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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.

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-p (Ap) 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
AB 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/m? decrease in BMI per year beginning at
age 36.5 years, which occurs alongside the period during which AB 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 Ap deposition and prior to onset of AD

dementia, and thus may be a useful sign of AD in DS.

Keywords
Alzheimer’s disease; amyloid; biomarkers; body mass index; tau; weight

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-g (Ap), which aggregates
into extracellular plaques in the brain [2] and is associated with a cascade of pathology 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 natural history of AD in DS, including the presence of biomarkers of AD
pathology [9, 10] such as positron emission tomography (PET) AB plaques by the fourth
and fifth decade of life [11, 12] and neurofibrillary tangles of tau in the fifth decade [13,

14]. Studies have also identified the timing and sequence of AD-related cognitive decline,
beginning with subtle memory declines and progressing to mild cognitive impairment (MCI-
DS) and eventually dementia [15, 16]. Investigations of non-cognitive AD symptomology
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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 associated 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 dementia is not
yet evident [25, 26]. Indeed, weight loss is associated with a lower ratio of AB4o/ABa4g in
cerebrospinal fluid and higher PET AP 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/m?) or obese (BMI > 30 kg/m?) [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 dementia [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 (V= 261) of adults with DS from the
Alzheimer’s Biomarker Consortium — Down Syndrome (ABC-DS). The aims were to: 1)
describe the association between age and BMI and its relation to AR PET and tau PET and
memory impairments and mental status at baseline; 2) examine the effect of baseline A
PET and tau PET status (- versus+) and clinical AD status (cognitively stable versus MC/-
DS or AD dementia) on percent weight change from baseline to cycle 2 (16—-20 months);
and 3) determine if baseline AR PET and tau PET status (- versus+) and/or decline in
memory and mental status was associated with percent weight loss prior to MC/-DS or AD
dementia. For aim 1, age was hypothesized to be negatively associated with BMI coinciding
with the timing of increases in PET AP and tau and decline in memory and mental status.
For aim 2, elevated PET A and tau (+versus —) and a clinical status of MC/-DSor 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 Ap 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 MC/-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
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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.

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 battery 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)
status 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

Weight

Date of birth was used to calculate age (years) at baseline. Intellectual level prior to
MCI-DS or AD dementiawas based on 1Q and adaptive behavior testing 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 analyses. Caregivers reported on the prevalence
of medical conditions including hypothyroidism, which was coded as 1 = present and 0 =
absence.

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 premorbid intellectual disability, medical and psychiatric
history, and life events [34]. The AD clinical status 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 Establishment of Criteria
for the Diagnosis of Dementia in Individuals with Developmental Disabilities [35,36].
Statuses were: 0 = cognitively stable, indicating no cognitive or functional decline; 1 =
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MCI-DS, indicating mild cognitive and/or functional decline; 2 = AD dementia, indicating
marked cognitive and functional decline; and 3 = unable to determine. Participants (1= 5)
with unable to determine status were excluded from the analyses.

Coghnitive functioning

The modified Cued Recall Test (MCRT) [37] was used to assess episodic memory and
involves learning and remembering pictures of objects across three trials. The total score

is the number of correctly recalled objects during free and cued trials and is a correlate

of cognitive decline and PET Ap in DS [38,39]. The Down Syndrome Mental Status
Examination (DSMSE) [40] assessed mental status and is sensitive to MC/-DS and AD
dementiain 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 decling, 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 AB 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 methods 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 AR 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 corresponding 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 trations were extracted from
the registered PET. Mayo-composite [43] SUVr was determined using volume weighted
average of select FS-based components divided by the cerebellar cortex concentration.

The AP centiloid value and tau Mayo-composite SUVr were used to classify participants
as AB+/- (threshold value 19) and tau+/— (threshold value 1.21) [44]. Three groups were
created: Ap—/tau —, Ap+/tau—, and AB+/tau+. Three participants did not fall into these
groups (AB—/tau+) and were removed as this profile may indicate non-AD pathology.
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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 AP and tau) and cognitive decline
(DSMSE and mCRT). First, the adjusted R squared for the crude effect of age on each
outcome was compared 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, karyotype, 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 (v < 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
correlations 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 Ap and tau (Ap—/tau—, Ap+/tau —, and Ap+/
tau+), clinical AD status (cognitively stable versus MCI-DS or AD dementid), 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 (ANCOVASs) 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 AP and tau and cognitive decline status on percent weight loss.
PET Ap and tau and cognitive decline statuses were dummy coded and simultaneously
entered into the regression with age and socio-demographics associated with percent weight
loss. Interactions between PET AP 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 intellectual disability level, mCRT, DSMSE, APOE #4 allele, and PET AP were
all normally distributed and contained no outliers. Tau (skew: 2.903; kurtosis:8.045) had a
positive skew. In addition, not all participants underwent imaging scans at baseline; PET
AP and tau were available for 116 and 106 participants, respectively (7= 104 had both
PET Ap 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 (7= 90, 34%) premorbid level

of intellectual disability. The majority of participants had full trisomy (n7= 225, 90%);
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however, eight(3.2%) were mosaic and sixteen (6.4%) had translocation of chromosome
21. One-quarter of participants (7= 64, 25%) had the APOE &4 allele. Mean BMI at
baseline was 31.46 (SD = 7.07), with the majority being obese (7= 135, 51.7%) or
overweight (7= 73, 28%). At baseline, 192 (73.6%) participants were cognitively stable,
40 (15.3%) had MC/-DS, and 29 (11.1%) had AD dementia. The majority of participants
had a diagnosis of hypothyroidism (7= 159, 61%), nearly all of whom (7= 195, 97%)
were taking thyroid replacement medication. There was a significant positive correlation
between hypothyroidism and BMI (r=0.219, p=0.001). However, hypothyroidism was not
significantly associated with age, AD clinical status, Pet A, tau PET, DSMSE, or mCRT
(r=-0.043 t0 0.083, p> 0.05). Given these insignificant associations, the presence of
hypothyroidism was not included in regression models.

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

Table 2 shows the polynomial regressions examining the effect of age on BMI and AD
pathology (PET Ap and tau) and cognitive decline (MCRT and DSMSE). Age (B = -21.2,
p=0.002), age? (B = -14.0, p=0.038), and age® (B = 14.8, p= 0.027) were significantly
associated with BMI using a 3rd order polynomial regression (7= 239, Adjusted R2 0.1224).
This was similar to PET Ap (age p = 308.0, p< 0.001; age? p = 89.1, p=0.018) ina

2nd order polynomial regression (/7= 116, adjusted R% 0.6243) and PET tau (age p = 3.9,
p<0.001; age? B = 3.6, p< 0.001; age® B = 2.5, p< 0.001; age* p = 1.0, p=0.019) in

a 4th order polynomial regression (7= 105; adjusted R% = 0.6104). DSMSE and mCRT
were estimated using 4th and 3rd order polynomial regressions, respectively, with only

the 1st (DSMSE: age f = -49.1, p< 0.001; mCRT: age p = -34.2, p<0.001) and 3rd
(DSMSE: age3 p = 22.3, p= 0.034; mCRT: age3 B = 17.0, p= 0.02) degree age coefficients
significantly associated with cognitive scores (DSMSE: 7= 258, adjusted R? 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 (B = 2.6, p=0.003) and ethnicity (B = 4.6, p=
0.037) on BMI with females (versus males) and non-Hispanic (versus Hispanic) participants
having higher BMI. The mosaic karyotype was significantly associated with higher PET tau
compared to those with full trisomy ( = 0.2, p= 0.045). Clinical AD status of MC/-DS
and AD dementia was significantly associated with higher PET Ap (B = 28.5, p< 0.001

and B = 63.7, p< 0.001, respectively) and tau ( = 0.4, p<0.001 and p = 0.4, p< 0.001,
respectively) and lower mCRT (p = -11.0, p<0.001 and p = —-21.0, p < 0.001, respectively)
and DSMSE (p = -5.9, p=0.004 and g = -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 (p = -2.7, p=0.006 and § = -7.8, p< 0.001,
respectively) and DSMSE (B = -9.5, p< 0.001 and p = -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 Ap 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 subtracted
from mean and divided by SD). Vertical lines were added to represent the mean age of
participants with MC/-DS and AD dementiaand the PET Ap and tau cut-points. Finally,
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the polynomial regression equation was used to identify when age becomes negatively
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%) participants 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 associated with biological sex (/1/2 =0.001, p=0.978), ethnicity ()(2

= 0.687, p=0.407), premorbid intellectual disability level (;(2 =5.441, p=0.066), trisomy

type (y= =0.747, p=0.688), or APOE #4 status ()(2 =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 AB
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 comparisons indicated that the PET Ap—/tau— group (M= +1.40, SD
= 6.16) had less weight loss than the AB+/tau+group (M= -5.25, SD = 6.35), with the
AB+/tau— group (M= -1.00, SD = 1.52) not significantly different from either group. Only
18% (n7=11) of adults with DS in the AB—/tau— group had =3% weight loss from baseline
to cycle 2. In contrast, 27% (n = 4) of adults with DS in the Ap+/tau— group and 56% (n =
5) of those in the AB+/tau+group had = 3% weight loss during this period ()(2 =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 clinical AD status. Only 25% (7= 45)
of adults with DS in the cognitively stable group had =3% weight loss in comparison to 40%
(n = 25) of adults with MC/-DS or AD dementia (;(2 =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-DSor AD dementia (M =1.93, SD=8.53) (F (1,76) = 3.13, p=0.078).

Table 3 shows the linear regression model examining the association between PET Ap/tau
status, cognitive decline, and age on percent weight loss from baseline to cycle 2. There

was a significant positive effect of age (f = 0.24, ¢=3.12, p=0.002) and interaction of
DSMSE decline by PET Ap/tau- status (p = -0.21, ¢=2.26, p=0.025) on percent weight
loss. The interaction is shown in Fig. 3. In the Ap-/tau— group, percent weight loss did not
differ between those who did (green bar) versus did not (blue bar) evidence DSMSE decline.
In contrast, in the Ap+/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 intervention 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
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sporadic late onset AD populations [17, 18]. To our knowledge, this study is the first to
examine the association between weight, AD pathology and cognition across adulthood in
adults with DS.

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/m? decrease in
BMI per year; thus, the average BMI at age 50 years was 3.20 kg/m? lower than at age

40 years. These findings suggest that unintentional weight loss may occur alongside early
AD pathology, particularly beginning during the period of Ap 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 MC/-DS or AD dementia,
which have a mean age of 53 years in the current study, consistent with previous research on
other samples [5].

A higher percent of within-person weight loss across 16-20 months was associated with
elevated PET AP and tau. Only 18% of adults with DS who were Ap—/tau— had =3% weight
loss compared to 27% of those who were Ap+/tau- and 56% of those who were Ap+/tau+.
These differences between the AD biomarker status groups remained when controlling for
age. In line with early reports [16], adults with DS who had MC/-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 trend-level when age was
controlled for in models. It is possible that unintentional weight loss most closely aligns with
the timing of Ap accumulation rather than the timing of the transition to MC/-DS or AD
dementia. For example, a subset of the adults with DS with a clinical status of cognitively
stable had elevated AP and thus may already be experiencing unintentional weight loss.
Among cognitively stable adults with DS, percent weight loss across the 16-20 months was
associated with cognitive decline for those with AB accumulation (Ap+) but not without
(AB-); thus, unintentional weight loss may indicate imminent AD dementia in DS as it
appears to coincide with the timing of Ap accumulation. The presence of elevated tau in
addition to elevated AR (AB+/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. Alternatively, it is possible that
unintentional weight loss is more closely aligned in time with increases in AB, 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 studies 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 AB 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 Ap
plaques cause metabolic dysregulation and cachexia by increasing proton leakage within
mitochondria and by activating astrocytes and microglia to increase circulating cytokine
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levels, which then trigger loss of fat and muscle [29, 48]. The accumulation of A has also
been posited to alter hypothalamus-related hormonal 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 Ap 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 cognitive
functioning in DS. However, conclusions about the time-course between age, BMI, and
PET Ap and tau and cognitive decline are limited by concurrent 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 Ap deposition contributes

to unintentional weight loss. In contrast, unintentional 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 medical 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 cognitive decline. Thus, that
hypothyroidism did not account for the association between reduced BMI with increased age
or the connection between weight loss and Ap 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 sample included only a small number of mosaic (7= 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 Ap deposition and
early cognitive decline, but prior to the transition to MC/-DS and AD dementiain

DS. Unintentional weight loss may thus be a useful predictor of prodromal AD in the
following years for clinical practice and interventions. Future longitudinal studies are needed
to identify whether unintentional weight loss has causal links with AD pathology, and
especially AR accumulation, or if these processes occur during the same time period but are
driven by different biological mechanisms.
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Polynomial effect of age on body mass index (BMI), Alzheimer’s disease (AD) pathology,
and cognitive decline.
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Fig. 2.
Percent weight loss by PET Biomarker Status (left) and by clinical status (right).
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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.

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 01.



Page 18

Fleming et al.

"(1Sz =) |1e09y pan) '(85z =)

3ISNSA ‘(90T =w) ansodwod ney (9TT =v) gd-plojAwy ‘(T5z =) xapul ssew Apog ‘(T5z =v) WBIam ‘(162 =) WBI18H ‘(952 =v) 89BY ‘(¥Sz = V) ¥3 FOdV ‘(6vZ = u) adA10AIe] :sazis ajdwres paisnipy
.

‘01384 3N[eA 31epdn pepuels IANS ‘1S3l |89y PanD PalIpowW ‘1HDW ‘UoIRUILEXT SNBIS [BIUSIA SWOJPUAS UMOQ ‘ISINSA ‘AN|IgesIp [enos||aiul ‘dl ‘UoHEIASP plepuels ‘ds ‘uesw ‘I

Author Manuscript

(to0'0>) €g6°26T  (TO'OT) €T'8  (9T'0T) €T'8T (9'9) €9'1€ (LLo1) 8eLe (@s) W ‘10w
(T00'0>) Ge6'6y  (v6'21) 96'8E  (9E°TT) vL'¥S (vz'et) 0 v9 (90°s1) €T°09 (a@s) W '3swsa
(T00°0>) 98T 'v¥ (L€'0) 89T (zv'0) s9'1 (eT0) ET'T (zz’0) LT'T  (AS) W JANS ul ansodwo) nel.
(T00'0>) ¢152S  (67°G€) €2°80T  (18'9€) 87°09 (8v'02) vL'0T (22°08) €521 (AS) IN ‘sp1o11usd Ut g-pIojAwy
(e20'0) Lov'E (ezg)ssoe  (6v'9) co'6C (ee'L)eree (LoL) ov'ie (@s) W “xaput ssew Apog
(T€0°0) 0€S5°€E (96'€T) €099 (88'LT) €789 (sv'o1) 8v'eL (991) 98’12 (@s) I ‘suwreiBojry ut 1yBrapa
(800°0) 26 (60°0) 9¥'T (80°0) €5°1 (60°0) ¢5'T (60°0) 1S°T (@s) I ‘s1s30w ur JybraH
(%r€) T (%0) 0 (%e's) o1 (%zv) 1T ouljeT] Jo dtuedsiH
(%9°'96) 82 (%00T) O% (%8'v6) 28T (%8'G6) 062 oure Jo djuedsiH 10N
(rze0) €€T'T (%) "oN ‘Auoluy3
(tooo>)eeLsy  (vSv)06'€S  (09°G) SL'1G (258) L8'TY (9r'6) 2L vy (@s) N ‘sieak ur 3By
(ST0°0) L92'% (%9€) 0T (%9°'9¢) ST (%712) 6€ (%52) v9 (%) "ON 2 304V
(%L€) T (%e9) ¢ (%r2) et (%t'9) 9T uofedo|suel L
(%L€) T (we9) e (%225 (%ee) 8 WSIOresON
(%€6) G¢ (%68) vE (%06) 99T (%06) S22 AwostiL
(¥98°0) 9¥T°0 (%) "oN ‘adAyohiex
(%vT) ¥ (%09 ¢ (%171) T2 (%01) L2 puUN0J0Id/a19nS
(%1¢€) 6 (%08) 0z (%2¢€) 19 (%ve) 06 alelapoN
(%56) 9T (%5v) 8T (%29) 0TT (%59) vvT PIIN
(628'0) 8810 (%) "ON ‘@l pigJowaid
(%29) 8T (%5€) vT (%6Y) 56 (%6v) L2T alewsad
(%8¢) 1T (%59) 92 (%19) 26 (%19) veT aleN
(L20°0) G852 (%) "oN ‘xas
26T =U -
WOy S T Swe Y Lo

au1]aseq 1e sa|geLieA ApNis 10J UOIBIASD pJepuE]S pue Ueall pue solsiisoeseyd juedionied

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 01.



Page 19

Fleming et al.

1000> V- '€TT- 8'/- T000> €0z-'€62- 8- puN0j0.d/a18N8S
9000  80-'9%-  LT- T000> L'9-'TT7T-  §6- aJeI9POIN
ERIVEIEI )] ERIVEIEIE)] PN
dl pigJowsid
0T'0 89T 'v'I- L' Juasald
CRIVEICT )] ssqyvy
3 30dV
1000> §/T-'S¥e- O0Te- T000> 69T-'7'92- 9Tz- T000> G0T0 0 T000> €G8°0¢y  L€9 enuawag
1000> ¢8-'L€l- O0TI- 000 67T-'66- 65— T000> GO0‘€0 +0 T000> GEV'SET  §82 SA-10W
ERIIEVETEN] ERTEVETEN| ERIIEVETEN| ERIEIETEN] a1qe1s AjpAniubod
snels avy
6.0 TY'Te- 50 €60 TO'TO- 00 9500 89 'T0- 7'e UoIjeI0|SURI L
91’0 v'1'g8- ge- %00  ¥0°00 20 680 ITY'TS-  ¥O- WSIoresON
ERIEIETEN] ERIIEVETEN| EREIETEN] Awosui
adAoAieyy
1800 €0'06-  9b- oulzeT] Jo djuedsiH
EREIETEN] oune Jo d1uedsiH 10N
Aoy
L0 00°T0- 00 €000 Z¥'60 9 a[ewad
ERIIEVETEN| EREIETEN] BT
PES
20 97€e'T8- 7 6100 6TTO0 0T yo0v
200 1L 0LT  ¥€00 627 LT €7z T000> L€TT 9¢ 1200 6.2'LT 8T =
vL0  0LT'TII- ST 680  68T'62¢— 07— T000> 0G'T¢ 9€ 8I00 629T'€ST 168 8600 80-'Tle- OvI- v
1000> €/27-'TTS- ¢¥e- T000> 6%2-‘€€L~ T6ph— T000> <¢S'LC 6€ T000> 2¢O L€l 080E 2000 8/-'Sve- TTe- by
by
d 1D %S6 d d 1D %56 d d 0D %s6 ¢ d 1D %S6 d d 1D %S6 ! S9|ce!l en
140w 3ISNSA mey dv E]
(14ow)

1S9 [[e93Y pan paljipow pue ‘(ISINSA) Wex3 sneiS [elusi swolpuAs umoq ‘ner ‘dy 13d ‘I uo abe Jo 108448 ay1 o) suoissalfiay [elwouA|od

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 01.



Page 20

Fleming et al.

‘(6ez =)

1¥0wW ‘(852 =) 3SINSA ‘(S0T =) ey 13d ‘(9TT =v) gv 13d ‘(662 =v) IING :s8z1s 8|dwes uoissaifial [eiiouk|od “(14OW) 872G°0 ‘(ISINSA) €€€5°0 ‘(N8 13d) ¥0T9°0 ‘(9v 13d) £729°0 ‘(ING) ¥22T°0
9J9M sanjeA pasenbs-y paisnipy [euld 1S9 |89y PanD PalJIPoOW ‘1 HDW ‘UoleulWEX SNIeIS [RIUSIAl SWOJPUAS umoqd ‘ISINSA g plojAwe ‘v ‘xapul ssew Apog ‘|G ‘sWoipuAs umoq — Jusuiredw)
anINuboD PN ‘SA-IDIA AN[IgesIp [enios|[8lul ‘@l ‘aseasIp S, JaWlsyz|y ‘A ‘[eAJsiul SdUSPIIUOD ‘| ‘[apoW [euly 8y} Ul Ya] pue (G0'0 > d) JuedlIubls a1am Jey) asoyl apnjaul a|ge} syl ul payodal ssjgerien

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 01.



Page 21

Fleming et al.

"TZ'T < dusodwo) = +ne| ‘6T < pIojNua) = +gy "uoneulwex3

SNIEIS [eIUSIAl BWOIPUAS UMOQ ‘TSINSA 1531 [[e98y pan) pauipow ‘1ow ‘g piojAwe ‘gv (L2 = /) e1ep JaxJewolq pue xapui ssew Apogq 4o sjuiod awil oM} pey Jey siuedidnied papnjoul sasAjeuy

§200=0"92'C 120-

0ST0 =0 'Sp'T- AN
1550 =0 '65°0 500
€LL°0=0'62°0- 200~
T1€0=0'20'T- 600~
2000 =021 v2°0
¥00'0=0'26'C-

6TV
or'T
S0'T
00y
S1'¢
900
89'C

Sv'6
c0¢-
0290
9T'T-
61¢-

6T°0
€8',-

—ney/+gy snsisn —ney/—gdy X
3UIJ93P OU SNSIBA 3UI99P ISINSA
3UIJ93P OU SNSIBA 3UIJIBP 1HDW
+ne)/+gV Snsian —ney/—gy
—ney/+gdv snsian —ney/-gy

aby

JURISUOD

d'anfen} g pozip repueis

lo1u3°p1s  dpeziprepuesun

(22 =N) awoipuAs umoq yum synpe ajgeis Ajaaiiubos ui ssoj ybram jusaltad Bunoipaid |apow uoissaibay

€ 9lqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 01.



	Abstract
	INTRODUCTION
	METHODS
	Participants
	Procedure
	Socio-demographics
	Weight
	Clinical AD status
	Cognitive functioning
	MRI and PET
	PET Aβ and tau processing
	Data analysis

	RESULTS
	Preliminary analyses
	Effect of age on BMI, PET Aβ and tau, and cognitive decline
	Percent weight loss: Baseline to cycle 2

	DISCUSSION
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Table 1
	Table 2
	Table 3

