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Abstract
Background: Recognizing clinical manifestations heralding the development of Alzheimer’s disease (AD)-related
cognitive impairment could improve the identification of individuals at higher risk of AD who may benefit from
potential prevention strategies targeting preclinical population. We aim to characterize the association of body
weight change with cognitive changes and AD biomarkers in cognitively unimpaired middle-aged adults.
Methods: This prospective cohort study included data from cognitively unimpaired adults from the ALFA study (n =
2743), a research platform focused on preclinical AD. Cognitive and anthropometric data were collected at baseline
between April 2013 and November 2014. Between October 2016 and February 2020, 450 participants were visited in
the context of the nested ALFA+ study and underwent cerebrospinal fluid (CSF) extraction and acquisition of positron
emission tomography images with [18F]flutemetamol (FTM-PET). From these, 408 (90.1%) were included in the present
study. We used data from two visits (average interval 4.1 years) to compute rates of change in weight and cognitive
performance. We tested associations between these variables and between weight change and categorical and
continuous measures of CSF and neuroimaging AD biomarkers obtained at follow-up. We classified participants with
CSF data according to the AT (amyloid, tau) system and assessed between-group differences in weight change.
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Results: Weight loss predicted a higher likelihood of positive FTM-PET visual read (OR 1.27, 95% CI 1.00–1.61, p = 0.049),
abnormal CSF p-tau levels (OR 1.50, 95% CI 1.19–1.89, p = 0.001), and an A+T+ profile (OR 1.64, 95% CI 1.25–2.20, p =
0.001) and was greater among participants with an A+T+ profile (p < 0.01) at follow-up. Weight change was positively
associated with CSF Aβ42/40 ratio (β = 0.099, p = 0.032) and negatively associated with CSF p-tau (β = − 0.141, p =
0.005), t-tau (β = − 0.147 p = 0.004) and neurogranin levels (β = − 0.158, p = 0.002). In stratified analyses, weight loss was
significantly associated with higher t-tau, p-tau, neurofilament light, and neurogranin, as well as faster cognitive decline
in A+ participants only.
Conclusions: Weight loss predicts AD CSF and PET biomarker results and may occur downstream to amyloid-β
accumulation in preclinical AD, paralleling cognitive decline. Accordingly, it should be considered as an indicator of
increased risk of AD-related cognitive impairment.
Trial registration: NCT01835717, NCT02485730, NCT02685969.
Keywords: Alzheimer’s disease, Preclinical, Cognitively unimpaired, Weight loss, Biomarkers, Risk factors

Background
Decline in body weight is common among patients with
Alzheimer’s disease (AD) and has been associated with
disease progression and severity [1–5]. Evidence from
long-term longitudinal epidemiological studies suggests
that weight loss precedes the onset of dementia up to a
decade or more and accelerates by the time of diagnosis
[2, 6–11]. Furthermore, weight decline from midlife to
late-life has been linked with increased risk of incident
mild cognitive impairment [12], and there is neuropathological evidence that links lower body mass index
(BMI) with a higher level of AD pathology, but not with
other common causes of dementia, such as vascular
pathology and Lewy body pathology [13]. Regarding
mechanisms underlying these associations, it has been
suggested that hypothalamic dysfunction and olfactory
function impairment due to AD-related neurodegeneration (or in the context of other neurodegenerative conditions) may cause weight decline [14]. According to this
point of view, rather than a cause of AD, weight loss
would be a clinical manifestation that may appear before
the onset of cognitive impairment. In addition, cognitive,
behavioral and mood changes arising throughout the
course of the disease may also contribute to weight loss.
During the last years, studies incorporating AD biomarkers have shown that higher baseline levels of
amyloid-β (Aβ) deposition, as measured by positron
emission tomography (PET), and higher cerebrospinal
fluid (CSF) levels of tau/Aβ42 ratio are associated with
greater prospective body weight decline [15, 16], and a
recent study has reported a negative correlation between
BMI change and amyloid-PET burden [17]. Other studies have found a negative correlation between BMI and
Aβ and tau deposition in the brain of cognitively unimpaired elders [18–21]. While these studies have focused
on associations with continuous measures of AD biomarkers, few studies have evaluated whether weight loss
predicts AD biomarker positivity using categorical

outcomes, such as amyloid-PET visual read results. Determining the extent to which weight change predicts
AD biomarker results may be of interest to evaluate
weight loss as a potential predictor of cognitive impairment due to AD. Furthermore, analyzing weight change
differences among cognitively unimpaired adults with
different biomarker profiles may help to clarify when in
the preclinical continuum does weight loss occur, which
is currently not clear. Finally, we are not aware of previous studies having evaluated associations between
weight change and biomarkers of axonal damage and
synaptic dysfunction, such as neurofilament light (NfL)
and neurogranin, which are believed to occur downstream to amyloid and tau deposition [22]. Exploring
these associations may help to characterize biological
changes associated with weight loss in preclinical AD.
Consequently, our main objective was to investigate to
which extent preceding weight loss can predict amyloid
positron emission tomography (PET) visual read and
cerebrospinal fluid (CSF) AD biomarkers results in a cohort of cognitively unimpaired middle-aged adults at increased risk for AD. Secondary objectives aimed to (i)
analyze differences in weight change across individuals
with different CSF biomarkers profiles, (ii) characterize
the association of weight change with continuous measurements of CSF and PET biomarkers and longitudinal
cognitive performance changes, and (iii) explore whether
these associations are modified by amyloid-β (Aβ) status,
AD family history and age.

Methods
Participants

We included participants from the ALFA study (for
ALzheimer and FAmilies) who were subsequently enrolled in the nested ALFA+ cohort study. Details of both
studies design have been published elsewhere [23]. The
ALFA study comprises 2743 cognitively unimpaired
adults aged between 45 and 75 years, most of them
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offspring of AD patients, who underwent baseline anthropometric measurements, blood sampling, APOE
genotyping, and neuropsychological testing between
April 2013 and November 2014. From these, 450 participants were enrolled in the ALFA+ study (n = 450). The
ALFA+ study inclusion criteria involves cognitively
healthy adults (CDR = 0, MMSE≥27, semantic fluency≥12 animals/minute) without any significant systemic illness, unstable medical condition or major
psychiatric disorder. A positive parental family history of
sporadic AD (self-reported parental history of AD supported either by a documented clinical diagnosis or a
retrospective clinical diagnosis consistent with AD dementia) has been documented in 95% of participants
(68% of them with parental AD onset before 75 years
old). For the present study, we categorized parental AD
family history as negative (FH-), positive with onset ≥75
years-old (FH ≥ 75) or positive with onset < 75 years-old
(FH < 75). ALFA+ participants undergo blood and CSF
extraction, as well as a detailed clinical, neuropsychological, and neuroimaging characterization every 3 years.
Data and sample collection from the first ALFA+ study
visit was performed between October 2016 and January
2020. For the present study, we included participants
with available weight measurements on two consecutive
visits (mean interval 4.1 years, SD 0.9, range 2.2–6 years):
the ALFA study baseline visit (hereafter “baseline”) and
the first ALFA+ visit (hereafter “follow-up”), as well as
available data on cognitive performance (both from
baseline and follow-up visits) and/or AD biomarkers
(only available at follow-up visit). We excluded participants with (i) insufficient data (n = 33), (ii) extreme
weight change values, as defined in the “Statistical analyses” section (n = 8; absolute weight change of 20–48
Kg), and (iii) evidence of non-AD causes of cognitive impairment (one participant who subsequently developed
frontotemporal dementia), rendering a final sample of
408 participants.
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Wechsler Adult Intelligence Scale-IV (0–135), and a semantic fluency test (number of animals per minute). We
decided to include a semantic fluency test instead of the
MMSE, as it provides more accurate information regarding early AD-related cognitive decline, based on recent
literature [24–26]. To calculate the PACC-like longitudinal change, we standardized the four scores by dividing the difference between subject score and baseline
mean by the baseline standard deviation, summed-up
these standardized scores, and divided the resulting
values by the number of years between visits, as described elsewhere [27]. This can be summarized as follows, where i corresponds to each test used to calculate
the composite:
P
PACC − like change ¼

½ðBaseline scorei − Follow − up scorei Þ=Baseline score standard deviationi 
Years between visits

In addition, variables related to mood, physical activity
and dietary habits were collected at the follow-up visit.
Mood was assessed with the Spanish version of the Hospital Anxiety and Depression Scale (HADS) [28]. HADS
anxiety and depression subscales were summed to obtain
a total HADS score. Physical exercise level was measured using the Spanish short version of the Minnesota
Leisure Time Physical Activity Questionnaire [29]. The
questionnaire collects the following information: (i) type
of activity, (ii) frequency of activity, (iii) duration of activity, and (iv) intensity of activity. Using these variables,
energy expenditure can be calculated following the formula: Energy expenditure (MET) = Frequency (days) ×
duration (minutes) × intensity (Kcal), with 1 MET-min
roughly equating to 1 Kcal. Dietary habits were assessed
using the Mediterranean Diet Adherence Screener
(MEDAS) score, a validated questionnaire that includes
14 questions on food consumption frequency and food
intake habits considered characteristic of the Spanish
Mediterranean diet [30].
CSF biomarker measurement and cutoff definitions

Clinical assessments

We computed the following annualized rate of weight
change, where negative values express the percentage of
weight loss per year:
Weight change ¼

100  ðFollow − up weight − Baseline weightÞ=Baseline weight
Years between visits

We used a composite similar to the Preclinical Alzheimer’s Cognitive Composite score (PACC-like) to evaluate cognitive performance, based on longitudinally
available measures of episodic verbal memory, timed executive function and semantic processing. The PACClike composite includes the total immediate paired recall
(0–32) and total delayed free recall (0–32) scores from
the Memory Binding Test, the coding subtest from the

CSF biomarker data were available for 387 participants.
Samples were processed as described elsewhere [22]. We
measured CSF levels of Aβ42, Aβ40, p-tau, t-tau, NfL,
and neurogranin using the Roche NeuroToolKit and
Elecsys® immunoassays. We used in-house published
CSF cutoffs to define biomarker profiles [22]. We defined Aβ positivity (A+) as CSF Aβ42/40 < 0.071 and tau
positivity (T+) as CSF p-tau > 24 pg/mL and further classified participants in four AT biomarker profiles: A-T-,
A+T-, A-T+, and A+T+. We used CSF instead of PET
data to define Aβ status for the AT classification in our
main analyses for comparability with other studies in the
ALFA cohort [22] and because there is evidence that
CSF analysis may be more sensitive than PET to detect
early Aβ deposition, which is relevant for a analyses
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involving preclinical population [31]. However, for completeness, we also report additional analyses using PET
data to define Aβ status for the AT classification. We
used this simplified classification instead of the ATN
proposed by the NIA-AA Research Framework [32] because the latter resulted in a very low number of individuals in most of the biomarker profile categories, which
hindered between-group statistical comparisons.
[18F] flutemetamol PET images acquisition and processing

[18F] flutemetamol PET (FTM-PET) images were acquired
in 352 participants and preprocessed as described previously [33]. Tracer uptake was quantified in Centiloid units
using SPM12 following a validated Centiloid pipeline [34].
Images were visually rated as Aβ positive or negative by
an experienced nuclear medicine physician. Two reads
were considered misleading and excluded from analyses.
Statistical analyses

Data were initially screened to identify influential outliers and departures from normality. We defined extreme values using Tukey’s method as those lower than
3 times the interquartile range below the first quartile or
higher than 3 times the interquartile range above the
third quartile. To avoid potential measurement errors or
outlier effects, besides excluding participants with extreme weight change values (n = 8), we omitted from regression analyses extreme values in PACC-like change
(n = 6), CSF p-tau (n = 4), t-tau (n = 2), neurogranin (n =
2), and NfL (n = 3). We applied a logarithmic (base 10)
transformation on CSF p-tau, t-tau, NfL and neurogranin
measures in order to meet the normality assumption.
We used binary and multinomial logistic regression, as
appropriate, to evaluate the extent to which weight loss
predicted having a positive visual read of FTM-PET, abnormal CSF p-tau levels, or a pathological AT profile.
We chose FTM-PET instead of CSF Aβ42/40 as the
main Aβ outcome for this analysis because visual read of
amyloid PET has been extensively used in clinical trials
and is being increasingly used in the clinical routine, and
because the CSF Aβ42/40 cutoff used in the present
study is remarkably higher than the one commonly used
for diagnostic purposes, because it was derived for research purposes to maximize the early detection Aβ
pathology changes [22]. However, for completeness, we
also show analyses using CSF Aβ42/40 dichotomic result
as an outcome. We used ANCOVA to evaluate differences in the annualized rate of weight change between
AT categories followed by post hoc pairwise comparisons using Bonferroni’s method to adjust by multiple
comparisons. We performed linear regression models to
assess the association of the annualized rate of weight
change as the predictor of PACC-like change, as well as
CSF biomarker levels and Centiloids at follow-up. We
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further added an “Aβ status x weight change,” “AD parental family history x weight change,” and “age x weight
change” interaction terms to these models and performed stratified analyses by Aβ status using the CSF
Aβ42/40 < 0.071 cutoff. ANCOVA and regression analyses were adjusted by age, sex, APOE-ε4 status (number
of ε4 alleles) and baseline BMI. Regression models involving PACC-like change were additionally adjusted by
years of education. To exclude the effect of other potential confounders [35–37], we repeated the ANCOVA and
main effect regression analyses additionally adjusting for
variables related to cardiovascular health (systolic blood
pressure, cholesterol, triglycerides, glycated hemoglobin,
physical exercise and dietary habits), as well as HADS total
score and AD family history. A 2-tailed p < 0.05 was considered significant. We applied a false discovery rate
(FDR) correction for multiple comparisons using the
Benjamini-Hochberg procedure to our primary objective
analyses (associations of annualized rate of weight change
with FTM-PET visual read, CSF p-tau dichotomic result
and AT profile) [38]. The remaining analyses were not
corrected for multiple comparisons and should therefore
be considered as exploratory.
Statistical analyses were conducted with Stata 15 software (StataCorp. 2017. Stata Statistical Software: Release
15. College Station, TX: StataCorp LLC) and R statistical
software (R Core Team 2014. R: A Language and Environment for Statistical Computing, version 3.2.5. Available at: http://www.r- project.org).
Standard protocol approvals, registrations, and patient
consents

The ALFA study and ALFA+ cohort study protocols have
been approved by the Independent Ethics Committee Parc
de Salut Mar Barcelona and registered at ClinicalTrials.gov (Identifiers: NCT01835717 and NCT02485730, respectively). All participants signed a written informed
consent before their inclusion.

Results
Sample description

We included 408 participants in the study, with 77% of
them being younger than 65 years. Sample characteristics are described in Table 1.
Prediction of biomarker status by weight loss

Weight loss predicted a higher likelihood of having a positive FTM-PET visual read [odds ratio (OR) 1.27, 95% confidence interval (CI) 1.00–1.61, p = 0.049], displaying
abnormal CSF p-tau levels (OR 1.50, 95% CI 1.19–1.89,
p = 0.001), and having an A+T+ (as compared to an A-T-)
CSF biomarker profile (OR 1.64, 95% CI 1.25–2.20, p =
0.001) (Figs. 1 and 2). In contrast, the association between
weight loss and increased likelihood of abnormal CSF

Grau-Rivera et al. Alzheimer's Research & Therapy

(2021) 13:46

Page 5 of 12

Table 1 Demographic, clinical, genetic, and biomarker data of the entire group
Characteristic

No. (%) with available data

Mean (SD)/no. (%)

Age at follow-up, years

408 (100)

61.2 (4.7)

Female sex

408 (100)

246 (60.3)

Education, years

408 (100)

13.5 (3.6)

APOE-ɛ4 non-carriers

408 (100)

182 (44.6)

APOE-ɛ4 heterozygous

190 (46.6)

APOE-ɛ4 homozygous

36 (8.8)

Negative AD family history (%)

408 (100)

Positive AD family history, onset ≥ 75 years (%)

21 (5.1)
124 (30.4)

Positive AD family history, onset < 75 years (%)

263 (64.5

CSF Aβ42/40 ratio

387 (95)

0.075 (0.02)

CSF pTau, pg/mL

387 (95)

16.2 (7.6)

CSF tTau, pg/mL

387 (95)

197.3 (73.3)

CSF NfL, pg/mL

387 (95)

82.7 (30.5)

CSF neurogranin, pg/mL

387 (95)

798.7 (331.6)

FTM-PET uptake, centiloids

352 (86)

2.9 (17.0)

FTM-PET positive visual reads

350 (86)

45 (12.9)

PACC-like change/year

406 (99.5)

0.108 (0.5)

BMI at baseline, Kg/m2

408 (100)

26.8 (4.0)

% weight change/year

408 (100)

0.049 (1.5)

Systolic blood pressure, mmHg

406 (99.5)

127.3 (14.3)

Total cholesterol, mg/dL

408 (100)

203.5 (30.5)

Triglycerides, mg/dL

408 (100)

99.4 (58.8)

HbA1c, %

402 (98.5)

5.5 (0.4)

HADS total score

407 (99.8)

7.0 (5.1)

Physical exercise, MET per week

408 (100)

3768.0 (2806.8)

MEDAS score

395 (96.8)

9.3 (2.0)

SD standard, FTM-PET [18F] flutemetamol positron emission tomography, BMI body mass index, HbA1c glycated hemoglobin, HADS Hospital Anxiety and
Depression scale, MET metabolic equivalent of task, MEDAS Mediterranean Diet Adherence Screener

Aβ42/40 levels did not reach statistical significance (OR
1.13, 95% CI 0.97–1.33, p = 0.118).
Weight differences across AT profiles

We found statistically significant differences in the annualized rate of weight change between AT profiles (F = 4.85,
p = 0.002) with significant weight loss being observed only
in the A+T+ group (mean − 0.91, SD 1.8) compared with
the A+T- (mean 0.06, SD 1.4, p = 0.005) and A-T- (mean
0.22, SD 1.5, p = 0.001) profiles (Fig. 3). We did not observe significant differences in the annualized rate of
change between A-T+ participants (mean − 0.11, SD 1.5)
compared with other AT profiles (A-T+ vs A-T- p =
0.944, A-T+ vs A+T- p = 0.974, A-T+ vs A+T+ p = 0.668).
Association of weight change with cognitive change and
cross-sectional biomarker measures

The annualized rate of weight change was not associated
with PACC-like change in the whole group (standardized

β = 0.003, p = 0.948). In contrast, weight change was positively associated with CSF Aβ42/40 ratio (standardized β =
0.099, p = 0.032) and negatively associated with CSF p-tau
(standardized β = − 0.141, p = 0.005), t-tau (standardized
β = − 0.147, p = 0.004), and neurogranin levels (standardized
β = − 0.158, p = 0.002), but not with NfL levels (standardized β = − 0.068, p = 0.139). We also found a trend for a
positive association between weight change and Centiloids
(standardized β = − 0.098, p = 0.060). In other words, participants who had experienced greater weight loss tend to display more abnormal levels of core AD biomarkers and
synaptic loss biomarkers in the follow-up-visit.
Interactions of weight change with Aβ status, AD parental
family history and age

We found significant interactions between weight
change and Aβ status on PACC-like change (standardized β = 0.193, p = 0.004) and CSF p-tau (standardized
β = − 0.162, p = 0.008), t-tau (standardized β = − 0.156,
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Fig. 1 Odds ratios (in logarithmic scale) and 95% confidence intervals for the association between weight loss (% weight loss during follow-up)
and core-AD biomarker results. Weight loss refers to reversed values of the annualized weight change rate (i.e., positive values of weight change
expressed weight loss)

Fig. 2 Odds ratios (in logarithmic scale) and 95% confidence intervals for the association between weight loss (% weight loss during follow-up)
and being A+T+ compared with A-T-. Weight loss refers to reversed values of the annualized weight change rate (i.e., positive values of weight
change expressed weight loss)
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Fig. 3 Differences in the annualized rate of weight change across AT groups. Brackets and numbers above them indicate between-group
statically significant differences and Bonferroni-adjusted P values

p = 0.011), NfL (standardized β = − 0.160, p = 0.005), and
neurogranin (standardized β = − 0.166, p = 0.008) (Fig. 4a,
c–f), but not on CSF or PET Aβ measures (p > 0.05 for
both interaction terms) (Fig. 4b, g). After stratifying by Aβ
status, we found that weight loss was significantly associated with faster cognitive decline in the A+ group (standardized β = 0.197, p = 0.026), while an opposite trend was
observed in the A- group (standardized β = − 0.117, p =
0.072) (Fig. 4a). Stratified analyses also revealed significant
negative associations between weight change and CSF ptau (standardized β = − 0.300, p < 0.001), t-tau (standardized β = − 0.299, p < 0.001), NfL (standardized β = − 0.234,
p = 0.003), and neurogranin (standardized β = − 0.332, p <
0.001), in the A+ group only (Fig. 4c–f). We found a significant interaction between AD parental family history
and weight change on CSF NfL levels (p < 0.05); however,
we did not observe any significant association between
weight change and CSF NfL levels after stratifying by AD
parental family history (FH-: standardized β = 0.328, p =
0.217; FH ≥ 75: standardized β = − 0.127, p = 0.130; FH <
75: standardized β = − 0.068, p = 0.225). We did not find
any other significant interactions between weight change
and AD family history or age on PACC-like change, CSF
biomarkers, or FTM-PET uptake levels (p > 0.05 for all
interaction terms).

Additional analyses

We performed additional analyses using PET instead of
CSF data to define Aβ status for the AT classification
and found significant differences among AT groups on
weight change (F = 3.84, p = 0.01). The estimated effect
size was similar using either PET (partial η2 = 0.037) or
CSF data (partial η2 = 0.035). In pairwise analyses, we
only found statistically significantly greater weight loss
in A+T+ compared with A-T- participants (p = 0.049).
Differences in the results when using PET instead of
CSF data may be explained by a lower statistical power
due to a lower number Aβ positive individuals when
using PET as compared to CSF data, since the effect size
was similar with both methods.
We also ran additional analyses to study the association between weight change and variables related with
cardiovascular risk (systolic blood pressure, cholesterol,
triglycerides, HbA1c, dietary habits and physical exercise), mood (HADS total score), and AD family history
and to exclude the effect of these potential confounders
in our main analyses. In age- and sex-adjusted models,
we found a statistically significant positive association
between weight change and triglyceride levels (standardized β = 0.166, p = 0.001) and a trend for a positive association with total cholesterol (standardized β = 0.096,
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Fig. 4 Interaction between amyloid status and the annualized rate of weight change on cognitive performance change, CSF biomarkers and
Centiloids. std. Beta: standardized beta coefficients

p = 0.062), meaning that participants who had experienced greater weight loss tended to have lower triglyceride and cholesterol levels at follow-up. We did not find
significant associations between weight change and
HbA1c levels (standardized β = 0.082, p = 0.108), systolic
blood pressure (standardized β = 0.0001, p = 0.998),
physical exercise (standardized β = − 0.064, p = 0.201),
HADS total score (standardized β = 0.041, p = 0.424),
dietary habits (MEDAS score) (standardized β = − 0.026,
p = 0.615), or AD parental family history (FH ≥ 75 vs
FH-: standardized β = − 0.134, p = 0.218; FH < 75 vs FH-:
− 0.085, p = 0.433). After adjusting by all these potential
confounders, associations between the annualized weight
rate of weight change and most of the categorical biomarker outcomes remained statistically significant: OR
of 1.33 for positive FTM-PET visual read (95% CI 1.04–
1.73, p = 0.025), OR of 1.13 for abnormal CSF Aβ42/40

ratio levels (95% CI 0.95–1.34, p = 0.171), OR of 1.48 for
abnormal CSF p-tau levels (95% CI 1.16–1.88, p = 0.001),
and OR of 1.61 for being A+T+ vs A-T- biomarker profile (95% CI 1.20–2.15, p = 0.001). Weight change differences between AT groups remained statistically
significant (F = 4.89, p = 0.002), as well as a trend for a
positive association with CSF Aβ42/40 (standardized β =
0.089, p = 0.067), and negative associations with CSF ptau (standardized β = − 0.143, p = 0.008), t-tau (standardized β = − 0.146, p = 0.007), and neurogranin (standardized β = − 0.141, p = 0.008) levels in the whole sample. In
addition, the negative association with Centiloids was
significant (β = − 1.127, p = 0.021). Associations of weight
change with PACC-like change and CSF NfL levels
remained non-significant (standardized β = 0.002, p =
0.972
and
standardized
β = − 0.060,
p = 0.222,
respectively).
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Discussion
In the present study, we sought to characterize weight
change and investigate its association with AD biomarkers in a cohort of cognitively unimpaired adults at
increased risk for AD. While prior studies have analyzed
how baseline AD biomarkers predict longitudinal weight
change, we evaluated whether preceding weight change
predicted biomarker status at a given time-point. We
found that preceding weight loss was associated with a
higher likelihood of displaying abnormal results of AD
core biomarkers. Moreover, participants with an A+T+
biomarker profile had experienced greater weight loss
than those with A+T- and A-T- profiles, and weight loss
was associated with higher burden of AD pathology, as
measured with continuous measures of CSF and PET
biomarkers. In participants who were in the Alzheimer’s
continuum, as described by Jack et al in the NIA-AA research framework [32] (i.e., those with at least abnormal
CSF Aβ results), weight loss was associated with higher
levels of CSF tau-related, axonal damage and synaptic
dysfunction biomarkers, as well as faster cognitive decline. Overall, our findings show that weight loss is a
clinical feature of preclinical AD that probably occurs
downstream to Aβ deposition, which may indicate increased risk of developing AD-related cognitive
impairment.
Our results showed a robust association between
weight loss and the presence of altered AD biomarkers,
with each annual percentual point of decrease in body
weight being associated with a higher likelihood of having a positive FTM-PET visual read (OR 1.27), abnormal
CSF p-tau levels (OR 1.50), and being A+T+ vs A-Tprofile (OR 1.64). Weight loss was a better predictor
than age for either having a positive FTM-PET visual
read, abnormal CSF p-tau levels, or being A+T+ (OR
1.1-1-2) and represented approximately half of the OR
associated with being an APOE-ε4 allele carrier for
FTM-PET positivity (3.4 for heterozygous and 2.6 for
homozygous) or having an A+T+ vs A-T- biomarker
profile (2.1 for heterozygous and 2.7 for homozygous).
Notably, this amount of risk increase also approached
50% of that reported for individuals carrying one copy of
the APOE-ε4 allele for developing AD during lifetime
(ε2/ε4, OR 2.6; ε3/ε4, OR 3.2) [39]. However, our data
also reflect that weight loss occurs at a relatively slow
pace, even in those individuals in a more advanced stage
of the Alzheimer’s continuum (~ 1% loss/year in A+T+
group). This suggests that weight loss alone is not a useful predictor of AD biomarkers results, as it may take
several years in order to reach a clinically meaningful
amount of weight loss in the preclinical AD population.
However, it is unknown whether adding longitudinal
weight measurements may improve the accuracy of previously validated tools that combine cardiovascular and
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other risk factors to predict long-term dementia risk [40,
41]. This hypothesis deserves further study, since measuring body weight is easy and affordable, and, combined
with other risk factors, may provide a useful information
to the general practitioner to assess dementia risk in patients with cognitive complaints. In line with this, we
hypothesize that among patients with subjective cognitive decline (SCD), which has been associated with increased Aβ burden and dementia risk [42, 43], weight
loss would increase the likelihood of AD pathology as
the underlying cause. Since this specific question was beyond the scope of the present study, the clinical relevance of weight loss among SCD population should be
further investigated.
Epidemiological evidence suggests that weight loss
precedes the onset of cognitive impairment in patients
with dementia. However, the interval of time between
weight decline and dementia onset remains unclear, with
data from different studies ranging from 6 to 20 years [7,
9, 10]. In addition, a study comparing BMI in preclinical
individuals with autosomal dominant AD and noncarrier healthy adults showed that preclinical mutation
carriers display significantly lower BMI approximately
11 years before expected symptoms onset, although BMI
trajectories may start to diverge up to one decade before
[44]. As far as we are concerned, previous studies on the
association between weight change and AD biomarkers
have not addressed whether weight loss occurs at a particular stage of preclinical AD [15, 16, 18]. We
approached this question by comparing weight change
between groups with different biomarker profiles and
performing interaction analyses with Aβ status, which
provides us with an approximate picture of when
does weight loss occur in the Alzheimer’s continuum.
Our results show that weight loss mainly occurs in
individuals with abnormal CSF Aβ and p-tau levels
(A+T+). This is also supported by interaction and
stratified analyses showing that associations with CSF
p-tau, t-tau, neurogranin, and NfL were only significant in A+ individuals, which suggests that weight
loss in preclinical AD may occur mostly downstream
to Aβ accumulation.
Regarding potential mechanisms underlying the observed associations, it has been suggested that hypothalamic dysfunction may be an important driver of weight
loss in preclinical AD, since Aβ and tau deposits have
been described in AD in this nucleus, which plays a key
role in energy homeostasis [14]. Olfactory impairment,
which has been identified as an early sign of AD, may
also contribute to weight decline [45].
Conversely, while cognitive impairment and mood disorders are likely contributors to weight loss in symptomatic AD [46], it is unlikely that these specific variables
drove the observed associations because the current
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study was conducted in a sample of cognitively unimpaired adults and adjustment for anxiety and depression
did not modify the findings.
We also explored whether weight change was associated with longitudinal cognitive changes, as previous
studies have reported that weight loss is associated with
faster cognitive decline in cognitively unimpaired elders
[15, 47]. We did not find significant associations between longitudinal weight and cognitive changes in the
whole sample. However, stratified analyses showed that
greater weight loss was associated with faster cognitive
decline specifically in A+ participants. This indicates that
weight loss may be a marker of incipient AD-related
cognitive decline, which is particularly interesting in the
context of preclinical AD, where, by definition, cognitive
decline is below the clinical threshold for cognitive impairment diagnosis, and therefore detecting and tracking
cognitive changes may be challenging [48, 49]. We also
found a trend for a negative association between weight
and cognitive change in the A- group. This finding could
be related to previous evidence showing that weight loss
may have a beneficial effect on cardiovascular health,
which in turn can help to preserve cognitive function
[50, 51]. However, this hypothetical beneficial effect
would be overridden by AD-related cognitive impairment in those who are in the disease continuum.
The present study may also help to understand previous
findings from epidemiological studies reporting that BMI behaves as a risk factor for dementia when measured during
midlife, while this association is reverted in late-life [11, 52–
57]. Our findings showing how AD pathology modifies the
association between weight and cognitive performance longitudinal changes are consistent with the hypothesis that modifications in the association between BMI and dementia risk
across lifespan are driven by a progressive increase in the
prevalence of AD pathological change with aging [9]. Importantly, as our study involved mostly middle-aged adults,
our results suggest that the confounding effect of AD pathology in the association between BMI and dementia risk is
already present in cognitively unimpaired middle-aged population, which is relevant in terms of interpreting previous results and designing future studies in the field, in order to
account for the effects of reverse causality.
Limitations

We must acknowledge several limitations in our study.
First, we cannot exclude a selection bias on our results,
as they are based on a research cohort mostly composed
by middle-aged, well-educated individuals with very low
comorbidity burden [23]. Therefore, our results cannot
be directly extrapolated to the general population and
should be confirmed in independent cohorts. Second,
our results were adjusted by different variables related to
cardiovascular health and mood, which can influence
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body weight, but we cannot rule out other causes of unintentional weight loss. Finally, as the present study
lacked baseline AD biomarkers data, our findings that
weight loss in preclinical AD mainly occurs when both
Aβ and tau pathology are present should be confirmed
in studies with longer follow-up duration and longitudinal biomarker data. The currently ongoing follow-up
visits of ALFA+ study participants will undoubtedly shed
light into this.

Conclusions
In middle-aged cognitively unimpaired adults with a
mean follow-up of 4.1 years, weight loss was associated
with increased risk of displaying abnormal AD biomarkers levels, as well as faster cognitive decline among
those in the Alzheimer’s continuum. Weight loss may indicate greater risk of AD-related cognitive impairment
among cognitively unimpaired adults at risk for AD and
could be useful in order to fine-tune dementia risk
scores and for enrichment strategies in studies focused
in preclinical AD.
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