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Abstract.
Background: Virtually all adults with Down syndrome (DS) develop Alzheimer’s disease (AD) pathology, but research gaps
remain in understanding early signs of AD in DS.
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Objective: The goal of the present study was to determine if unintentional weight loss is part of AD in DS. The specific
aims were to: 1) examine relation between chronological age, weight, AD pathology, and AD-related cognitive decline were
assessed in a large cohort of adults with DS, and 2) determine if baseline PET amyloid-� (A�) and tau PET status (– versus+)
and/or decline in memory and mental status were associated with weight loss prior to AD progression.
Methods: Analyses included 261 adults with DS. PET data were acquired using [11C] PiB for A� and [18F] AV-1451 for tau.
Body mass index (BMI) was calculated from weight and height. Direct measures assessed dementia and memory. Clinical
AD status was determined using a case consensus process. Percent weight decline across 16–20 months was assessed in a
subset of participants (n = 77).
Results: Polynomial regressions indicated an 0.23 kg/m2 decrease in BMI per year beginning at age 36.5 years, which occurs
alongside the period during which A� and tau increase and memory and mental status decline. At a within-person level,
elevated A�, decline in memory and mental status were associated with higher percent weight loss across 16–20 months.
Conclusion: Unintentional weight loss occurs alongside A� deposition and prior to onset of AD dementia, and thus may be
a useful sign of AD in DS.
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INTRODUCTION

Individuals with Down syndrome (DS), or trisomy
21, are genetically at risk for Alzheimer’s disease
(AD) [1]. The triplication of the amyloid precursor
protein (APP) gene located on chromosome 21 results
in a lifelong overproduction of amyloid-� (A�),
which aggregates into extracellular plaques in the
brain [2] and is associated with a cascade of pathol-
ogy that likely causes AD [3, 4]. The median age of
clinical onset of AD dementia in DS is in the early
fifties [5, 6], and there is a 90% lifetime incidence of
AD in DS [7, 8]. Studies have documented the nat-
ural history of AD in DS, including the presence of
biomarkers of AD pathology [9, 10] such as positron
emission tomography (PET) A� plaques by the fourth
and fifth decade of life [11, 12] and neurofibrillary
tangles of tau in the fifth decade [13, 14]. Stud-
ies have also identified the timing and sequence of
AD-related cognitive decline, beginning with subtle
memory declines and progressing to mild cogni-
tive impairment (MCI-DS) and eventually dementia
[15, 16]. Investigations of non-cognitive AD symp-
tomology and signs, however, have been less studied.
Unintentional weight loss has been reported with AD
dementia outside of DS [17–20]; however, it is not
known if unintentional weight loss is also part of AD
in DS, and if so, the timing of this loss in relation to
AD pathology or cognitive decline.

Weight has connections with AD in autosomal
dominant and sporadic late-onset AD [17, 18]. In
midlife, being overweight and/or obese is associated
with an increased risk of AD [19, 20]. In contrast,
unintentional weight loss (i.e., not due to intentional
efforts) occurs in the years prior to AD dementia

[21–23]. Buchman and others [24] reported that a one
unit/year decline in body mass index (BMI) is asso-
ciated with a 35% higher risk of AD dementia within
5 to 6 years. Such findings have led to the view that
unintentional weight loss is part of preclinical AD,
when pathological change is underway but demen-
tia is not yet evident [25, 26]. Indeed, weight loss is
associated with a lower ratio of A�42/A�40 in cere-
brospinal fluid and higher PET A� and tau prior to
AD dementia in samples from the general population
[27–29]. Relatedly, Cova et al. [30] found that weight
loss was associated with a 2.3 to 2.5 year earlier onset
of AD dementia in older adults with MCI.

Obesity is highly prevalent in adults with DS, such
that 83–85% of adults with DS are overweight (BMI
25–29.9 kg/m2) or obese (BMI > 30 kg/m2) [31, 32].
In small-scale studies, adults with DS with AD
dementia had a lower BMI and evidenced greater
weight loss across time than those without demen-
tia [16, 33], suggesting that unintentional weight loss
may have associations with AD in DS. However, it is
not clear when weight loss occurs in the time course
of cognitive decline and AD pathology and in DS.

The goal of the current study was to evaluate the
relation between weight and cognitive decline and
AD pathology in a large cohort (N = 261) of adults
with DS from the Alzheimer’s Biomarker Consor-
tium – Down Syndrome (ABC-DS). The aims were
to: 1) describe the association between age and BMI
and its relation to A� PET and tau PET and memory
impairments and mental status at baseline; 2) exam-
ine the effect of baseline A� PET and tau PET status
(– versus+) and clinical AD status (cognitively stable
versus MCI-DS or AD dementia) on percent weight
change from baseline to cycle 2 (16–20 months); and
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3) determine if baseline A� PET and tau PET status
(– versus+) and/or decline in memory and mental sta-
tus was associated with percent weight loss prior to
MCI-DS or AD dementia. For aim 1, age was hypothe-
sized to be negatively associated with BMI coinciding
with the timing of increases in PET A� and tau and
decline in memory and mental status. For aim 2, ele-
vated PET A� and tau (+versus –) and a clinical
status of MCI-DS or AD dementia (versus cognitively
stable) were expected to be associated with greater
percent weight loss across the 16–20 months. For
aim 3, elevated baseline PET A� and tau and decline
in memory and mental status were predicted to be
associated with greater percent weight loss prior to
prodromal AD (i.e., those without MCI-DS or AD
dementia).

METHODS

Participants

Analyses included 261 adults with DS aged 25–65
years from ABC-DS [34] who had two time points
of BMI data. Inclusion criteria included: aged ≥ 25
years, no conditions contraindicative for imaging

(e.g., metal in the body), and no untreated medical
or psychiatric conditions that alter cognition. Internal
Review Boards at the local ABC-DS sites approved
the study. Consent and/or assent were obtained.
Table 1 provides sample socio-demographics.

Procedure

Adults with DS completed multi-day visits at one
of seven research sites at baseline and 16–20 months
later (cycle 2). At both time points, a cognitive bat-
tery was administered, and caregivers reported on the
adult with DS’s cognitive and adaptive functioning,
medical, and psychiatric history. At baseline, blood
was drawn to determine apolipoprotein E (APOE) sta-
tus and conduct karyotyping (if medical records did
not include this information). Participants at four sites
underwent MRI and PET imaging. Physical (e.g.,
height and weight) and neurological exams were
completed at both time points.

Socio-demographics

Date of birth was used to calculate age (years) at
baseline. Intellectual level prior to MCI-DS or AD

Table 1
Participant characteristics and mean and standard deviation for study variables at baseline

Variables Total* Cognitively Stable MCI-DS Dementia F value
(n = 261) (n = 192) (n = 40) (n = 29) (p)

Sex, No. (%) 2.585 (0.077)
Male 134 (51%) 97 (51%) 26 (65%) 11 (38%)
Female 127 (49%) 95 (49%) 14 (35%) 18 (62%)

Premorbid ID, No. (%) 0.188 (0.829)
Mild 144 (55%) 110 (57%) 18 (45%) 16 (55%)
Moderate 90 (34%) 61 (32%) 20 (50%) 9 (31%)
Severe/Profound 27 (10%) 21 (11%) 2 (5.0%) 4 (14%)

Karyotype, No. (%) 0.146 (0.864)
Trisomy 225 (90%) 166 (90%) 34 (89%) 25 (93%)
Mosaicism 8 (3.2%) 5 (2.7%) 2 (5.3%) 1 (3.7%)
Translocation 16 (6.4%) 13 (7.1%) 2 (5.3%) 1 (3.7%)

APOE �4, No. (%) 64 (25%) 39 (21%) 15 (36.6%) 10 (36%) 4.267 (0.015)
Age in years, M (SD) 44.72 (9.16) 41.87 (8.57) 51.75 (5.60) 53.90 (4.54) 48.733 (<0.001)
Ethnicity, No. (%) 1.133 (0.324)

Not Hispanic or Latino 250 (95.8%) 182 (94.8%) 40 (100%) 28 (96.6%)
Hispanic or Latino 11 (4.2%) 10 (5.2%) 0 (0%) 1 (3.4%)

Height in meters, M (SD) 1.51 (0.09) 1.52 (0.09) 1.53 (0.08) 1.46 (0.09) 4.972 (0.008)
Weight in kilograms, M (SD) 71.86 (16.6) 73.48 (16.45) 68.43 (17.88) 66.03 (13.96) 3.530 (0.031)
Body mass index, M (SD) 31.46 (7.07) 32.12 (7.33) 29.02 (6.49) 30.55 (5.22) 3.467 (0.033)
Amyloid-� in centiloids, M (SD) 17.53 (30.77) 10.74 (20.48) 60.48 (36.81) 108.23 (35.49) 52.512 (<0.001)
Tau Composite in SUVr, M (SD) 1.17 (0.22) 1.13 (0.13) 1.65 (0.42) 1.68 (0.37) 44.186 (<0.001)
DSMSE, M (SD) 60.13 (15.06) 64.20 (12.24) 54.74 (11.36) 38.96 (17.94) 49.925 (<0.001)
mCRT, M (SD) 27.38 (10.77) 31.63 (6.36) 18.13 (10.16) 8.13 (10.01) 137.933 (<0.001)

M, mean; SD, standard deviation; ID, intellectual disability; DSMSE, Down Syndrome Mental Status Examination; mCRT, modified Cued
Recall Test; SUVr, standard update value ratio. *Adjusted sample sizes: Karyotype (n = 249), APOE �4 (n = 254), Race (n = 256), Height
(n = 251), Weight (n = 251), Body mass index (n = 251), Amyloid-� (n = 116), Tau Composite (n = 106), DSMSE (n = 258), Cued Recall
(n = 251).
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dementia was based on IQ and adaptive behavior test-
ing at baseline or historical medical records and coded
mild (1), moderate (2) or severe/profound (3) [34].
Karyotyping determined trisomy type (trisomy = 1,
mosaic = 2, or translocation = 3) and genotyping
determined APOE allele status (1 = �4 present, 2 = �4
absent). Caregivers reported biological sex at birth
(female = 1, male = 2), and race/ethnicity, which was
coded not Hispanic = 1 versus Hispanic = 2 for analy-
ses. Caregivers reported on the prevalence of medical
conditions including hypothyroidism, which was
coded as 1 = present and 0 = absence.

Weight

BMI was calculated as weight in kilograms divided
by height in meters squared. BMI was used in aim 1
to adjust for height differences when estimating the
effect of age on BMI at baseline. For aims 2 and
3, percent weight loss was used to measure within-
person weight change across the two data collection
time points. Percent weight loss, rather than simply
weight loss, was used to adjust for different baseline
weights. Percent weight change was calculated by
subtracting the participant’s weight at baseline from
the participant’s weight at follow-up before dividing
it by the baseline weight and multiplying by 100.

Clinical AD status

Clinical AD status was based on a case consensus
process that involved a psychologist, physician, and
other staff, blinded to genetic, biofluid, and imaging
data. This process involved review of caregiver-
reported and direct cognitive measures, adaptive
functioning, and behavior and considered premor-
bid intellectual disability, medical and psychiatric
history, and life events [34]. The AD clinical sta-
tus groups followed the recommendations of the
American Association on Mental Retardation and the
International Association for the Scientific Study of
Intellectual Disability Working Group for the Estab-
lishment of Criteria for the Diagnosis of Dementia
in Individuals with Developmental Disabilities [35,
36]. Statuses were: 0 = cognitively stable, indicat-
ing no cognitive or functional decline; 1 = MCI-DS,
indicating mild cognitive and/or functional decline;
2 = AD dementia, indicating marked cognitive and
functional decline; and 3 = unable to determine. Par-
ticipants (n = 5) with unable to determine status were
excluded from the analyses.

Cognitive functioning

The modified Cued Recall Test (mCRT) [37] was
used to assess episodic memory and involves learning
and remembering pictures of objects across three tri-
als. The total score is the number of correctly recalled
objects during free and cued trials and is a corre-
late of cognitive decline and PET A� in DS [38,
39]. The Down Syndrome Mental Status Examination
(DSMSE) [40] assessed mental status and is sensitive
to MCI-DS and AD dementia in DS [41]. The mCRT
and DSMSE were administered at baseline and cycle
2. A ≥ 5% within-person change on the mCRT and
DSMSE across the two time points was used as an
indicator of meaningful cognitive decline, in line with
estimates for the expected decline on these measures
in adults with DS transitioning to AD [15, 41].

MRI and PET

PET data were acquired using [11C] PiB for A�
and [18F] AV-1451 for tau quantification, and MRI
was used for spatial registration [11]. Tracers were
administered as 20–30 s bolus injections and saline
flush. Data were reconstructed using iterative meth-
ods and corrected for deadtime, attenuation, scatter,
and radioactive decay. Images were acquired in 5-
min frames and inspected and corrected for motion
on a frame-by-frame basis. Time-averaged images
were 50–70 min post injection for [11C] PiB and
80–100 min for [18F] AV-1451.

PET Aβ and tau processing

[11C] PiB PET scans were analyzed with the
centiloid method [42] using SPM8 software. The
50–70-min PET images were registered to corre-
sponding T1 MR images. The MR scan was deformed
to match the 152-subject template of the Montreal
Neurological Institute [MN152] included with SPM8
and corresponding PET images were co-warped
using the determined parameters. PiB radioactivity
concentration was extracted for the centiloid standard
global region and whole cerebellum [42], defined on
the MNI152 template. Global SUVr was the ratio of
tracer concentration in the global region to that of
whole cerebellum. This tissue ratio was converted to
centiloid values using linear+constant transformation
specified for [11C] PiB [42].

The 80–100 min [18F] AV-1451 tau images were
registered to T1 MRI and processed by FreeSurfer
(FS) 5.3 to parcellate regions [43]. Tracer concen-
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trations were extracted from the registered PET.
Mayo-composite [43] SUVr was determined using
volume weighted average of select FS-based compo-
nents divided by the cerebellar cortex concentration.

The A� centiloid value and tau Mayo-composite
SUVr were used to classify participants as A�+/–
(threshold value 19) and tau+/– (threshold value 1.21)
[44]. Three groups were created: A�-/tau -, A�+/tau-
, and A�+/tau+. Three participants did not fall into
these groups (A�-/tau+) and were removed as this
profile may indicate non-AD pathology.

Data analysis

Descriptive statistics, boxplots, and correlations
were used to examine variable distributions, identify
outliers and associations. Analyses for aim 1 included
baseline data. Linear and polynomial regressions
were conducted in R Core Team version 4.2.0 [45] to
examine the association between age and BMI on AD
pathology (PET A� and tau) and cognitive decline
(DSMSE and mCRT). First, the adjusted R squared
for the crude effect of age on each outcome was com-
pared using linear and polynomial regressions up to a
degree of 5. The highest adjusted R squared defined
the starting model. A forward stepwise regression
was then used to determine the final models. Baseline
socio-demographics (i.e., sex, ethnicity, clinical AD
status, premorbid intellectual disability level, kary-
otype, and APOE �4 status) were added one at a
time and kept if the adjusted R squared increased,
did not reduce sample size by > 50 observations, and
was either significant (p < 0.05) or altered the age
coefficients by ≥ 5%. The final model had the highest
adjusted R squared from the stepwise regressions.

Analyses for aim 2 and 3 examined percent of
weight loss from baseline to cycle 2. Pearson correla-
tions and chi-square statistics were used to examine
the association between weight loss and baseline
socio-demographics (i.e., sex, ethnicity, clinical AD
status, premorbid intellectual level, karyotype, and
APOE �4 allele status). To test aim 2, percent
weight loss was compared across the baseline PET
A� and tau (A�-/tau-, A�+/tau -, and A�+/tau+),
clinical AD status (cognitively stable versus MCI-
DS or AD dementia), and cognitive decline status
(≥5% decrease on mCRT and DSMSE versus < 5%
decrease) groups. To do this, chi-square tests and one-
way analyses of covariance (ANCOVAs) compared
percent weight loss across the biomarker, clinical,
and cognitive status groups when controlling for
age and socio-demographics associated with percent

weight loss. For aim 3, adults with a clinical status
of MCI-DS or AD dementia were removed. A linear
regression examined the effect of baseline PET A�
and tau and cognitive decline status on percent weight
loss. PET A� and tau and cognitive decline statuses
were dummy coded and simultaneously entered into
the regression with age and socio-demographics asso-
ciated with percent weight loss. Interactions between
PET A� and tau status and cognitive decline were
tested and if significant retained.

RESULTS

Preliminary analyses

Table 1 presents the mean and standard deviation
for study variables. Age, sex, BMI, premorbid intel-
lectual disability level, mCRT, DSMSE, APOE �4
allele, and PET A� were all normally distributed
and contained no outliers. Tau (skew: 2.903; kurtosis:
8.045) had a positive skew. In addition, not all par-
ticipants underwent imaging scans at baseline; PET
A� and tau were available for 116 and 106 partic-
ipants, respectively (n = 104 had both PET A� and
tau). Of these participants, 77 (74%) participants had
BMI and cognitive and clinical status data at baseline
and cycle 2 and were included in analyses for aim 2
and 3. Participants were between the ages of 25 and
63 years with a mean age of 44.72 years (SD = 9.16).
Most were White, non-Hispanic (95.8%), half were
female (n = 127, 49%), and most had a mild (n = 144,
55%) or moderate (n = 90, 34%) premorbid level
of intellectual disability. The majority of partici-
pants had full trisomy (n = 225, 90%); however, eight
(3.2%) were mosaic and sixteen (6.4%) had translo-
cation of chromosome 21. One-quarter of participants
(n = 64, 25%) had the APOE �4 allele. Mean BMI
at baseline was 31.46 (SD = 7.07), with the majority
being obese (n = 135, 51.7%) or overweight (n = 73,
28%). At baseline, 192 (73.6%) participants were
cognitively stable, 40 (15.3%) had MCI-DS, and 29
(11.1%) had AD dementia. The majority of partic-
ipants had a diagnosis of hypothyroidism (n = 159,
61%), nearly all of whom (n = 195, 97%) were taking
thyroid replacement medication. There was a sig-
nificant positive correlation between hypothyroidism
and BMI (r = 0.219, p = 0.001). However, hypothy-
roidism was not significantly associated with age, AD
clinical status, Pet A�, tau PET, DSMSE, or mCRT
(r = –0.043 to 0.083, p > 0.05). Given these insignif-
icant associations, the presence of hypothyroidism
was not included in regression models.
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Table 2
Polynomial Regressions for the effect of age on BMI, PET A�, tau, Down Syndrome Mental Status Exam (DSMSE), and modified Cued Recall Test (mCRT)

BMI A� Tau DSMSE mCRT
Variables � 95% CI p � 95% CI p � 95% CI p � 95% CI p � 95% CI p

Age
Age –21.2 –34.5, –7.8 0.002 308.0 213.7, 402.2 <0.001 3.9 2.7, 5.2 <0.001 –49.1 –73.3, –24.9 <0.001 –34.2 –51.1, –17.3 <0.001
Age2 –14.0 –27.2, –0.8 0.038 89.1 15.3, 162.9 0.018 3.6 2.2, 5.0 <0.001 –2.0 –22.9, 18.9 0.85 2.5 –12.1, 17.0 0.74
Age3 14.8 1.7, 27.9 0.027 2.5 1.2, 3.7 <0.001 22.3 1.7, 42.9 0.034 17.0 2.7, 31.2 0.02
Age4 1.0 0.2, 1.9 0.019 12.2 –8.1, 32.6 0.24

Sex
Male Reference Reference
Female 2.6 0.9, 4.2 0.003 0.0 –0.1, 0.0 0.77

Ethnicity
Not Hispanic or Latino Reference
Hispanic or Latino –4.6 –9.0, –0.3 0.037

Karyotype
Trisomy Reference Reference Reference
Mosaicism –0.4 –5.1, 4.2 0.85 0.2 0.0, 0.4 0.045 –3.5 –8.5, 1.4 0.16
Translocation 3.4 –0.1, 6.8 0.056 0.0 –0.1, 0.1 0.93 0.5 –3.1, 4.1 0.79

AD status
Cognitively Stable Reference Reference Reference Reference
MCI-DS 28.5 13.5, 43.5 <0.001 0.4 0.3, 0.5 <0.001 –5.9 –9.9, –1.9 0.004 –11.0 –13.7, –8.2 <0.001
Dementia 63.7 42.0, 85.3 <0.001 0.4 0.2, 0.5 <0.001 –21.6 –26.4, –16.9 <0.001 –21.0 –24.5, –17.5 <0.001

APOE �4
Absent Reference
Present 7.7 –1.4, 16.8 0.10

Premorbid ID
Mild Reference Reference
Moderate –9.5 –12.2, –6.7 <0.001 –2.7 –4.6, –0.8 0.006
Severe/Profound –24.8 –29.3, –20.3 <0.001 –7.8 –11.3, –4.4 <0.001

Variables reported in the table include those that were significant (p < 0.05) and left in the final model. CI, confidence interval; AD, Alzheimer’s disease; ID, intellectual disability; MCI-DS,
Mild Cognitive Impairment – Down syndrome; BMI, body mass index; A�, amyloid �; DSMSE, Down Syndrome Mental Status Examination; mCRT, modified Cued Recall Test. Final Adjusted
R-squared values were 0.1224 (BMI), 0.6243 (PET A�), 0.6104 (PET tau), 0.5333 (DSMSE), 0.5748 (mCRT). Polynomial regression sample sizes: BMI (n = 239), PET A� (n = 116), PET tau
(n = 105), DSMSE (n = 258), mCRT (n = 239).
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Fig. 1. Polynomial effect of age on body mass index (BMI), Alzheimer’s disease (AD) pathology, and cognitive decline.

Effect of age on BMI, PET Aβ and tau, and
cognitive decline

Table 2 shows the polynomial regressions exam-
ining the effect of age on BMI and AD pathology
(PET A� and tau) and cognitive decline (mCRT
and DSMSE). Age (� = –21.2, p = 0.002), age2

(� = –14.0, p = 0.038), and age3 (� = 14.8, p = 0.027)
were significantly associated with BMI using a
3rd order polynomial regression (n = 239, Adjusted
R2 0.1224). This was similar to PET A� (age
� = 308.0, p < 0.001; age2 � = 89.1, p = 0.018) in a
2nd order polynomial regression (n = 116, adjusted
R2 0.6243) and PET tau (age � = 3.9, p < 0.001;
age2 � = 3.6, p < 0.001; age3 � = 2.5, p < 0.001; age4

� = 1.0, p = 0.019) in a 4th order polynomial regres-
sion (n = 105; adjusted R2 = 0.6104). DSMSE and
mCRT were estimated using 4th and 3rd order
polynomial regressions, respectively, with only the
1st (DSMSE: age � = –49.1, p < 0.001; mCRT: age
� = –34.2, p < 0.001) and 3rd (DSMSE: age3 � = 22.3,
p = 0.034; mCRT: age3 � = 17.0, p = 0.02) degree age
coefficients significantly associated with cognitive
scores (DSMSE: n = 258, adjusted R2 0.5333; mCRT:
n = 239, adjusted R2 0.5748). In the polynomial
regression estimating the effect of age on BMI, there
was a significant effect of sex (� = 2.6, p = 0.003) and

ethnicity (� = –4.6, p = 0.037) on BMI with females
(versus males) and non-Hispanic (versus Hispanic)
participants having higher BMI. The mosaic kary-
otype was significantly associated with higher PET
tau compared to those with full trisomy (� = 0.2,
p = 0.045). Clinical AD status of MCI-DS and AD
dementia was significantly associated with higher
PET A� (� = 28.5, p < 0.001 and � = 63.7, p < 0.001,
respectively) and tau (� = 0.4, p < 0.001 and � = 0.4,
p < 0.001, respectively) and lower mCRT (� = –11.0,
p < 0.001 and � = –21.0, p < 0.001, respectively) and
DSMSE (� = –5.9, p = 0.004 and � = –21.6, p < 0.001,
respectively) scores relative to cognitively stable.
Premorbid level of moderate and severe intellectual
disability were significantly associated with lower
mCRT (� = –2.7, p = 0.006 and � = –7.8, p < 0.001,
respectively) and DSMSE (� = –9.5, p < 0.001 and
� = –24.8, p < 0.001, respectively) scores relative to
mild intellectual disability.

Figure 1 displays the crude effect of age on each
outcome: BMI, PET A� and tau, and cognitive
decline (mCRT and DSMSE)—using the best fitting
polynomial regression. To include all outcomes on
a single plot, outcomes were scaled (i.e., value sub-
tracted from mean and divided by SD). Vertical lines
were added to represent the mean age of participants
with MCI-DS and AD dementia and the PET A�
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Fig. 2. Percent weight loss by PET Biomarker Status (left) and by clinical status (right).

and tau cut-points. Finally, the polynomial regression
equation was used to identify when age becomes neg-
atively associated with BMI (age 36.5 years) and was
also represented as a vertical line.

Percent weight loss: Baseline to cycle 2

From baseline to cycle 2, 70 (29.3%) partici-
pants had ≥ 3% weight loss and 46 (19.2%) had ≥ 5%
weight loss. Overall, 66 (27.6%) experienced ≥ 3%
weight gain and 41 (17.2%) had ≥ 5% weight gain.
The mean weight change was –0.51% (SD = 7.37).
Percent weight loss was not significantly asso-
ciated with biological sex (χ2 = 0.001, p = 0.978),
ethnicity (χ2 = 0.687, p = 0.407), premorbid intellec-
tual disability level (χ2 = 5.441, p = 0.066), trisomy
type (χ2 = 0.747, p = 0.688), or APOE �4 status
(χ2 = 2.287, p = 0.130), but was positively associated
with age (r = 0.161, p = 0.010).

Figure 2 shows a boxplot of mean percent weight
loss from baseline to cycle 2 by PET A� and
tau status. A one-way ANCOVA controlling for
age indicated a significant difference in percent
weight loss by PET biomarker status (F (2,75) = 5.00,
p = 0.009). Follow-up Bonferroni-corrected com-
parisons indicated that the PET A�-/tau- group
(M = +1.40, SD = 6.16) had less weight loss than
the A�+/tau+group (M = –5.25, SD = 6.35), with the
A�+/tau- group (M = –1.00, SD = 1.52) not signifi-
cantly different from either group. Only 18% (n = 11)
of adults with DS in the A�-/tau- group had ≥ 3%
weight loss from baseline to cycle 2. In contrast,
27% (n = 4) of adults with DS in the A�+/tau- group
and 56% (n = 5) of those in the A�+/tau+group
had ≥ 3% weight loss during this period (χ2 = 6.24,
p = 0.044).

Figure 3 shows a boxplot of the mean percent
weight loss from baseline to cycle 2. There was a
significant difference in percent weight loss by clin-

ical AD status. Only 25% (n = 45) of adults with DS
in the cognitively stable group had ≥ 3% weight loss
in comparison to 40% (n = 25) of adults with MCI-
DS or AD dementia (χ2 = 4.921, p = 0.027). In the
ANCOVA controlling for age, there was a trend-level
difference in percent weight loss from baseline to
cycle 2 by clinical status group, with the cognitively
stable group (M = 0.12, SD = 6.89) trending toward
having less percent weight loss than adults with DS
with a clinical status of MCI-DS or AD dementia
(M = 1.93, SD = 8.53) (F (1,76) = 3.13, p = 0.078).

Table 3 shows the linear regression model exam-
ining the association between PET A�/tau status,
cognitive decline, and age on percent weight loss
from baseline to cycle 2. There was a significant
positive effect of age (� = 0.24, t = 3.12, p = 0.002)
and interaction of DSMSE decline by PET A�-
/tau- status (� = –0.21, t = 2.26, p = 0.025) on percent
weight loss. The interaction is shown in Fig. 3. In
the A�-/tau- group, percent weight loss did not dif-
fer between those who did (green bar) versus did not
(blue bar) evidence DSMSE decline. In contrast, in
the A�+/tau- group, those who had greater percent
weight loss (versus no weight loss or who increased
in percent weight) evidenced greater decline on the
DSMSE.

DISCUSSION

As the field of DS prepares for clinical AD inter-
vention trials there is an urgent need to understand
clinical or biomarker changes that predict conversion
to AD. Unintentional weight loss precedes cognitive
decline and/or AD dementia in autosomal dominant
and sporadic late onset AD populations [17, 18]. To
our knowledge, this study is the first to examine the
association between weight, AD pathology and cog-
nition across adulthood in adults with DS.
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Fig. 3. Percent weight loss by PET biomarker status and change in mental status in cognitively stable adults with Down syndrome.

Table 3
Regression model predicting percent weight loss in cognitively stable adults with Down syndrome (N = 77)

Unstandardized Std. Standardized t value, p
� Error �

Constant –7.83 2.68 –2.92, p = 0.004
Age 0.19 0.06 0.24 3.12, p = 0.002
A�-/tau- versus A�+/tau- –2.19 2.15 –0.09 –1.02, p = 0.311
A�-/tau- versus A�+/tau+ –1.16 4.00 –0.02 –0.29, p = 0.773
mCRT decline versus no decline 0.620 1.05 0.05 0.59, p = 0.557
DSMSE decline versus no decline –2.02 1.40 –0.12 –1.45, p = 0.150
X A�-/tau- versus A�+/tau- 9.45 4.19 –0.21 2.26, p = 0.025

Analyses included participants that had two time points of body mass index and biomarker data (N = 77).
A�, amyloid �; mCRT, modified Cued Recall Test; DSMSE, Down Syndrome Mental Status Examination.
A�+ = Centiloid > 19; Tau+ = Composite > 1.21.

In our large cohort of adults with DS, beginning at
age 36.5 years, age was negatively associated with
BMI. Following this age, there was an estimated
0.23 kg/m2 decrease in BMI per year; thus, the aver-
age BMI at age 50 years was 3.20 kg/m2 lower than
at age 40 years. These findings suggest that unin-
tentional weight loss may occur alongside early AD
pathology, particularly beginning during the period
of A� accumulation, which has been previously [9,
10] reported to occur in the 30 s and 40 s, consistent
with current findings. This estimated age-trajectory
suggests that unintentional weight loss begins prior to
increases in tau, previously reported [11, 12] to occur
in the 40 s and 50 s, which is consistent with findings
in the current study. This age-trajectory would also
mean that unintentional weight loss begins 10 or more
years prior to the MCI-DS or AD dementia, which
have a mean age of 53 years in the current study, con-
sistent with previous research on other samples [5].

A higher percent of within-person weight loss
across 16–20 months was associated with elevated
PET A� and tau. Only 18% of adults with DS who
were A�-/tau- had ≥ 3% weight loss compared to
27% of those who were A�+/tau- and 56% of those
who were A�+/tau+. These differences between the
AD biomarker status groups remained when control-
ling for age. In line with early reports [16], adults
with DS who had MCI-DS or AD dementia (40%≥3%
weight loss) had greater percent weight loss than
those who were cognitively stable (25%≥3% weight
loss). However, this difference fell to a trend-level
when age was controlled for in models. It is possi-
ble that unintentional weight loss most closely aligns
with the timing of A� accumulation rather than the
timing of the transition to MCI-DS or AD dementia.
For example, a subset of the adults with DS with a
clinical status of cognitively stable had elevated A�
and thus may already be experiencing unintentional
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weight loss. Among cognitively stable adults with
DS, percent weight loss across the 16–20 months
was associated with cognitive decline for those with
A� accumulation (A�+) but not without (A�–); thus,
unintentional weight loss may indicate imminent AD
dementia in DS as it appears to coincide with the
timing of A� accumulation. The presence of ele-
vated tau in addition to elevated A� (A�+/tau+) was
not associated with greater percent weight loss or
greater cognitive decline across the 16–20 months.
The small number of adults with DS in this biomarker
status group may have obscured effects. Alterna-
tively, it is possible that unintentional weight loss is
more closely aligned in time with increases in A�, as
opposed to increases in tau. Longitudinal studies with
larger sample sizes are needed to investigate these
possibilities.

Our findings align with non-DS research stud-
ies such as the Alzheimer and Families study [46]
and Alzheimer’s Disease Neuroimaging Initiative
[47] which also reported that lower BMI and/or
weight loss precede AD dementia and are linked to
A� deposition [27]. Outside of DS, AD researchers
have proposed several field biological pathways that
could cause a link between unintentional weight loss
and early AD pathology. One hypothesis is the A�
plaques cause metabolic dysregulation and cachexia
by increasing proton leakage within mitochondria
and by activating astrocytes and microglia to increase
circulating cytokine levels, which then trigger loss of
fat and muscle [29, 48]. The accumulation of A� has
also been posited to alter hypothalamus-related hor-
monal processes (e.g., leptin) to cause weight loss
[49, 50]. It is possible that these pathways also drive
a connection between the timing of unintentional
weight loss and A� and early cognitive decline in
DS, as leptin has been found to be altered in DS [51].

This study should be interpreted in light of its
strengths and limitations. A strength of aim 1 was the
large cohort of adults with DS spanning a large age
range of adulthood. The study also included objective
measures of BMI and used validated measures of cog-
nitive functioning in DS. However, conclusions about
the time-course between age, BMI, and PET A�
and tau and cognitive decline are limited by concur-
rent data and when within-person change in weight
was examined, this was limited to change across
16–20 months. Longer-term longitudinal studies are
needed. It is possible that A� deposition contributes
to unintentional weight loss. In contrast, uninten-
tional weight loss could contribute to AD pathology
and cognitive decline and/or a third variable could

drive both. It is also possible that co-occurring med-
ical and psychiatric conditions, or medications for
these conditions contributed to weight loss in some
cases. In the current sample, the majority (61%) of
adults with DS had hypothyroidism. However, and
the presence of hypothyroidism did not differ by age
nor was it associated with AD pathology or cog-
nitive decline. Thus, that hypothyroidism did not
account for the association between reduced BMI
with increased age or the connection between weight
loss and A� or cognitive decline. Future studies
should investigate the potential role of other medical
and psychiatric conditions. For example, outside of
DS, depression is associated with both unintentional
weight loss and AD [52, 53]. It is also important for
future research to report on larger cognitive batteries
to determine which cognitive domains most closely
align with weight loss in DS. Larger samples are also
needed to determine if weight loss, or its association
with AD, differs by trisomy type, as the current sam-
ple included only a small number of mosaic (n = 8)
and translocation (n = 16) individuals, and thus clear
conclusions cannot be made. Finally, while our focus
was on unintentional weight loss, we did not collect
information on cause of weight loss; it is possible that
weight loss was intentional for some adults with DS

In summary, unintentional weight loss appears to
occur alongside of A� deposition and early cogni-
tive decline, but prior to the transition to MCI-DS
and AD dementia in DS. Unintentional weight loss
may thus be a useful predictor of prodromal AD in
the following years for clinical practice and inter-
ventions. Future longitudinal studies are needed to
identify whether unintentional weight loss has causal
links with AD pathology, and especially A� accumu-
lation, or if these processes occur during the same
time period but are driven by different biological
mechanisms.
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Fortea J (2022) Association of Alzheimer disease with life
expectancy in people with Down syndrome. JAMA Netw
Open 5, e2212910.

[6] Snyder HM, Bain LJ, Brickman AM, Carrillo MC, Esbensen
AJ, Espinosa JM, Fernandez F, Fortea J, Hartley SL, Head E,
Hendrix J, Kishnani PS, Lai F, Lao P, Lemere C, Mobley W,
Mufson EJ, Potter H, Zaman SH, Granholm AC, Rosas HD,
Strydom A, Whitten MS, Rafii MS (2020) Further under-
standing the connection between Alzheimer’s disease and
Down syndrome. Alzheimers Dement 16, 1065-1077.

[7] McCarron M, McCallion P, Reilly E, Dunne P, Carroll
R, Mulryan N (2017) A prospective 20-year longitudinal
follow-up of dementia in persons with Down syndrome. J
Intellect Disabil Res 61, 843-852.

[8] Hithersay R, Startin CM, Hamburg S, Mok KY, Hardy J,
Fisher EMC, Tybulewicz VLJ, Nizetic D, Strydom A (2018)
Association of dementia with mortality among adults with

Down syndrome older than 35 years. JAMA Neurol 76, 152-
160.

[9] Lao PJ, Handen BL, Betthauser TJ, Cody KA, Cohen
AD, Tudorascu DL, Stone CK, Price JC, Johnson SC,
Klunk WE, Christian BT (2019) Imaging neurodegener-
ation in Down syndrome: Brain templates for amyloid
burden and tissue segmentation. Brain Imaging Behav 13,
345-353.

[10] Fortea J, Carmona-Iragui M, Benejam B, Fernández S,
Videla L, Barroeta I, Alcolea D, Pegueroles J, Muñoz L,
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