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IntroductIon
The chromosome 1q21.1 locus is a complex region with mul-
tiple low-copy repeats that make the region susceptible to 
recurrent deletions and duplications. Large rare copy-number 
 variants (CNVs) at this locus have recently been associated 
with genomic disorders (OMIM nos. 612474 and 612475). 
Two main classes of 1q21.1 CNVs, spanning ~20–40 genes, 
have been described.1 The more common one (class I, ~1.8 Mb) 
includes only the distal 1q21.1 region, whereas the longer 
one (class II, ~2.7 Mb) extends proximally to encompass the 
thrombocytopenia absent radius syndrome region (Figure 1). 
Brunetti-Pierri et al.1 reported both CNV classes among their 
patients, with no obvious relationship between duplication/
deletion size and severity of symptoms. Although incomplete 
penetrance and variable expressivity are common to deletions 
and duplications at the 1q21.1 locus, initial reports have sug-
gested that the deletion has a relatively more consistent pat-
tern of expression including microcephaly, developmental 
abnormalities, and schizophrenia.1,2 The 1q21.1 duplication 
was the 11th most common of 28 genomic disorders reported 
in a recent laboratory survey of clinical microarray results.3 
Consistent with the general tendency for duplications to be 
less deleterious than deletions and a corresponding ascertain-
ment bias in clinical samples,4 the 1q21.1 duplication may be 

rarer than the reciprocal deletion in many, but not all, clinical 
settings.

Although the 1q21.1 duplication has been associated with 
macrocephaly, developmental delay, autism spectrum disorder, 
and congenital anomalies in children, little is known about its 
expression in adults.1,2 Other genomic disorders (e.g., 22q11.2 
deletion syndrome) have an adult phenotype that differs from 
the pediatric phenotype. Growing use of clinical genome-wide 
microarrays to investigate CNVs has meant increasing pres-
sure for more information on the lifetime expression of 1q21.1 
duplications to better inform individuals found to have this 
CNV, their families, and clinicians. In this study, we compre-
hensively reviewed all reports of 1q21.1 duplications to date, 
focusing on lifetime expression. We hypothesized that, due to 
the ascertainment of many adults with 1q21.1 duplications as 
transmitting parents, they would have similar or milder physi-
cal phenotypes and milder neuropsychiatric phenotypes as 
compared with children.

MaterIals and Methods
literature review
We attempted to identify reports of all 1q21.1 duplication cases 
published by 31 December 2011. We first used PubMed and 
the search terms “1q21 AND (duplication OR gain OR copy 

Purpose: Rare, recurrent chromosome 1q21.1 duplications have 
been associated with developmental delay, congenital anomalies, and 
macrocephaly in children. Data on adult clinical expression would 
help to inform genetic counseling.

Methods: A systematic review of 22 studies reporting 107 individuals 
(59 children and 48 adults) with 1q21.1 duplications was conducted. 
We compiled the available phenotypic data to attempt to identify the 
most highly associated clinical features and to determine expression 
in adults. We also report on seven adult cases newly identified in the 
studies of schizophrenia and tetralogy of Fallot at our center.

results: Five cases were ascertained as controls, 32 as relatives of 
probands, and 70 as having clinical features: autism spectrum dis-
order (n = 15), congenital heart disease (n = 12),  schizophrenia 
(n = 10), or  other, mostly developmental, features (n = 33). The 

1q21.1  duplication was significantly enriched in the cohorts with 
 schizophrenia (P = 0.0155) and tetralogy of Fallot (P = 0.0040) at our 
center as compared with controls. There was a paucity of clinical data 
for adults; the most common features, other than those used for ascer-
tainment, included macrocephaly and abnormalities of possible con-
nective tissue origin (e.g., carpal tunnel syndrome).

conclusion: Further data are needed to characterize lifetime expres-
sion of 1q21.1 duplications. These initial results, however, suggest 
that anticipatory care should include attention to later-onset condi-
tions such as schizophrenia.
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number variant)”.1,2,5–12 We also examined primary articles and 
reviews of CNVs in autism,13 schizophrenia,14 mental retarda-
tion,15 and congenital heart disease16 for references to studies 
reporting subjects with 1q21.1 duplications.17–20 Other citations 
involving 1q21.1 duplication cases were also assessed.21–34 Cases 
of 1q21.1 duplication in GeneReviews (http://www.ncbi.nlm.
nih.gov/books/NBK52787) and the four references provided 
therein1,2,10,25 were reviewed as well, but no new subjects or phe-
notypic data were identified. We could not include individuals 
from two large clinical laboratory surveys because the number 
of adults was not specified and many subjects may have over-
lapped the cases already identified.3,35

We systematically reviewed 28 primary reports identified and 
their accompanying supplemental materials to identify unique 
individuals and abstract as much information as possible on 
each subject.1,2,5–12,17–34 Any subjects with 1q21.1 duplications 
that were not 1.0–5.0 Mb (Figure 1) in size were excluded,12,31 
allowing us to include atypical variants that were larger or 
smaller than the standard duplication classes used in our analy-
ses. We documented the ascertainment criteria, country of 
origin, authors, and the demographic, clinical, and genotypic 
characteristics of subjects in different studies, and used these 
variables to attempt to identify duplicate cases reported in two 
or more papers. Four studies were excluded because the sources 

of subjects overlapped with those of other reports and/or the 
origin of cases was not specified.17,18,32,34 We compiled data for 
107 subjects from the remaining 22 studies1,2,5–11,19–30,33 for the 
main analyses in this report.

Individuals were classified as adults (≥18 years) or children 
(<18 years). Because a specific age was not provided for 70 of 
the 107 cases (65.4%), several assumptions had to be made 
to categorize these subjects as children or adults by infer-
ence. Probands and siblings reported in pediatric journals 
were assumed to be children. All transmitting parents were 
assumed to be adults, as were subjects who were ascertained 
with schizophrenia, bipolar disorder, or depression. Sex was 
not specified for 58 of 107 subjects (54.2%); however, we were 
able to use sex-specific medical conditions (e.g., hypospadias) 
or published photographs to infer sex in seven of these cases. 
To be as inclusive as possible, clinical information was defined 
as the description of any physical, cognitive, developmental, or 
neurological features other than sex, age, or the feature used 
for ascertainment. The report of individuals as “normal” or 
“affected” was only considered clinical information when it was 
clear which features were being described. For cases from our 
center and the literature, macrocephaly and tall stature were 
defined as physical measurements ≥90th percentile, and these 
were assessed using sex-matched head circumference charts 
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Figure 1 large, rare duplications in the 1q21.1 region detected in cohorts with schizophrenia (pink bars) and tetralogy of Fallot (purple bars). 
Blue bars and dashed vertical lines represent duplication classes I and II. Genomic parameters are from NCBI Build 36. Selected genes that are shown are 
potentially implicated in congenital heart disease and schizophrenia.
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that correct for height36 and height-for-age data tables from the 
Centers for Disease Control and Prevention (http://www.cdc.
gov/growthcharts). Body mass index was calculated using the 
formula weight (kg)/height (m)2, where body mass index ≥30.0 
was defined as obesity. Cases with macrocephaly, tall stature, 
and/or obesity were considered to have a possible overgrowth-
like phenotype.

Duplication class I or II1 was assigned to cases in which 
microarray coordinates were provided. All transmitting parents 
were assumed to have the same duplication as their affected 
child. Information on other genome-wide rare CNVs was not 
available for the vast majority of cases.

adults ascertained through studies at our center
The sample population for identification of 1q21.1 duplications 
at our center comprised 502 unrelated adults with tetralogy of 
Fallot (TOF) seen at the Toronto Congenital Cardiac Centre 
for Adults37 and 463 unrelated adults with a Diagnostic and 
Statistical Manual of Mental Disorders 4th Edition (DSM-IV) 
diagnosis of chronic schizophrenia or schizoaffective disorder 
ascertained mainly through four eastern Canadian clinics.40 
Lifetime medical history and physical features were directly 
assessed by researchers blind to genotype using a standard 
protocol.38 Medical records and available psychiatric records 
were reviewed for all participants. Subjects were genotyped 
on the Affymetrix Genome-Wide Human SNP Array 6.0 
(Santa Clara, CA), and CNV analysis was performed using 
standard methods described elsewhere.39 The control popula-
tion consisted of 2,357 individuals of European ancestry from 
the PopGen project (n = 1,123) and Ottawa Heart Institute 
(n  =  1,234) genotyped on the Affymetrix SNP array 6.0.39 
Cases of 1q21.1 duplication were confirmed using  quantitative 
PCR and/or clinical microarrays.37,40

analyses
Clinical data on adults from our center and the literature were 
compiled to identify features present in both populations. Any 
feature present in two or more subjects from our center or the 
literature was considered to be possibly associated with the 
1q21.1 duplication phenotype. Statistical analyses were per-
formed using SAS software (version 9.1; SAS Institute, Cary, 
NC). Comparisons using categorical data were made using a χ2 
or Fisher’s exact test where appropriate. All analyses were two-
tailed, with statistical significance defined as P < 0.05. Odds 
ratios and 95% confidence intervals were used to assess the 
association between 1q21.1 duplications and schizophrenia or 
TOF, as compared with controls.

results
There were 107 individuals (59 children and 48 adults) with 
1q21.1 duplications from 76 families identified from the lit-
erature reviewed (Supplementary Table S1 online). Of the 31 
relatives with 1q21.1 duplications, 26 were transmitting par-
ents and five were siblings. The 76 probands (including adults 
and children) comprised 70 subjects ascertained because of 

major clinical features, five reported in nonoverlapping control 
populations,2,5,6 and one parent of a child with autism spectrum 
disorder where the child did not have a 1q21.1 duplication.22 
The majority were referred from centers in Europe or the United 
States. Of the 70 clinically ascertained probands, 15 (21.4%) 
were ascertained with autism spectrum disorder, 12 (17.1%) 
with congenital heart disease, 10 (14.3%) with schizophrenia, 
two (2.9%) with bipolar disorder, and one (1.4%) with recur-
rent depressive disorder. The remaining 30 (42.9%) probands 
were recruited with one or more developmental features (intel-
lectual disability, developmental delay, autism spectrum disor-
der, congenital anomalies, and/or dysmorphic features) where 
the precise features were not specified for individuals. Cases of 
1q21.1 duplication were reported as inherited in 31 cases, de 
novo in 16, and of unknown origin in 60. Of the 60 (78.9%) 
probands for whom duplication class was reported, 56 (93.3%; 
36 children and 20 adults) were class I and 4 (6.7%; 2 children 
and 2 adults) were class II.

Duplications at 1q21.1 are rare in control populations. 
Soemedi et al.5 identified 1q21.1 duplications in 3 of 10,910 
(0.027%) individuals originating from multiple source cohorts. 
Two were from the Wellcome Trust Case-Control Consortium 
2 control cohort of 5,919 (0.034%) adults from the 1958 British 
Birth Cohort and the UK Blood Service (http://www.wtccc.org.
uk/ccc2/), and the third individual with a 1q21.1 duplication was 
from a cohort of 2,026 (0.049%) children seen at the Children’s 
Hospital of Philadelphia.24 There were no 1q21.1 duplications 
in the remaining 2,965 controls from other sources.5 A duplica-
tion at the 1q21.1 locus was also reported by Mefford et al.2 in 
1 of 4,737 (0.021%) controls, where the variant was detected 
in a subgroup of 1,190 individuals randomly recruited from 
lists of residential telephone numbers and tax assessment rolls 
in Canada.21 The International Schizophrenia Consortium 
detected a 1q21.1 duplication in 1 of 3,181 (0.031%) controls 
from various European sites and sources;6 the origin of individ-
ual controls was not specified. In two of the four control popu-
lations with reported 1q21.1 duplications, participants were not 
screened for disease before enrollment.

children with 1q21.1 duplications
There were 59 children (19 (32.2%) male, 8 (13.6%) female, and 
32 (54.2%) sex not reported) with 1q21.1 duplications identi-
fied from the literature reviewed. Although a greater propor-
tion of children were reported to be male than female, the sex 
distribution was not significantly different from the expected 
1:1 ratio (χ2 = 2.34, df = 1, P = 0.1263). Of these 59 children 
(median age 5, range 0.3–16 years for 31 with age provided), 
clinical data beyond ascertainment features were available for 
43 (72.9%) cases. Including ascertainment criteria and multiple 
features per subject, 30 (50.8%) had an intellectual disability or 
developmental delay, 21 (35.6%) had autism or autistic features, 
20 (33.9%) had dysmorphic facial features, 12 (20.3%) had con-
genital heart disease (eight TOF, two ventricular septal defect, 
one univentricular heart, and one “complex”), five (8.5%) had 
seizures, four (6.8%) had a failure to thrive, and two (3.4%) 

http://www.cdc.gov/growthcharts).
http://www.cdc.gov/growthcharts).
http://www.wtccc.org.uk/ccc2/),
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had attention deficit hyperactivity disorder. Of 26 (44.1%) chil-
dren with head circumference results available, 16 (61.5%) had 
macrocephaly. Weight was above the 90th percentile in two of 
six cases with data. Of seven cases describing height, one had 
tall stature. Other features recorded in two or more cases were 
hypotonia (n = 5), hypertonia (n = 3), frontal bossing (n = 3), 
high palate (n = 2), esotropia (n = 2), low-set ears (n = 3), down-
slanting palpebral fissures (n = 2), hypertelorism (n = 2), small 
chin (n = 2),  gastroesophageal reflux (n = 2), and hypospadias 
(n = 2).

adults with 1q21.1 duplications
There were 48 adults (13 (27.1%) male, 16 (33.3%) female, and 
19 (39.6%) sex not reported) with 1q21.1 duplications identi-
fied from the literature, with median age 29 and range 19–57 
years for the six (12.5%) with age reported. Of these 48 adults, 
27 (56.3%; 12 male, 13 female, and 2 unknown sex) were ascer-
tained as parents of children with clinical features, 10 (20.8%) 
with schizophrenia, 4 (8.3%; 1 male and 3 female) with TOF, 2 
(4.2%) with bipolar disorder, 1 (2.1%) with recurrent depressive 
disorder, and 4 (8.3%) as controls. Clinical data beyond ascer-
tainment features were available for 20 (41.7%) adults from 
eight reports (Table  1, cases 8–27),1,5,7,10,11,22,23,29 a significantly 
smaller proportion than for children (χ2 = 10.65, df = 1, P = 
0.0011). Of these 20 adults (8 male and 12 female), 16 (80.0%) 
were ascertained as parents of children with clinical features 
and 4 (20.0%) with TOF. Even when clinical information was 
available, few details were provided on the adult phenotype. 
In 12 cases, this was limited to features described as normal 
(e.g., “normal cognition”)10 or absent (e.g., “no extracardiac 
phenotype”).5

At our center, we detected 1q21.1 duplications in seven 
(2 male and 5 female) unrelated Caucasian adult probands 
(median age 51, range 28–62 years) (Table  1, cases 1–7; 
Figure  1), three ascertained with schizophrenia40 and four 
with TOF.37 There were no 1q21.1 duplications in 2,357 adult 
controls, thus the CNV was enriched in both the schizophre-
nia (odds ratio 15.4 (95% confidence interval 1.6–148.0); P = 
0.0155) and TOF (odds ratio 18.9 (95% confidence interval 
2.1–169.7); P = 0.0040) cohorts studied.

Tables 1 and 2 show the demographic and clinical data avail-
able for 27 adults (10 males and 17 females), seven (25.9%) 
from our center and 20 (74.1%) from the literature reviewed. 
Three (21.4%) of 14 adults with data were reported to have 
some dysmorphic facial features, two described as mild. Of the 
13 adults with any data on height, weight, or head circumfer-
ence, nine met criteria for a possible overgrowth phenotype. 
Eight (61.5%) of the 13 adults for whom head circumference 
results were available had macrocephaly. Three of seven adults 
with data met criteria for obesity and three of seven had tall 
stature. Other conditions present in two or more subjects were 
cysts (n = 4), hypercholesterolemia (n = 3), type 2 diabetes mel-
litus (n  = 3), cubitus valgus (n = 3), carpal tunnel syndrome 
(n =  2), deep vein thrombosis (n = 2), cholelithiasis (n = 2), 
and cataracts (n = 2). Of those with any neuropsychiatric data 

available (15 of 20 adults reviewed and 7 from our center), two 
subjects had anxiety and/or depression, one had bipolar disor-
der, and one had childhood attention deficit hyperactivity dis-
order, in addition to the three ascertained with schizophrenia. 
Four of 16 adults with data on cognitive functioning had learn-
ing disabilities; none of the 22 with neuropsychiatric data were 
reported to have been diagnosed with intellectual disability, 
autism spectrum disorder, or seizures. There was no evidence 
for the adults ascertained at our center that the severity of the 
neuropsychiatric and developmental phenotypes that would 
have been observable when they were children had improved 
with age.

Including the seven from our center, the adults with sex 
known comprised 15 males and 21 females. Females outnum-
bered males among the adult probands ascertained with disease 
(3 male and 8 female) and parents of children with clinical fea-
tures (12 male and 13 female). There was a significantly greater 
proportion of reported females than males among adults as 
compared with children (χ2 = 5.12, df = 1, P = 0.0237); however, 
the sex ratio in the adults was not statistically different from an 
expected 1:1 ratio (χ2 = 0.50, df = 1, P = 0.4782).

dIscussIon
We reviewed the available phenotypic and genotypic data for 
107 subjects with 1q21.1 duplications, including 48 adults. This 
review is the largest of its kind to date. Review of the exist-
ing literature for 107 reported cases of 1q21.1 duplications 
revealed limited clinical information on this genomic disorder 
in 48 adults, with some phenotypic data (other than ascertain-
ment features) available for only 20 individuals, most of whom 
were transmitting parents. Where sex was reported, a signifi-
cantly greater proportion of adults as compared with children 
were female. The sex ratios in children and adults, although 
skewed in opposite directions, were not significantly different 
from the expected 1:1 ratio. Ascertainment may have played a 
role; a greater proportion of adults as compared with children 
were female, possibly because most children with sex reported 
were ascertained with conditions more common in males (e.g., 
~30% with autism spectrum disorder), whereas most adults 
were transmitting parents. We also found that inheritance sta-
tus of the 1q21.1 duplication was determined for a minority of 
individuals and, where known, was almost twice as likely to 
be inherited as of de novo origin, similar to laboratory survey 
results for duplications and deletions at this locus.35

Collective data on the 20 adults from our literature review 
and the seven from our center suggested that although 1q21.1 
duplication expression is variable, there may be an emerg-
ing pattern of associated features. Since the first report of a 
1q21.1 duplication in a TOF proband,23 several studies have 
now reported that 1q21.1 duplications are enriched in TOF at 
remarkably similar prevalences: 0.78%,10 0.84%,5 and 0.80%.37 
Prevalence results for schizophrenia, autism spectrum dis-
order, and intellectual disability, although elevated, are less 
clear.2,9 Although numbers were small, the majority of chil-
dren (16 of 26) and adults (8 of 13) with head circumference 



286  Volume 15  |  Number 4  |  April 2013  |  Genetics in medicine

DOLCETTI et al | 1q21.1 Microduplication expression in adultsORIGINAL RESEARCH ARTICLE

table 1 Major clinical features of 27 adults with 1q21.1 duplications

case ascertainment sex age classa

oFc  
(percentile)

height 
percentile BMI dysmorphic neuropsychiatricb cardiovascularb

 Cases identified at our center (n = 7)

 1 SZ F 46 I
Normal  
(<50)

50–75 28.2 No (SZ), migraines Deep vein thrombosis

 2c SZ F 62 II
Macrocephaly 
(>90)

90–95 30.9 Mildd (SZ), LD, malignant 
neuroleptic syndrome

Deep vein  
thrombosis, varicose 
veins

 3 SZ M 51 I
Macrocephaly 
(>97)

50–75 29.6 No (SZ) Hypertension

 4 TOF F 28 I
Normal  
(>50)

97 19.6 No Severe migraines (TOF)

 5 TOF F 34 II
Macrocephaly 
(>90)

90–95 37.9 No
Depression, anxiety, 
vertigo

(TOF)

 6 TOF F 59 I
Macrocephaly 
(>90)

75 31.4 No None
(TOF), hypertension, 
venous stasis ulcers

 7 TOF M 52 I
Normal  
(75)

75–90 28.3 Milde None (TOF)

Literature casesf (n = 20)

 8 TOF F 19 I
Normal cognition and 
neurologic function

(TOF)

 9 TOF F 21 I
Normal cognition and 
neurologic function

(TOF)

 10 Parent M IIg No cardiac phenotype

 11 TOF F 41 II
No extracardiac  
phenotype

(TOF)

 12 TOF M 22 I
No extracardiac  
phenotype

(TOF)

 13–15 Parentsh F Ig No cardiac phenotype

 16 Parent M Ig Bipolar disorder

 17 Parent F I
Normal  
(<50)

No
No developmental 
delay

 18 Parent F I
Macrocephaly 
(>97)

No LD, depression, anxiety

 19 Parent F I
Macrocephaly 
(>90)

No
No developmental 
delay

 20 Parent F I+TAR del
Macrocephaly 
(>97)

Yes LD

 21 Parent M I
Macrocephaly 
(>97)

No
No developmental 
delay

 22 Parent M I
Normal  
(<50)

No
No developmental 
delay

 23 Parent M I No

LD, mild childhood 
ADHD, normal  
neurologic function 
and speech

No cardiac phenotype

 24 Parenti F 36 I No autism

 25 Parent M 57 I No autism

 26 Parent F Ig No autism

 27 Parent M Ig No cardiac phenotype

All 48 adults reported in 22 sources from the literature are included in supplementary table s1 online.
ADHD, attention deficit hyperactivity disorder; BMI, body mass index; del, deletion; empty cells, unknown; F, female; LD, learning disability; M, male; OFC, orbitofrontal 
circumference; SZ, schizophrenia; TAR, thrombocytopenia with absent radius region; TOF, tetralogy of Fallot.
aCases 2, 5, and 9 had 1q21.1 duplications of de novo origin. bParentheses indicate features used for case ascertainment. cFamily history of schizophrenia. dCase 2 had 
down-slanted palpebral features, a slightly bulbous tipped nose, mild frontal bossing, and an overfolded helix of one ear. eCase 7 had narrow-slanted palpebral features, a 
bulbous tipped nose, low-set ears, and a high-arched narrow palate. fCases 8–10 were reported by Greenway et al., 2009 (ref. 10); 11–15 by Soemedi et al., 2012 (ref. 5); 
16 by Grozeva et al., 2010 (ref. 29); 17–22 by Brunetti-Pierri et al., 2008 (ref. 1); 23 by Harvard et al., 2011 (ref. 7); 24–25 by Sanders et al., 2011 (ref. 22); 26 by Pinto et al., 
2010 (ref. 11); and 27 by Redon et al., 2006 (ref. 23). gDuplication class inferred from son/daughter. hThree mothers ascertained as parents of probands with a class I 1q21.1 
 duplication. iThe mother of a child with autism spectrum disorder where the child did not have a 1q21.1 duplication.
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results had macrocephaly, similar to the proportion (~50%) 
reported in a previous study of 18 children with 1q21.1 dupli-
cations.1 Of 13 adults with any data on growth parameters, 
nine had one or more of three features (macrocephaly, tall 
stature, and/or obesity) suggestive of a possible overgrowth 
phenotype. Eight subjects had macrocephaly, four of whom 
had tall stature and/or obesity. Six of the 13 adults had no 
data on height or weight. Furthermore, we identified a ten-
tative association with abnormalities of possible connective 
tissue origin, such as cysts, varicose veins, carpal tunnel syn-
drome, and congenital hip dysplasia. Overall, phenotypes of 
adults showed perhaps fewer differences from those of chil-
dren than expected, as head circumference results were simi-
lar and 25% of adults with data had learning disabilities, as 
compared with ~15% of the general population. More severe 
features such as intellectual disability or autism that would 
have been detectable in children and would be expected to 

persist into adulthood were rarer in the adults reported, con-
sistent with our hypothesis of a milder phenotype in adults 
with 1q21.1 duplication as compared with children.

Implications
Anticipatory care of patients with 1q21.1 duplications should 
include monitoring for late-onset conditions that may be asso-
ciated, including schizophrenia, mood disorders, and perhaps 
abnormalities of connective tissue origin. Given the association 
between 1q21.1 duplications and congenital cardiac disease 
(specifically TOF), newly diagnosed patients, including adults, 
may also warrant echocardiogram investigation. However, the 
extent of the variable expressivity and incomplete penetrance 
of 1q21.1 duplications remains largely unknown as yet. Family 
studies and further clinical data using standardized assess-
ments will be essential to characterize these genetic parameters 
and to inform anticipatory care of affected individuals.

table 2 Other medical conditions reported in 11 adults with 1q21.1 duplications

case ascertainment sex age Gastrointestinal
ears, nose,  
and throat Musculoskeletal

endocrine/ 
metabolic other

Cases identified at our center

 1 SZ F 46 Cholecystectomy

Recurrent tonsillitis 
and otitis media in 
childhood, 
tonsillectomy, 
tympanic membrane 
scarring

Carpal tunnel, 
cubitus valgus

Hypocalcemia

Bladder  
dysfunction, 
recurrent  
pneumonia in 
childhood

 2 SZ F 62 None None Carpal tunnel Hypothyroidism

Cataracts, myopia, 
slight strabismus, 
benign hepatic 
cyst, mild ulnar 
neuropathy

 3 SZ M 51
Cholecystectomy, 
appendectomy

None Cubitus valgus
Type 2 diabetes, 
hypercholesterolemia

Benign hepatic 
cyst

 4 TOF F 28 None None
Bilateral heel cords, 
toe-walking

None

Frontal arachnoid 
cyst, mucous  
retention cysts 
(paranasal sinuses)

 5 TOF F 34
Gastroesophageal 
reflux disease

Tonsillectomy, 
seasonal sinusitis

Recurrent ankle 
sprain, chronic back 
pain syndrome, mild 
cubitus valgus

Polycystic ovarian 
syndrome

 6 TOF F 59 None
Tonsillectomy, 
chronic sinusitis

Arthritis, thoracic 
scoliosis

Type 2 diabetes, 
hypercholesterolemia

Endometriosis

 7 TOF M 52 None
Hearing problem 
(acquired)

None
Type 2 diabetes, 
hypercholesterolemia

None

Literature cases

 10 Parent M
No congenital 
disease

 18 Parent F
Cataract,  
glaucoma

 20 Parent F
Congenital hip  
dysplasia, clubfeet

 23 Parent M
Normal hands and 
feet

No growth delays

No further clinical information was available for literature cases 8, 9, 11–17, 19, 21–22, and 24–27 in table 1.
Empty cells, unknown; F, female; M, male; SZ, schizophrenia; TOF, tetralogy of Fallot.
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GJA5 is the primary candidate gene reported for the congeni-
tal cardiac phenotype of 1q21.1 duplication syndrome.5,37 There 
are now four subjects with TOF reported to have small duplica-
tions overlapping GJA5: three 100–200 kb5 and one 10.3 kb37 in 
size. GJA5 encodes connexin 40, a cardiac gap junction protein 
expressed in the right ventricular outflow tract.10 Evidence from 
UCSC gene expression data suggests that genes involved in the 
neuropsychiatric phenotype of 1q21.1 duplications may include 
BCL9, GJA8, PDZK1, and PRKAB2.40 Previously proposed for 
the macrocephaly phenotype is a 1q21.1 region paralog of the 
HYDIN gene on chromosome 16q22.2, which is exclusively 
expressed in the brain and has been implicated in hydroceph-
alus.1 Other possibilities may need to be considered, however, 
if general overgrowth and connective tissue abnormalities are 
associated.

advantages and limitations
This is the first study to focus on a review of adults with 1q21.1 
duplications. An advantage to studying this age group is the 
potential to determine whether late-onset conditions, includ-
ing major psychiatric disorders such as schizophrenia, and 
other disorders are associated. Limitations to our study were 
the relatively small sample size currently available for review 
and the paucity of detailed phenotypic data. Studies reporting 
“normal” phenotypes often provided no details about specific 
assessment tools. Access to large, well-characterized samples, 
likely involving international consortia, will be needed to fur-
ther delineate the lifetime phenotype and the contributing 
genotype of individuals with 1q21.1 duplications. Moreover, a 
lack of genome-wide data meant that we could not comment 
on other rare structural variants that could contribute to and/
or modify expression in individuals with 1q21.1 duplications.

conclusions
In summary, the 1q21.1 duplication is significantly enriched 
in populations of patients with major developmental condi-
tions, including TOF and schizophrenia. A greater proportion 
of adults as compared with children were female, possibly due 
to differences in ascertainment. In addition to learning dif-
ficulties, the expected variability of the associated phenotype 
appears to include macrocephaly and perhaps other features 
of overgrowth, as well as abnormalities of connective tissue 
origin. More information on lifetime clinical features of indi-
viduals with 1q21.1 duplications is needed to inform genetic 
counseling and anticipatory care.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the 
paper at http://www.nature.com/gim
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