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Purpose: An entity of regression in Down syndrome (DS) exists
that affects adolescents and young adults and differs from autism
spectrum disorder and Alzheimer disease.

Methods: Since 2017, an international consortium of DS clinics
assembled a database of patients with unexplained regression and
age- and sex-matched controls. Standardized data on clinical
symptoms and tiered medical evaluations were collected. Elements
of the proposed definition of unexplained regression in DS were
analyzed by paired comparisons between regression cases and
matched controls.

Results: We identified 35 patients with DS and unexplained
regression, with a mean age at regression of 17.5 years. Diagnostic
features differed substantially between regression cases and
matched controls (p<0.001 for all but externalizing behaviors).
Patients with regression had four times as many mental health
concerns (p <0.001), six times as many stressors (p <0.001), and

INTRODUCTION
Interest and awareness of an unusual regression in some
patients with Down syndrome (DS) have grown in the past
decades, and 80 published cases from 9 previous studies guide
us.'™ In reporting and attempting to define this entity,
clinicians have identified descriptive themes including loss of
skills, mood changes, and repetitive thoughts or behaviors.'
These initial changes occur acutely or subacutely, oftentimes
progressing over a range of months to years, in adolescents
and young adults with DS; in published cases, the mean age of
onset is 15.8 years, ranging from age 4 to 30.>>'° Some
reports describe additional features such as psychosis,
aggression, and catatonia.* Presenting with changes in motor
activity, unusual movements, changes in speech, and changes
in oral intake, catatonia is uncommon in the general
population with prevalence estimates ranging from 0.6% to

seven times as many depressive symptoms (p <0.001). Tiered
medical evaluation most often identified abnormalities in vitamin D
25-OH levels, polysomnograms, thyroid peroxidase antibodies, and
celiac screens. Analysis of the subset of patients with nondiagnostic
medical evaluations reinforced the proposed definition.

Conclusions: Our case-control evidence supports a proposed
definition of unexplained regression in Down syndrome. Establish-
ing this clinical definition supports future research and investiga-
tion of an underlying mechanism.
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17% for children and adolescents and around 9% among
subjects diagnosed with psychiatric or medical conditions.*""
Catatonia, a distinctive diagnosis, which can be associated
with psychiatric or organic causes, has been proposed by
Judith Miles as an explanation for the functional decline in
some of these patients with DS who are experiencing
regression.”

Regression is also seen in patients with autism, a comorbid
condition of up to 16% of individuals with DS, and in
Alzheimer disease, a diagnosis reached by nearly 80% of
individuals with DS who are older than 65 years.””"*
Nevertheless, studies have demonstrated key differences
between regression in Down syndrome due to autism (mean
age of onset of 62 months, male sex predominance,'” and lack
of new-onset insomnia) and Alzheimer disease (lack of
improvement, gradual rather than rapid decline without
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plateau, and later age of onset),'™"” versus the regression

entity described here. Although overlapping features exist,
regression in Down syndrome appears clinically distinguish-
able from other known diagnoses with loss of skills.

There is currently no consensus on the name of this entity
within the clinical or scientific community. Several different
diagnostic labels are currently being used with subtle
differences: disintegrative syndrome,'” Down syndrome
disintegrative disorder (DSDD),™ acute neuropsychiatric
disorder,” catatonia,”* regression,” and acute regression.”
Based on DSM-IV criteria for autistic disorder, Gordon
Worley has proposed the name DSDD, which stipulates that
no other diagnoses may explain the condition.'® Similarly,
catatonia not otherwise specified (NOS) is a unique diagnostic
category included in the DSM-5 that could be considered in
the absence of other psychopathology.”'” One paper suggests
that patients previously diagnosed with “acute regression” in
the past could now be diagnosed with “catatonia NOS” based
on DSM-5 criteria.® Throughout this paper, we will use the
clinically descriptive term “unexplained regression in Down
syndrome” (URDS) and acknowledge that the name given to
this regression entity may change as we learn more and
clinicians reach more of a consensus.

At least five possible causes of URDS have been proposed:
early changes associated with Alzheimer disease, disruption in
routines or loss of support associated with the transition to
adulthood, disruption in self-identity, inherent risk for
catatonia, and autoimmunity.*>'* A clear pathophysiologic
mechanism explaining why these causes only affect certain
individuals with Down syndrome has not been identified and
other causes, such as a new mental health disorder or
untreated sleep apnea, may be suggested. Due to its unclear
etiology, recommendations for medical evaluation, manage-
ment, and treatment of URDS are limited. Abnormalities such
as MRI changes, abnormal polysomnography, and increased
incidence of thyroid autoimmunity in those with URDS have
been reported.”>® Although some studies have found no
significant treatable causes, others have demonstrated success
with low-dose psychotropic medications, electroconvulsive
therapy, or immunotherapy.”*’

Despite this uncertainty in describing, naming, defining,
evaluating, and treating URDS, it is clear that the condition
has significant negative effects on the lives of the patient and
family.'” The magnitude of these changes is significant: for
example, one patient was described before regression as
having “higher-than-expected adaptive functioning, including
playing the piano, reading, and working part-time” but
developed “progressive motor slowing, periodic cessation of
all motor activity (freezing episodes), grimacing, posturing (a
posture or movement maintained for a prolonged period),
staring, loss of previously gained skills, markedly slowed food
intake, negativism, and a loss of hedonic capacity” and was
diagnosed with catatonia.”

A working group was created within the Down Syndrome
Medical Interest Group (DSMIG-USA) to address the
challenges of diagnosing and managing this entity."® The
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working group created a definition consisting of 28 core and
common clinical features of URDS. The goal of the definition
was to create an operational/working definition that can be
used by a clinician without need for special testing. It is
criteria based and intended to have a severity threshold
required to meet the definition (but without a specific
preplanned number of criteria required). The domains were
based upon expert opinion and observation of clinical cases
by clinicians. The items were not based on specific
questionnaires or instruments. Some of the members of the
Regression Working Group are psychologists and develop-
mental pediatricians, and had the opportunity to give input
on the clinical features that were used to create the 28-item
definition. The domains were then adopted by the workgroup
to do additional case finding and study.

Core features include regression in adaptive function (change
in functional activities of daily living [ADLs], speech, and social
skills), cognitive-executive function (functional skills, declara-
tive memory, procedural memory, learning memory, planning/
organizing, and attention), and motor control (stereotyped
movements, extrapyramidal, initiation-motivation, and cata-
tonia); common features focus on behavior and mental health.
A proposed, but previously unstudied, systematic approach to
evaluating clinical deterioration including tiered medical
evaluation was published by Jacobs et al; these tiers include
laboratory evaluation, imaging studies, psychiatry referrals, and
other tests.’

We initiated this study to describe cases of URDS and to
compare identified cases with age- and sex-matched control
patients with DS. Regression cases from our multi-institu-
tional, international DS database were compiled to answer the
following clinical questions: (1) What are the consistent
phenotypic features of URDS?; (2) What aspects of the clinical
workup are most useful in patients with URDS?; and (3) How
do our cases compare with those published in the medical
literature?’” We hope that further refinement of the
description of this entity will provide insight into the
underlying cause of this type of regression and could inform
the medical management of future patients with DS who
develop similar symptoms.

MATERIALS AND METHODS

The literature review for this paper was conducted in PubMed
using the terms “Down syndrome” and the various diagnoses
given to this condition (“regression,” “Down syndrome
disintegrative disorder,” “acute neuropsychiatric disorder,”
“disintegrative syndrome,” “catatonia,” and “acute regres-
sion”); identified publications were reviewed and included if
they contained original case data pertinent to this entity of
regression that was not explained by another diagnosis.

An international consortium of DS clinics with a track
record of clinical research and publication served as a pipeline
for collecting clinical cases of URDS."”"*' Each site had an
independent research team who consented its own patients,
collected and maintained its own data in REDCap®, and
possessed its own approval through the local ethics or
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institutional review board.”” The institutional review boards
at Massachusetts General Hospital, University of Pittsburgh,
University of Queensland, Mater Misericordiate Ltd, Duke
University Medical Center, Nationwide Children’s Hospital,
Ohio State University, and Bambino Gesu Children’s Hospital
approved the study. We have received and archived written
consent for participation/publication from every individual
whose data are included. All information is presented in
aggregate form. Consent for inclusion in the database was
obtained during a visit to each site’s DS specialty clinic from
all subjects.

Beginning in 2017, sites collected a standard set of data
through retrospective chart review. Inclusion criteria for
regression cases included a clinical diagnosis of unexplained
regression. As this is an entity without an established
definition or clinical criteria, we used the clinical judgment
of experienced physicians who provide medical care to
individuals with DS in subspecialty clinics for DS to identify
cases of unexplained regression. During monthly conference
calls, physicians with cases of URDS presented the details of
the patient’s presentation verbally describing past medical
history, previous function, current function, physical exam
findings, laboratory results, and imaging findings while
physicians at other sites discussed the case as a group to
decide if the patient should be included in this series. We
vetted cases based on clinical presentation in comparison with
the published literature rather than with the proposed
diagnostic criteria. A group consensus was reached; if the
group agreed that the case fit with URDS, the presenting
physician then entered that patient’s standard set of data into
the database.

Follow-up case review in September 2018 was conducted by
physicians at each site to determine if new information had
been learned, such as new diagnoses, new laboratory results,
or treatment intervention with benefit, for any patients whom
we initially included in our series. Exclusion criteria included
a diagnosis of Alzheimer disease, autism spectrum disorder,
or other diagnosis that accounted for regression symptoms
(including cases whose symptoms at time of regression met
criteria for, and were best explained by, a clinical diagnosis of
major depression, psychosis, or other mental disorder). We
excluded other causes of regression to focus our description
on cases of unexplained regression in Down syndrome. (Of
note, patients with autism could later develop unexplained
regression but this was not the focus of our study.) One case
was initially included but later excluded after symptoms
improved spontaneously and suddenly without treatment,
contrary to the clinical course for this entity as conceived.
Inclusion criteria for controls were individuals with DS,
consented in the database, who were first sex- and then age-
matched (within 1 year), within each site.

The standard set of data collected for each subject included
clinical details from (1) a definition of regression proposed by
the chair of the Regression Working Group of the Down
Syndrome Medical Interest Group and (2) a tiered medical
evaluation.® The 28-item proposed definition includes core
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and common clinical features based on frequency observed by
clinicians familiar with URDS (defined in Table 2, and the
checklist in the Supplementary Materials). Core features
include regression in adaptive function, cognitive—executive
function, and motor control; common features focus on
behavior and mental health. For each subject, clinicians
recorded if each core feature was present or absent with an
onset of three months or greater.

The first tier of our medical evaluation included bloodwork
(thyroid peroxidase antibody, thyroglobulin antibody, free
thyroxine 4 [fT'4], thyroid stimulating hormone [TSH], celiac
screen, folate, vitamins D and B;,, liver function tests,
hemoglobin, white blood cell count, platelet count, electro-
lytes), imaging studies (abdominal radiograph, brain mag-
netic resonance image [MRI]), hearing and vision screens,
and a polysomnogram. Apnea-hypopnea index (AHI) score
as a measure of obstructive sleep apnea was recorded and
annotated if treated or untreated. A screen for stressors and
depression, focused on the six months prior to the onset of
decline, was completed by the physician with parent input;
we used a published, unvalidated DS depression screen.' The
second tier of medical evaluation included an electroence-
phalogram (EEG), antistreptolysin antibodies, antinuclear
antibodies, Lyme antibodies, erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), rapid-plasma reagin, and
HIV status. Laboratory values were recorded based on each
institution’s normal range. All studies were not collected at
all sites; patients who did not have a given evaluation
completed were not included for that single parameter. In
interpreting abnormal lab values, medical knowledge was
used in deciding if abnormal values had clinical significance
(e.g., an abnormal celiac screen was not counted as clinically
significant if the patient had subsequently been transitioned
to an appropriate gluten-free diet). The patient’s intelligence
quotient (IQ) and age at assessment were recorded where
available.

Standardized data sets were de-identified and compiled by a
central statistician. Data were summarized using means and
standard deviations, or percentages. To determine if demo-
graphic features, clinical symptoms, or abnormal medical
evaluations in cases of URDS differed from matched controls,
generalized mixed models were used for paired comparisons.
Each model included a fixed case identifier and random
effects of site and pair within site. Binary, ordinal, and
continuous measures were modeled as Bernoulli, Poisson, and
Gaussian random variables with a logit, log, and identify link
function, respectively. This is equivalent to McNemar’s test
for binary measures and a paired t-test for continuous
measures with the addition of a random effect of site.
Generalized mixed models yield a ¢-statistic testing each one
degree of freedom contrast; p values result from comparing
the estimated t-statistic for a given test against the central ¢-
distribution. Subjects might not have completed all studies
listed in the tiered evaluation, so a nondiagnostic medical
evaluation refers to negative results on those tests that were
completed. Of note, a nondiagnostic medical evaluation only
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refers to the medical evaluations that were completed and
does not exclude medical causes that were not evaluated. To
most stringently test our definition of unexplained regression
and avoid confounding from unrecognized or untreated
medical studies that could potentially contribute to regression,
we repeated the analysis in the subset of patients with URDS
who were free of any abnormal medical evaluation and their
age- and sex-matched controls as a secondary analysis.
Comparison-wise p values are reported for interpretation of
the degree a given element differentiates regression cases and
matched controls. Corrections for multiple comparisons were
not applied as formal inference may not be applicable given
the informal use of these same features by the consensus
committee in assigning a given patient as a regression case or
a control.

RESULTS
From 1 April 2017 to 30 September 2018, our six sites
identified 35 patients (mean of 6 cases per site, range of 3-9)
whose clinical symptoms fit with URDS among the patients
who were enrolled in the consortium’s database. There were
no significant differences between cases and controls on age,
sex, ethnicity, and race (Table 1). Details of published cases, to
date, identified through literature review and cases in our
cohort were summarized (Supplemental Table). The 35
unique cases of URDS from our sites, of which 34 are
previously unpublished, combined with the other 79 pub-
lished cases, represent 114 total cases, to date (Supplemen-
tal Table). The age of onset of previously published cases
(mean of 15.8 years, ranging from age 4 to 30 years) is similar
to the age of onset in our cohort (mean of 17.5 years, ranging
from age 9 to 34 years). The key clinical symptoms (motor,
mood, and loss of skills regarding ADLs, speech, and social
interaction) are similar to the previously published cases.
Predominance among males' or females® has been seen; our
cohort includes a nearly equal number of males and females
with regression. Among all 114 cases, 60 (53%) were female,
suggesting a higher incidence among females given the
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background 1:1.3 female-to-male sex ratio among individuals
with DS (two-sided p = 0.06).

Patients with URDS showed consistency among the 28
clinical features included in the proposed definition. The four
most common clinical features in URDS, present in more
than 90% of our URDS cases, were changes in social skills
(withdrawal, avoidance, isolation; time spent alone), func-
tional ADLs (loss of acquired skills; dependent), attention
(atypical, odd; gaze aversion, poor eye contact, or impaired
ocular control), and internalizing behavior (apathy, with-
drawal, mood, stereotype, self-injurious behavior). The least
common clinical features, present in fewer than 10% of our
URDS cases, include changes in autonomic symptoms
(syncope, pallor, sweating), vision and hearing (acute loss or
deterioration). Of the 28 core and common features of the
proposed diagnostic criteria, cases with URDS displayed an
average of 15.4 features (range 4 to 22).

The prevalence of diagnostic features differed substantially
between cases with URDS and matched controls (p < 0.001 for
all core features and for some common features; Table 2).
Among core and common features, summed scores within
each subgroup differed between cases with URDS and
controls (Fig. 1). Among the three adaptive features, patients
with URDS had a mean (+SD) of 2.7 +0.6 features while
controls had 0.1+0.4 features (¢t [34] =6.21, p <0.001). Of
the six features related to cognitive-executive function,
patients with URDS had a mean of 4.8 + 1.6 features while
controls had 0.1+0.2 features (¢ [34] =6.22, p<0.001).
Within the four motor features, cases with URDS had a
mean of 2.4 + 1.2 features while controls had none of these
features. On the two behavior features, cases with URDS had a
mean of 1.3 + 0.5 features while controls had 0.2 + 0.5 features
(t [34] =4.75, p<0.001). Of the 13 mental health features,
cases with URDS had a mean of 4.2+2.0 features while
controls had 0.9+ 1.1 features (mean ratio=4.45 95%
confidence interval [CI] 3.0 to 6.6, t [34] =7.76, p <0.001),
driven by higher prevalence of issues related to mood, sleep,
appetite, incontinence, and transition.

Table 1 Demographics of patients with URDS (35 total, of whom 11 had negative medical evaluation) compared with age-

and sex-matched controls

All Cases of URDS with negative medical evaluation
URDS (N=35) Matched controls (N=35) p value® URDS (N=11) Matched controls (N=11) p value®
# (%) # (%) # (%) # (%)
Male 18/35 (51) 17/34 (50) >0.99 4/11 (36) 4/10 (40) >0.99
Race
White 30/35 (86) 29/34 (85) >0.99 10/11 (91) 10/10 (100) >0.99
Black or African American  2/35 (6) 2/34 (6) >0.99 1711 (9) 0/10 (0) >0.99
Hispanic 1/32 (3) 3/31 (10) >0.99 1/11 (9) 0/10 (0) >0.99
Mean + SD Mean + SD
Age 17.5+£4.9 19.1+6.6 0.056 19.1+£3.9 19.4+6.2 0.81
Baseline 1Q 47.7+10.4 52.0+2.7 0.12 4500 N/A -

URDS unexplained regression in Down syndrome.

@Generalized mixed models for paired comparisons; this is equivalent to McNemar's test for binary measures and a paired t-test for continuous measures with the addi-

tion of a random effect of site.
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Table 2 The 28-feature definition proposed by the Regression Working Group of the Down Syndrome Medical Interest
Group: unexplained regression in Down syndrome (URDS) compared with age-matched controls with Down syndrome

All Medical evaluation negative
URDS Control p value® URDS Control  p value®
(N =35) (N =35) (N=11) N=11)
N % N % N % N %
Core feature (...with an onset of three months or greater)
Adaptive function
Social skills: withdrawal, avoidance, isolation; time spent alone 33 94% 1 3% <0.001 10 91% 1 9% 0.004
Functional ADLs: loss of acquired skills; dependent 31 9% 1 3%  <0.001 11 100% 1 9% 0.002
Speech: reduced, infrequent; whisper, monosyllabic, or mute 31 89% 2 6% <0.001 10 91% 1 9% 0.004
Cognitive-executive function
Attention: atypical, odd; gaze aversion, poor eye contact, 32 99% 1 3% <0.001 9 8% 1 9% 0.008
or impaired ocular control
Functional skills: loss, confused, disorganized; unable 30 8% O 0% <0.001 11 100% 0 0% <0.001
to function at school/job
Procedural memory: less able to perform or performs with assistance 30 86% 1 3% <0.001 11 100% 1 9% 0.002
needed, with regard to ADL routines or favorite activities
Learning memory: diminished working memory; not processing 28 80% 0 0%  <0.001 10 91% 0 0% 0.002
or learning
Planning, organizing: not goal directed, disorganized 27 77% 0 0%  <0.001 10 91% 0 0% 0.002
Declarative memory: forgetful and confused with regard 20 59% 0 0% <0.001 8 73% 0 0% 0.008
to people, places, and events
Motor control
Initiation—-motivation: abulia, avolition, mutism 28 80% 0 0% <0.001 9 82% 0 0% 0.004
Stereotyped movements: tics, stereotypies 20 57% 0 0% <0.001 9 8% 0 0% 0.004
Catatonia 19 56% 0 0% <0.001 5 45% 0 0% 0.063
Extrapyramidal: bradykinesia, freezing, cogwheel rigidity, tremor 17 50% 0 0% <0.001 4 36% 0 0% 0.125
Common feature
Behavior
Internalizing: apathy, withdrawal, mood, stereotype, SIB 32 91% 1 3%  <0.001 9 8% 0 0% 0.004
Externalizing: hyperactivity, irritable, disruptive, agitated 15 43% 5 14%  0.031 5 45% 2 18% 0.375
Mental health
Mood, emotion, self-regulation: depression, compulsions, 31 89% 3 9% <0.001 9 8% 0 0% 0.004
psychosis, PTSD, anxiety, panic, ASD/DSDD
Sleep disturbance: Insomnia, circadian shift 26 74% 3 9% <0.001 9 82% 1 9% 0.021
Transition/change causing emotional distress in past 1 year 17 50% 4 11% <0.001 5 50% 1 9% 0.063
Appetite: anorexia, weight loss 17 50% 0 0% <0.001 5 50% 0 0% 0.063
Incontinence: urine, feces 12 35% 1 3% 0.003 5 45% 0 0% 0.063
Trauma/loss/grief, causing emotional distress in past 1 year 10 29% 3 9% 0.065 2 18% 0 0% 0.500
Puberty, causing emotional distress in past 1 year 8 23% 1 3% 0.039 3 27% 0 0% 0.250
lliness/hospitalization, causing emotional distress in past 1 year 8 23% 1 3% 0.039 4 36% 0 0% 0.125
Sleep apnea, seizures: evidence on PSG, EEG 5 15% 10 29% 0.388 1 10% 3 27% >0.99
Other inflammatory, autoimmune condition 5 14% 3 9% 0.727 2 18% 0 0% 0.500
Systemic illness: pain, surgery 5 14% 2 6% 0.625 2 18% 1 10% N/A
Autonomic: syncope, pallor, sweating 2 6% 1 3%  >0.99 0 0% 0 0% -
Vision, hearing: acute loss or deterioration 1 3% 1 3% >0.99 0 0% 0 0% -

N = # of patients with this feature present; % = # of patients with feature present + # of patients with response to this feature.

ADL activities of daily living, ASD/DSDD autism spectrum disorder/Down syndrome disintegrative disorder, EEG electroencephalogram, N/A insufficient information avail-
able, PSG polysomnogram, PTSD posttraumatic stress disorder, SIB self-injurious behavior.

“Generalized mixed models for paired comparisons; this is equivalent to McNemar's test for binary measures and a paired t-test for continuous measures with the addi-
tion of a random effect of site.
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Fig. 1 Average raw score (# of features reported; with error bars at
1SD) by feature category for patients with unexplained regression
in Down syndrome (URDS) in comparison with age- and sex-matched
controls with Down syndrome.

Within the first tier of medical evaluations, regression cases
experienced more stressors and depressive symptoms. Cases
with URDS had a mean of 1.1 + 1.1 stressors while controls
had 0.2+0.4 stressors (t [34] =4.27, p<0.001), driven by
higher prevalence of issues related to a change in school/
workshop employment and loss of family member/friend/
caregiver because of a move. Cases with URDS had a mean of
7.3 £6.7 symptoms on the depression screen while controls
had 1.0+£2.3 (¢t [34] =11.0, p<0.001), driven by higher
prevalence of issues related to insomnia, poor concentration,
poor memory, loss of interest, social withdrawal, and a
preference to be alone. The number of abnormal measures on
tier 1 and tier 2 evaluation did not differ between cases with
URDS and controls (¢ [34] = 2.32 and 0.80, p = 0.03 and 0.43,
respectively). Among the medical evaluations completed, the
studies most likely to be abnormal included polysomnogra-
phy, vitamin D 25-OH level, celiac screen, and thyroid
function tests (Table 3), but these were not statistically
significant in comparison with the abnormal findings with
controls. Thyroid peroxidase antibodies were abnormal in 8 of
the 27 patients with URDS who had thyroid peroxidase
(TPO) antibodies completed and in 2 of the 12 controls who
had TPO antibodies completed. While some studies showed
low yield, identified in only 1-2 individuals, many studies
were not abnormal in any patients with URDS. Some patients
were found to have multiple abnormalities on medical
evaluation, with the number of abnormal studies ranging
from 0 to 4 for patients with URDS. In total, 24 patients had
at least one abnormality on medical evaluation. One
component of the proposed tiered evaluation is screening
for stressors and depression focused on symptoms prior to
onset of regression; these differed between cases of URDS and
controls (summary score, p <0.001 and p < 0.001 respectively,
Table 4).

The 11 patients with URDS with a negative medical
evaluation had similar demographic characteristics to those
of the total sample of 35 regression cases and to their matched
controls. Among the subset of patients with a negative
medical evaluation, the clinical features of the definition of
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URDS differed substantially between cases of URDS and
matched controls (p <0.05 for many measures, Table 2),
similar to results seen in the total sample.

DISCUSSION

Unexplained regression in individuals with DS exists and
differs from other entities in which regression has been
described, such as autism and Alzheimer disease. Although
identified as early as 1946, increased awareness and attention
have occurred over the past decade regarding describing,
naming, defining, evaluating, and treating this entity.* *%*’
To date, case reports have described individuals or cohorts,
but none compared cases of regression with controls. This
study is the first case-control study of URDS. We identified
35 cases of URDS at a mean age of 17.5 years, which were
equally divided between sexes, with prevalence across races
and ethnicities. We compared cases of URDS to age- and sex-
matched controls on clinical features, depression and stressor
screens, and medical evaluations. In this paper, 34 cases are
previously unpublished, and 1 was previously published.®

In describing the consistent phenotypic features of this
regression entity, we found that our patients with a clinical
diagnosis of URDS matched well with the proposed diagnostic
definition. The four most common clinical features were
changes in social skills, functional ADLs, attention, and
internalizing behavior. Our patients with URDS displayed an
average of 15.4 of the 28 core and common features of the
proposed diagnostic criteria while our control patients did not
(average 1.3, range 0 to 6); cases with URDS did so across the
proposed criteria with statistical significance for all measures
except externalizing behavior. Our data support the proposed
criteria and establish a definition for URDS.

Across the features studied, no single component identified
all cases of URDS and simultaneously distinguished cases of
URDS from controls. As such, the proposed multicomponent
definition is essential to capture the essence of these cases.
Patients with URDS did not have features isolated to a single
category but rather had multiple features from multiple
categories. No single feature was specific to URDS. For
example, the clinical feature category of motor control was
only seen in patients with URDS, not in controls, but was not
seen in all cases with URDS (two patients with URDS did not
have any of the four motor features). Conversely, control
patients could occasionally demonstrate a single feature, such
as hyperactivity, but did not demonstrate features across
multiple categories. It is necessary to include items across
features to capture all cases of URDS; we propose continued
use of the 28-item proposed clinical definition as the
established working definition of this entity. The 28 clinical
features are summarized in the Supplementary Materials,
which is formatted as a checklist tool for those considering
this diagnosis. This checklist tool lists the same clinical
features in the working definition, which were used in this
study. The clinical features are followed by checkboxes for
Present or Absent; the checklist proposes the following
scoring system: total score (max 28): 0-3 unlikely URDS,
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Table 3 Abnormalities on tiered medical evaluation in 35 patients with Down syndrome and unexplained regression (URDS)

URDS (N = 35) Controls (N = 35) p value?
# Abnormal/ % # Abnormal/ %
# completed # completed
Tier 1
PSG 12/20 60.0% 5/15 333% >0.99
Vitamin D 12/24 50.0% 4/14 28.6%  0.688
Celiac screen 5/33 152% 1724 4.2% 0.625
Thyroid function tests (TSH, free T4) 5/35 143% 4/33 11.4% >0.99
Folate 2/22 9.1%  0/6 0.0% >0.99
LFTs 2/31 6.5%  2/15 13.3% >0.99
CBC 2/35 57%  3/35 8.6%  >0.99
Hearing test 1/21 48%  2/26 7.7%  >0.99
Brain MRI 1/28 3.6% 02 0.0% >0.99
Vision screen 0/23 0.0%  1/22 45%  >0.99
Constipation 0/11 0.0%  0/7 0.0% -
Vitamin B, 0/21 0.0%  0/7 0.0% -
Electrolytes 0/33 0.0% 112 83% >0.99
Patients with abnormal tier 1 23 65.7% 15 42.9%
# Abnormal tier 1 measures (mean + SD) 1.2+1.1 0.7+09 0.026
Tier 2
EEG 2/23 87%  0/4 0.0% >0.99
ASO+ and presenting with tics, obsessive-compulsive symptoms 1/15 6.7% - =
or other abnormal movements
Antinuclear antibodies 1/21 48% 1/3 333% >0.99
Lyme antibodies 0/16 0.0% 01 0.0% -
ESR 0/22 0.0% 0/4 0.0% -
CRP 0/23 0.0% 113 7.7%  >0.99
Rapid-plasma reagin 0/15 0.0%  0/1 0.0% -
HIV status 0/16 0.0% 0/2 0.0% -
Patients with abnormal tier 2 5 14.3% 2 13.3%
# Abnormal tier 2 measures (mean + SD) 0.1+0.4 0.1+0.2 0.429

% = number of patients with abnormal result + number of patients with study completed.
ASO antistreptolysin O, CBC complete blood count, CRP C-reactive protein, EEG electroencephalogram, ESR erythrocyte sedimentation rate, LFT liver function test, MR/

magnetic resonance image, PSG polysomnogram, TSH thyroid stimulating hormone.

“Generalized mixed models for paired comparisons; this is equivalent to McNemar's test for binary measures and a paired t-test for continuous measures with the addi-

tion of a random effect of site.

4-8 possible URDS, 9-15 probable URDS, 16+ highly likely
URDS. A physician who identifies a patient with a score >4
may refer to a specialist with experience with this entity for
additional guidance in diagnosis and treatment modalities.
Drawing conclusions from this paper offers support for a
clinical definition that will help others evaluating patients
with features of URDS, will help unify clinical research to
study this entity, and may help guide future research
regarding its pathophysiology.

In investigating which aspects of the clinical workup are
most useful, we studied the tiered medical evaluation that had
been proposed in the literature among our patients with
URDS.® A tiered medical approach may be useful to guide
clinicians who encounter patients with DS and features
consistent with URDS in identifying contributing medical
causes. Medical evaluation of our patients with URDS
identified abnormalities, with higher yield for abnormalities
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found in tier 1 (65.7%) compared with tier 2 (42.9%). The
studies with the highest likelihood of identifying an
abnormality in patients with URDS included polysomno-
grams, vitamin D levels, celiac screens, and thyroid function
tests. However, these abnormalities did not statistically differ
among those seen in the matched controls. As such, these co-
occurring conditions are likely not the sole explanations for
URDS, but rather co-occurring conditions that might or
might not exacerbate the regression.

The 11 patients with URDS with a completely negative
medical evaluation were similar in demographics (Table 1),
clinical features of URDS (Table 2), and stressor and
depression screens (Table 4) to the total sample of patients
with URDS. We conducted this analysis to ensure that co-
occurring conditions were not impacting the use of the
proposed diagnostic definition of 28 features. However, in
doing this analysis, we also have important data regarding
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Table 4 Stressor and depression screen in unexplained regression in Down syndrome (URDS) compared with age-matched

controls with Down syndrome

All (N =35) and matched

Negative medical evaluation (N=11)

control and matched control
URDS Control p value® URDS Control p value®
Screen for stressors: Please indicate if any occurred six months prior to the onset of decline
Change in school/workshop/employment 13 2 0.003 2 1 1.000
Loss of family member/friend/caregiver because of move 9 0 0.004 3 0 0.250
Death of family member 7 3 0.344 2 0 0.500
Major surgical/medical diagnostic procedures 5 0 0.063 3 0 0.250
Change of residence 2 1 1.000 1 0 1.000
Victim of abuse physical/verbal/sexual 2 0 0.500 0 0 =
Death of friend/caregiver 1 0 1.000 0 0 -
Death of pet 0 0 - 0 0 -
Depression screen: Any and all that were present six months prior to the onset of decline
Social withdrawal 18 0 <0.001 5 0 0.063
Poor concentration 17 1 <0.001 4 0 0.125
Loss of interest 16 0 <0.001 5 0 0.063
Preferring to be alone 15 1 <0.001 4 0 0.125
Oppositionality 15 3 0.004 4 1 0.375
Irritability 13 2 0.003 5 1 0.125
Agitation 13 2 0.007 3 1 0.625
Poor memory 12 0 <0.001 4 0 0.125
Insomnia 12 1 0.003 6 0 0.031
Changes in sleep 10 2 0.039 5 1 0.219
Distractibility 8 2 0.109 3 0 0.250
Repetitive behaviors 8 1 0.039 3 0 0.250
Fatigue 6 0 0.031 2 0 0.500
Changes in eating 6 0 0.031 4 0 0.125
Insecurity 6 1 0.063 0 0 -
Initiates fights 6 2 0.289 1 1 1.000
Stubbornness 7 2 0.125 0 0 -
Shaking of objects 5 0 0.063 0 0 -
Attention seeking 5 1 0.219 1 0 1.000
Impulsivity 5 3 0.727 1 2 1.000
Incontinence 5 0 0.063 1 0 1.000
Destroys objects 4 1 0.375 0 0 -
Secrecy 4 0 0.125 1 0 1.000
Bullies or threatens 3 1 0.625 1 1 1.000
Abusive language 3 1 0.625 1 1 1.000
Ordering of objects 4 0 0.125 1 0 1.000
Repetitive speech 4 0 0.125 1 0 1.000
Obesity 4 4 1.000 2 2 1.000
Headaches 1 0 1.000 0 0 -
Temper tantrums 1 1 1.000 0 0 -
Hoarding objects 1 1 1.000 0 0 -
Adherence to routines 2 0 0.500 0 0 -
Self-injury 1 1 1.000 1 0 1.000
Feelings of rejection 1 0 1.000 0 0 -
Adaptive functioning 1 0 1.000 1 0 1.000
Self-abuse 0 0 - 0 0 -
Cruelty toward animals 0 0 - 0 0 -
Hand-washing 0 0 - 0 0 -

“Generalized mixed models for paired comparisons; this is equivalent to McNemar's test for binary measures and a paired t-test for continuous measures with the addi-

tion of a random effect of site.

medical evaluation using the proposed tiered approach. We
identified an increase in number of stressors and features of
depression on these screens in patients with URDS compared
with controls. This may be an important consideration for
future study regarding risk factors and preventive screening to
predict which patients may be at risk for URDS. Because the
11 patients with negative medical evaluation did not differ in
definition, this raises the possibility that the tiered approach
does not identify the underlying cause of regression. Future
study should be conducted to evaluate the underlying cause
given the clinical definition that we have established with
attention to role of stressors and depression. We are hopeful
that this definition can contribute to improving diagnosis,
which can then be used to study this entity regarding the
underlying mechanism, secondary genetic diagnoses, or
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modifier genes, and to describe future cases in a consistent
way. Until we are able to more clearly elucidate the cause,
continuing with this tiered approach to exclude other
diagnoses that could contribute to symptoms might still be
warranted. Future studies will be useful to investigate the
contribution of these comorbidities to clinical symptoms as
we follow patients longitudinally and study the outcome of
treatment of co-occurring conditions.

The proposed first tier of medical evaluations, from Jacobs
et al,® also includes a screen for stressors and depression
screen focused on symptoms prior to onset of regression;
these differed substantially between cases with URDS and
control cases (summary score, p<0.001 and p<0.001
respectively). Differences in stressors and depression screen
may provide insight into factors that precede the onset of
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symptoms. Future studies of the interplay among stressors,
depression, and biology might identify an underlying
predisposition to regression that requires additional psycho-
logical effects to manifest. If stressors and depression are
found to precede regression, future studies following scores on
these scales prospectively could be used to identify patients at
higher risk for unexplained regression and to detect changes
over time.

In comparing our cohort of cases of URDS with those
published in the literature, we saw trends in similar age of
onset, themes in symptomatology, and disease course. Adding
our 34 new, unique regression cases to the 80 published cases
substantially increases the number of reported cases. Our
cohort of cases with URDS is the largest single cohort and the
only to include case-controls in the literature to date. Our
study systematically described cases in a consistent fashion
using the proposed definition. As a team, our group identified
the data elements to be collected a priori; each site collected
data in a standard manner using the same terminology,
timing, and data points. Although other studies have
described cases of regression, our study adds to the literature
through our systematic approach at testing this definition
rather than relying on history and coding ex post facto. As a
multisite study, our cases of URDS have greater general-
izability than previous studies, which either focused on a
single location or had a smaller sample size.

A multisite study design also creates potential for subtle
differences between individual sites and physicians, which
could be viewed as a limitation. However, cases of URDS were
reviewed on monthly conference calls, and the common data
dictionary of fields and responses in REDCap ensured that all
databases were collected in a standardized way. The
symptoms of URDS may change over time and overlap with
psychiatric disease; for example, it may be difficult to recall
when the depressive symptoms started in relation to the
regression. A number of the associated features we have
identified do occur in psychosis or depression. For example,
the DSM-5 diagnosis of schizophrenia would only require
catatonic behavior and negative symptoms (diminished
emotional expression or avolition). Our single category of
Mood, Emotion, Self-Regulation: Depression, Compulsions,
Psychosis, PTSD, Anxiety, Panic, ASD/DSDD does not allow
us to comment on the prevalence of psychotic symptoms
within this group. In the future, a more detailed analysis of
symptoms using a standardized and validated instrument
could be considered to improve diagnostic accuracy. Addi-
tional potential limitations include that some data were
entered retrospectively and thus subject to recall bias; not all
patients had all evaluations completed in tiered workup, and
thus our data were subject to potential information bias; and
our patients, including cases with URDS and controls, were
receiving care at DS subspecialty clinics with inherent
selection bias, and thus may not generalize to the DS
population overall. In the future, additional studies of the
broader DS population could be conducted with this newly
supported diagnostic definition for unexplained regression to
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replicate our findings. Additional factors to consider in the
future include family history of mental illness and cognitive
level prior to URDS.

Our results support the proposed definition of URDS,
which consists of changes in multiple aspects of function. No
single feature uniquely and distinctly identified URDS,
supporting the need for inclusion of both core and common
features in the definition. Tiered medical evaluation identified
abnormalities, although these are of unclear significance to
the underlying cause of URDS; patients with negative medical
evaluation continued to fit with the proposed definition.
Stressors and depression screen abnormalities were more
prevalent in those with URDS, suggesting a psychological
factor in this entity. With the supported definition, future
studies can begin to focus on the nuances, causes, and
ultimately treatment of URDS.

Conclusion

The 28-item proposed definition of URDS is supported by
case—control evidence, providing a foundation for future
research and investigation of underlying mechanisms.
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