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Abstract

The authors present a case study of a 70-year-old man with Down syndrome (“Mr. C.”) who they
followed for 16 years and who does not exhibit declines in cognitive or functional capacities
indicative of dementia, despite having well-documented, complete trisomy 21. The authors describe
the age-associated changes that occurred over 16 years as well as provide detailed information
regarding Mr. C.’s health and genetic status. To further emphasize Mr. C.’s successful aging, the
authors compared his longitudinal performance profile with that of 2 peers of comparable level of
intellectual functioning: 1 similar-aged man with clinical Alzheimer’s disease and a younger man
who was healthy. The authors present potential explanations for the phenotypic variability ob-

served in individuals with Down syndrome.

DOI: 10.1352/2008.46:215-228

Trisomy 21 (Down syndrome) is the most prev-
alent chromosomal abnormality associated with intel-
lectual disability (National Institute of Child Health
& Human Development, 2006; also see Jenkins &
Velinov, 2001, for a review). It is estimated to occur
in approximately 1 in every 733 live births and in all
racial and socioeconomic groups (U.S. Centers for
Disease Control and Prevention, 2006). Down syn-
drome is caused by complete or partial triplication of
human chromosome 21 and affects multiple body sys-
tems. It is associated with a constellation of pheno-
typic characteristics, including distinctive facial and
physical features, intellectual disability with cognitive
strengths and weaknesses, health problems, earlier-on-
set Alzheimer’s disease, and shortened life expectancy
(e.g., Baird & Sadovnick, 1987; Roizen, 2001; see Dy-
kens, Hodapp, & Finucane, 2000, for a review). Down
syndrome also has some features that are associated
with precocious aging (Devenny et al., 2005). It is
important that almost every aspect of the phenotype
associated with Down syndrome shows high degrees
of variability in terms of both occurrence and degree
of severity. For example, although individuals with
Down syndrome generally function in the mild to
moderate range of intellectual disability (with 1Q
scores in the 50s), IQ levels vary widely (Connolly,
1978).

Similar to adults in the general population, adults
with intellectual disability, both with and without

Down syndrome, have benefited from advances in
medical care, nutritional practices, and public health
policies that occurred during the 20th century, result-
ing in a dramatic extension of their life expectancy
(see Silverman, Zigman, Kim, Krinsky-McHale, &
Wisniewski, 1998). Yang, Rasmussen, and Friedman
(2002) determined that life expectancy among people
with Down syndrome has been increasing, on average,
1.7 years per year over the past 14 years (from 25 years
in 1983 to 49 years in 1997). In the current birth
cohort, over 55% of individuals with Down syndrome
are expected to survive into their 50s (Strauss & Ey-
man, 1996), and 13.5% may still be alive at 68 years
old (Baird & Sadovnick, 1988, 1989). However, al-
though the lifespan of individuals with Down syn-
drome has dramatically increased in recent years,
these individuals are still at increased age-specific mor-
tality risk compared with both individuals with intel-
lectual disability from other etiologies and the general
population without intellectual disability (e.g., Glas-
son et al., 2003).

Adults with Down syndrome are also at in-
creased risk for developing earlier-onset Alzheimer’s
disease (K. Wisniewski, Wisniewski, & Wen, 1985;
Zigman, Schupf, Sersen, & Silverman, 1996; see
Mann, 1993, for review). The high risk for Alzhei-
mer’s disease has been attributed, at least in part,
to the triplication and overexpression of the gene
coding for amyloid precursor protein (APP), which
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is located on chromosome 21 and seems to contrib-
ute to the deposition of B-amyloid protein in diffuse
and neuritic plaques (Hof et al., 1995; Hyman,
West, Rebeck, Lai, & Mann, 1995; Rumble et al.,
1989). The formation and deposition of plaques fol-
low an age-dependent pattern in which most of the
B-amyloid remain nonfibrillized (diffuse) and does
not result in neuronal degeneration or loss of func-
tion until about the end of the 4th decade of life
(H. M. Wisniewski, Wegiel, & Popovitch, 1994).
From the 5th decade on, the proportion of fibrillar
(neuritic) plaques accelerates with each decade (H.
M. Wisniewski, Wegiel, & Popovitch, 1994; T.
Wisniewski et al., 1995).

[t is intriguing that not all adults with Down syn-
drome develop clinical dementia at ages when the
presence of large numbers of neuritic plaques is pre-
sumed to exist (Chicoine, McGuire, Hebein, & Gilly,
1994; Devenny et al., 1996; Oliver, Crayton, Holland,
Hall, & Bradbury, 1998; Zigman et al., 1996). Even
in those individuals who develop dementia, there is
wide variation in the age at onset (Lai & Williams,
1989; Prasher & Krishnan, 1993). Individual differ-
ences in vulnerability then, must exist, but the factors
contributing to these differences are still largely un-
known (Silverman et al., 1998).

Adults with Down syndrome show age-associ-
ated changes in cognitive abilities that mirror the
changes observed in older adults without intellec-
tual disability (e.g., Devenny et al., 1996; Devenny,
Krinsky-McHale, Sersen, & Silverman, 2000; Hax-
by, 1989; Oliver et al., 1998; Vicari, Nocentini, &
Caltagirone, 1995). Specifically, longitudinal stud-
ies have found declines with age in episodic mem-
ory and new learning (Devenny et al., 1996, 2000;
Haxby & Shapiro, 1992; Oliver et al., 1998), and
cross-sectional studies have reported poorer perfor-
mance by older adults with Down syndrome on
measures of memory, learning, language, visuospa-
tial abilities, aspects of attentional control, and
speed of information processing compared with old-
er adults with other forms of intellectual disability
(e.g., Burt et al., 2005; Devenny & Zimmerli, 1996;
Fromage & Anglade, 2002; Haxby, 1989; Thase,
Tigner, Smeltzer, & Liss, 1984; Vicari, Nocentini,
& Caltagirone,1995). Declines in adaptive behavior
with age have also been observed in this population
(Rasmussen & Sobsey, 1994; Zigman et al., 1996).
Many health problems increase in prevalence with
age, including vision impairments, hearing loss, thy-
roid dysfunction, and depression (e.g., Buchanan,

1990; Castane, Boada-Rovira, & Hernandez-Ruiz,
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2004; Evenhuis, 1995; Evenhuis, Theunissen,
Denkers, Verschuure, & Kemme, 2001; Krinsky-
McHale et al., 2001; Prasher, 1995a, 1995b; also see
Merrick, Kandel, & Morad, 2003, for a review on
health issues in adults with Down syndrome). The
consensus that has emerged from studies investigat-
ing these behavioral and medical aspects of aging
in adults with Down syndrome is that these age-
related problems occur earlier than is characteristic
of the general population but typically not before
the age of 50 years (Devenny & Krinsky-McHale,
1998; Holland, Hon, Huppert, Stevens, & Watson,
1998; Zigman, Schupf, Lubin, & Silverman, 1987;
cf. Burt et al., 1995).

There have been several early reports of indi-
viduals with Down syndrome living beyond their
expected age (Demissie, Ayres, & Briggs, 1988; Du-
pont, Vaeth, Videbech, 1986; Forssman & Akesson,
1965; Jancar, 1989), but the characteristics of these
long-lived individuals have not been well described.
Recently, Chicoine and McGuire (1997) presented
a case study of an 83-year-old woman with Down
syndrome and reported that she showed, “no phys-
ical deterioration, no memory loss, and no loss of
skills” and that, “she had been relatively healthy all
her life” (p. 477). Chromosome analysis indicated
that she had mosaic Down syndrome (25/75 cells
with trisomy 21) rather than typical trisomy 21. In
addition, Prasher et al. (1998) reported on a 78-
year-old woman who did not have dementia when
she died and who had a partial trisomy of the long
arm of chromosome 21 in the area of the APP gene
[46,XX,rec(21)dup q,inv(21) (p12g22.1)]. At au-
topsy, there was no evidence of the neuropathology
suggestive of Alzheimer’s disease.

In summary, by virtue of the genetic abnor-
mality defining Down syndrome, individuals with
this condition present with a unique aging profile,
and, in certain areas of cognitive and adaptive func-
tioning, they appear to age precociously. Interpre-
tation of these findings is complicated by the high
risk for earlier-onset Alzheimer’s disease, and there
is high interindividual variability in the expression
and age of onset of changes in functioning. Because
increased longevity for individuals with Down syn-
drome is a relatively recent phenomenon, far too
little is known about their adult development.

In this article, we present a case study of a 70-
year-old man with Down syndrome, “Mr. C.,” who we
have followed for the past 16 years. We describe his
age-associated cognitive and functional changes over
the years of his participation in our study as well as
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detailed information regarding his health and genetic
status. Of particular interest is the fact that Mr. C,,
despite having well-documented complete trisomy 21,
has not experienced a decline in memory function or
in performance of activities of daily living that might
be suggestive of dementia, making him the oldest par-
ticipant in our 20-year longitudinal study who does
not exhibit clinical Alzheimer’s disease.

Method

Genetic Assessments

To verify the diagnosis of Down syndrome for
Mr. C., we collected samples of nonfasting blood,
with informed consent, for chromosomal and DNA
analysis. Karyotyping was performed by standard
methods using phytohemagglutinin-stimulated pe-
ripheral blood lymphocytes (as reported in Jenkins
et al., 1983, 1996; Jeziorowska et al., 1992). Inter-
phase fluorescence in situ hybridization (FISH) was
used to determine whether Mr. C. was subject to
low-level mosaicism for trisomy 21. In addition, we
carried out high-resolution, genome-wide analysis of
DNA copy number on Affymetrix (Affymetrix,
Santa Clara, CA) 250K Nspl single nucleotide
polymorphism (SNP) arrays, with probe synthesis,
and data analysis by normalization and model-based
expression using the dChip software package (Li &
Wong, 2001). Genotyping for apolipoprotein E
(APOE) was performed by using the method of
Hixson and Vernier (1990).

Cognitive and Functional Assessments

Mr. C. is a participant in a longitudinal study
examining the changes in functioning associated with
aging in adults with intellectual disability (see, e.g.,
Devenny et al., 1996; Silverman et al., 2004). He
entered the study in 1990 at the age of 53 years, and
we have evaluated him every 12 to 18 months since
that time, providing 11 separate assessments as of
2006. Assessments have included direct cognitive
testing (including measures of mental status, general
cognitive abilities, verbal skills, visuospatial organiza-
tion, new learning, fine-motor coordination, and
memory), review of current and past medical history,
and structured informant interviews regarding behav-
ior (functional and maladaptive). Table 1 summarizes
the tests evaluated for this article and the domains
assessed. Details of the tests administered are present-
ed elsewhere (e.g., Devenny et al., 1996; Krinsky-
McHale, Devenny, & Silverman, 2002; Silverman et
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al., 2004). All testing was done individually either at
Mr. C’s day program or his residence.

Dementia Status

The nondemented status of Mr. C. was estab-
lished based on in-depth evaluations of cognitive,
functional, and health status conducted repeatedly
over many years during case consensus conferences.
Procedures for determining status were consistent
with guidelines recommended by the American As-
sociation on Mental Retardation (now the Ameri-
can Association on Intellectual and Developmental
Disabilities [AAIDD])-International Association
for the Scientific Study of Intellectual Disability
(AAMR-IASSID) Working Group for the Estab-
lishment for the Criteria for the Diagnosis of De-
mentia in Individuals with Developmental Disabil-
ity (Aylward, Burt, Thorpe, Lai, & Dalton, 1995;
Burt & Aylward, 2000). The details of the case con-
sensus conferences are also provided elsewhere (Sil-
verman et al., 2004; Zigman et al., 2004).

Results

Genetic Testing

Confirmatory cytogenetic analysis conducted
on Mr. C’s entry into this study showed a karyotype
with a complete triplication of chromosome 21, the
most prevalent Down syndrome karyotype. Further-
more, using FISH on 1,000 cells, all but 1 cell had
three chromosome 21 signals, which effectively
ruled out significant low-level mosaicism. To inves-
tigate a partial trisomy due, for example, to unbal-
anced translocation involving chromosome 21 or
trisomy with an internally deleted segment of chro-
mosome 21, we carried out high-resolution, ge-
nome-wide analysis of DNA copy number using Af-
fymetrix 250K Nspl SNP arrays. This approach
measures DNA copy number using 250,000 markers
that are roughly evenly spaced across the genome,
thereby providing the ability to detect both whole-
chromosome aneuploidies and subchromosomal am-
plifications and deletions. Figure 1 compares the
DNA copy number from Mr. C. (Lane 3), illustrat-
ing chromosomes 17, 19, 21, and X, with DNA.
The other lanes provide comparisons with other in-
dividuals for those respective chromosomes.

The sensitivity of this method is validated by
the detection of a small deletion on chromosome
arm 17p for 1 of these individuals (Lane 2). Also as
shown in Figure 1, the difference between males and
females can be easily seen for the X-chromosome
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Table 1 Summary of the Selected Tests Reviewed and the Domains Assessed

Test administered

Domain assessed

Brief description

Informant-based measures

Adaptive Behavior

Scale (Part I)?

Reiss Screen®

Dementia Scale
for Down
Syndromes

Adaptive behavior

Mental health
problems

Functional declines
associated with
Alzheimer’s
disease

Direct testing measures

IBR Evaluation of
Mental Statuse

Selective Remind-
ing Testf

Block Design Sub-
tests and Extend-
ed Block Design
Testh

Mental status

Episodic memory

Visuospatial organi-
zation

A broadly based assessment of functional abilities. Items on
Part I of the ABS measure 10 domains related to self-care
and socialization. Maximum score = 280.

Screens for possible depression, psychosis, and behavior
problems. Caregivers rate 38 symptoms of psychiatric be-
havior as being “no problem,” “problem,” or “major prob-
lem” for the individual in question. Maximum score = 76.

Includes questions related to activities of daily living and
typical behaviors indicative of decline associated with
Alzheimer’s disease in individuals with Down syndrome. It
also provides information about severity of dementia or
rate of deterioration. Maximum score = 60.

Brief omnibus measure conceptually based on a mental sta-
tus examination commonly used to evaluate dementia in
the general population without intellectual disability (see
Folstein, Folstein, & McHugh, 1975). Consists of questions
to determine orientation to person, place, time, the nam-
ing of colors and objects, rote memory, and fine-motor
praxis. Maximum score = 74.

Test consists of the verbal presentation of 8 items within a
single category followed by 6 trials of free recall. After
the first trial, only those items not recalled on the imme-
diately preceding trial is re-presented for learning on the
next trial. Maximum score is the total number of items
recalled over the 6 trials = 48.

Task involves reproducing visual patterns from models made
with red and white Kohs blocks. Each trial has a time lim-
it and the score is the number of designs completed suc-
cessfully. Bonus points are given for more complicated
designs based on how much earlier the design is correctly
reproduced. Maximum score = 78.

aNihira, Foster, Shellhaas, and Leland (1974). ®Reiss Screen for Maladaptive Behavior (Reiss, 1994). <Gedye
(1995). “A high score on this measure indicates that more features of dementia were present. ¢H. M. Wis-

niewski & Hill (1985). fKrinsky-McHale et al. (2002). sWechsler (1974). "Haxby (1989).

dosage, accurately reflecting the presence of two cop-
ies for the only female compared with the single copy
for males. It is important that no deletions were de-
tected in Mr. C.’s DNA, and Lane 3 shows a uniform
increase in DNA copy number for chromosome 21
(within the range of signal variation of this method),
thereby verifying the cytogenetic finding of simple
trisomy 21. Of course, analyses were conducted only

on one type for Mr. Cs tissue (lymphocytes) and,
therefore, results cannot be generalized to brain or
other tissues with absolute certainty, but complete
trisomy seems very likely.

We examined Mr. C.’s APOE genotype because
it is a genetic marker that may predict age-specific
and overall risk for Alzheimer’s disease and longev-
ity in both the general population without intellec-
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Figure 1 SNP array analysis (Affymetrix 250K
Nspl), showing simple trisomy 21 in Mr. C.’s pe-
ripheral blood leukocyte DNA. The five vertical
lanes for each illustrated chromosome show the
DNA copy number of individual markers arranged
by physical position from one end (p-telomere) to
the other (g-telomere). Blue indicates a single
marker copy, pink indicates two copies, and red in-
dicates three copies. Mr. C.’s chromosomes are il-
lustrated in Lane 3, whereas Lanes 1, 2, and 5 are
comparisons from men and Lane 4 from a woman.
(Lane 4 in the X-chromosome view shows a wom-
an, with the expected two-fold increase in X-chro-
mosome copy number [XX], relative to the other
samples from men [XY]). Also note the detection
of a microdeletion on chromosome 17 for the com-
parison case in Lane 2, illustrating the sensitivity of
these procedures.

tual disability (see Christensen, Johnson, & Vaupel,
2006, for a review) and in individuals with Down
syndrome (Deb et al., 2000; Schupf et al., 1996;
Tyrrell et al., 1998). Mr. C.’s observed genotype of
3/3 is the most common allelic expression and
would not be considered a contributing factor to
either decreased risk for Alzheimer’s disease or in-
creased longevity.

S. J. Krinsky-McHale et al.

Social and Family History

Mr. C. was born in 1936 and was the first-born
child following what was reported as an uncompli-
cated pregnancy and delivery. He was diagnosed with
Down syndrome subsequent to his release from the
hospital. According to his medical records, his de-
velopmental milestones were delayed and he dis-
played aggressive, tantrum-like behavior. On the ad-
vice of the family physician, Mr. C. was placed in
an institution for persons with intellectual disabilities
in 1941 at the age of 5 years, and over the next 36
years he resided in three different institutions. How-
ever, Mr. C. was reported to spend 4 months out of
every year in his family home, “the two coldest and
the two hottest months,” according to his sister (per-
sonal communication, December 18, 2006). With
the philosophical and societal shift away from large,
congregate-care settings that occurred during the
1970s, Mr. C. returned home to live with his parents
at the age of 41 and remained with them for the
next 12 years. Mr. C. then moved to a supervised
community residence and then to an even less re-
strictive residence 2 years later. At present, he lives
with three other men and has support available 24
hr a day. His father died when he was 55 years old
and his mother died when he was 63. (Age at death
was 82 for his father and 89 for his mother.) Ac-
cording to clinical records, his parents were very in-
volved in his life, even during the 36 years of insti-
tutionalization. His surviving younger sister is 67
years old. She reported that the family would visit
Mr. C. every Sunday during these years. She remains
active in his life, visiting him frequently. There are
no reports of Alzheimer’s disease or dementia from
other causes among his family members.

Mr. C. regularly attends a sheltered workshop
5 days a week for 5 hr per day. He is cognitively
capable of traveling to and from this program in-
dependently, which requires taking city buses, and
did so for many years. However, due to recurrent
falling, he now uses a van made available to indi-
viduals with disabilities. His work is described as
slow but very neat. There is no indication in his
records that Mr. C. received a formal education. He
is able to write his name and can add coins up to
$1, although he cannot make correct change.

Mr. C. is independent in most areas of activities
of daily living, requires little help in organizing his
leisure time, and actively participates in his religious
community. He is able to choose his clothes and dress
independently and has some basic cooking skills, but
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he requires assistance with laundry, other household
chores, medication administration, medical appoint-
ments, and community inclusion. Staff at his resi-
dence indicated that he is an avid music lover and
likes to play cards. He enjoys going out into the com-
munity for walks and patronizing local stores. He is
generally described as outgoing and friendly.

Medical Status

Mr. C. is 5’2" tall and his weight has fluctuated
over recent years from a low of 141 pounds approx-
imately 6 years ago to his present weight of 164
pounds.

Cardiovascular system. Mr. C. does not have a
congenital heart defect. His records indicated that
his blood pressure and pulse rate have been normal
and stable over the years that we have known him.
His cholesterol levels have remained within normal
limits, and in 2006 his total cholesterol level was
171 mg/dL (normal reference range <200 mg/dL),
high-density lipoprotein = 48 mg/dL (referred to as
good cholesterol; normal reference range =40mg/dL),
low-density lipoprotein = 102 mg/dL (referred to as
bad cholesterol; normal reference range <130; see
Zigman, Schupf, Jenkins, Urv, Tycko, & Silverman,
2007, for a discussion of the relation between total
cholesterol levels and increased risk of Alzheimer’s
disease in adults with Down syndrome).

Endocrine. Mr. C. has normal thyroid func-
tioning despite the fact that hypothyroidism is a
prevalent condition among adults with Down syn-
drome (Rooney & Walsh, 1997; Rubello et al.,
1995). Over the last 7 years, his thyroid-stimulat-
ing hormone (TSH) level, triiodothyronine (T3),
and thyroxine (T4) values have remained within
normal limits, and no other concerns relevant to
endocrine system function were noted in compre-
hensive reviews of clinical records.

Sensory. Mr. C.s vision has always been poor
and he has worn corrective lenses all his adult life.
He is myopic and is reported to have a right eye
esotropia (inward eye turn). In 1987, at the age of
51 years, he was declared legally blind. At the age
of 63, he underwent cataract extraction with cor-
neal lens implantation in both eyes, and at the age
of 65 he had a right-eye corneal transplant. He was
also diagnosed with glaucoma at the approximate
age of 65. (Treatment for glaucoma has consisted
of brimonidine eye drops [Alphagan; Allergan, Ir-
vine, CA], which is an alpha-2 adrenergic ago-
nist.) In 2004, when he was 67, he was diagnosed

with age-related macular degeneration. There was
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no indication in his medical records of either the
specific form of macular degeneration (e.g., nonex-
udative or exudative forms) or the treatment he is
receiving for this condition, if any.

Mr. C’s hearing has deteriorated significantly
over the last few years. A recent evaluation indi-
cated that he has a moderate to severe mixed hear-
ing loss in the right ear and a moderate to profound
mixed hearing loss in his left ear. However, he pre-
fers not to wear hearing aids. Recent cognitive test-
ing has been done with the aid of an amplification
device, which he tolerates.

Cognitive Status

History. At 16 years of age, Mr. C. had a full-
scale IQQ score of 40 on the Wechsler Intelligence
Scale for Children (WISC; Wechsler, 1949, 1974), an
indication that he was functioning at the moderate
level of intellectual disability. Subsequent retesting
from the mid-1980s through 2001 showed variability,
with full-scale Wechsler IQQ scores ranging from a low
of 52 in 1984 to a high of 60 in 1998 and 2001. The
discrepancy in IQ scores with repeated administration
cannot be explained. Mr. C. is described as a verbal
individual who communicates his wants and needs to
staff effectively and without hesitation.

Longitudinal assessments. To emphasize Mr. C.’s
successful aging profile, we present his data beside
those of 2 other individuals with Down syndrome,
a 63-year-old man (“Mr. P.”) with Alzheimer’s dis-
ease and a 57 year-old healthy man (“Mr. M.”).
Briefly, both Mr. P. and Mr. M. began participating
in the study in 1985 when they were 43 and 37
years of age, respectively. At their entry into the
study, both men were considered healthy, in that
they were not suspected of declines in everyday
functioning by their caregivers. In 2001, at the age
of 59, Mr. P. received a diagnosis of Alzheimer’s
disease by a community physician and was classified
with dementia based on our research findings of
progressive declines in cognition and everyday func-
tion. A differential diagnosis of Alzheimer’s disease
was given using exclusionary criteria consistent
with the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV; American Psy-
chiatric Association, 1994) and the International
Classification of Diseases and Related Health Problems
(ICD-10; World Health Organization, 1992). Mr.
M. remains healthy, and his unimpaired status has
been confirmed at case conferences. The IQs of
both individuals (established at a younger age) were
comparable with Mr. C.’s when they entered the
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study, but, of course, Mr. P. would now test lower
due to dementia. We selected these 2 individuals
after examination of the database revealed exten-
sive longitudinal information regarding their cog-
nitive, behavioral, and medical status, spanning
over 20 years of their participation in the study,
more than was available on other participants in
the study. This was especially true of Mr. P., where
we have extensive data both preceding and subse-
quent to his Alzheimer’s disease diagnosis.

Dementia evaluations. Mr. C.’s performance on
the IBR (Institute for Basic Research) Evaluation
of Mental Status (Silverman et al., 2004; H. M.
Wisniewski & Hill, 1985) has been stable over the
16 years of testing with scores in the mid- to high
60s out of a possible score of 74 (see Figure 2). He
continues to be well oriented to person, place, and
time, but he has always shown weakness in the sub-
scales of concentration (involving reciting the al-
phabet and counting forward and backward) and
fine-motor coordination (involving the writing/
copying of letters and numbers and drawing geo-
metric shapes). These difficulties may reflect his
lack of formal education and are unlikely to be ef-
fects of aging. A pattern of stability was also ob-
served in the longitudinal performance of Mr. M.;
his scores were typically in the low 70s. Our pre-
vious research has found scores on this test to be
stable over repeated evaluations (Devenny et al.,
1996). This is in contrast to the performance of Mr.
P, who has shown a progressive decline in mental
status over the years of testing. Prior to his diagnosis
of Alzheimer’s disease, he scored in the mid- to high
60s; however, at the last assessment he was no lon-
ger able to do the task.

Results of repeated administration of the De-
mentia Scale for Down Syndrome (DSDS; Gedye,
1995) indicated that Mr. C. did not meet the cri-
teria for dementia on this scale. Mr. M. also did not
meet the criteria. As documented by the DSDS, Mr.
P. has shown the features of progressive dementia.
According to responses given by an informant who
has known him for many years, as of 2005, he had
progressed to the late stages of dementia.

Adaptive and maladaptive behavior. Mr. C.s
scores over the last 6 years on the American As-
sociation on Mental Deficiency (now the American
Association on Intellectual and Developmental
Disabilities) Adaptive Behavior Scale (Part [; Ni-
hira, Foster, Shellhaas, & Leland, 1974; Zigman et
al., 1996, 2004) have been stable and have not in-

dicated any evidence of progressive impairments in
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Figure 2 Longitudinal performance with regression
lines for Mr. C. (filled circles, solid line), Mr. M.
(gray triangles, short dashes), and Mr. P. (open
squares, long dashes) on the IBR Evaluation of
Mental Status Exam. The red arrow indicates the
session that was closest to Mr. P’s diagnosis.

adaptive behavior suggestive of dementia. Mr. M.’s
scores have also been relatively stable. This is in
contrast to Mr. P,, who has shown a generally pro-
gressive decline in adaptive functioning.

Results from the Reiss Screen for Maladaptive
Behavior (Reiss, 1994; Urv, Zigman, & Silverman,
in press) indicated that Mr. C. has few behavior
problems. The staff at his residence has consistently
reported that he will occasionally engage in lying
and stealing and has the habits of twisting the truth,
teasing others, and using foul language when upset.
However, these concerns have been longstanding
characteristics and are unlikely to be associated
with any substantial change in functioning. Mr. M.
has shown no consistent behavior problems over
time. The staff at Mr. P’s residence has consistently
reported that he exhibits several maladaptive be-
haviors, but the type and severity of these have be-
come of increasing concern with the progression of
dementia. Since diagnosis Mr. P. reportedly has be-
come aggressive, anxious, hostile, impulsive, and in-
attentive. He also reportedly has exhibited confused
thinking, temper tantrums, and sleep problems.

Cognitive assessment. Mr. C. has shown an un-
usual level of variability in performance on a task of
episodic memory, the Selective Reminding Task (De-
venny et al., 1996; Krinsky-McHale et al., 2002),

even meeting the provisional criterion for the classi-
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fication of Alzheimer’s disease of a 20% decline from
his highest score of 38 (achieved at the age of 57) on
several test sessions (see Krinsky-McHale et al., 2002,
for a discussion of the provisional criteria). These fluc-
tuations in performance do not appear to be related
to either medical conditions or life events, and the
cause remains unclear to date. However, on the latest
test, Mr. C. obtained a total recall score of 36, the
second highest score since his entry into the study,
and a regression line of his performance over time
indicated minimal change over the last 16 years (Fig-
ure 3). The slope of a regression line for Mr. M.s
performance, who is substantially younger, was similar
to that of Mr. C. (examination of group data typically
reveals small age-associated declines in recall [see De-
venny et al, 1996; Krinsky-McHale et al., 2002];
however, we have also observed stable performance
over time with individual performance data). The
longitudinal performance profiles of Mr. C. and Mr.
M. contrast to that of their peer with a diagnosis of
Alzheimer’s disease, Mr. P., whose recall score has de-
clined substantially over the past 12 years (Figure 3).

In terms of visuospatial organization, Mr. C.
has shown some age-associated decline on the
Block Design subtest from the Wechsler Intelli-
gence Scale for Children—Revised (Wechsler,
1974) and the Extended Block Design Test (Haxby,
1989), as has Mr. M. However, this is in sharp con-
trast to Mr. P, who has shown a much steeper de-
cline in performance. Again, Mr. P’s initial perfor-
mance was comparable with the other two men, but
he no longer can do this task.

Discussion

Mr. C. is a man with Down syndrome who aged
successfully through his 60s, a relatively uncommon
occurrence in this population. At Age 70, he is the
oldest of hundreds of participants in our longitudi-
nal study of aging in adults with Down syndrome
who has not shown signs or symptoms of clinical
dementia. (There have been individuals in our
study older than Mr. C., but none without some
indications of dementia by Age 70.) Whereas pre-
viously published case studies concerning longevity
in this population have described individuals who
were older than Mr. C., to our knowledge, ours is
the first study to include extensive prospective and
longitudinal data on cognitive and behavioral func-
tioning in addition to detailed genetic analyses.
Most important, several previous case reports that
focused on successful aging of adults with Down
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Figure 3 Longitudinal performance with regression
lines for Mr. C. (filled circles, solid line), Mr. M.
(gray triangles, short dashes), and Mr. P. (open
squares, long dashes) on the Selective Reminding
Task. The red arrow indicates the session that was
closest to Mr. P’s diagnosis.

syndrome reported atypical genotypes, whereas Mr.
C. has complete trisomy 21.

Mt. Cs neuropsychological profile showed that,
although he has not exhibited decline in episodic
memory associated with frank dementia, he has been
experiencing age-associated changes in cognition, as
evidenced by a gradual decline in visuospatial abilities.
To emphasize Mr. C.’s successful aging profile, his lon-
gitudinal performance was compared with 2 peers, a
younger healthy man (Mr. M.) and a similar-aged peer
with clinical Alzheimer’s disease (Mr. P.). On all of
the measures presented, the trajectory of age-associ-
ated change was similar for Mr. C. and Mr. M. This
was in sharp contrast to the profile of Mr. P, who
showed steep declines on all the performance mea-
sures over the more recent years of his participation
(and who is now untestable with our cognitive as-
sessment battery). We first started testing Mr. C. when
he was 53 years old, already a relatively advanced age
for his cohort with Down syndrome. It is not possible
to know if his performance on our measures would
have been better when he was a younger adult, and
future studies of extended duration are needed to clar-
ify patterns of cognitive development throughout
adulthood.

We looked at several plausible genetic and en-
vironmental explanations for Mr. C.’s successful ag-
ing. Cytogenetic and FISH analyses showed a kar-
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yotype with a complete triplication of chromosome
21 and the absence of mosaicism (even at a low
level). Additional analyses using SNP arrays
showed a uniform increase in DNA copy number,
verifying the cytogenetic findings and showing that
all of chromosome 21 was present in three copies.
Of course, it is possible that even higher resolution
analyses might detect very small regions of chro-
mosome 21 that were not triplicated, but at this
point, microdeletions in the third copy of Mr. C.’s
chromosome 21 seem unlikely.

We also examined Mr. C.’s APOE genotype be-
cause of its strong association with risk of Alzheimer’s
disease. There are three common variants of the
APOE gene encoded for by three alleles, €2, €3, and
€4. The €2 allele reduces risk of Alzheimer’s disease
in individuals with Down syndrome (Deb et al., 2000;
Lai et al., 1999; Schupf et al.,1996, 1998; Tyrell et al.,
1998), and the €4 allele is associated with higher risk
(Schupf et al., 1996). Mr. C. has the “neutral” ge-
notype of 3/3, so his APOE status should not be a
contributing factor to either his decreased risk for Al-
zheimer’s disease or increased longevity.

We also examined Mr. C.s medical and family
history. He was described as experiencing relatively
good health for most of his life. There is no indication
in his medical records of a congenital heart defect or
hypothyroidism, two common disorders among indi-
viduals with Down syndrome. His cholesterol levels
also have consistently been in the normal range. It
seems relevant to note that both parents lived into
their 80s and were reported to be dementia free at
the time of their deaths, so he may fortunate in that
he inherited a “good constitution.”

Environmental enrichment did not seem to
contribute in a major way to Mr. C.’s longevity. He
was institutionalized for much of his childhood and
early-adult life during an era when these facilities
typically had extremely poor living conditions that
were unlikely to nurture developmental growth, al-
though it is possible that the negative effects of in-
stitutionalization were ameliorated by the active in-
volvement of his family during these years.

What other factors might explain Mr. C.’s indi-
vidual phenotype? Several potential explanations
could be based on genetic factors and variations in
gene expression with trisomy 21 (see Antonarakis &
Epstein, 2006; Antonarakis, Lyle, Dermitzakis, Rey-
mond, & Deutsch, 2004, Cheung et al., 2003; Morley
et al., 2004; Sultan et al., 2007). (Gene expression re-
fers to the process by which a gene’s DNA is used to
produce proteins that influence the structure and
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function of cells within our bodies.) As noted earlier,
Down syndrome results from the triplication of chro-
mosome 21, and this could result in the systematic
overexpression of all its constituent genes. However,
variability in this overexpression can occur and may
be partially responsible for individual differences in
phenotypic presentation among affected individuals
(Antonarakis & Epstein, 2006; Antonarakis et al.,
2004; Sultan et al., 2007). That is, for different genes
on chromosome 21, the effects of trisomy may be dos-
age compensated to differing degrees across individu-
als, and recent findings have also indicated that gene
overexpression can vary with cell type and may
change with cell senescence (Li et al., 2006). In ad-
dition, for some organ systems, some cells may not
actually have the trisomy 21, depending on the timing
of the nondisjunction event that originally resulted in
Down syndrome, and there could be variations in ge-
notype among tissues originating from different germ
layers. All these factors may be contributing to Mr.
C.’s specific phenotype (see de Arruda Cardoso Smith
et al.,, 2004) and future studies of atypical cases will
be needed to clarify if and how these types of mech-
anisms influence life span development. Although cy-
togenetic and SNP array data clearly indicated no mo-
saicism in Mr. C.’s blood cells (lymphocytes, specifi-
cally), additional testing on tissue closer embryologi-
cally to the brain (e.g., skin) could be very
informative (Jenkins & Velinov, 2001; Kingsbury,
Yung, Peterson, Westra, & Chun, 2006).

The specific genes that are implicated in the phe-
notypic features of Down syndrome are still generally
unknown (Antonarakis et al., 2004; Li et al., 2006).
Recent research has identified a region on the chro-
mosome proximal to 21g22.3 that contains critical
genes (Rahmani et al., 2005). However, Korenberg et
al. (1994) examined individuals with partial trisomy
21 and found evidence suggesting a significant con-
tribution of genes outside this Down syndrome—criti-
cal region (also see Olson et al., 2007). Interactions
either among genes on chromosome 21 or among
those on chromosome 21 and others also have been
hypothesized as contributing to phenotypic variability
(see Antonarakis & Epstein, 2006; Korenberg et al.,
2004) and nongenetic factors such as learning and
experience cannot be ignored (Jenkins & Velinov,
2001; Korenberg et al., 2004).

The processes regulating aging and dementia are
extraordinarily complex, and it is unlikely that a sin-
gle mechanism can fully explain the spectra of change
and stability that occur with successful and unsuc-
cessful aging in individuals with Down syndrome. As
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more information is discovered about the genes on
chromosome 21, their products, the impact of the oc-
currence of an extra copy of chromosome 21 on the
rest of the genome, and the effects of nongenetic fac-
tors, researchers will achieve a better understanding
of the underlying factors and mechanisms that con-
tribute to all aspects of phenotypic variability associ-
ated with Down syndrome (see Jenkins & Velinov,
2001). This will lead potentially to better strategies
for minimizing disability and for promoting successful
aging to an even greater degree than has been seen
over the last several decades.
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