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Abstract
Background

Increased peripheral inflammation and astrogliosis, as assessed by glial fibrillary acidic protein (GFAP)
associates with worse cognition. GFAP, however, does not provide brain spatial information. '8F-SMBT-1, a
tracer that binds to overexpressed MAO-B in reactive astrogliosis, may help overcome this limitation.
Neuroprotective growth factors (e.g. BDNF, VGF, VEGFA, VEGFD, IGF1R and IGFBP7) usually accompany
astrogliosis and could mediate the pathways between AD pathology and cognitive impairment. We
evaluated the relationships among peripheral inflammatory markers, growth factors, astrogliosis, and
cognitive function and explored whether the relationship of astrogliosis with cognition could be mediated
by these growth factors.

Methods

In a sample of older adults without dementia, we evaluated the relationship of astrogliosis with overall
and domain-specific cognitive performance (verbal memory, visual memory, executive function and
attention). 1C-PiB and '8F-SMBT-1 radiotracers were used to assess AB status and astrogliosis,
respectively. The NULISAseq CNS disease panel was used to assess GFAP, markers of peripheral
inflammation and selected growth factors. We used multivariable robust linear regression models to test
the relationship of peripheral inflammation and astrogliosis and cognition. Later, we ran causal mediation
analyses stratified by AB status to address the effects of BDNF and IGFR1 on the relationship between
astrogliosis and cognition.

Results

Ninety-four non-demented participants were included (mean age: 68 + 7 yrs, 52% women, 89%, White);
among them, 76 were classified as A- and 18 as A+. '®F-SMBT-1 binding in precuneus was higher among

A+ individuals. Also, among A+ individuals, regional '8F-SMBT-1 binding was associated with worse
verbal and visual memory and executive function. Lastly, we found that IGFR1 but not BDNF significantly

mediated (suppressed) the association of "®F-SMBT-1 with worse visual memory, but only among A+
individuals (p<.0001).

Conclusion

In this non-demented population of older adults with low levels of AB pathology and neuroinflammation,
astrogliosis related with worse cognitive functions, but only among A+ individuals. Further, IGFR1T may
play a suppressive role decreasing by more than 50% the effect of astrogliosis on worse visual memory.
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Introduction

Alzheimer's Disease (AD), the leading cause of dementia, is characterized by the accumulation of the
pathological proteins AB and hyperphosphorylated tau [1]. However, these two proteins do not fully
explain the variation we see in the range of clinical expression of the disease. The need to better
understand clinical heterogeneity in AD has motivated our group and others to evaluate other factors
such as neuroinflammation [2][3], [4], [5].

Neuroinflammation, characterized mainly by the activation of microglia and astrocytes, along with the
release of cytokines and growth factors, contributes to AD pathology [6], [7]. Astrogliosis, the dynamic
process by which astrocytes respond to central nervous system damage, is characterized by astrocytic
activation, expression of glial fibrillary acidic protein (GFAP), and overexpression of monoamine oxidase-B
(MAO-B) [8], [9]. Astrogliosis, as assessed by plasma GFAP, has been associated with worse overall
cognition, and a few studies have also shown inverse associations of GFAP with domain-specific
cognitive performance [10], [11]. While previous studies have provided support for the role of astrogliosis
in cognitive decline, a more mechanistic approach is needed to guide effective therapeutic interventions.

In vivo neuroimaging with PET tracers targeting MAO-B could help advance the regional understanding of
astrogliosis in AD. MAO-B is an enzyme expressed in the outer mitochondrial membrane that catalyzes
the oxidation of several monoamine neurotransmitters [12]. It is also expressed on catecholaminergic
neurons that are critical for various aspects of cognition including memory and learning, executive
function and attention. However, the use of extant MAO-B tracers such as ''C-DED is constrained by its
irreversible kinetics, low sensitivity and short half-life time. Nonetheless, a new MAO-B tracer,'8F-SMBT-1,
has been developed to assess astrogliosis in vivo [12], [13]. This radiotracer has shown reversible kinetics
and robust binding across brain regions known for early Ap deposition [14]. Furthermore, '8F-SMBT-1
binding has been shown to have good correlation to GFAP when all clinical groups across the AD
spectrum are assessed together [15].

Astrogliosis, however, does not occur in a vacuum. The cellular neuroinflammatory response is
accompanied by the release of peripheral inflammatory factors, cytokines and growth factors that could
mediate important transduction pathways such as TrkB pathway, which is relevant for the neurotrophin
signaling cascade regulating neuronal survival, growth and synaptic plasticity and could partially explain
the role of astrogliosis on future cognitive decline[16], [17]. Furthermore, the study of some growth
factors, whose functions are regulated through the TrkB receptor or related downstream cascades (such
as PIP/Akt, MAPK/ERK and PLCy) could also provide a more complete picture of the different
mechanisms that interact with astrogliosis, such as angiogenesis, synaptic remodeling, and metabolic
regulation. In fact, some growth factors such as brain-derived neurotrophic factor (BDNF), insulin-like
growth factor receptor 1 (IGFR1) and vascular endothelial growth factors (VEGF) exert their functions
through TrkB receptors or related downstream cascades and have been positively associated with brain
volume, hippocampal perfusion, cerebral blood flow, and/or synaptic connections [18], [19], [20], [21], [22],
[23].
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Thus, the aim of this study was to assess the relationship between regional astrogliosis assessed via '8F-
SMBT-1 PET and selected growth and inflammatory factors (BDNF, VGF, VEGFA, VEGFD, IGF1R,|IGFBP7,
CRP, IL-6, TNF, IL-4, IL-10 and IL-13) with overall cognition and domain-specific cognitive performance
(verbal and visual memory, attention, and executive function) among non-demented participants. Given
the importance of A status, we also evaluated if the associations of astrogliosis with cognition were
moderated by this third variable. We hypothesized that astrogliosis would be associated with worse
overall cognition and worse domain-specific cognitive performance, particularly among A + individuals.
In addition, we hypothesized that growth factors would be associated with better overall and domain-
specific cognitive performance across groups. Lastly, in a post hoc analysis we assessed if growth
factors mediated the association between astrogliosis and cognition.

Methods
Study population

We used data from an ongoing program project grant (PPG) entitled The role of astrogliosis in aging and
the pathological and clinical progression of Alzheimer’s disease (INROAADS). The project is a longitudinal
observational study that aims to contribute to understanding of pathophysiological mechanisms that lead
individuals to develop dementia, especially AD. Briefly, the current study involves a cross-sectional
analysis of the first 94 participants without dementia enrolled in this ongoing project. All participants
signed informed consent and underwent baseline assessments involving: 1) review of their medical
record, 2) general interviews, 3) clinical physical examination and neurological evaluation, 4) an extensive
neuropsychological battery 5) blood sampling and 6) a neuroimaging protocol.Participants were excluded
if they were taking relevant medications such as MAO-B inhibitors, monoclonal antibodies,
immunosupressant treatment, steroids, or had taken chemotherapy within one year. Likewise,
participants were excluded if they had relevant hematological, heart, kidney or liver disease as well as if
they had schizophrenia, bipolar disorder or any other relevant CNS disease. Finally, smokers who quit
smoking within the last three months or individuals with alcohol or drug dependence were also excluded.

Neuropsychological examination

Participants were assessed for their overall cognition using the Montreal Cognitive Assessment (MoCA)
test, a brief 30 point neurocognitive test[24]. Word list delayed recall test was used to evaluate verbal
memory[25]. In this test, the person is asked to spontaneously recall as many words from an original list
of 10 words after a distractor task of 5-10 minutes. The Benson complex figure (BCF) delayed recall was
used to assess visual memory [26]. In this part of the test, the participant is asked to draw the figure that
was first copied from the example from memory after a 10—15 min interval. We assessed attention using
digit span forward[27], a simple test where the participant is asked to repeat increasing length sequences
of numbers in the same order. Lastly, we assessed executive function using letter fluency (with the letters
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F, A, and S)[28] and the clock drawing test[29], in which participant is asked to draw a clock face, placing
all the numbers on the clock and setting the time at 10 after 11.

Cognitive diagnosis

The diagnosis of mild cognitive impairment (MCI) or normal cognitive function was based on baseline
assessments and adjudicated by a consensus process following the ADRC/National Alzheimer’s
Coordinating Center (NACC) MCI guidelines for MCI classification (Dubois et al., 2016). Participants'
cognitive status was classified by evaluating their cognition considering age and education. A participant
was diagnosed with MCI if: 1) the participant did not have normal cognition for age based on reviews of
all clinical and cognitive information; 2) the participant did not meet the criteria for dementia; 3) there was
evidence of cognitive decline at the time of the assessment; and 4) the participant otherwise showed
normal functional activities. Normal cognition was defined by exclusion, considering that the participant
did not meet the criteria for MCI or dementia, and that the participant had normal cognition for their age
and education, based on a review of all clinical and cognitive information.

Multimodal neuroimaging protocol

MRI. Sagittal T1-weighted magnetization-prepared rapid acquisition with gradient echo (MPRAGE) and
T2-weighted fluid-attenuated inversion recovery (FLAIR) MR images were acquired using a 3.0T Siemens
Prisma scanner (Siemens Healthcare). MPRAGE MR images were processed with FreeSurfer (FS) v7.1.1
to generate a brain parcellation atlas for sampling the PET images[30], [31]

PET. All PET images were collected on a Biograph mCT (TrueV) (Siemens Healthcare) and reconstructed
as described elsewhere[30]. All PET images were motion-corrected as needed based on visual
determination and registered to their corresponding MR images.

AB PET imaging was performed using ' C-Pittsburgh Compound B (PiB), which was produced under an
approved United States Food and Drug Administration (FDA) Investigational New Drug (IND) application
(IND#72200). PiB PET images were collected and summed 50-70 minutes post-injection[32].

SMBT-1 (IND #166977) was produced as previously described, under an approved FDA IND application
(IND#166977).[33] SMBT-1 PET images were collected and summed 70-90 minutes post-injection[33].

FS-identified cerebellar gray matter was used as the reference region to convert the PiB and SMBT-1
images from standard uptake values to standardized uptake values ratios (SUVRs)[32], [33]. PiB SUVR
images were transformed into PiB Centiloid (CL) images using a site-specific validated
transformation[34].

PET outcome images were sampled using the FS brain parcellation atlases derived from the

corresponding MRIs. Radiotracer-specific composite regions of interest were combined via volume-

weighting for each PET image. PiB Centiloid images were sampled with a global region, comprised of
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anterior cingulate, anterior ventral striatum, superior frontal, orbitofrontal, insula, lateral temporal (inferior
and middle temporal), parietal, posterior cingulate, precuneus[32]. SMBT-1 SUVR images were sampled in
regions of early AR accumulation like the posterior cingulate.

Growth factors and markers of peripheral inflammation

Plasma samples included in this study (n = 94) were collected in 2025 using lavender top K2EDTA tubes.
The tubes were centrifuged 2000 x g for 10 minutes. Plasma was then aliquoted into cryovials for long-
term storage at - 80°C. Samples were analyzed at the University of Pittsburgh using the NULISAseq CNS
kit and were processed according to manufacturer instructions. The peripheral markers of inflammation
that we studied were IL-6, CRP, TNF, IL-4, IL-10 and IL-13 along with GFAP. The growth factors assessed
were BDNF, VGF, VEGFA, VEGFD, IGF1R and IGFBP7.

Confounding variables

Age, sex and years of education were self-reported. These confounding factors were chosen based on
previous studies evaluating astrogliosis with ®F-SMBT-1 in AD[15].

Statistical analysis

We performed descriptive analysis to compare characteristics between non-demented A- participants vs.
non-demented A+ participants. We also describe the differences in '®F-SMBT-1 binding across 22 regions
and on cognitive tests stratified by PET AB status. Continuous variables were summarized as means with
standard deviations and visualized with box plots. Meanwhile, categorical variables were tabulated as
frequencies with percentages. To test differences across groups, we used t-tests for continuous variables
and Chi-square tests for categorical variables.

To assess the relationships of astrogliosis (via "®F-SMBT-1), of peripheral inflammation and of growth
factors with overall cognition and domain-specific cognitive tests, we used robust linear regression
models adjusted for age, sex, and years of education. In addition, we ran a secondary analysis of how
GFAP associated with cognition to confirm what we found with '8F-SMBT1. All analyses were stratified by
A status. Results of fully adjusted regression models are presented as coefficients with 95% CI.

Finally, after we ran the main analyses on how astrogliosis (via '8-FSMBT-1) associated with cognition, we
chose to ran a post hoc analysis to test the mediation effect of selected growth factors with visual
memory using a pragmatic approach. Instead of addressing all the cognitive domains, we chose visual
memory for the post-hoc analyses, because among the different domains explored, visual memory was
the most consistently affected by astrogliosis (via '8F-SMBT-1). Further, we chose to evaluate BDNF and
IGFR1 as mediators, because among the six growth factors explored, these are the once with a more
biological plausibility to be involved according to current literature and among the the six growth factors
evaluated, both showed at least the same direction of effect in A- and A+ participants in relation to
cognition. To that aim we ran separate causal mediation analyses for BDNF and for IGF stratified by PET
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AB status (A-/A+). In the mediation analysis, we estimated the total effect (TE) of the association
between astrogliosis and cognitive function, which comprises the sum of the natural direct effect (NDE)
of astrogliosis on cognitive function without taking into account a mediator and the natural indirect effect
(NIE) of astrogliosis on cognitive function taking into account each of the growth factor as mediators.

We accounted for multiple comparisons by controlling the false discovery rate using the Benjamini
Hochberg procedure for statistically significant associations. Analyses were done using Stata V.18. and
SAS 9.4, and plots were done with Stata V.18 and R 2025.05.1 + 513.

Results

A total of 94 participants were included in the analytic sample. Their mean age was 65 years, 48% were
male, most of them were non-Hispanic white (89%), and they were highly educated (mean years of
education: 16). The prevalence of former smokers was 36%, diabetes 14%, hypertension 51%,
hypercholesterolemia 60%, and the mean MoCA score was 26.2 (Table 1).
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Table 1

Characteristics of participants

Age,mean (Std. Dev.)

Sex
Female
Male
Race
White
Other

Education, mean (Std.
Dev.)

DBP, mean (Std. Dev.)
SBP, mean (Std. Dev.)

WML, mean (Std.
Dev.)

AB burden, mean
(Std. Dev.)

Smoking status
Never smoker
Former smoker
Diabetes
Absent

Present
Hypertension
Absent

Present
Hypercholesterolemia
Absent

Present

Whole sample

68.9

49
45

84
10
15.95

75.95
130.85
2,959.75

28.1

60
34

81
13

46
48

38
56

(1.23)

(52.1%)
(47.9%)

(89.4%)
(10.6%)
(0.5)

(1.71)
(2.46)
(393.9)

(4.36)

(63.8%)
(36.2%)

(86.2%)
(13.8%)

(48.9%)
(51.1%)

(40.4%)
(59.6%)

Non-demented

A- (n=76)

67.9  (0.826)
38 (50.0%)
38 (50.0%)
67 (88.2%)
9 (11.8%)
15.8  (0.28)
78.4  (1.248)
133.1  (1.888)
3,488  (463.51)
0.8 (0.783)
46 (60.5%)
30 (39.5%)
64 (84.2%)
12 (15.8%)
39 (51.3%)
12 (15.8%)
33 (43.4%)
43 (56.6%)

Non-demented

A+ (n=18)

68.4  (1.629)
11 (61.1%)
7 (38.9%)
17 (94.4%)
1 (5.6%)
16.1  (0.725)
735  (2.165)
128.6  (3.028)
2,341 (324.19)
55.4  (7.938)
14 (77.8%)
4 (22.2%)
17 (94.4%)
1 (5.6%)
7 (38.9%)
11 (61.1%)
5 (27.8%)
13 (72.2%)

p-val

0.7979

0.3960

0.4370

0.6796

0.0785
0.2662
0.2782

<.0001

0.1710

0.2580

0.3430

0.2240
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A total of 76 participants were A-, and a total of 18 participants were A+ individuals. We did not find
differences in clinical and sociodemographic characteristics by A status. (Table 1). A+ individuals
presented with higher ®F-SMBT-1 binding in precuneus compared to A- participants. We did not find any
other significant differences in '®F-SMBT-1 binding across the various brain regions studied when
contrasting both groups (Supplementary Fig. 1).Regarding cognitive test scores, we found that compared
to A- individuals, A+ individuals had a lower score in word list delayed recall test (p=.015. We found no
other significant differences by A status (Supplementary Fig. 2).

Astrogliosis and cognitive performance

Primary analyses: '8F-SMBT-1. "8F-SMBT-1 binding across the different brain regions was not associated
with overall cognition as assessed by MoCA in A- nor A+ participants (Fig. 1). However, we found that
among A+ individuals, higher '8F-SMBT-1 binding across brain regions such as inferior parietal, superior
parietal, superior temporal, supramarginal gyrus, and DLPFC was associated with worse executive
function as assessed by letter fluency. Likewise, we found that among A+ individuals, higher '8F-SMBT-1
binding across most of the brain regions including anterior cingulate, entorhinal cortex, inferior parietal,
inferior temporal, lateral occipital, cuneus, middle temporal, posterior cingulate, precuneus, superior
parietal, superior temporal, supramarginal gyrus, DLPFC, VLPFC and orbitofrontal cortex was associated
with poorer visual memory as assessed by Benson complex figure test with effect sizes ranging from -
1.36 t0-2.92. This finding related to memory was further corroborated when we assessed word recall
delay. As such, in most brain regions higher "®F-SMBT-1 binding associated with poorer verbal memory as
measured by delayed recall of the word list; effect sizes ranged from - 1.39 to 5.75. In addition, higher
18F-SMBT-1 binding among A+ individuals was also associated with worse executive function as
assessed by F.A.S but not by clock drawing test in several brain regions. Associations ranged from - 1.78
to -1.52. Lastly, "F-SMBT-1 binding showed a trend towards worse attention evaluated by digit span
forward (but associations were not statistically significant) (Figs. 1A & 1B and Supl. Table 1).

Secondary analyses: GFAP. Plasma GFAP was only associated with worse executive function (via clock
drawing test) in A+ (-1.34; p=.034) (Figs. 1A & 1B and Supl. Table 1).

Growth factors and peripheral inflammatory markers and cognitive performance.

We found that greater IL-6 was significantly associated with worse overall cognition and executive
function in A+ participants. As such each standard deviation greater IL-6 level was associated with 0.94
SD lower MoCA score (p =0.018) and 0.77 SD lower F.A.S. score (p =0.014). No other associations were
significant. By contrast, also among A+ individuals, IL-10 associated with better overall cognition, and
executive function. Each SD greater IL-10 level was associated with a 0.32 SD greater MoCA score (p =
0.019), and a 0.09 SD greater with a trend of better FAS score (p = 0.078). No other associations were
significant. Similarly, but only among A- participants, greater IL-4 associated with better visual memory.
As such each standard deviation greater IL-4 was associated with 0.32 SD greater Benson complex figure
delay score (p = 0.034).Regarding growth factors, in A- individuals VGF associated with better visual
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memory as assessed by BCF. As such, each SD greater in VGF level was associated with 0.34 SD greater,
respectively in BCF score (p = 0.28). Also, among A- greater IGFBP7 was associated with better executive
function. Each SD greater IGFBP7 level was associated with a 0.27 SD greater F.A.S. score, p=0.017. No
other associations were significant in A- or A+ perticipants (Figs. 2 and 3 and Suppl. Table 2).

Growth factors as mediators of the relationship between
astrogliosis and cognition

When we explored whether neuroprotective growth factors could mediate the effects of astrogliosis on
cognitive impairment, we found that BDNF did not mediate the association of astrogliosis either
assessed through "8F-SMBT-1 (NIE p = 0.83) or GFAP (NIE p = 0.73) with worse visual memory among A+
individuals (Supl. Figure 1).

By contrast, when we explored the mediation effect of IGFR1 on the relationship of astrogliosis with
visual memory we found that IGFR1 showed a suppressive mediation effect on the association of '8F-
SMBT-1 astrogliosis with worse visual memory (NIE p = 0.02; FDR adjusted p = 0.02) (Fig. 4). However,
IGFR1 did not show a suppresive mediation effect in the relationship of GFAP with worse visual memory
(NIE p = 0.45).

Discussion

In this baseline cross-sectional assessment of nearly one-hundred participants from INROAADS, with a
low prevalence of AD pathology (~ 20%) we found that astrogliosis as assesed by increased '8F-SMBT-1
PET was greater in precuneus and was associated with worse perfromance in verbal and visual memory
and executive function which have been consistently described as the first cognitive domains affected at
the early phases of the disease[35], [36]. These results are consistent with previous study that found that
increased '®F-SMBT-1 binding associate with worse cognition and that increased '8F-SMBT-1 binding
explains around 25 to 30% of the variance in cognitive tests such as MMSE [37]. However, unlike previous
study, we did not found that '8F-SMBT-1 binding associated with worse overall cognition as assessed by
MoCA. In other words, astrogliosis seems to be more relevant to specific cognitive domains at early
phases of AD.

In line with this, greater '®F-SMBT-1 binding was associated with worse performance in visual memory
and verbal memory and executive function. Further, among the different brain regions affected, we found
that greater '®F-SMBT-1 binding in the bank of the superior temporal sulcus (BANKSSTS), in the inferior
and superior parietal cortex and in DLPFC consistently associated with worse performance in these three
domains. Our findings are consistent with previous reports in AD. The BANKSSTS, for instance, is one of
the top-AB affected regions in AD[38], [39]. Astrogliosis in this cortical region has been reported to
associated with worse cognitive trajectories[39]. Inferior temporal cortex is a crucial region in the brain
for high-level object recognition, facial perception and visual memory [40]. Elevated GFAP in temporal
lobe regions, as measured by ELISA in tissue homogenates, has been previously shown to be associated
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with worse memory performance regardless of AB and tau pathology [41]. Regarding DLPFC, this is a
critical region for working memory, as it holds and manipulates short-term information. Further
astrocytes in this region are relevant for maintaining proper neurotransmitter balance (like glutamate and
GABA) and secreting growth factors as BDNF. Indeed, previous reports have shown that this region relies
heavily on BDNF/TrkB signaling to maintain the persistent firing of neurons needed to hold information “in
mind”[42], [43]. However, persistent astrogliosis can lead to dysregulation of BDNF and impaired memory
consolidation.

In addition, other regions such as precuneus, anterior and posterior cingulate (PCC), and orbitofrontal
cortex were consistently associated with worse verbal and visual memory but not with worse executive
function. Further, precuneus also was the only brain region that has greater '8F-SMBT-1 binding among
A+ participants as compared to A- individuals. Our results are in line with previous studies. Precuneus is a
highly active hub for brain’s default mode network (DMN), that is critical for memory retrieval, internally-
directed thought and episodic memory processing[44]. Precuneus and posterior cingulate cortex are both
well-known areas associated with early AB accumulation [15], [45], especially in a scenario of low AD
pathology [13]. Further, since these regions (precuneus and posterior cingulate) are one of the most early

regions affected by AB, the lack of association of '8F-SMBT-1 binding in this regions with executive
function may reflect an early contribution of astrogliosis in those regions in the evolution of AD.
Astrogliosis in the PCC acts as a bridge between protein buildup (such as AB and tau tangles) and clinical
memory loss. Previous PET studies have shown that elevated '8F-SMBT-1 binding in this region correlated
with poorer performance in episodic memory tasks[46].

We also found that GFAP associated with worse executive function. However, contrary to previous studies
we failed to showed an association of GFAP with overall cognition or with other cognitive domains. The
discrepancy in the findings between GFAP and SMBT-1 may indicate that SMBT-1 and plasma GFAP are
not necessarily representing the same type of astrogliosis, with regional SMBT-1 as a potential earlier
indicator of reactive astrogliosis. Indeed, SMBT-1 reflect regions of overexpressed MAO-B in reactive
astrocytes in the vicinity of dense-core AB plaques and support the rationale of using PET tracers. Further,
overexpression of MAO-B by reactive astrocytes has important pathophysiological implications. As such,
MAO-B overexpression by reactive astrocytes lead to an increase of reactive oxygen species and lipid
peroxidation in the setting of dense-core AR plaques facilitating dystrophic neurites. On the other side,
MAO-B overexpression could also promote GABA synthesis, which in turn leads to memory
impairment[47]. Indeed, aberrant GABAergic inhibition has been shown as a pathway for memory
impairment in AD mouse models[48].

In terms of peripheral markers of inflammation and growhth factors, we found somewhat consistent
results. As such, we found that similar to previous studies, IL-6 associated with worse overall
cognition[49], [50], [51], while other, poorly studied, yet relevant anti-inflammatory cytokines in AD such as
IL-10 and IL-4 were associated with better cognitive outcomes[52], [53]. Although we do not have more
elements to disscuss the potential pathological associations of IL-4 with cognition, it is important to
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remember that it could mediate the hippocampal-BDNF signaling pathway to impair reference
memory[52].

In order to get a better understanding of the relationship between astrogliosis and worse visual memory,
we ran a post hoc analysis testing potential mediating effects of neuroprotective growth factors such as
BDNF and IGFR1 on this association. BDNF downregulation has been associated with greater AD
pathology, while its upregulation is associated with amelioration of neuronal loss and dendritic atrophy
mediated by AB pathology [54], [55]. Meanwhile, [39], [40] IGFR1 represent markers of glucose
metabolism and have been associated with oxidative stress, neuroinflammation and neurogenesis [56],
[57]. Both growth factors have been consistently associated with synaptogenesis and memory
formation[54], [55], [58]. We hipotezised that astrogliosis, as an homeostatic response, may lead to the
production of inhibitory mediators to decrease neuroinflammation in the brain. As such, our first potential
mediator to exert this role was BDNF and in second term IGFR1.

Interestingly, contrary to what we may expect, we found that a suppressive mediator effect was only
present among A+ individuals. Second, rather than BDNF, IGFR1 was the primary factor for this
suppressive effect, accounting for more than half of the supression. Third, the IGFR1 suppressive
mediation effect from astrogliosis to worse visual memory appears when astrogliosis is assessed by 8F-
SMBT-1 but not with GFAP. The lack of mediating effects from GFAP coupled with the fact that the effects
of astrogliosis on worse memory were only found among A+ individuals may reflect an active
homeostatic response to AB plaques and a differential role of GFAP + and '8F-SMBT-1 + reactive
astrocytes. Indeed, compared to the ubiquitous expression of reactive astrocytes expressing GFAP,
reactive astrocytes surrounding AB plaques overexpress MAO-B. These reactive astrocytes mediate
GABAergic inhibition due to the increased of GABA release and impairment of long-term potentiation
(LTP) that in turn inhibit synaptic release and lead to memory impairment[48]. Indeed, clinical
interventions aimed to tacked impaired GABAergic inhibition such as selegiline have shown to rescue LTP
as well as memory and learning impairment, and although meta-analyses do not support its long-term
use, they support its benefit over memory[59]. Therefore, "8F-SMBT-1 could be more specifically reflecting
astrogliosis relevant to AD pathology [12]. In addition, the mediation of the effect by IGFR1 rather that
BDNF suggests that, IGFR1 may be the real mediator, since in pathophysiological terms, IGFR1 is the
main regulator of TrKB receptors, which constitute the main receptor by which BDNF exerts its
neuroprotective function [57], [60]. Further, it seems possible also that the large mediated effect of IGFR1
could be to some extent due to IGF-1 signaling potentiating GABAergic inhibition[61]. Indeed, TrkB
signaling has a direct role in controlling the number of GABAergic synapses[62]. In other words, the IGFR1
mediated pathway could reflect the neuroprotective role of IGFR1 in suppressing the effects of AB-related
astrogliosis on memory function. If true, stimulation of IGFR1 could be potentially used to improve
cognitive deficits. However, the results of IGFR1 should be taken with caution; since current evidence of
IGFR1 and cognition is mixed, and some studies have even shown a deleterious effect of IGFR1 on
cognition, since IGFR1 effects are multifaceted [63]. As such, although IGF1R declines with age and
exercise induced increase of IGFR1 has been associated with better cognitive outcomes [63], [64], there is
a need to further assess this association.
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Some strengths of our study are worth mentioning. First, we are addressing the baseline data of a small,
yet very well-characterized cohort of participants from the INROAADS study who until now have been
clinically classified according to appropriate guidelines by experts in the field and who have been
evaluated with a very comprehensive neuropsychological battery as well as a very comprehensive
multimodal neuroimaging protocol involving one of the newest radiotracers for astrogliosis. Likewise,
given that it is baseline data, there is no missing data on neuropsychological tests. Third, this is the first
study coupling the assessment of astrogliosis with relevant growth factors that has provided us the
opportunity to address potential mediator effects of astrogliosis in cognition. Further, the assessment of
astrogliosis via SMBT-1 PET allowed us to confirm the early role of astrogliosis in some regions such as
the precuneus and inferior parietal cortex which are regions of early AR accumulation. Moreover, the
consistency of '8F-SMBT-1 across different brain regions (such as the posterior cingulate, the
orbitofrontal cortex and the VLPFC) with worse verbal memory highlight the importance of regional
astrogliosis.

However, our results should be considered in the context of several limitations. First, as we have
previously mentioned, this is a small sample, with low pathology, which has overall favored the results to
the null and constrain classification of participants besides AB status. On the other hand, this feature in
particular provides us an opportunity to address the very early changes of astrogliosis with this new
radiotracer ("8F-SMBT-1). Second, given that it is an ongoing study, we lack the enrollment of participants
with AD, constraining also our findings in the understanding of astrogliosis across the AD spectrum and
forcing to study subtle changes that we expect to be more pronounced when considering AD participants.
Third, the present study involves a cross-sectional analysis of this single-time measurement of the
different biomarkers. Future studies should address the long-term evolution of astrogliosis and of the
growth factors evaluated in the aim of confirming and better understanding of the current findings.

Conclusion

In sum, we found that greater astrogliosis as measured by "8F-SMBT-1 PET is associated with worse
cognitive performance in nondemented A+ individuals. In addition, we found that IGFR1 may play a
neuroprotective role by suppressing the effects of AB-related astrogliosis on cognition.

Abbreviations

AD = Alzheimer’s Disease; AB = B-Amyloid; PiB-PET = Pittsburgh Compound-B Positron Emission
Tomography; CL= Centiloids; GFAP = Glial fibrillary acidic protein; HR = Hazard ratio; 95% Cl = 95%
Confidence Interval; BDNF=Brain-derived neurotrophic factor; VEGF=Vascular endothelial growth factor;
IGFR1=Insulin-like growth factor receptor 1; IGFBP7=Insulin like growth factor binding protein 7; MCI=Mild
cognitive impairment; CU=Cognitively unimpaired; MAO-B=Monoamoine oxidase B; INROAADS=
INflammation ROles in Aging and Alzheimer's disease Study.

Declarations

Page 14/24



Author contribution statement

L.A.R.T conceptualization, formal analysis and writing. A.D.C, C.E.S., M.B., O.L. and A.M. verified the
analytical methods. T.K. and X.Z. supported the acquisition of the peripheral inflammation biomarkers.
A.G.,M.D.l, V.V, B.J.L. and A.D.C. supervised the neuroimaging methods. B.E.S. collaborate in
neuropsychological assessments. C.M. collaborate in administrating the project. B.E.S,, C.E.S., V.V,, M.D.I.
and O.L. supervised the interpretation of the results. All authors discussed the results and contributed to
the final manuscript.

Data availability statement

The data that support the findings of this study are from Program Grant INROAADS: INflammation ROles
in Aging and Alzheimer’s disease Study (P01 AG025204) which available upon request.

Funding
This work was supported by NIH, Program Grant P01 AG025204.
Ethics approval and consent to participate.

The studies were approved by the human use subcommittee of the radioactive drug research
committees and the institutional review board of the University of Pittsburgh. Participants gave written
informed consent before undergoing any assessment.

Consent for publication
Not applicable.
Competing interests

The authors declare no competing interests.

References

1. Hampel H et al. The Amyloid-B Pathway in Alzheimer’s Disease, 2021. 10.1038/s41380-021-01249-0

2. Jack CR et al. Aug., Revised criteria for diagnosis and staging of Alzheimer’s disease: Alzheimer’s
Association Workgroup, Alzheimers Dement., vol. 20, no. 8, pp. 5143-5169, 2024,
10.1002/ALZ.13859

3. Jain S, et al. Associations between white matter lesions, adiposity, and systemic inflammation in late
adulthood: Results from the IGNITE study. Brain Behav Immun. Feb. 2026;132.
10.1016/j.bbi.2025.106223.

4. Nordengen K, et al. Longitudinal cerebrospinal fluid measurements show glial hypo- and
hyperactivation in predementia Alzheimer’s disease. J Neuroinflammation. Dec. 2023;20(1).
10.1186/S12974-023-02973-W.

Page 15/24



10.

11.

12.

13.

14.

15.

16.

17.

18.

. Povala G, et al. Amyloid beta and tau are associated with the dual effect of neuroinflammation on

neurodegeneration. Alzheimers Dement. Oct. 2025;21(10). 10.1002/ALZ.70746.

. Swanson A, Wolf T, Sitzmann A, Willette AA. Neuroinflammation in Alzheimer’s disease: Pleiotropic

roles for cytokines and neuronal pentraxins. Behav Brain Res. Jul. 2018;347:49-56.
10.1016/J.BBR.2018.02.015.

. Liu P, Wang Y, Sun Y, Peng G. Neuroinflammation as a Potential Therapeutic Target in Alzheimer’s

Disease. Clin Interv Aging. 2022;17:665. 10.2147/CIA.S357558.

. Kumar A, Fontana IC, Nordberg A. Reactive astrogliosis: A friend or foe in the pathogenesis of

Alzheimer’s disease, 2023. 10.1111/jnc.15565

. Moulson AJ, Squair JW, Franklin RJM, Tetzlaff W, Assinck P. Diversity of Reactive Astrogliosis in CNS

Pathology: Heterogeneity or Plasticity? 2021. 10.3389/fncel.2021.703810

Ally M et al. Cross-sectional and longitudinal evaluation of plasma glial fibrillary acidic protein to
detect and predict clinical syndromes of Alzheimer’s disease Gyungah R. Jun 16, 12, p. 12,
10.1002/dad2.12492

van Gennip ACE, et al. Associations of plasma NfL, GFAP, and t-tau with cerebral small vessel disease
and incident dementia: longitudinal data of the AGES-Reykjavik Study. Geroscience. 2023.
10.1007/s11357-023-00888-1.

Harada R, Furumoto S, Kudo Y, Yanai K, Villemagne VL, Okamura N. Imaging of Reactive Astrogliosis
by Positron Emission Tomography, 2022. 10.3389/fnins.2022.807435

Villemagne VL, et al. First-in-Humans Evaluation of 18F-SMBT-1, a Novel 18F-Labeled Monoamine
Oxidase-B PET Tracer for Imaging Reactive Astrogliosis. J Nucl Med. 2022;63(10).
10.2967/jnumed.121.263254.

Lopresti BJ et al. Nov., Kinetic modeling of the monoamine oxidase-B radioligand [18F]SMBT-1 in
human brain with positron emission tomography, J. Cereb. Blood Flow Metab., vol. 44, no. 11, pp.
1262-1276,2024,10.1177/0271678X241254679

Chatterjee P, et al. Plasma Glial Fibrillary Acidic Protein Is Associated with 18F-SMBT-1 PET: Two
Putative Astrocyte Reactivity Biomarkers for Alzheimer’s Disease. J Alzheimer’s Disease. 2023;92(2).
10.3233/JAD-220908.

Wang P, Anderson DE, Ye Y. PI3K-AKT activation resculpts integrin signaling to drive filamentous tau-
induced proinflammatory astrogliosis, Res. Sq., p. rs.3.rs-3253118, Aug. 2023, 10.21203/RS.3.RS-
3253118/V1

Pérez-Nufez R, Gonzalez MF, Avalos AM, Leyton L. Impacts of PI3K/protein kinase B pathway
activation in reactive astrocytes: from detrimental effects to protective functions. Neural Regen Res.
Apr. 2024;20(4):1031. 10.4103/NRR.NRR-D-23-01756.

Fioranelli M, Garo ML, Roccia MG, Prizbelek B, Sconci FR. Brain—Heart Axis: Brain-Derived

Neurotrophic Factor and Cardiovascular Disease—A Review of Systematic Reviews,., vol. 13, no. 12,
p. 2252, Dec. 2023, 10.3390/LIFE13122252/S1

Page 16/24



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Macvanin M, Gluvic Z, Radovanovic J, Essack M, Gao X, Isenovic ER. New insights on the
cardiovascular effects of IGF-1. Front Endocrinol (Lausanne). Feb. 2023;14:1142644.
10.3389/FEND0.2023.1142644/FULL.

Higashi Y, Gautam S, Delafontaine P, Sukhanov S. IGF-1 and Cardiovascular Disease. Growth Horm
IGF Res. Apr. 2019;45:6. 10.1016/J.GHIR.2019.01.002.

Lazarovici P, Marcinkiewicz C, Lelkes P. Cross talk between the cardiovascular and nervous systems:
neurotrophic effects of vascular endothelial growth factor (VEGF) and angiogenic effects of nerve
growth factor (NGF)-implications in drug development, Curr. Pharm. Des., vol. 12, no. 21, pp. 2609-
2622, Jun. 2006, 10.2174/138161206777698738

Nowacka MM, Obuchowicz E. Vascular endothelial growth factor (VEGF) and its role in the central
nervous system: A new element in the neurotrophic hypothesis of antidepressant drug action.
Neuropeptides. Feb. 2012;46(1):1-10. 10.1016/j.npep.2011.05.005.

Rico-Fernandez E, Reyes-Hernandez CA, Rico-Fernandez MP, Garcia-Alvarado FJ, Delgado-Aguirre HA.
Relationship between brain-derived neurotrophic factor and mild to moderate cognitive impairment in
the older Mexican population. Neurol Perspect. Jul. 2024;4(3):100158.
10.1016/J.NEUROP.2024.100158.

Ang LC, Yap P, Tay SY, Koay WI, Liew TM. Examining the Validity and Utility of Montreal Cognitive
Assessment (MoCA) Domain Scores for early Neurocognitive Disorders, J. Am. Med. Dir. Assoc., vol.
24, no. 3, p. 314, Mar. 2023, 10.1016/J.JAMDA.2022.12.028

Possemis N, et al. The Reliability and Clinical Validation of Automatically-Derived Verbal Memory
Features of the Verbal Learning Test in Early Diagnostics of Cognitive Impairment. J Alzheimer’s
Disease. Jan. 2024;97(1):179. 10.3233/JAD-230608.

Papadogiani M, et al. The Benson Complex Figure Test for the Differential Diagnosis of Dementias.
NeuroSci. Mar. 2026;7(2):38. 10.3390/NEUROSCI7020038.

Woods DL, et al. Improving digit span assessment of short-term verbal memory. J Clin Exp
Neuropsychol. Jan. 2011;33(1):101. 10.1080/13803395.2010.493149.

Barry D, Bates ME, Labouvie E. FAS and CFL Forms of Verbal Fluency Differ in Difficulty: A Meta-
analytic Study. Appl Neuropsychol. Apr. 2008;15(2):97. 10.1080/09084280802083863.

Aprahamian |, Martinelli JE, Neri AL, Yassuda MS. The Clock Drawing Test: A review of its accuracy in
screening for dementia. Dement Neuropsychol. 2009;3(2):74. 10.1590/S1980-
57642009DN30200002.

Okonkwo DO et al. [18F]FDG, [11C]PiB, and [18F]AV-1451 PET Imaging of Neurodegeneration in Two
Subjects With a History of Repetitive Trauma and Cognitive Decline, Front. Neurol., vol. 10, no. JUL,
2019, 10.3389/FNEUR.2019.00831

Fischl B, et al. Automatically parcellating the human cerebral cortex. Cereb Cortex. Jan.
2004;14(1):11-22. 10.1093/CERCOR/BHG087.

Snitz BE et al. Jan., Associations between NIH Toolbox Cognition Battery and in vivo brain amyloid
and tau pathology in non-demented older adults, Alzheimer’s and Dementia: Diagnosis, Assessment

Page 17/24



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

and Disease Monitoring, vol. 12, no. 1, p. €12018, 2020, doi:
10.1002/DAD2.12018;WEBSITE:WEBSITE:ALZ-
JOURNALS;JOURNAL:JOURNAL:23528729;WGROUP:STRING:PUBLICATION.

Lopresti BJ et al. Nov., Kinetic modeling of the monoamine oxidase-B radioligand [18FISMBT-1 in
human brain with positron emission tomography, J. Cereb. Blood Flow Metab., vol. 44, no. 11, pp.
1262-1276, 2024, 10.1177/0271678X241254679

Gogola A et al. Apr., Plasma amyloid-B predicts amyloid-B accumulation in PET A- non-demented
participants, J. Alzheimers Dis., vol. 110, no. 3, pp. 1166-1174, 2026, 10.1177/13872877261422406

Henneges C, Reed C, Chen YF, Dell’Agnello G, Lebrec J. Describing the Sequence of Cognitive Decline
in Alzheimer’s Disease Patients: Results from an Observational Study. J Alzheimers Dis.
2016;52(3):1065-80. 10.3233/JAD-150852.

Kim S, Kang Y, Yu K-H, Lee B-C. Disproportionate Decline of Executive Functions in Early Mild
Cognitive Impairment, Late Mild Cognitive Impairment, and Mild Alzheimer’s Disease. Dement
Neurocogn Disord. 2016;15(4):159. 10.12779/dnd.2016.15.4.159.

Villemagne VL, et al. Assessing Reactive Astrogliosis with 18F-SMBT-1 Across the Alzheimer Disease
Spectrum. J Nucl Med. 2022;63(10). 10.2967/jnumed.121.263255.

Sacchi L, et al. Banks of the Superior Temporal Sulcus in Alzheimer’s Disease: A Pilot Quantitative
Susceptibility Mapping Study. J Alzheimers Dis. May 2023;93(3):1125-34. 10.3233/JAD-230095.

Park DC, Abner EL. Amyloid deposits in the banks (of the superior temporal sulcus) yield a high
return about memory futures. Neurology. Apr. 2020;94:603-4.
10.1212/WNL.0000000000009213;CTYPE:STRING:JOURNAL.

Ranganath C, Cohen MX, Dam C, D’Esposito M. Inferior Temporal, Prefrontal, and Hippocampal
Contributions to Visual Working Memory Maintenance and Associative Memory Retrieval. J
Neurosci. Apr. 2004;24(16):3917. 10.1523/JNEUROSCI.5053-03.2004.

Kashon ML, et al. Associations of cortical astrogliosis with cognitive performance and dementia
status. J Alzheimers Dis. 2004;6(6):595-604. 10.3233/JAD-2004-6604.

De Pins B et al. Mar., Conditional BDNF Delivery from Astrocytes Rescues Memory Deficits, Spine
Density, and Synaptic Properties in the 5xFAD Mouse Model of Alzheimer Disease, J. Neurosci., vol.
39, no. 13, pp. 2441-2458, 2019, 10.1523/JNEUROSCI.2121-18.2019

Galloway EM, Woo NH, Lu B. Persistent neural activity in the prefrontal cortex: a mechanism by which
BDNF regulates working memory? Prog Brain Res. 2008;169:251. 10.1016/S0079-6123(07)00015-5.
Leech R, Sharp DJ. The role of the posterior cingulate cortex in cognition and disease. Brain.
2013;137(1). 10.1093/BRAIN/AWT162.

Cho SH, et al. Comparison of accumulation rates of beta-amyloid tracers and their relationship with
cognitive changes. Sci Rep. Dec. 2025;15(1):1-8. 10.1038/S41598-025-90642-8;SUBJMETA.

Wu Y, et al. Astrocyte reactivity across the AD continuum measured by [18F]SMBT-1 and its
relationship with the AB burden. Eur J Nuclear Med Mol Imaging 2026. May 2026;1-16.
10.1007/S00259-026-07824-3.

Page 18/24



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Jaisa-aad M, Munoz-Castro C, Healey MA, Hyman BT, Serrano-Pozo A. Characterization of
monoamine oxidase-B (MAO-B) as a biomarker of reactive astrogliosis in Alzheimer’s disease and
related dementias. Acta Neuropathol. Jun. 2024;147(1):66. 10.1007/s00401-024-02712-2.

Jo S, et al. GABA from reactive astrocytes impairs memory in mouse models of Alzheimer's disease.
Nat Med. 2014;20:886-96. 10.1038/nm.3639.

Giudice MD, Gangestad SW. Rethinking IL-6 and CRP: Why they are more than inflammatory
biomarkers, and why it matters. Brain Behav Immun. May 2018;70:61-75.
10.1016/J.BBI.2018.02.013.

Kummer KK, Zeidler M, Kalpachidou T, Kress M. Role of IL-6 in the regulation of neuronal
development, survival and function. Cytokine. Aug. 2021;144:155582. 10.1016/J.CYT0.2021.155582.
Sawada M, Suzumura A, Marunouchi T. TNF alpha induces IL-6 production by astrocytes but not by
microglia. Brain Res. 1992;583:1-2. 10.1016/S0006-8993(10)80037-X.

Brombacher TM, Berkiks I, Pillay S, Scibiorek M, Moses BO, Brombacher F. IL-4R alpha deficiency
influences hippocampal-BDNF signaling pathway to impair reference memory. Sci Rep. 2020;10(1).
10.1038/s41598-020-73574-3.

Szczepanik AM, Funes S, Petko W, Ringheim GE. IL-4, IL-10 and IL-13 modulate AB(1-42)-induced
cytokine and chemokine production in primary murine microglia and a human monocyte cell line. J
Neuroimmunol. 2001;113(1). 10.1016/S0165-5728(00)00404-5.

Buchman AS, Yu L, Boyle PA, Schneider JA, De Jager PL, Bennett DA. Higher brain BDNF gene
expression is associated with slower cognitive decline in older adults. Neurology. 2016;86(8).
10.1212/WNL.0000000000002387.

Bekinschtein P, Cammarota M, Izquierdo I, Medina JH. Reviews: BDNF and memory formation and
storage, 2008. 10.1177/1073858407305850

Licht CMM et al. The Association between IGF-1 Polymorphisms, IGF-1 Serum Levels, and Cognitive
Functions in Healthy Adults: The Amsterdam Growth and Health Longitudinal Study, Int. J.
Endocrinol., vol. 2014, p. 181327,2014. 10.1155/2014/181327

SONNTAG WE, LYNCH C, THORNTON P, KHAN A, BENNETT S, INGRAM R. The effects of growth
hormone and IGF-1 deficiency on cerebrovascular and brain ageing. J Anat. Nov. 2000;197:575.
10.1046/J.1469-7580.2000.19740575.X. no. Pt 4.

Lyu W, Chen Y, Zhao K, Tan X, Wu Y, Qiu S. Alterations of peripheral cytokines, BDNF, and surface-
based morphometry indices in T2DM patients without cognitive impairment. Front Neurosci.
2023;17.10.3389/fnins.2023.1141261.

Birks J, Flicker L. Selegiline for Alzheimer’s disease. Cochrane Database Syst Reviews. Jan.
2003;110.1002/14651858.cd000442.

Wrigley S, Arafa D, Tropea D. Insulin-like growth factor 1: At the crossroads of brain development and
aging. Front Cell Neurosci. 2017;11. 10.3389/fncel.2017.00014.

Li L, He H, Wang Y. Insulin and IGF signaling in the brain: multilevel regulation of synaptic and
network homeostasis. Front Endocrinol (Lausanne). Mar. 2026;17:1793536.

Page 19/24



10.3389/fendo.2026.1793536.

62. Rico B, Xu B, Reichardt LF. TrkB receptor signaling is required for establishment of GABAergic
synapses in the cerebellum. Nat Neurosci. 2002;5(3):225. 10.1038/nn808.

63. Frater J, Lie D, Bartlett P McGrath JJ. Insulin-like Growth Factor 1 (IGF-1) as a marker of cognitive
decline in normal ageing: A review, Ageing Res. Rev., vol. 42, pp. 14-27, Mar. 2018,
10.1016/J.ARR.2017.12.002

64. Hayes CA, et al. Insulin-like growth factor-1 and cognitive health: Exploring cellular, preclinical, and

clinical dimensions. Front Neuroendocrinol. Jan. 2025;76. 10.1016/j.yfrne.2024.101161.

Figures

Figure 1A. Relationship of 18F-SMBT-1 binding and cognitive functions among non-demented A- vs. non-demented A+ participants.
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B.Verbal memory: Word list delayed recall

C.Visual memory: Benson complex figure delayed
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Abbreviations: DLPFC: Dorsolateral prefrontal cortex, VLPFC: Ventrolateral prefrontal cortex, BANKSSTS: Banks of the superior temporal sulcus.

Figure 1

Figure 1 A. Relationship of 8 F-SMBT-1 binding and cognitive functions among non-demented A- vs.
non-demented A+ participants.
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Figure 1B. Relationship of 18F-SMBT-1 binding and cognitive functions among non-demented A- vs. non-demented A+ participants.
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Figure 2.Relationship of pro- and anti-inflammatory cytokines and cognitive functions among non-demented A- and non-demented A+ participants.
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Figure 2. Relationship of pro- and anti-inflammatory cytokines and cognitive functions among non-
demented A- and non-demented A+ participants.
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Figure 3. Relationship of selected growth factors and cognitive functions among non-demented A- and non-demented A+ participants.
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Abbreviations: VEGFA:Vascular endothelial growth factor A;VEGFD:Vascular endothelial growth factor D; VGF: Nerve growth factor; IGFR1:Insulin growth factor receptor 1, IGFBP7:Insulin groth factor binding protein 7; BDNF:Brain derived neurotrophic factor

Figure 4

Figure 3. Relationship of selected growth factors and cognitive functions among non-demented A- and

non-demented A+ participants.
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A. Among amyloid negative

NIE: -.121 (-.410 — 0.167): p=0.410

Astrogliosis NDE: .376 (-.121 — 0.875): p=0.139

GFAP TE: .255 (-.309 — 0.819): p=0.375

IGF1R

Visual memory:
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TE:-.011 (-.090 — 0.113): p=0.825

Astrogliosis
18F-SMBT-1
(cuneus)

Visual memory:
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Notes: * Adjusting for age, sex, education.
Abbreviations: NIE: natural indirect effect; NDE: Natural direct effect, TE: total effect: GFAP:
Glial fibrillary acidic protein.

Figure 5

B. Among amyloid positive

NDE: -2.01 (-4.36 — 0.343): p=0.094
adj. p=0.141

Astrogliosis TE: -2.39 (-4.00 - 0.794);p=0.003
GFAP adj. p=0.009

IGF1R

% mediated:
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NIE: 0.58 (.093 — 1.081): p=.020
adj. p=0.020

Astrogliosis NDE: -1.705 (-2.47 - -0.934): p=<.001 Visual memory:
18F-SMBT-1 adj. p= <.001 Benson complex figure
(cuneus) TE: -1.11 (-1.47 — -0.763): p=<.001 delayed
adj. p= <.001

Notes: * Adjusting for age and education. Abbreviations: NIE: natural indirect effect; NDE:
Natural direct effect, TE: total effect: GFAP: Glial fibrillary acidic protein. Adjusted p-values for
multiple comparisons w/ Benjamini-Hochberg method.

Figure 4. Mediation analysis of IGFR1 on the relationship of astrogliosis to memory and executive

function.
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