an uninterpretable

methodology, data have been previously published or does not provide

supporting data.

2.8 | Data extraction by condition

Using only the PubMed articles meeting inclusion, data pertaining to

key questions were extracted from the Abstract section, sections 2

and 3, and entered into a preformatted Excel data template for

analysis. See Table 4 for a summary of the articles used for the data

extraction.

TABLE 2 Frequency and rank-order of co-occurring medical
conditions discussed in at least two of the review articles

Topic

Number of

articles citing the

condition

Frequency

(%)

Rank

order

Vision/ophthalmology 18 100 1

Thyroid disease 17 94 2

Behavior/mental health 17 94 2

Age related dementia 17 94 2

Hearing/ear-nose-throat 16 88 3

Cardiac 16 88 3

Musculoskeletal/cervical-

spine

16 88 3

Overweight-obesity 14 77 4

Respiratory/sleep apnea 14 77 4

Dermatologic 12 67 5

Seizures 11 61 6

Gastrointestinal 10 55 7

Dental 10 55 7

Infectious disease/

vaccination

9 50 8

Women's health/

gynecology

8 44 9

Metabolism (lipids,

glucose)

8 44 9

Autoimmune disorders 8 44 9

Cancer 7 39 10

GU/renal 5 28 11

Hematology 3 17 12

Medication use 2 11 13

Movement disorder/

parkinsonism

2 11 13

Lifestyle/activity 2 11 13

Special diets, chronic pain, gout, autonomic dysfunction, syncope, tobacco/

alcohol use, sexual activity are each discussed in one article only.
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2.9 | Evidence ratings by condition

Next a critical appraisal of each of the included articles was performed

by reviewers to determine the type of research design used, subject

ascertainment, total number of study subjects, source of control

subjects, and the extent of internal validity and external validity. The

grading of internal validity considers study design factors such as

ascertainment and selection bias, test procedures and consideration of

confounding variables; while external validity considers the generaliz-

ability of findings to a broader (more representative) population

(USPSTF, 2008). See appendix VII in the USPSTF report for criteria on

research design hierarchy, and the grading system used for scoring

internal and external validity. See Table 5 for summary of evidence

rating.

3 | RESULTS

3.1 | Thyroid disease

Of the nineteen articles reviewed, five used a case-control design (ll-

2) (Hestnes et al., 1991; Kanavin, Aaseth, & Birketvedt, 2000; Kinnell,

Gibbs, Teale, & Smith, 1987; Murdoch, Ratcliffe, McLarty, Rodger, &

Ratcliffe, 1977; Percy et al., 1990) while the remaining fourteen

were cohort studies (ll-2) (Baxter et al., 1975; Dinani & Carpenter,

1990; Kohen & Wise, 1992; Korsager, Chatham, & Ostergaard

Kristensen, 1978; Percy et al., 2003; Prasher & Haque, 2005; Van

Buggenhout et al., 1999) or case series (lll) (Feingold, 2004; Jensen

et al., 2013; Mani, 1988; Percy et al., 2003; Prasher, Ninan, & Haque,

2011; Real de Asua et al., 2015; Tenenbaum et al., 2012) focused

exclusively on individuals with DS. From the case-control studies, one

study used controls with psychiatric disease from a residential facility

(Murdoch et al., 1977), two studies used controls with other

intellectual disabilities (ID) (Hestnes et al., 1991; Kanavin et al.,

2000), and two studies used typically developing controls (Kinnell

et al., 1987; Percy et al., 1990). The cumulative number of DS

subjects studied appears sufficient (N = 1426) having been ascer-

tained from residential institutions (44%), community samples (45%)

and clinics or unspecified sources (11%). Eleven of the articles were

published prior to the year 2000 (Table 4).

The scope of evaluation included standard thyroid function tests

and/or anti-thyroid antibody titers. The medical comorbidities

assessed in the studies included treatment with thyroxine (Baxter

et al., 1975; Feingold, 2004;Mani, 1988; Prasher et al., 2011), presence

of anti-thyroid antibodies, other autoimmune conditions (Real de Asua

et al., 2015; Tenenbaum et al., 2012), or dementia (Percy et al., 1990;

Tenenbaum et al., 2012; Van Buggenhout et al., 1999).

The prevalence of thyroid disease, including both hypothyroidism

and subclinical hypothyroidism, appears to be higher in adults with DS

(27% across studies) compared to those in the general population.

There is only limited evidence regarding the prevalence of

hyperthyroidism (estimated 3% across studies) (Hestnes et al., 1991;

Kinnell et al., 1987; Percy et al., 1990; Real de Asua et al., 2015;

TABLE 3 PubMed searches, MeSH terms, article inclusion, and exclusion by condition

Condition
MeSH main
heading Search entry terms included

Unfiltered
search hits

Filtered
search
hits

Excluded
from
review

Included
in review

Thyroid
disease

Thyroid
disease

Thyroid neoplasms; euthyroid sick syndromes; goiter;
hyperthyroidism; hyperthyroxinemia; hypothyroidism;

thyroid dysgenesis; thyroiditis

426 175 156 19

Cervical

spine
disease

Cervical

vertebrae;

spondylosis

Axis, cervical vertebrae; cervical atlas; cervical spondylosis 120 39 23 16

Hearing

impairment

Hearing

impairment

Hearing loss; hypoacuisis 134 51 41 10

Overweight-
obesity

Obesity Obesity abdominal; obesity, metabolically benign; obesity,
morbid;obesity, pediatric

151 61 56 5

Congenital
heart

disease

Congenital
heart

defects

Abnormality, heart; congenital heart defect; congenital heart
defects; defects, congenital heart; heart abnormalities;

heart defect, congenital; heart defects, congenital heart;
malformation of heart

947 234 230 4

Sleep apnea Sleep apnea

syndromes

Apnea, sleep; hypersomnia with periodic respiration; mixed

central and obstructive sleep apnea; sleep apnea
syndromes; sleep apnea, mixed; sleep apnea, mixed central
and obstructive; sleep hypopnea; sleep-disordered
breathing

140 33 29 4

Osteopenia-

osteoporosis

Osteoporosis Age-related osteoporosis; bone loss, age-related;
osteoporosis; osteoporosis, age-related; osteoporosis,

involutional; osteoporosis, post-traumatic; osteoporosis,
senile; senile osteoporosis

25 16 8 8
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Van Buggenhout et al., 1999). Data on severity of thyroid disease in

adults with DS are limited, but the case-control studies suggest

significant differences in thyroid function test values compared to

controls. Overall, a high burden of thyroid disease is evident in this

population, and is further supported by the high prevalence of thyroid

disease in children with DS (Roizen et al., 2014).

Although conditions such as autoimmune disease are common in

people with DS, there is a lack of studies exploring the relationship of

these conditionswith thyroid disease.One study noted a prevalence of

thyroid disease in 74% of a sample of 136 children with diabetes and

DS (Aitken et al., 2013), but studies about the co-occurrence of thyroid

disease and other autoimmune conditions in adults are limited

(Prasher, 1999).

We assigned internal validity ratings of good to 15 and fair to 4 of

the studies based upon design considerations. Seven studies received

external validity ratings of good, fourwere fair while eight were rated as

poor. External validity was limited in several of the studies whenever

participants were recruited from institutional settings which increased

the likelihood for more serious comorbid medical conditions (Table 5).

3.2 | Cervical spine

Of the articles reviewed, 15 addressed atlanto-axial instability (AAI)

and 5 addressed degenerative disease of the cervical spine. The total

number of adults with DS studied was large (N = 1,561), but only three

studies utilized controls. Thirteen of the studies used a cohort or case

series design (lll), while three used a case-control design (ll-2) (Alvarez

& Rubin, 1986; Burke, French, & Roberts, 1985; Cooke & Lansdall-

Welfare, 1991; El-Khouri et al., 2014; Elliott, Morton, & Whitelaw,

1988; Ferguson et al., 1997; French, Burke, Roberts, Whitecloud, &

Edmunds, 1987;MacLachlan et al., 1993;Miller, Capusten, & Lampard,

1986;Miller, Grace, & Lampard, 1986; Morton, Khan, Murray-Leslie, &

Elliott, 1995; Pueschel et al., 1987; Pueschel, Scola, & Pezzullo, 1992;

Roy, Baxter, & Roy, 1990; Tangerud, Hestnes, Sand, & Sunndalsfoll,

1990; Van Dyke & Gahagan, 1988) (Table 4).

The scope of evaluation included measurement of the atlanto-

dens interval (ADI) or bone height taken from plain films without

consideration of co-morbid medical conditions. Although there was

some variation in the measures used to define increased ADI, most

studies used distances between 4.5 and 5mm.

The prevalence of AAI in adults with DS (2–20%) appears to be

decreased compared to children with DS (15–20%) but higher than

typical age-matched controls (Alvarez & Rubin, 1986; Burke et al.,

1985; Cooke & Lansdall-Welfare, 1991; El-Khouri et al., 2014; Elliott

et al., 1988; Ferguson et al., 1997; French et al., 1987;Miller, Capusten,

et al., 1986; Pueschel et al., 1987; Roy et al., 1990; Tangerud et al.,

1990). The article with the highest prevalence of AAI (20%) used a cut

off of 4 mm which may in part explain the findings (Miller, Capusten,

et al., 1986). The presence of os odontoideum and/or ossicles appears

to be a marker of high-risk in adults as it is in children (Burke et al.,

1985; El-Khouri et al., 2014). Males and females appear to have similar

risk; however, periods of inflammation may increase risk (Pueschel

et al., 1987).T
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The prevalence of spondylosis or degenerative change of the

cervical spine appears to be increased (33–64%) among adults with DS

compared to the general population (Burke et al., 1985; MacLachlan

et al., 1993; Miller, Capusten, et al., 1986; Tangerud et al., 1990; Van

Dyke & Gahagan, 1988). These changes often localize to higher levels

of the cervical spine and appear to increase in severity with age (Miller,

Capusten, et al., 1986; Tangerud et al., 1990).

Three studies received internal validity ratings of fair and thirteen

were rated as good based on design considerations. Ten studies

received external validity ratings of fair, while six received a good rating.

These assignments reflect the frequent ascertainment of samples from

institutionalized settings (Table 5).

3.3 | Hearing impairment

Four of the articles on hearing loss focused exclusively on personswith

DS. Five articles also used non-DS controls with intellectual disability

(ID), and one included healthy individuals from the general population.

Six articles were cohort studies (II-2) (Lavis, 1997; Evenhuis, van

Zanten, Brocaar, & Roerdinkholder, 1992; Keiser, Montague, Wold,

Maune, & Pattison, 1981; Maatta et al., 2011; Van Buggenhout et al.,

1999; van Schrojenstein Lantman-deValk et al., 1994), threewere case

control (II-2) (Buchanan, 1990; Hassmann, Skotnicka, Midro, &

Musiatowicz, 1998; Lowe & Temple, 2002), and one was a cross

sectional study (lll) (Meuwese-Jongejeugd et al., 2006). The cumulative

number of DS subjects studied appears large (N = 1,201). Seven of the

articles were published prior to the year 2000 (Table 4).

The scope of evaluation entailed using standard audiologic

methods such as pure tone audiometry or sound field testing (80%),

however, various other methods were also used across studies

suggesting variability in the approach to screening and evaluation. No

consideration was given to other medical comorbidities.

The prevalence of any hearing impairment in adults with DS is up

to 73% which is increased compared to both the general population

and those with other forms of ID (Lavis, 1997; Meuwese-Jongejeugd

et al., 2006). Disease severity appears to increase with age and up to

100%ofDS adults experience hearing loss by 60 years, which indicates

a high burden of disease in this population. Further support is evident

from the high prevalence ofmiddle ear disease and hearing impairment

in children with DS (Roizen et al., 2014).

Eight studies received an internal validity rating of good and two

were rated as fair. Good ratings on external validitywas assigned to two

studies while eight were rated as fair, based largely upon the

consistently increased rates of hearing impairment in DS individuals

when compared to those without DS across all studies (Table 5).

3.4 | Overweight-obesity

Three of the studies on overweight-obesity were based on a case-

control design (ll-2), two were case-series studies (ll-2). Two of the

studies were limited only to persons with DS, while three employed

contemporaneous non-DS controls with other forms of ID. All of the

studies utilized large study samples (range 183–6,429). The cumulative

number of subjects with DS studied was large (N = 1,426). Three of the

articles were published prior to the year 2000. The scope of evaluation

focused exclusively onmeasures of obesity itself, calculated bodymass

index (BMI) with no emphasis on comorbid medical conditions. Four

studies received an internal validity rating of good, and onewas rated as

fair (Table 4).

Each of the studies utilized BMI as weight (kg)/height (m2) as the

preferred method of evaluation for obesity (Bell & Bhate, 1992;

Melville, Cooper, McGrother, Thorp, & Collacott, 2005; Prasher, 1995;

Rubin, Rimmer, Chicoine, Braddock, &McGuire, 1998; Stancliffe et al.,

2011). In four of the studies, participants were living in their home or

community and recruited through a regional hospital or center-based

medical clinic. A total of 412 males and 377 females with DS

(total = 789), and 201 male and 171 female control subjects

(total = 372) with other ID were studied. All subjects were between

the ages of 15 and 76 years. Across these four studies 38% of DS

subjects were classified as obese and 34% as overweight. Females

were more likely than males (43% vs. 33%) to be obese, and about as

likely to be overweight (32% vs. 35%). Thus 75% females and 68%

males with DS were classified as overweight or obese. In the two

studies that utilized ID control subjects (Bell & Bhate, 1992; Melville

et al., 2005) 60% of females and 50% of males with ID were classified

as overweight or obese. Additionally, in two of the studies a decline in

TABLE 5 Evidence ratings by condition

Key Qs addressed
(maximum = 6)

Research design
hierarchy Internal validity rating External validity rating

Thyroid dysfunction 3 II-2/lll Fair (4), good(15) Poor (8), fair (4), good (7)

Cervical spine 3 II-2/III Fair (3), good (13) Fair (10), good (6)

Hearing impairment 4 II-2/lll Fair (2), good (8) Fair (8), good (2)

Overweight-obesity 5 II-2 Fair (1), good (4) Fair (1), good (4)

Congenital heart disease 6 II-2/lll Poor (1), fair (1), good (2) Fair (3), good (1)

Sleep apnea 4 II-2/lll Poor (2), fair (2) Poor (2), fair (2)

Osteopenia-
osteoporosis

3 III Poor (7) Poor (7)

Research design hierarchy: ll-2, well designed cohort or case-control study; lll, descriptive studies or case series, expert opinion.

122 | CAPONE ET AL.



BMI was noted with advancing age beyond 35 years (Prasher, 1995;

Rubin et al., 1998).

In the one study that utilized an existing database of individuals

with ID, that included persons with DS (N = 706), and those with non-

specified ID (N = 5,627), 73% of both men and women with DS were

classified as overweight or obese, compared to 65% of those with

other ID (Stancliffe et al., 2011). Among those with DS women were

more likely to be obese thanmen (48% vs. 41%); whichwas higher than

women and men with non-specified ID (40% vs. 31%).

The external validity or generalizability of these findings to the

larger population of adults with DS warrants a rating of good in four of

the studies; and receives further support from the large number of

community-residing persons who participated (Table 5). Additional

support for generalizability stems from the consistently high preva-

lence of overweight-obesity (60–75%) across all studies, and the

finding that obesity is often present by adolescence in youth with DS

(Tenenbaum et al., 2011).

3.5 | Congenital heart

Three of the studies on adult outcome of CHD were based on chart

reviews of a DS cohort without controls (ll-2) (Majdalany et al., 2010;

van Allen et al., 1999; Vis et al., 2010). The largest study, also

retrospective used a case-control design and included a large numbers

of participants with CHD both with/without DS (Baraona, Gurvitz,

Landzberg, & Opotowsky, 2013). Information about financial costs,

hospital LOS, non-cardiac comorbidities, and mortality was presented.

A single study employed prospective cardiac screening in a subset of

their participants ascertained retrospectively (Vis et al., 2010).

Participants were ascertained through convenience samples including,

medical clinics, hospitals and residential facilities. The cumulative

number of subjects with DS reviewed was large (N = 10,472). All

articles were published between 1999 and 2013 (Table 4).

The data included standard measures of cardiac function

(echocardiography) or in one study morbidity (hospitalization, length

of stay, medical conditions, and need for cardiac procedure) and

mortality. Non-cardiac medical conditions were considered in only two

studies.

Up to 17% of patients residing in a residential setting (the

Netherlands) had undiagnosed CHD in addition to the 16% with

previously CHD (33%). Regurgitation of the mitral, aortic, and tricuspid

valves was present in 75% of subjects (Vis et al., 2010). In patients with

AVSD repair left AV valve insufficiency and left ventricle outflow tract

obstruction are the most frequently reported long-term complications

requiring surgical repair (Martinez-Quintana, Rodriguez-Gonzalez,

Medina-Gil, Agredo-Munoz, & Nieto-Lago, 2010). Hospitalized

patients with DS and CHD had an increase prevalence of pulmonary

hypertension, cyanosis and secondary erythrocytosis compared to

those without the condition (Baraona et al., 2013). Among all

hospitalized patients with CHD, mortality was higher for those with

DS. Bacterial and aspiration pneumonia were exclusively associated

with higher mortality in DS. Cardiac procedures, however, were less

often performed in patients with DS.

Two studies received an internal validity rating of fair one was

rated as good and another as poor. The external validity or

generalizability of the findings received a rating of fair in three studies

and one as poor (Table 5). Further support for these findings derives

from the large number of participants surveyed, and the known

prevalence (40–50%) of CHD in newborns with DS (Roizen et al.,

2014).

3.6 | Sleep apnea

Three of the studies of sleep apnea (OSA) focused on persons with DS

exclusively, and just a single study employed non-DS (historical)

controls also suspected of havingOSA. One of the studies used a case-

control design (II-2) (Trois et al., 2009), and two were small case series

(III) of between 6 and 12 subjects (Andreou, Galanopoulou, &

Gourgoulianis, 2002; Resta et al., 2003). Another utilized DS subjects,

with/without comorbid depression as a within-syndrome case-control

design (Capone, Aidikoff, Taylor, & Rykiel, 2013). The cumulative

number of DS subjects studied is quite small (n = 71) having been

ascertained primarily as clinic convenience samples. All of the articles

were published after the year 2000 (Table 4).

The scope of evaluations focused on objective findings (apnea-

hypopnea index [AHI], 02% saturation) taken from overnight poly-

somnogram, with some emphasis on co-occurring medical conditions,

such as obesity, thyroid disease and depression. The apparent

increased prevalence (85%) and high symptom severity (mean

AHI = 25.9/hr) reported across these studies suggests a high disease

burden in adults with DS.

Two studies were given an internal validity rating of poor and two

fair. Because adult persons with DS constitute a special population in

the United States, the external validity or generalizability of these

findings must be made to a larger community-based population of

adults with DS. Thus, two studies warrant an external validity rating of

poor and two are rated as fair. These ratings reflect the small sample

sizes and selection bias inherent to clinically ascertained samples

(Table 5). However, additional support derives from the high

prevalence of OSA in children with DS (Churchill, Kieckhefer, Landis,

& Ward, 2012; Hoffmire, Magyar, Connolly, Fernandez, & van

Wijngaarden, 2014).

3.7 | Osteopenia-osteoporosis

Six of the articles on bone density utilized a case-control design

focusing on adults with DS, and controls with ID (II-2) (Angelopoulou

et al., 1999, 2000; Baptista, Varela, & Sardinha, 2005; Guijarro, Valero,

Paule, Gonzalez-Macias, & Riancho, 2008; Sakadamis, Angelopoulou,

Matziari, Papameletiou, & Souftas, 2002; Tyler et al., 2000). Two

studies relied on a retrospective chart review (III) (Schrager, Kloss, & Ju,

2007; van Allen et al., 1999). The cumulative number of DS subjects

studied was (N = 342). The articles were published between 1999 and

2008 (Table 4).

The prevalence of osteopenia-osteoporosis appears increased

among adults with DS compared to adults in the general population
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and those with other forms of ID. It is unclear if there is a

corresponding increase in bone fracture, but some studies suggest

this. Risk factors for low bone-mass density (BMD) were identified in

five of the studies and included immobility, inactivity, low calcium and

vitamin D, low sunlight exposure, hypogonadism, and seizure

disorders. Interestingly males and females appear to be equally

affected. Most of the studies measured BMD on dual energy X-ray

absorptiometry (DXA) scan as the preferredmethod of evaluation. The

DXA method for screening is widely available and without need of

modification in the DS population.

Three studies were retrospective medical clinic chart reviews and

the remainder utilized community-based samples. Two studies

received an internal validity rating of fair and six were rated as poor.

The external validity or generalizability of the findings was rated as fair

in two studies and poor in six of the studies (Table 5).

3.8 | Evidence gaps

There is only limited published evidence available to answer our key

questions for each of the co-occurring conditions under review in the

adult DS population. Many older studies are descriptive, utilizing small

convenience samples and either typical controls or those with IDD as a

comparison group for DS. Rarely were persons with DS, without the

target condition, used as controls for determining possible risk factors

or associated co-morbidities within a larger DS sample. Indeed, there is

scant information about risk factors or the direct physiologic impact of

other medical co-morbidities on target disease prevalence or severity.

No studies have addressed the financial costs or risks/benefits of

screening in asymptomatic individuals. A single study addressed

morbidity, mortality, and the financial costs associated with the

specified medical condition (CHD). Due to the absence of longitudinal,

prospective cohort data, we are unable to determine the natural

history of disease progression in asymptomatic individuals who

eventually become symptomatic, especially those presenting with

severe disease. Studies about the use of standard versus alternative

methodologies for screening were also generally unavailable.

3.9 | Condition specific considerations and emerging
knowledge

3.9.1 | Thyroid disease

An increased frequency of thyroid disease is evident in adults with DS

compared to members of the general population (Helfand & Force,

2004). An older USPSTF report reviewed the published evidence on

screening for subclinical thyroid disease in typical adults (Helfand &

Force, 2004). In the general population subclinical hypothyroidism is

considered a risk factor for progression to overt hypothyroidism,

Hashimoto's disease, hyperlipidemia, osteoporosis, and mood distur-

bance; and subclinical hyperthyroidism increases risk for progression

to overt hyperthyroidism, thyroid nodules, Grave's disease, atrial

fibrillation, osteoporosis, and mood/anxiety disorders. The relation-

ship between thyroid disease and other medical conditions is

beginning to be explored in children and adults with DS, with a recent

study suggesting a role for both hypothyroidism and oxidative stress in

association with osteoporosis (Villani et al., 2016).

Although evaluation methods to screen for thyroid disease are

generally available and well established in clinical practice there is a

lack of consensus about the frequency and interval of thyroid

screening in asymptomatic adults with DS. The true incidence of

symptomatic thyroid disease and recommendations for screening

has been discussed, with debate focusing on the “normal” reference

range for laboratory values (Prasher et al., 2011; Prasher & Haque,

2005).

Identification of individuals at high-risk for thyroid disease

includes any individual ever treated with thyroxine, the presence of

thyroid auto-antibodies, those with a positive family history of

autoimmune thyroid disease or advancing age. The apparent associa-

tion between autoimmune thyroid disease and other medical

comorbidities especially autoimmune conditions deserves further

investigation (Aversa et al., 2016; Soderbergh et al., 2006).

Fortunately, hormone replacement therapy makes the treatment

of hypothyroidism fairly straightforward and cost-effective for adults

with DS; whereas hyperthyroidism often presents a different set of

clinical challenges. There is a lack of consensus about the role of

thyroidectomy in the treatment of Grave's disease, due to concerns of

risk with anesthesia and surgical outcomes in people with DS (Aversa

et al., 2015; Goday-Arno et al., 2009).

3.9.2 | Cervical spine

It appears that addressing questions around degenerative disease of

the cervical spine is a more urgent priority than screening for AAI per

se, although both conditions can co-exist in adults with DS. Cervical

spondylosis and cervical spondyolytic myelopathy (CSM) is not seen in

childhood, thus clinical suspicion is required throughout adulthood.

Because degenerative changes present earlier in adults with DS

compared to the general population there needs to be some consensus

about screening all adults with DS versus those at high-risk.

The incidence of cervical spondylosis defined as degeneration of

vertebral facet joints and intervertebral discs is unknown, but CSM is

believed to be the most common spinal cord disorder in typical adults

>55 years of age (Young, 2000). Although not demonstrated in adults

with DS specifically, typical adults presenting with gait impairment,

sensory changes, and neck pain or stiffness are at high risk for disease

progression, leading to functionally impairing paraparesis (St. Clair &

Bell, 2007; Wang, Hwan, & Hee, 2010).

Evaluation using plain radiographs is generally available and

informative regarding sagittal alignment and cervical instability in

flexion-extension (Wang et al., 2010). Magnetic resonance imaging

(MRI) is required for definitive diagnosis because of its accuracy

differentiating neural, osseous, and soft tissue with high resolution and

the degree of spinal canal stenosis and associated myelomalacia. If

contraindication to MRI exists, computed tomography (CT) may be

useful for determining the extent of cervical spondylosis. Although

proper imaging can make the diagnosis reasonably straightforward,
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treatment often requires surgical decompression-stabilization when

severe myelopathy or radiculopathy is present.

Any recommendation to proceed with surgery in symptomatic

individuals requires thoughtful consideration, as symptom stabilization

rather than complete symptom resolution may be the goal; especially

in elderly adults with moderate-severe dementia who are unable to

participate in rehabilitation. Surgical outcomes in DS have not been

reported as they have for posterior arthrodesis to treat cervical

instability (Doyle, Lauerman, Wood, & Krause, 1996).

Putative pathogenic mechanisms include inflammation, collagen

sub-types ratio, the integrity of the vascular supply and possibly

alteration in bone turnover, none of which have been explored in DS

(Nouri, Tetreault, Singh, Karadimas, & Fehlings, 2015; Tetreault et al.,

2015).

3.9.3 | Hearing impairment

The prevalence of hearing impairment in adults with DS is >70% and

increases dramatically with aging (Lavis, 1997; Meuwese-Jongejeugd

et al., 2006). In the general population hearing loss is thought to occur

in 25–40% of adults and the prevalence rises to 40–66% in those >75

years, and >80% in those 85 yr and older (Reuben, Walsh, Moore,

Damesyn, & Greendale, 1998; Yueh, Shapiro, MacLean, & Shekelle,

2003). In the general population hearing loss is also considered a risk

factor for depression, social isolation, poor self-esteem and functional

decline (Gates et al., 1996). These same factors deserve further

consideration in adults with DS.

Although several screening and evaluation methods are available

in clinical practice there is a lack of consensus about the bestmethod or

frequency of screening. Current approaches to screening are typically

individualized. Routine screening for all adults >40 years which is being

incorporated into primary care practice (Patterson & Renaud, 2012)

may be especially pertinent to adults with DS who are non-verbal or

unable to self-report. The costs, benefits and frequency of repeat

screening for all adults with DS versus those at high-risk requires some

consideration.

There is a growing recognition about the role of subtle inner ear

malformation and temporal bone dysplasia in people with DS

discernible by radiologic imaging (Intrapiromkul, Aygun, Tunkel,

Carone, & Yousem, 2012; Saliba et al., 2014). The role of risk factors

such as childhood history of otitis media or cholesteatoma are also not

well investigated (Bacciu et al., 2005). While the evaluation of hearing

impairment can be relatively straightforward, newer treatments using

amplification or cochlear implants requires further study in adults with

DS (Hans, England, Prowse, Young, & Sheehan, 2010; Phelan, Pal,

Henderson, Green, & Bruce, 2016; Sheehan & Hans, 2006).

3.9.4 | Overweight-obesity

The consistently high prevalence of overweight-obesity across all

studies, and the finding that overweight-obesity is often present by

adolescence in people with DS demands greater attention from clinical

researchers. Etiology appears to be multifactorial including social,

lifestyle, and family variables in addition to an apparent physiologic

predisposition (de Winter et al., 2012b).

Recent efforts have confirmed the validity of using body adiposity

index (BAI) and dual energy X-ray absorptiometry (DXA) as an

alternative to calculated BMI to study obesity in DS (Bandini, Fleming,

Scampini, Gleason, &Must, 2013;Nickerson et al., 2015).Obesity itself

or its underlying causes appear to contribute to both reduced quality of

life (QOL) and high medical complexity especially in the presence of

sleep apnea, hepatobiliary disease, musculoskeletal degeneration,

cardiopulmonary disease, metabolic disturbance, eating disorders,

mood disorders, and reduced physical activity. Some of these

relationships are beginning to be explored in youth and adults with

DS but their potential interactions require a better understanding (de

Winter et al., 2012a; Foerste, Sabin, Reid, & Reddihough, 2016; Galli,

Cimolin, Rigoldi, Condoluci, & Albertini, 2015; Ordonez et al., 2012;

Ordonez, Rosety, & Rosety-Rodriguez, 2006; Real de Asua, Parra,

Costa,Moldenhauer, & Suarez, 2014a, 2014b; Tenenbaumet al., 2011;

Wee et al., 2014).

The USPSTF currently recommends that calculated BMI is an

acceptable screeningmodality in the general population, and thatwaist

circumference may be an acceptable alternative in some sub-

populations (Moyer, 2012). USPSTF also recommends that typical

adults with BMI >30 be referred to an intensive multicomponent

behavioral intervention. Adequate evidence indicates that multicom-

ponent behavioral interventions can be effective and that potential

benefit outweighs risks. However, evidence for any impact on long-

term health outcomes is limited (Moyer, 2012).

Clinical trials focused on weight reduction, long-term manage-

ment and prevention of obesity in adolescents and adults with DS are

needed in conjunction with exploration of predisposing physiologic

factors (Bertapelli, Pitetti, Agiovlasitis, & Guerra-Junior, 2016; Fleming

et al., 2008).

3.9.5 | Congenital heart

The high prevalence of CHD during infancy and generally good

surgical outcomes has in part contributed to the quality of published

evidence available on this condition (Fudge et al., 2010; Jacobs et al.,

2010). In clinical practice the need for regular follow-up of repaired

congenital heart disease (CHD) throughout adulthood is well

accepted. Those with previously repaired atrioventricular septal

defect (AVSD) appear to have the greatest likelihood of serious long-

term complications involving left ventricular outflow obstruction

and/or Eisenmenger syndrome, that may require repeat surgical

intervention (Martinez-Quintana et al., 2010). In some settings

adults with DS alive today may never have had an echocardiogram,

and should be screened as the incidence of undiagnosed CHD and

valve regurgitation are both high (Baraona et al., 2013). It is perhaps

less well appreciated that infants born without CHD can also

develop valvular disease as adults (Goldhaber, Brown, & Sutton,

1987; Goldhaber et al., 1986; Pueschel & Werner, 1994). The

question of routine cardiac screening for adults without any history

of CHD requires clarification.
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3.9.6 | Sleep apnea

Both the prevalence and severity of obstructive sleep apnea appears to

be higher in the adults with DS ascertained from clinical samples,

compared to adults from the general population suspected of sleep

disturbance (Jennum & Riha, 2009).

The American Academy of Sleep Medicine (AASM) Adult OSA

Task Force provides guidance about high risk individuals in the general

population, specific questions and symptoms to consider at the time of

evaluation as well as indications for the use of portable monitors

(Epstein et al., 2009) Identification of individuals with DS at high-risk

for OSA based upon identified symptoms (respiratory pauses, daytime

fatigue), risk factors (upper airway anatomy, obesity), or the impact of

other co-morbidities (cardiac, mental health) has only recently started

to receive attention (Brooks et al., 2015; Fernandez & Edgin, 2013;

Konstantinopoulou et al., 2016; Lal, White, Joseph, van Bakergem, &

LaRosa, 2015).

The diagnosis and successful treatment of OSA in every person

with DS/ID is neither straightforward nor easily achieved. The use of

alternative diagnostic methodologies for individuals who cannot

tolerate laboratory based PSG is being studied (Maris et al., 2016).

In the AASM Task Force article both standard and alternative

approaches to therapy are addressed, and supported by the use of

clinical decision-making algorithms (Epstein et al., 2009). Practice

parameters for surgical modification of the upper airway for OSA in

adults has also been addressed by the AASM (Aurora et al., 2010).

Evidence is critically reviewed and graded, recommendations made,

and commentary regarding values and trade-offs well-articulated.

The pathophysiology of OSA is complex and risk-factors probably

differ in children compared to adults with DS. Thus, in adults with DS

the previous identification or absence of OSA on PSG during

childhood, and role of prior (childhood) surgical interventions

(adeno-tonsillectomy, lingual tonsillectomy or midline glossectomy)

as putative “protective factors” is probably not justified (Donnelly,

Shott, LaRose, Chini, & Amin, 2004; Propst et al., 2016). Newer

treatment approaches that address glossoptosis have arrived (Diercks

et al., 2016) and are currently undergoing clinical trials in adolescents

and young adults with DS (Hartnick, 2017).

A USPSTF report recently reviewed the published evidence on

screening, treatment and health outcomes associated with OSA in

typical adults (Jonas et al., 2017). The report addresses a series of

critical questions including, benefits and harms of screening, diagnostic

accuracy and reliability of portable monitors, and potential benefits of

various treatments such as continuous positive airway pressure,

airway surgery, mandibular advancement, and weight loss. The impact

of OSA on several health outcomes such as cardiovascular mortality,

stroke, cognitive decline, and dementia were also examined. These

same outcomes also deserve further exploration in adults with DS.

Any recommendation to proceed with positive airway pressure

(PAP) or airway surgery in symptomatic individuals with DS requires

thoughtful consideration for elderly adults with moderate-severe

dementia who may be unable to tolerate or benefit from available

treatment options.

Mainstream research questions focused on the general population

need to be conducted in adults with DS (Lal, Strange, & Bachman,

2012; Macey, Woo, Kumar, Cross, & Harper, 2010; Tsai, 2010;

Vgontzas, Bixler, & Chrousos, 2005). For personswith DS the potential

costs and benefits of screening all adults versus just those at high-risk

require consideration; as do clinical trials examining costs andbenefits/

harms of both PAP and surgical treatments. The impact of chronic,

untreated disease on cognition, mental health, obesity, quality of life

(QOL) and mortality also requires further study. The high prevalence

and severity ofOSA, and decreased resiliency to both the cognitive and

mental health consequences requires that we persevere in our efforts

to treat these conditions (Capone et al., 2013).

3.9.7 | Osteopenia-osteoporosis

In the DS population, a high prevalence of osteopenia-osteoporosis

(>50%) is observed across all studies reviewed, and manifests at an

earlier age compared to typical adults. It is unclear if total prevalence of

this condition is increased in DS, but it is expected that age-matched

prevalence would be higher in DS compared to typical adults. In the

general population (50–65%) of women >50 yr, and (30–52%) of men

>50 yr have osteopenia-osteoporosis. Interestingly, both males and

femaleswithDSmay be equally affected. It remains unclear if there is a

corresponding increase in bone fracture in DS adults with osteopenia-

osteoporosis, some studies suggest this is the case (Schrager et al.,

2007).

Dual energy X-ray absorptiometry (DXA), the most widely used

and accepted method of screening, is generally available and has been

well standardized in typical adults. It is a quick, non-invasive method

that uses minimal radiation and does not require modification. The

USPSTF recommends that all women >65 yr, or those at high risk for

fracture be screened using DXA (Berg, 2003). A review of

recommendations from other professional and healthcare organiza-

tions has also been conducted (Lim, Hoeksema, Sherin, & Committee,

2009) and recommends that all adults >50 yr be screened for risk-

factors, and that DXA screening be implemented in women >65 yr and

men >70 yr. Younger post-menopausal women <65 yr undergo

screening only when risk factors are present. Thus, the designation

of DS individuals as being at high-risk for osteopenia-osteoporosis

requires further consideration in clinical practice as DXA screening

prior to 45–50 yr of age may be justified in both men and women.

Risk factors such as immobility, physical inactivity, and low

sunlight exposure are potentially modifiable risk factors which are not

always easily achieved in adults with DS (Hawli, Nasrallah, & El-Hajj

Fuleihan, 2009; Matute-Llorente, Gonzalez-Aguero, Gomez-Cabello,

Vicente-Rodriguez, & Casajus, 2013). Low calcium and vitamin D

intake lend itself to dietary modification (Zubillaga et al., 2006) as does

increasing physical activity (Gonzalez-Aguero et al., 2012; Reza,

Rasool, Mansour, & Abdollah, 2013) with some degree of success in

adolescents with DS having been demonstrated.

The etiology of osteopenia-osteoporosis is likely multifactorial

including dietary and environmental factors, but diminished bone

formation and low turnover is probably a key factor (McKelvey et al.,
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2013). Thus medications which inhibit bone resorption may not be an

effective treatment. Research studies addressing bone formation and

turnover, hypogonadism, and other endocrine disorders such as low

thyroid or parathyroid hormone, oxidative stress, and effects on bone

mass are indicated (Fowler et al., 2012; Villani et al., 2016; Zubillaga

et al., 2006).

4 | DISCUSSION

4.1 | Limitations of the study

Limitations of this study include the restriction of our review only to

that literature written in English and available through the NLM

PubMed. Second, the number of studies available for review was

limited and the quality of those studies was generally poor to fair,

especially for those studies relying on data collected retrospectively

from chart reviews, or when using convenience samples without

adequate controls. Many studies were performed in a medical or

residential setting because that is where one finds large numbers of

adult individuals with DS. Thus, any resulting ascertainment bias may

tend to oversample symptomatic individuals with severe disease.

Perhaps this ascertainment bias reflects a common experience among

adult primary care providers who are expected to manage patients

with DS and complex symptomatology. It is these providers who will

benefit most from having clinical guidance documents to assist in

patient care and management. Third, a single reviewer extracted the

data from each article and summarized the findings before it was re-

reviewed by a panel of expert practitioners experienced in caring for

adults with DS. Inter-rater reliability was not assessed. Despite these

limitations, the study represents a coordinated effort by leading

medical experts to critically review and synthesize the existing and

emerging knowledge to best inform health screening and evaluation

practices for adults with DS.

4.2 | The adult population in perspective

The number of persons with DS living in the United States

(2008–2010) is estimated to be between 200,000 and 250,000 (de

Graaf et al., 2017; Presson et al., 2013); and the number of adults

(>18 yr) with DS living in the United States approaches or exceeds

125,000 individuals.

As longevity continues to increase it is also expected that

greater numbers of adults with DS will live to be of advanced-age

(>45 yr) (Bittles & Glasson, 2004). This presents ongoing challenges

to the primary care physicians expected to manage an array of

congenital, chronic and age-related conditions (Bittles et al., 2007).

Of the co-morbid health conditions typically mentioned, visual and

hearing impairment, thyroid disease, obesity, sleep apnea, cardio-

pulmonary function, cervical and lumbar spondylosis, seizure

disorder, and dementia are likely to remain the major considerations

(Esbensen, 2010; Glasson et al., 2014). In this regard, guidance

around end-of-life and palliative care also remains an area of need

(McCallion et al., 2017).

4.3 | Strategic planning

For planning purposes and informed by this review we estimate that

the number of adults (>18 yr) with DS currently living in the United

States with a specific co-occurring health condition can be determined

by the following: estimated disease prevalence in the DS population

(rounded up to the nearest 5%) × 125,000 estimated individuals

(>18 yr) living in the United States = number of individuals with DS

affected by the condition.

Thus, for hearing loss (100%) = 125,000; for sleep apnea

(85%) = 106,250 individuals; for overweight-obesity (70%) = 87,500;

for cervical spondylosis (60%) = 75,000; for osteopenia-osteoporosis

(50%) = 62,500; for previously repaired or uncorrected CHD

(35%) = 43,750; for thyroid disease (30%) = 37,500.

Due to the unique biologic underpinnings of trisomy 21 some

medical conditions may exhibit unique features of etiology-pathogen-

esis and natural history compared to individuals without this

chromosomal condition (Zigman, 2013). In clinical practice, multiple

medical co-morbidities is the rule not the exception, and this requires

difficult decision-making and management considerations (Evenhuis,

Schoufour, & Echteld, 2013; Schoufour, Evenhuis, & Echteld, 2014).

Taken together, these factors suggest a modified approach to both

diagnosis and treatment in elderly or medically frail adults with DS. In

such situations, assessment of the specific risks and potential benefits

of diagnostic evaluation and its intended therapeutic purpose needs to

be discussed openly with decision-makers. Management alternatives

for those of advanced-age or nearing end-of-life need to be made

available to healthcare providers and family decision makers to use as

they see fit in their specific circumstances.

4.4 | Toward guidelines

The single biggest challenge for guideline development is based upon

their intended scope, breadth and depth. As DS is not a specific

disease, but rather a unique human condition associated with a variety

of developmental–anatomical differences, acquired (chronic) medical

conditions, and precocious aging, such guidelines would potentially

involve every major organ-system and life-stage experienced through-

out adulthood. The best precedent for creating guidance documents

has come from the efforts of the American Academy of Pediatrics

(AAP, 2011). Although guidance beyond 21 yr is not within the scope

of the AAP document, it never-the-less serves as an important

educational tool about DS that would be of benefit to any physician.

Much like an airline pilot flying without instrumentation, adult trained

providers unfamiliar with DS or the AAP document remain in the

unwelcome position of practicing medicine without any guidance

whatsoever.

The intended audience for adult guidelines requires thorough

consideration throughout the development process. Primary health

care providers (physicians, nurses, nurse practitioners, and physician

assistants) who will be providing direct care to adults are a primary

target group (Qaseem, Snow, Owens, & Shekelle, 2010). The other

stakeholder groups include caretakers (parents, siblings, and agency

CAPONE ET AL. | 127



workers) and advocacy organizations (national and regional parent

groups) who will use this information to advocate for quality health

care locally and nationally (IOM, 2011). Stakeholders should be

included in the review process particularly in determining whether

an assessment of benefits, harms and potential alternative options

are fully addressed (Diaz Del Campo et al., 2011). Deployment of

invested stakeholders will be critical to the prompt dissemination

and successful adoption of health guidelines in both the public health

and primary care settings (Luke, Wald, Carothers, Bach, & Harris,

2013).

4.5 | Realigning clinical research

Based simply on population prevalence in the United States DS is on

the cusp of being considered a rare disease (frequency <200,000) (NIH,

2017). Further, it is likely that the prevalence rate for most co-

occurring conditions is well within the range of rare disease

designation. And so, it remains challenging to plan, organize, fund

and enroll sufficient numbers of adult participants into existing data

collection efforts and screening protocols, in part because of their

numbers and geographical distribution.

It is not known what percent of the estimated 125,000 adults

with DS living in the United States utilize services at an existing

specialty clinic. Those who do almost certainly receive more

comprehensive care compared to those who do not (Jensen et al.,

2013; Skotko, Davidson, & Weintraub, 2013). Although the number

of DS clinics serving the needs of adults are few, many are located at

large, university-affiliated medical, research and training centers

(AUCD, 2017; DSMIG-USA, 2017). Despite such advantages, clinical

research on adults has not kept pace with the need for relevant

information. What is required are better efforts to organize and

support existing clinical DS programs to collect and share informa-

tion on medical screening, diagnostic evaluation and treatment

outcomes, as routinely performed at the point of care. Recent efforts

to conduct multicenter data collection and sharing using clinician

input data are successfully underway (Lavigne et al., 2015, 2017) and

may provide the necessary mechanism for further progress if

properly funded. Efforts to engage the larger community of families

living with DS to participate in clinical research studies is also

underway (Peprah et al., 2015). However, the availability of research

funding commensurate with stated long-term goals has never

materialized (NICHD, 2014).

Presently, the availability of dedicated research personnel and

lack of infrastructure support each represent limiting factors in

advancing a truly comprehensive data collection effort and person-

centered research strategy. While the provision of high quality

clinical care to persons with DS is challenging enough, it is yet

another matter to capture this experience for the purpose of

informing evidence-based care (Murillo, Reece, Snyderman, & Sung,

2006). With the necessary support and leadership it is well within

the capacity of existing clinical programs to step up and address this

urgent need (Carfi et al., 2015; McCabe, Hickey, & McCabe, 2011;

Real de Asua et al., 2015).

ACKNOWLEDGMENTS

The DSMIG-USA Adult Workgroup is grateful for the support in-kind

provided by the National Down Syndrome Congress for its Annual

Symposium andWorkgroup activities. No financial support was provided

or received by DSMIG-USA for the purpose of conducting this study.

ORCID

George T. Capone http://orcid.org/0000-0003-3009-3730

Sarah Hart http://orcid.org/0000-0003-0974-3209

REFERENCES

AAP. (1994). Health supervision for children with Down syndrome.

Pediatrics, 93(5), 855–859.
AAP. (2011). Health supervision for children with Down syndrome.

Pediatrics, 128(2), 393–406.
Aitken, R. J., Mehers, K. L., Williams, A. J., Brown, J., Bingley, P. J., Holl,

R. W., . . . Gillespie, K. M. (2013). Early-onset, coexisting autoimmunity

and decreased HLA-mediated susceptibility are the characteristics of
diabetes in Down syndrome. Diabetes Care, 36(5), 1181–1185.

Alvarez, N., & Rubin, L. (1986). Atlantoaxial instability in adults with Down
syndrome: A clinical and radiological survey. Applied Research in Mental
Retardation, 7(1), 67–78.

Andreou, G., Galanopoulou, C., & Gourgoulianis, K. (2002). Cognitive status
in Down syndrome individuals with sleep disordered breathing deficits
(SDB). Brain and Cognition, 50, 145–149.

Angelopoulou, N., Matziari, C., Tsimaras, V., Sakadamis, A., Souftas, V., &

Mandroukas, K. (2000). Bone mineral density and muscle strength in
youngmenwithmental retardation (with andwithout Down syndrome).
Calcified Tissue International, 66(3), 176–180.

Angelopoulou, N., Souftas, V., Sakadamis, A., Matziari, C., Papameletiou, V., &
Mandroukas, K. (1999). Gonadal function in young women with Down

syndrome. International Journal ofGynaecology andObstetrics,67(1), 15–21.
AUCD. (2017). Association of University Centers on Disabilities. Available

online at: http://www.aucd.org/template/page.cfm?id=24
Aurora, R. N., Casey, K. R., Kristo, D., Auerbach, S., Bista, S. R., Chowdhuri,

S., . . . American Academy of Sleep M. (2010). Practice parameters for

the surgical modifications of the upper airway for obstructive sleep
apnea in adults. Sleep, 33(10), 1408–1413.

Aversa, T., Valenzise,M., Corrias, A., Salerno,M., Iughetti, L., Tessaris, D., . . .
Wasniewska, M. (2016). In children with autoimmune thyroid diseases
the association with Down syndrome can modify the clustering of

extra-thyroidal autoimmune disorders. Journal of Pediatric Endocrinol-
ogy and Metabolism, 29(9), 1041–1046.

Aversa, T., Valenzise, M., Salerno, M., Corrias, A., Iughetti, L., Radetti, G., . . .
Wasniewska, M. (2015). Metamorphic thyroid autoimmunity in Down

syndrome: FromHashimoto's thyroiditis to Graves' disease and beyond.
Italian Journal of Pediatrics, 41(87). https://doi.org/10.1186/s13052-
015-0197-4

Bacciu, A., Pasanisi, E., Vincenti, V., Giordano, D., Caruso, A., Lauda, L., &
Bacciu, S. (2005). Surgical treatment of middle ear cholesteatoma in

children with Down syndrome. Otolaryngology and Neurotology, 26(5),

1007–1010.
Bandini, L. G., Fleming, R. K., Scampini, R., Gleason, J., & Must, A. (2013). Is

bodymass index a useful measure of excess body fatness in adolescents
and young adults with Down syndrome? Journal of Intellectual Disability

Research, 57(11), 1050–1057.
Baptista, F., Varela, A., & Sardinha, L. B. (2005). Bone mineral mass in males

and females with and without Down syndrome. Osteoporosis Interna-
tional, 16(4), 380–388.

128 | CAPONE ET AL.

http://orcid.org/0000-0003-3009-3730
http://orcid.org/0000-0003-0974-3209
http://www.aucd.org/template/page.cfm?id=24
https://doi.org/10.1186/s13052-015-0197-4
https://doi.org/10.1186/s13052-015-0197-4


Baraona, F., Gurvitz, M., Landzberg, M. J., & Opotowsky, A. R. (2013).
Hospitalizations andmortality in theUnited States for adults withDown
syndrome and congenital heart disease. American Journal of Cardiology,

111(7), 1046–1051.
Baxter, R. G., Larkins, R. G., Martin, F. I., Heyma, P., Myles, K., & Ryan, L.

(1975). Down syndrome and thyroid function in adults. Lancet, 2(7939),
794–796.

Bell, A., & Bhate, M. (1992). Prevalence of overweight and obesity in
Down's syndrome and other mentally handicapped adults living in the
community. Journal of Intellectual Disability Research, 36, 359–364.

Berg, A. O. (2003). Screening for osteoporosis in postmenopausal women:
Recommendations and rationale. American Journal of Nursing, 103(1),

73–81.
Bertapelli, F., Pitetti, K., Agiovlasitis, S., & Guerra-Junior, G. (2016).

Overweight and obesity in children and adolescents with Down
syndrome-prevalence, determinants, consequences, and interventions:
A literature review. Research in Developmental Disabilities, 57, 181–192.

Bittles, A. H., Bower, C., Hussain, R., & Glasson, E. J. (2007). The four ages of
Down syndrome. European Journal of Public Health, 17(2), 221–225.

Bittles, A. H., & Glasson, E. J. (2004). Clinical, social, and ethical implications
of changing life expectancy in Down syndrome.Developmental Medicine
and Child Neurology, 46(4), 282–286.

Brooks, L. J., Olsen,M.N., Bacevice, A.M., Beebe, A., Konstantinopoulou, S.,
& Taylor, H. G. (2015). Relationship between sleep, sleep apnea, and
neuropsychological function in childrenwithDown syndrome. Sleep and
Breathing, 19(1), 197–204.

Buchanan, L. H. (1990). Early onset of presbyacusis in Down syndrome.
Scandinavian Audiology, 19, 103–110.

Burke, S.W., French, H. G., Roberts, J. M., Johnston, C. E., 2nd,Whitecloud,
T. S., 3rd, & Edmunds, J. O., Jr. (1985). Chronic atlanto-axial instability
in Down syndrome. Journal of Bone and Joint Surgery American, 67(9),

1356–1360.
Capone, G., Aidikoff, J., Taylor, K., & Rykiel, N. (2013). Adolescents and

young adults with down syndrome presenting to a medical clinic with
depression: Co-morbid obstructive sleep apnea. American Journal of
Medical Genetics Part A, 161A(9), 2188–2196.

Carfi, A., Brandi, V., Zampino, G., Mari, D., & Onder, G. (2015). Editorial:
Care of adults with Down syndrome: Gaps and needs. European Journal
of Internal Medicine, 26(6), 375–376.

Chicoine, B., & McGuire, D. (2010). The guide to good health for teens and
adults with Down syndrome. Bethesda, MD: Woodbine House (p. 391).

Chicoine, B., McGuire, D., Hebein, S., & Gilly, D. (1994). Development of a
clinic for adults with Down syndrome. Mental Retardation, 32(2),
100–106.

Churchill, S. S., Kieckhefer, G. M., Landis, C. A., &Ward, T. M. (2012). Sleep

measurement and monitoring in children with Down syndrome: A
review of the literature, 1960–2010. Sleep Medicine Reviews, 16(5),
477–488.

Cohen, W. I., & Group, D. S. M. I. (1999). Health care guidelines for
individuals with Down syndrome: 1999 revision of the Down syndrome

preventive medical check list. Down Syndrome Quarterly, 4(3), 1–16.
Cooke, L. B., & Lansdall-Welfare, R. (1991). Atlanto-axial instability in adults

with Down's syndrome-a survey of a long-stay hospital population.
Western England Medical Journal, 106(1), 7–8.

deGraaf, G., Buckley, F., & Skotko, B. G. (2017). Estimation of the number of

people with Down syndrome in the United States. Genetics in Medicine,
19(4), 439–447.

de Winter, C. F., Bastiaanse, L. P., Hilgenkamp, T. I., Evenhuis, H. M., &
Echteld, M. A. (2012a). Cardiovascular risk factors (diabetes, hyperten-
sion, hypercholesterolemia and metabolic syndrome) in older people

with intellectual disability: Results of the HA-ID study. Research in
Developmental Disabilities, 33(6), 1722–1731.

de Winter, C. F., Bastiaanse, L. P., Hilgenkamp, T. I., Evenhuis, H. M., &
Echteld, M. A. (2012b). Overweight and obesity in older people with

intellectual disability. Research in Developmental Disabilities, 33(2),
398–405.

DiazDel Campo, P., Gracia, J., Blasco, J. A., & Andradas, E. (2011). A strategy

for patient involvement in clinical practice guidelines: Methodological
approaches. BMJ Quality and Safety, 20(9), 779–784.

Diercks, G. R., Keamy, D., Kinane, T. B., Skotko, B., Schwartz, A., Grealish, E.,
. . . Hartnick, C. J. (2016). Hypoglossal nerve stimulator implantation in

an adolescent with down syndrome and sleep apnea. Pediatrics, 137(5).
https://doi.org/10.1542/peds.2015-3663

Dinani, S., & Carpenter, S. (1990). Down's syndrome and thyroid disorder.
Journal of Mental Deficiency Research, 34(Pt 2), 187–193.

Donnelly, L. F., Shott, S. R., LaRose, C. R., Chini, B. A., & Amin, R. S. (2004).

Causes of persistent obstructive sleep apnea despite previous
tonsillectomy and adenoidectomy in children with Down syndrome
as depicted on static and dynamic cine MRI. American Journal of
Roentgenology, 183(1), 175–181.

Doyle, J. S., Lauerman, W. C., Wood, K. B., & Krause, D. (1996).

Complications and long-term outcome of upper cervical spine
arthrodesis in patients with Down syndrome. Spine, 21, 1223–1231.

DSMIG-USA. (2017). Down Syndrome Medical Interest Group—USA.
Available online at: http://www.dsmig-usa.org/

El-Khouri, M., Mourao, M. A., Tobo, A., Battistella, L. R., Herrero, C. F., &

Riberto, M. (2014). Prevalence of atlanto-occipital and atlantoaxial
instability in adults with Down syndrome.World Neurosurgery, 82(1–2),
215–218.

Elliott, S., Morton, R. E., & Whitelaw, R. A. (1988). Atlantoaxial instability

and abnormalities of the odontoid in Down's syndrome. Archives of
Disease in Childhood, 63(12), 1484–1489.

Epstein, L. J., Kristo, D., Strollo, P. J., Jr., Friedman, N., Malhotra, A., Patil,
S. P., . . . Weinstein, M. D. (2009). Clinical guideline for the evaluation,
management and long-term care of obstructive sleep apnea in adults.

Journal of Clinical Sleep Medicine, 5(3), 263–276.
Esbensen, A. J. (2010). Health conditions associated with aging and end of

life of adults with Down syndrome. International Review of Research in
Mental Retardation, 39(C), 107–126.

Evenhuis, H., Schoufour, J., & Echteld, M. (2013). Frailty and intellectual

disability: A different operationalization? Developmental Disability
Research Reviews, 18(1), 17–21.

Evenhuis, H. M., van Zanten, G. A., Brocaar, M. P., & Roerdinkholder,
W. H. M. (1992). Hearing loss in middle-age persons with Down's
syndrome. American Journal on Mental Retardation, 97(1), 47–56.

Feingold, M. (2004). Down syndrome adults. American Journal of Medical
Genetics Part A, 124A(4), 416.

Ferguson, R. L., Putney, M. E., & Allen, B. L., Jr. (1997). Comparison of
neurologic deficits with atlanto-dens intervals in patients with Down

syndrome. Journal of Spinal Disorders, 10(3), 246–252.
Fernandez, F., & Edgin, J. O. (2013). Poor sleep as a precursor to cognitive

decline in down syndrome: A hypothesis. Journal of Alzheimers Disease
and Parkinsonism, 3(2), 124–133.

Fleming, R. K., Stokes, E. A., Curtin, C., Bandini, L. G., Gleason, J., Scampini,

R., . . .Hamad, C. (2008). Behavioral health in developmental disabilities:
A comprehensive program of nutrition, exercise, and weight reduction.
International Journal of Behavior Consultation and Therapy, 4(3),
287–296.

Foerste, T., Sabin, M., Reid, S., & Reddihough, D. (2016). Understanding the

causes of obesity in children with trisomy 21: Hyperphagia vs physical
inactivity. Journal of Intellectual Disability Research, 60(9), 856–864.

Forster-Gibson, C., & Berg, J. M. (2011). Health Watch Table: Down
Syndrome. Available online at: http://www.surreyplace.on.ca/
resources-publications/primary-care/tools-for-primary-care-providers/

Fowler, T.W.,McKelvey, K. D., Akel, N. S., Vander Schilden, J., Bacon, A.W.,
Bracey, J. W., . . . Suva, L. J. (2012). Low bone turnover and low BMD in
Down syndrome: Effect of intermittent PTH treatment. PLoS ONE, 7(8),
e42967.

CAPONE ET AL. | 129

https://doi.org/10.1542/peds.2015-3663
http://www.dsmig-usa.org/
http://www.surreyplace.on.ca/resources-publications/primary-care/tools-for-primary-care-providers/
http://www.surreyplace.on.ca/resources-publications/primary-care/tools-for-primary-care-providers/


French, H. G., Burke, S.W., Roberts, J. M., Johnston, C. E., 2nd,Whitecloud,
T., & Edmunds, J. O. (1987). Upper cervical ossicles in Down syndrome.
Journal of Pediatric Orthopedics, 7(1), 69–71.

Fudge, J. C., Jr., Li, S., Jaggers, J., O'Brien, S. M., Peterson, E. D., Jacobs,
J. P., . . . Pasquali, S. K. (2010). Congenital heart surgery outcomes in
Down syndrome: Analysis of a national clinical database. Pediatrics,
126(2), 315–322.

Galley, R. (2005). Medical management of the adult patient with Down
syndrome. Journal of the American Academy of Physician Assistants,
18(4), 45–52.

Galli, M., Cimolin, V., Rigoldi, C., Condoluci, C., & Albertini, G. (2015). Effects
of obesity on gait pattern in young individuals with Down syndrome.

International Journal of Rehabilitation Research, 38(1), 55–60.
Gates, G. A., Cobb, J. L., Linn, R. T., Rees, T., Wolf, P. A., & D'Agostino, R. B.

(1996). Central auditory dysfunction, cognitive dysfunction, and
dementia in older people. Archives of Otolaryngology Head and Neck
Surgery, 122(2), 161–167.

Glasson, E. J., Dye, D. E., & Bittles, A. H. (2014). The triple challenges
associatedwith age-related comorbidities inDown syndrome. Journal of
Intellectual Disability Research, 58(4), 393–398.

Glasson, E. J., Sullivan, S. G., Hussain, R., Petterson, B. A., Montgomery,
P. D., & Bittles, A. H. (2002). The changing survival profile of people with

Down's syndrome: Implications for genetic counselling. Clinical Genet-
ics, 62(5), 390–393.

Goday-Arno, A., Cerda-Esteva, M., Flores-Le-Roux, J. A., Chillaron-Jordan,
J. J., Corretger, J. M., & Cano-Perez, J. F. (2009). Hyperthyroidism in a

population with Down syndrome (DS). Clinical Endocrinology (Oxford),
71(1), 110–114.

Goldhaber, S. Z., Brown, W. D., & Sutton, M. G. (1987). High frequency of
mitral valve prolapse and aortic regurgitation among asymptomatic
adults with Down's syndrome. Journal of the American Medical

Association, 258(13), 1793–1795.
Goldhaber, S. Z., Rubin, I. L., Brown, W., Robertson, N., Stubblefield, F., &

Sloss, L. J. (1986). Valvular heart disease (aortic regurgitation and mitral
valve prolapse) among institutionalized adults with Down's syndrome.
American Journal of Cardiology, 57(4), 278–281.

Gonzalez-Aguero, A., Vicente-Rodriguez, G., Gomez-Cabello, A., Ara, I.,
Moreno, L. A., & Casajus, J. A. (2012). A 21-week bone deposition
promoting exercise programme increases bone mass in young people
with Down syndrome. Developmental Medicine and Child Neurology,
54(6), 552–556.

Guijarro, M., Valero, C., Paule, B., Gonzalez-Macias, J., & Riancho, J. A.
(2008). Bone mass in young adults with Down syndrome. Journal of
Intellectual Disability Research, 52(Pt 3), 182–189.

Hans, P. S., England, R., Prowse, S., Young, E., & Sheehan, P. Z. (2010). UK

and Ireland experience of cochlear implants in children with Down
syndrome. International Journal of Pediatric Otorhinolaryngology, 74(3),
260–264.

Hartnick, C. (2017). A pilot study to evaluate the safety and efficacy of the
hypoglossal nerve stimulator in adolescents with Down syndrome and

obstructive sleep apnea. Available online at: https://clinicaltrials.gov/
ct2/show/NCT02344108?term=Down+syndrome%2C+trisomy
+21&recrs=abc&draw=3&rank=12

Hassmann, E., Skotnicka, B., Midro, A. T., & Musiatowicz, M. (1998).
Distortion products otoacoustic emissions in diagnosis of hearing loss in

Down syndrome. International Journal of Pediatric Otorhinolaryngology,
45(3), 199–206.

Hawli, Y., Nasrallah, M., & El-Hajj Fuleihan, G. (2009). Endocrine and
musculoskeletal abnormalities in patients with Down syndrome.Nature
Reviews Endocrinology, 5(6), 327–334.

Helfand, M., & Force, U. S. P. S. T. (2004). Screening for subclinical thyroid
dysfunction in nonpregnant adults: A summary of the evidence for
the U.S. Preventive Services Task Force. Annals of Internal Medicine,
140(2), 128–141.

Henderson, A., Lynch, S. A., Wilkinson, S., & Hunter, M. (2007). Adults with
Down's syndrome: The prevalence of complications and health care in
the community. British Journal of General Practice, 57(534), 50–55.

Hestnes, A., Stovner, L. J., Husoy, O., Folling, I., Fougner, K. J., & Sjaastad, O.
(1991). Hormonal and biochemical disturbances in Down's syndrome.
Journal of Mental Deficiency Research, 35(Part 3), 179–193.

Hoffmire, C. A., Magyar, C. I., Connolly, H. V., Fernandez, I. D., & van

Wijngaarden, E. (2014). High prevalence of sleep disorders and
associated comorbidities in a community sample of children with
Down syndrome. Journal of Clinical Sleep Medicine, 10(4), 411–419.

Intrapiromkul, J., Aygun, N., Tunkel, D. E., Carone, M., & Yousem, D. M.
(2012). Inner ear anomalies seen on CT images in people with Down

syndrome. Pediatric Radiology, 42(12), 1449–1455.
IOM. (2011). Clinical Practice Guidelines We Can Trust. Washington, D.C.:

National Academy Press (p. 291).
Jacobs, J. P., Jacobs, M. L., Mavroudis, C., Chai, P. J., Tchervenkov, C. I.,

Lacour-Gayet, F. G., . . . Quintessenza, J. A. (2010). Atrioventricular

septal defects: Lessons learned about patterns of practice and
outcomes from the congenital heart surgery database of the society
of thoracic surgeons.World Journal of Pediatric Congenital Heart Surgery,
1(1), 68–77.

Jennum, P., & Riha, R. L. (2009). Epidemiology of sleep apnoea/hypopnoea

syndrome and sleep-disordered breathing. European Respiratory Journal,
33(4), 907–914.

Jensen, K. M., & Bulova, P. D. (2014). Managing the care of adults with

Down's syndrome. British Medical Journal, 349, g5596.

Jensen, K. M., Taylor, L. C., & Davis, M. M. (2013). Primary care for adults
with Down syndrome: Adherence to preventive healthcare recom-
mendations. Journal of Intellectual Disability Research, 57(5), 409–421.

Jonas, D. E., Amick, H. R., Feltner, C.,Weber, R. P., Arvanitis,M., Stine, A., . . .
Harris, R. P. (2017). Screening for obstructive sleep apnea in adults:

Evidence report and systematic review for the US Preventive Services
Task Force. Journal of the American Medical Association, 317(4),
415–433.

Jones, J. R. (2009). Down syndrome health screening, the Fife model. British
Journal of Learning Disabilities, 38, 5–9.

Kanavin, O. J., Aaseth, J., & Birketvedt, G. S. (2000). Thyroid hypofunction in
Down's syndrome: Is it related to oxidative stress? Biologic Trace
Element Research, 78(1–3), 35–42.

Keiser, H., Montague, J.,Wold, D., Maune, S., & Pattison, D. (1981). Hearing
loss of Down syndrome adults. American Journal of Mental Deficiency,

85(5), 467–472.
Kerins, G., Petrovic, K., Bruder, M. B., & Gruman, C. (2008). Medical

conditions and medication use in adults with Down syndrome: A
descriptive analysis. Downs Syndrome Research and Practice, 12(2),

141–147.
Kinnell, H. G., Gibbs, N., Teale, J. D., & Smith, J. (1987). Thyroid dysfunction

in institutionalised Down's syndrome adults. Psychological Medicine,
17(2), 387–392.

Kohen, D., & Wise, P. H. (1992). Autoantibodies in Down's syndrome.

Lancet, 340(8816), 430.
Konstantinopoulou, S., Tapia, I. E., Kim, J. Y., Xanthopoulos, M. S., Radcliffe,

J., Cohen, M. S., . . . Marcus, C. L. (2016). Relationship between
obstructive sleep apnea cardiac complications and sleepiness in children
with Down syndrome. Sleep Medicine, 17, 18–24.

Korsager, S., Chatham, E.M., &Ostergaard Kristensen, H. P. (1978). Thyroid
function tests in adults with Down's syndrome. Acta Endocrinology
(Copenhagen), 88(1), 48–54.

Lal, C., Strange, C., & Bachman, D. (2012). Neurocognitive impairment in
obstructive sleep apnea. Chest, 141(6), 1601–1610.

Lal, C., White, D. R., Joseph, J. E., van Bakergem, K., & LaRosa, A. (2015).
Sleep-disordered breathing in Down syndrome. Chest, 147(2), 570–579.

Lavigne, J., Sharr, C., Elsharkawi, I., Ozonoff, A., Baumer, N., Brasington,
C., . . . Skotko, B. G. (2017). Thyroid dysfunction in patients with Down

130 | CAPONE ET AL.

https://clinicaltrials.gov/ct2/show/NCT02344108?term=Down
https://clinicaltrials.gov/ct2/show/NCT02344108?term=Down
https://clinicaltrials.gov/ct2/show/NCT02344108?term=Down


syndrome: Results from a multi-institutional registry study. American
Journal of Medical Genetics Part A, 173A(6), 1539–1545.

Lavigne, J., Sharr, C., Ozonoff, A., Prock, L. A., Baumer, N., Brasington,

C., . . . Skotko, B. G. (2015). National down syndrome patient
database: Insights from the development of a multi-center registry
study. American Journal of Medical Genetics Part A, 167A(11),
2520–2526.

Lavis, D. (1997). Identification of hearing impairment in people with a
learning disability: From questioning to testing. British Journal of
Learning Disabilities, 25, 100–105.

Lim, L. S., Hoeksema, L. J., Sherin, K., & Committee, A. P. P. (2009).
Screening for osteoporosis in the adult U.S. population: ACPM position

statement on preventive practice. American Journal of Preventive
Medicine, 36(4), 366–375.

Lowe, C., & Temple, V. (2002). Identifying hearing loss in adults with
developmental disabilities. Journal of Speech and Language Pathology,
26(1), 20–26.

Luke, D. A., Wald, L. M., Carothers, B. J., Bach, L. E., & Harris, J. K. (2013).
Network influences on dissemination of evidence-based guidelines in
state tobacco control programs. Health Education and Behavior, 40(1
Suppl), 33S–42S.

Maatta, T., Maatta, J., Tervo-Maatta, T., Taanila, A., Kaski, M., & Iivanainen,

M. (2011). Healthcare and guidelines: A population-based survey of
recorded medical problems and health surveillance for people with
Down syndrome. Journal of Intellectual and Developmental Disability,
36(2), 118–126.

Macey, P. M., Woo, M. A., Kumar, R., Cross, R. L., & Harper, R. M. (2010).
Relationship between obstructive sleep apnea severity and sleep,
depression and anxiety symptoms in newly-diagnosed patients. PLoS
ONE, 5(4), e10211.

MacLachlan, R. A., Fidler, K. E., Yeh, H., Hodgetts, P. G., Pharand, G., & Chau,

M. (1993). Cervical spine abnormalities in institutionalized adults with
Down's syndrome. Journal of Intellectual Disabilty Research, 37(Part 3),
277–285.

Majdalany, D. S., Burkhart, H.M., Connolly, H.M., Abel,M. D., Dearani, J. A.,
Warnes, C. A., & Schaff, H. V. (2010). Adults with Down syndrome:

Safety and long-term outcome of cardiac operation. Congenital Heart
Disease, 5(1), 38–43.

Malt, E. A., Dahl, R. C., Haugsand, T. M., Ulvestad, I. H., Emilsen, N. M.,
Hansen, B., . . .Davidsen, E. M. (2013). Health and disease in adults with
Down syndrome. Tidsskrift for Den Norske Laegeforening, 133(3),

290–294.
Mani, C. (1988). Hypothyroidism in down's syndrome. British Journal of

Psychiatry, 153, 102–104.
Maris,M., Verhulst, S., Saldien, V., Van deHeyning, P.,Wojciechowski,M., &

Boudewyns, A. (2016). Drug-induced sedation endoscopy in surgically
naive children with Down syndrome and obstructive sleep apnea. Sleep
Medicine, 24, 63–70.

Martin, B. A. (1997). Primary care of adults with mental retardation living in
the community. American Family Physician, 56(2), 485–494.

Martinez-Quintana, E., Rodriguez-Gonzalez, F., Medina-Gil, J. M., Agredo-
Munoz, J., &Nieto-Lago, V. (2010). Clinical outcome in Down syndrome
patients with congenital heart disease. Cirugia Y Cirujanos, 78(3),
245–250.

Matute-Llorente, A., Gonzalez-Aguero, A., Gomez-Cabello, A., Vicente-

Rodriguez, G., & Casajus, J. A. (2013). Decreased levels of physical
activity in adolescents with down syndrome are related with low bone
mineral density: A cross-sectional study. BMC Endocrine Disorders, 13,
22. https://doi.org/10.1186/1472-6823-13-22

McCabe, L. L., Hickey, F., & McCabe, E. R. (2011). Down syndrome:

Addressing the gaps. Journal of Pediatrics, 159(4), 525–526.
McCallion, P., Hogan, M., Santos, F. H., McCarron, M., Service, K., Stemp,

S., . . . Working Group of the International Summit on Intellectual D,
Dementia. (2017). Consensus statement of the International Summit on
Intellectual Disability and Dementia related to end-of-life care in

advanced dementia. Journal of Applied Research in Intellectual Dis-
abilities, 30(6), 1160–1164.

McKelvey, K. D., Fowler, T.W., Akel, N. S., Kelsay, J. A., Gaddy, D., Wenger,

G. R., & Suva, L. J. (2013). Low bone turnover and low bone density in a
cohort of adults with Down syndrome. Osteoporososis International,
24(4), 1333–1338.

Melville, C., Cooper, S., McGrother, C., Thorp, C., & Collacott, R. (2005).

Obesity in adults with Down syndrome: A case-control study. Journal of
Intellectual Disability Research, 49(2), 125–133.

Meuwese-JongejeugdA., VinkM., van ZantenB., VerschuureH., Eichhorn E.,
KoopmanD.,BernsenR.,&EvenhuisH. (2006). Prevalenceofhearing loss
in 1598 adults with an intellectual disability: Cross-sectional population

based study. International Journal of Audiology, 45(11):660–669.
Miller, J. D., Capusten, B. M., & Lampard, R. (1986). Changes at the base of

skull and cervical spine in Down syndrome. Canadian Association of
Radiologists Journal, 37(2), 85–89.

Miller, J. D., Grace, M. G., & Lampard, R. (1986). Computed tomography of

the upper cervical spine in Down syndrome. Journal of Computer
Assisted Tomography, 10(4), 589–592.

Morton, R. E., Khan,M. A.,Murray-Leslie, C., & Elliott, S. (1995). Atlantoaxial
instability in Down's syndrome: A five year follow up study. Archives of
Disease in Childhood, 72(2), 115–119.

Moyer, V. A. (2012). Screening for and management of obesity in
adults: U.S. Preventive Services Task Force recommendation state-
ment. Annals of Internal Medicine, 157(5), 373–378.

Murdoch, J. C., Ratcliffe,W. A.,McLarty, D.G., Rodger, J. C., & Ratcliffe, J. G.

(1977). Thyroid function in adults with Down's syndrome. Journal of
Clinical Endocrinology and Metabolism, 44(3), 453–458.

Murillo, H., Reece, E. A., Snyderman, R., & Sung, N. S. (2006). Meeting the
challenges facing clinical research: Solutions proposed by leaders of
medical specialty and clinical research societies. Academic Medicine,

81(2), 107–112.
NCBI. (1946–2013). PubMed (MEDLINE). Available online at: http://www.

ncbi.nlm.nih.gov/pubmed/
NICHD. (2014). Down Syndrome Directions: NIH Research Plan on Down

Syndrome 2014. Available online at: https://www.nichd.nih.gov/

publications/pubs/Documents/DSResearchPlan_2014.pdf
Nickerson, B. S., Esco, M. R., Bicard, S. C., Russell, A. R., Williford, H. N., &

Schaefer, G. (2015). Validity of the body adiposity index in adults with
Down syndrome. Research in Developmental Disabilities, 38, 92–96.

NIH. (2017). Genetic and rare diseases. Available online at: https://

rarediseases.info.nih.gov/
Nouri, A., Tetreault, L., Singh, A., Karadimas, S. K., & Fehlings, M. G. (2015).

Degenerative cervical myelopathy: Epidemiology, genetics, and patho-
genesis. Spine (Philalelphia), 40(12), E675–E693.

Ordonez, F. J., Fornieles-Gonzalez, G., Rosety, M. A., Rosety, I., Diaz, A., &
Rosety-Rodriguez, M. (2012). Anti-Inflammatory effect of exercise, via
reduced leptin levels, in obese women with Down Syndrome.
International Journal of Sport Nutrition and Exercise Metabolism, 23(3),
239–244.

Ordonez, F. J., Rosety, M., & Rosety-Rodriguez, M. (2006). Influence of 12-
week exercise training on fat mass percentage in adolescents with
Down syndrome. Medical Science Monitor, 12(10), R416–R419.

Patterson, B.M., & Renaud,M. (2012). Routine hearing screening in primary
care for adult populations using distortion product Otoacoustic

Emissions testing. Journal of American Academy of Nurse Practioners,
24(7), 400–404.

Peprah, E. K., Parisi, M. A., Kaeser, L., Bardhan, S., Oster-Granite, M., &
Maddox, Y. T. (2015). DS-Connect: A promising tool to improve lives
and engage down syndrome communities worldwide. Global Heart,

10(4), 337–340.
Percy, M. E., Dalton, A. J., Markovic, V. D., Crapper-McLachlan, D. R., Gera,

E., Hummel, J. T., . . . Walfish, P. G. (1990). Autoimmume thyroiditis
associated with mild “subclinical” hypothroidism in adults with Down
syndrome: A comparison of patientswith andwithoutmanifestations of

CAPONE ET AL. | 131

https://doi.org/10.1186/1472-6823-13-22
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
https://www.nichd.nih.gov/publications/pubs/Documents/DSResearchPlan_2014.pdf
https://www.nichd.nih.gov/publications/pubs/Documents/DSResearchPlan_2014.pdf
https://rarediseases.info.nih.gov/
https://rarediseases.info.nih.gov/


Alzheimer disease. American Journal of Medical Genetics Part A, 36,
148–154.

Percy, M. E., Potyomkina, Z., Dalton, A. J., Fedor, B., Mehta, P., Andrews,

D. F., . . . Wu, L. (2003). Relation between apolipoprotein E genotype,
hepatitis B virus status, and thyroid status in a sample of older persons
with Down syndrome. American Journal of Medical Genetics Part A,
120A(2), 191–198.

Phelan, E., Pal, R., Henderson, L., Green, K. M., & Bruce, I. A. (2016). The
management of children with Down syndrome and profound hearing
loss. Cochlear Implants International, 17(1), 52–57.

Prasher, V. (1994). Screening of medical problems in adults with Down
syndrome. Downs Syndrome Research and Practice, 2(2), 59–66.

Prasher, V., & Haque, M. S. (2005). Misdiagnosis of thyroid disorders in
down syndrome: Time to re-examine the myth? American Journal of
Mental Retardation, 110(1), 23–27.

Prasher, V., Ninan, S., & Haque, S. (2011). Fifteen-year follow-up of thyroid
status in adults with Down syndrome. Journal of Intellectual Disability

Research, 55(4), 392–396.
Prasher, V. P. (1995). Overweight and obesity amongst Down's syndrome

adults. Journal of Intellectual Disability Research, 39(5), 437–441.
Prasher, V. P. (1999). Down syndrome and thyroid disorders: A review.

Downs Syndrome Research and Practice, 6(1), 25–42.
Presson, A. P., Partyka, G., Jensen, K. M., Devine, O. J., Rasmussen, S. A.,

McCabe, L. L., & McCabe, E. R. (2013). Current estimate of Down
Syndrome population prevalence in the United States. Journal of
Pediatrics, 163(4), 1163–1168.

Propst, E. J., Amin, R., Talwar, N., Zaman, M., Zweerink, A., Blaser, S., . . .
Narang, I. (2016). Midline posterior glossectomy and lingual tonsillec-
tomy in obese and nonobese children with Down Syndrome:
Biomarkers for success. Laryngoscope, 127(3), 757–763.

Pueschel, S. (2006). Adults with Down syndrome. Baltimore, MD: Paul H.

Brookes (p. 289).
Pueschel, S., & Werner, J. (1994). Mitral valve prolapse in persons

with Down syndrome. Research in Developmental Disabilities, 15(2),
91–97.

Pueschel, S. M. (1990). Clinical aspects of Down Syndrome from infancy

to adulthood. American Journal of Medical Genetics, Supplement, 7,
52–56.

Pueschel, S. M., Findley, T. W., Furia, J., Gallagher, P. L., Scola, F. H., &
Pezzullo, J. C. (1987). Atlantoaxial instability in Down Syndrome:
Roentgenographic, neurologic, and somatosensory evoked potential

studies. Journal of Pediatrics, 110(4), 515–521.
Pueschel, S. M., Scola, F. H., & Pezzullo, J. C. (1992). A longitudinal study of

atlanto-dens relationships in asymptomatic individuals iwth Down
syndrome. Pediatrics, 89(6), 1194–1198.

Pueschel, S. P., & Pueschel, J. K. (1992). Biomedical concerns in persons with
Down syndrome. Baltimore: Paul H. Brookes Co (p. 320).

Qaseem, A., Snow, V., Owens, D. K., Shekelle, P., & Clinical Guidelines
Committee of the American College of P. (2010). The development of
clinical practice guidelines and guidance statements of the American

College of Physicians: Summary of methods. Annals of Internal Medicine,
153(3), 194–199.

Rasmussen, S., Whitehead, N., Collier, S., & Frias, J. (2008). Setting a public
health research agenda for Down Syndrome: Summary of a meeting
sponsored by the Centers for Disease Control and Prevention and the

National Down Syndrome Society. American Journal of Medical Genetics
Part A, 146A(23), 2998–3010.

Real de Asua, D., Parra, P., Costa, R., Moldenhauer, F., & Suarez, C. (2014a).
A cross-sectional study of the phenotypes of obesity and insulin
resistance in adults with Down syndrome. Diabetes and Metabolism

Journal, 38(6), 464–471.
Real de Asua, D., Parra, P., Costa, R., Moldenhauer, F., & Suarez, C. (2014b).

Evaluation of the impact of abdominal obesity on glucose and lipid
metabolism disorders in adults with Down Syndrome. Research in
Developmental Disabilities, 35(11), 2942–2949.

Real de Asua, D., Quero, M., Moldenhauer, F., & Suarez, C. (2015). Clinical
profile and main comorbidities of Spanish adults with Down Syndrome.
European Journal of Internal Medicine, 26(6), 385–391.

Resta, O., Barbaro, M., Giliberti, T., Caratozzolo, G., Cagnazzo, M., Scarpelli,
F., & Nocerino, M. (2003). Sleep related breathing disorders in adults
with Down syndrome. Downs Syndrome Research and Practice, 8(3),
115–119.

Reuben, D. B., Walsh, K., Moore, A. A., Damesyn, M., & Greendale, G. A.
(1998). Hearing loss in community-dwelling older persons: National
prevalence data and identification using simple questions. Journal of the
American Geriatric Society, 46(8), 1008–1011.

Reza, S. M., Rasool, H., Mansour, S., & Abdollah, H. (2013). Effects of

calcium and training on the development of bone density in children
with Down syndrome. Research in Developmental Disabilities, 34(12),
4304–4309.

Roizen, N. J., Magyar, C. I., Kuschner, E. S., Sulkes, S. B., Druschel, C., van

Wijngaarden, E., . . . Hyman, S. L. (2014). A community cross-sectional

survey of medical problems in 440 children with Down syndrome in
New York State. Journal of Pediatrics, 164(4), 871–875.

Roy, M., Baxter, M., & Roy, A. (1990). Atlantoaxial instability in Down
syndrome-guidelines for screening and detection. Journal of the Royal
Society for Medicine, 83(7), 433–435.

Rubin, I. L., & Dwyer, F. M. (1989). Management of the geriatric population.
In I. L. Rubin &A. C. Crocker (Eds.),Developmental Disabilities: Delivery of
medical care for children and adults (pp. 398–403). Boston: Lea and
Febiger.

Rubin, S. S., Rimmer, J. H., Chicoine, B., Braddock, D., & McGuire, D. E.
(1998). Overweight prevalence in persons with Down syndrome.
Mental Retardation, 36, 175–181.

Sakadamis, A., Angelopoulou, N., Matziari, C., Papameletiou, V., & Souftas,
V. (2002). Bone mass, gonadal function and biochemical assessment in

young men with trisomy 21. European Journal of Obstetrics Gynecology
and Reproductive Biology, 100(2), 208–212.

Saliba, I., Sbeity, S., El-Zir, E., Yammine, F. G., Noun, C. T., & Haddad, A.
(2014). Down syndrome: An electrophysiological and radiological
profile. Laryngoscope, 124(4), E141–E147.

Schoufour, J. D., Evenhuis, H. M., & Echteld, M. A. (2014). The impact of
frailty on care intensity in older people with intellectual disabilities.
Research in Developmental Disabilities, 35(12), 3455–3461.

Schrager, S., Kloss, C., & Ju, A.W. (2007). Prevalence of fractures in women
with intellectual disabilities: A chart review. Journal of Intellectual

Disability Research, 51(4), 253–259.
Sheehan, P. Z., & Hans, P. S. (2006). UK and Ireland experience of bone

anchored hearing aids (BAHA) in individuals with Down syndrome.
International Journal of Pediatric Otorhinolaryngology, 70(6),

981–986.
Skotko, B., Davidson, E. J., & Weintraub, G. (2013). Contributions of a

specialty clinic for children and adolescents with Down syndrome.
American Journal of Medical Genetics Part A, 161A(3), 430–437.

Smith, D. S. (2001). Health care management of adults with Down

syndrome. American Family Physician, 64(6), 1031–1038.
Soderbergh, A., Gustafsson, J., Ekwall, O., Hallgren, A., Nilsson, T., Kampe,

O., . . . Anneren, G. (2006). Autoantibodies linked to autoimmune
polyendocrine syndrome type I are prevalent in Down syndrome. Acta
Paediatrica, 95(12), 1657–1660.

St. Clair, S., & Bell, G. (2007). Natural history of cervical spondylotic
myelopathy. Seminars in Spine Surgery, 19, 2–5.

Stancliffe, R. J., Lakin, K. C., Larson, S., Engler, J., Bershadsky, J., Taub, S., . . .
Ticha, R. (2011). Overweight and obesity among adults with intellectual
disabilities who use intellectual disability/developmental disability

services in 20 U.S. States. American Journal of Intellectual and
Developmental Disabilities, 116(6), 401–418.

Steingass, K. J., Chicoine, B., McGuire, D., & Roizen, N. J. (2011).
Developmental disabilities grown up: Down syndrome. Journal of
Developmental and Behavioral Pediatrics, 32(7), 548–558.

132 | CAPONE ET AL.



Sullivan, W. F., Heng, J., Cameron, D., Lunsky, Y., Cheetham, T., Hennen,
B., . . . Swift, I. (2006). Consensus guidelines for primary health care of
adults with developmental disabilities. Canadian Family Physician,

52(11), 1410–1418.
Tangerud, A., Hestnes, A., Sand, T., & Sunndalsfoll, S. (1990). Degenerative

changes in the cervical spine in Down's syndrome. Journal of Mental
Deficiency Research, 34(2), 179–185.

Tenenbaum, A., Chavkin, M., Wexler, I. D., Korem, M., & Merrick, J. (2012).
Morbidity and hospitalizations of adults with Down syndrome. Research
in Developmental Disabilities, 33(2), 435–441.

Tenenbaum, A., Malcah, Y., Wexler, I., Brooks, R., Schulman, C., & Levy-
Khademi, F. (2011). Obesity and metabolic syndrome characteristics in

children and adolescents with Down syndrome. Down Syndrome
Quarterly, 13(2), 49–51.

Tetreault, L., Goldstein, C. L., Arnold, P., Harrop, J., Hilibrand, A., Nouri, A., &
Fehlings, M. G. (2015). Degenerative cervical myelopathy: A spectrum
of related disorders affecting the aging spine.Neurosurgery,77(suppl_1),

S51–S67.
Trois, M., Capone, G., Lutz, J., Melendres, M., Schwartz, A., Collop, N., &

Marcus, C. L. (2009). Obstructive sleep apnea in adults with Down
syndrome. Journal of Clinical Sleep Medicine, 5(4), 317–323.

Tsai, J. C. (2010). Neurological and neurobehavioral sequelae of obstructive

sleep apnea. NeuroRehabilitation, 26(1), 85–94.
Tyler, C. V., Jr., Snyder, C. W., & Zyzanski, S. (2000). Screening for

osteoporosis in community-dwelling adults with mental retardation.
Mental Retardation, 38(4), 316–321.

USPSTF. (2008). United States Preventive Services Task Force Procedure
Manual. Available online at: http://www.preventiveservices.ahrq.gov

van Allen, M. I., Fung, J., & Jurenka, S. B. (1999). Health care concerns and
guidelines for adults with Down syndrome. American Journal of Medical
Genetics, 89(2), 100–110.

Van Buggenhout, G. J., Trommelen, J. C., Schoenmaker, A., De Bal, C.,
Verbeek, J. J., Smeets, D. F., . . . Fryns, J. P. (1999). Down syndrome in a
population of elderly mentally retarded patients: Genetic-diagnostic
survey and implications for medical care. American Journal of Medical
Genetics Part A, 85(4), 376–384.

Van Cleve, S., Cannon, S., & Cohen, W. (2006). Clinical practice guidelines
for adolescents and young adults with Down syndrome: 12 to 21 years.
Journal of Pediatric Health Care, 20, 198–205.

Van Dyke, D. C., & Gahagan, C. A. (1988). Down syndrome. Cervical spine
abnormalities and problems. Clinical Pediatrics (Philadelphia), 27(9),

415–418.
van Schrojenstein Lantman-de Valk, H. M., Haveman, M. J., Maaskant,

M. A., Kessels, A. G., Urlings, H. F., & Sturmans, F. (1994). The need for
assessment of sensory functioning in ageing people with mental

handicap. Journal of Intellectual Disability Research, 38(3), 289–298.
Vgontzas, A., Bixler, E., & Chrousos, G. (2005). Sleep apnea is a

manifestation of the metabolic syndrome. Sleep Medicine Reviews, 9,
211–224.

Villani, E. R., Onder, G., Carfi, A., Di Segni, C., Raimondo, S., Silvestrini, A., . . .
Mancini, A. (2016). Thyroid function and its implications in oxidative
stress influencing the pathogenesis of osteoporosis in adults with down

syndrome: A cohort study. Hormone and Metabolism Research, 48(9),
565–570.

Vis, J. C., de Bruin-Bon, R. H., Bouma, B. J., Huisman, S. A., Imschoot, L., van
den Brink, K., &Mulder, B. J. (2010). Congenital heart defects are under-
recognised in adult patients with Down's syndrome. Heart, 96(18),
1480–1484.

Wang, L., Hwan, T., & Hee, K. (2010). Cervical spondylotic myelopathy:
A brief review of its pathophysiology, presentation, assessment,
natural history and management. Orthopaedics and Trauma, 25(3),
181–189.

Wee, S. O., Pitetti, K. H., Goulopoulou, S., Collier, S. R., Guerra, M., &
Baynard, T. (2014). Impact of obesity and Down syndrome on peak

heart rate and aerobic capacity in youth and adults. Research in
Developmental Disabilities, 36C, 198–206.

Wilson, B., Jones, K. B., Weedon, D., & Bilder, D. (2015). Care of adults with

intellectual and developmental disabilities: Down syndrome. Family
Practice Essentials, 439, 20–25.

Wong, C. W. (2011). Adults with intellectual disabilities living in Hong
Kong's residential care facilites: A descriptive analysis of health and
disease patterns by sex, age, and presence of Down syndrome.
Journal of Policy and Practice in Intellectual Disabilities, 8(4),
231–238.

Young, W. F. (2000). Cervical spondylotic myelopathy: A common cause of
spinal cord dysfunction in older persons. American Family Physician,
62(5), 1064–1073.

Yueh, B., Shapiro, N., MacLean, C. H., & Shekelle, P. G. (2003). Screening

and management of adult hearing loss in primary care: Scientific
review. Journal of the American Medical Association, 289(15),
1976–1985.

Zigman, W. B. (2013). Atypical aging in Down syndrome. Developmental
Disabilities Research Reviews, 18(1), 51–67.

Zubillaga, P., Garrido, A., Mugica, I., Ansa, J., Zabalza, R., & Emparanza, J. I.
(2006). Effect of vitamin D and calcium supplementation on bone
turnover in institutionalized adults with Down's Syndrome. European

Journal of Clinical Nutrition, 60(5), 605–609.

How to cite this article: Capone GT, Chicoine B, Bulova P,

et al. Co-occurring medical conditions in adults with Down

syndrome: A systematic review toward the development of

health care guidelines. Am J Med Genet Part A.

2018;176A:116–133. https://doi.org/10.1002/ajmg.a.38512

CAPONE ET AL. | 133

http://www.preventiveservices.ahrq.gov
https://doi.org/10.1002/ajmg.a.38512

