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Abstract

Accumulating evidence suggests that disparate pathways from systemic metabolism to retinoic
acid/vitamin A signaling can contribute to Alzheimer’s disease (AD) pathobiology. Retinol
binding protein 4 (RBP4) is an adipocyte-secreted hormone (adipokine) that regulates insulin
signaling and is also a key transporter of retinoic acid and its derivatives. While earlier studies
found alterations in the brain and cerebrospinal fluid (CSF) levels of RBP4 in later stages of AD, it
is not known if circulating RBP4 is altered in preclinical AD or if it can be a useful biomarker for
cognitive decline and dementia. In this study, we used ELISA to measure plasma RBP4 levels in
cognitively normal individuals (Clinical Dementia Rating, CDR 0). Subjects with preclinical AD
were identified by previously established CSF criteria (preclinical AD: 20 men, 18 women;
control: 45 men, 73 women). Plasma RBP4 levels were similar between preclinical AD and
control subjects in men (preclinical AD: 30.0 £ 7.4 ug/mL; control: 30.0 £ 8.7 ug/mL; p=0.97)
and women (preclinical AD 30.9 + 7.9 ug/mL; control: 31.7 = 8.5 pg/mL; p= 0.72). Additionally,
RBP4 levels were not related to body mass index or CSF AD biomarkers levels of amyloid-f4,,
tau, or phosphorylated tau. Baseline plasma RBP4 levels were not associated with the incidence of
CDR = 0.5, all-cause dementia, or AD diagnosis. Collectively, these results do not support
peripheral RBP4 as a clinical biomarker or therapeutic target in the early stages of AD.
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INTRODUCTION

Recent clinical trial failures suggest that targeting Alzheimer’s disease (AD) during the
earliest stages provide the best opportunity for developing effective disease modifying
therapies [1]. Therefore, it is critical to understand the underlying pathological processes
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during the preclinical stage of AD, where neuropathological abnormalities like amyloid- B
(Ap) and tau can accumulate several years to decades before any significant cognitive
decline [2]. The exact pathogenesis of AD remains elusive and is likely multi-factorial.
Accumulating evidence suggests that dysfunction in disparate pathways from systemic
metabolism to retinoic acid signaling can all contribute to AD pathobiology. For example,
insulin resistance and late life weight loss have been associated with AD pathology [3],
while retinoic acid and its derivative vitamin A can modulate Ap plague formation and
hippocampal function [4, 5]. However, it is unclear if these two pathways share a common
neurobiological process especially early in AD.

Retinol binding protein 4 (RBP4) is a secreted protein that has been associated with both the
regulation of systemic metabolism and retinoic acid signaling. RBP4 is expressed in
adipocytes and can circulate as an adipocyte-derived hormone or adipokine [6]. In animal
models, high levels of RBP4 are associated with insulin resistance and could impair insulin
signaling in liver and muscle [6]. In human studies, adipose-derived RBP4 is associated with
insulin resistance and cardiovascular risk factors and in many, but not all, studies with body
mass index (BMI) [6-8]. In addition to its role as an adipokine, RBP4 is a major transporter
of vitamin A [9]. Therefore, RBP4 plays a critical role in vitamin A signaling. RBP4 can
also bind to transthyretin, which can act as a carrier protein that is believed to modulate Ap
levels by transporting AP from brain to the periphery resulting in lower amounts of toxic A
in the brain [10]. Collectively, these studies suggest that RBP4 may be involved in critical
pathways related to AD pathobiology.

A few human studies have investigated the potential link between RBP4 and AD. A
postmortem brain study with a limited number of subjects found that brain RBP4 levels were
increased in AD subjects compared to non-AD control subjects [11]. In another small study,
the cerebrospinal fluid (CSF) RBP4 levels were decreased in AD subjects compared to
control subjects [12]. A more recent study found CSF RBP4 levels to decrease gradually
from normal controls to mild cognitive impairment (MCI) and eventually be very low or
absent in the more severe cases of AD [13]. These early studies suggest that RBP4 may be a
biomarker of AD progression; however, whether alterations in RBP4 can be detected in the
blood at the earliest stages of AD and the relation, if any, of peripheral RBP4 levels to the
cognitive decline in AD are not known. Therefore, in this study, we sought to determine if
RBP4 levels in plasma are altered in cognitively normal subjects with CSF biomarker-
defined preclinical AD compared to CSF biomarker negative controls, and if plasma RBP4
levels are associated with cognitive decline and incident dementia and AD diagnosis in these
subjects.

MATERIALS AND METHODS

Study participants

Participants were community-dwelling volunteers enrolled in longitudinal studies of healthy
aging and dementia through the Charles F. and Joanne Knight Alzheimer’s Disease Research
Center at Washington University School of Medicine in St. Louis [14]. Study participants
were in good general health, with no other known medical illness that could contribute to
dementia. All participants had baseline body weight and BMI recorded, and underwent
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cognitive testing in the form of the Mini-Mental State Examination (MMSE). Additionally,
baseline fasting plasma and CSF samples were obtained from all subjects. CSF samples
were analyzed for ARy, total tau, and tau phosphorylated at threonine 181 (p-taul81) by
ELISA (INNOTEST; Innogenetics) as previously described [14]. Apolipoprotein E (APOE)
genotypes were obtained from all participants as previously described [14].

Inclusion criteria for our analysis of these cohorts were: 1) normal cognition at study entry
(defined as having a Clinical Dementia Rating (CDR) of 0); 2) BMI less than 30 to exclude
obese subjects; 3) and availability of baseline fasting CSF and plasma samples. For
longitudinal studies, the median follow-up time was 5.2 years (range, 0.5-9.7 years) for men
and 5.9 years (range, 0.8-10.9 years) for women. The diagnosis of dementia or AD was
made clinically, as previously described [14].

This study was approved by the Human Research Protection Office at Washington
University School of Medicine in St. Louis. Written informed consent was obtained from all
participants and their informants.

Preclinical Alzheimer’s disease status

Preclinical AD was defined as a CSF A4, level <459 pg/mL, a previously established CSF
criterion of preclinical AD for this cohort [14]. Controls were all subjects who were
amyloid-negative, defined as a CSF Ap4. level 2459 pg/mL.

Plasma collection and processing for RBP4 levels

Fasting plasma samples were collected at baseline from all eligible study participants and
were stored in frozen aliquots at —800C at Washington University School of Medicine in St.
Louis. For this analysis, de-identified aliquots were sent to Weill Cornell Medicine, where
plasma levels of RBP4 were measured by enzyme-linked immunosorbent assays (ELISA)
that have been validated for human plasma and serum following the manufacturer’s protocol
(Catalog Number DRB400; R&D Systems, Minneapolis, MN, USA). All plasma samples
were diluted 1000 fold before running the ELISA. The linear range for the ELISA was 1.56
to 100 ng/mL. The mean minimum detectable dose of RBP4 was 0.224 ng/mL. The mean
intra-assay and inter-assay coefficient of variation were 6.9% and 7.2% respectively. Five
samples were discarded due to being out of the linear range or having significant visible
precipitation. All samples were run in duplicates, and mean values were used.

Statistical analysis

The estimated sample size needed for a two-sample means test was calculated based on a
previously published study on RBP4 levels and AD [12]. 30 total subjects or 15 control and
15 AD subjects would be needed for alpha of 0.05 and power of 0.9. All analyses were
stratified by sex due to probable sex differences in adipokine levels and function [15, 16].
Variables were summarized as mean (standard deviation) and compared between groups
using two tailed #tests. Linear regression was used to examine correlations between BMI
and plasma RBP4 levels. Associations between plasma RBP4 and the individual CSF AD
biomarker levels as continuous measures were examined by linear regression. As a
significant difference in age was seen between male preclinical and control groups, all of the
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multiple linear regression analyses were adjusted for age. Subgroup analyses were
conducted to determine the effects of the interaction of APOE genotype (E4 carriers
compared to non-E4 carriers) or age on the individual AD CSF biomarkers in relation to
plasma RBP4 levels. Cox regression models were used to examine the association between
baseline RBP4 levels and the incidence of CDR = 0.5, diagnosis of dementia, and diagnosis
of AD after confirming that the assumption of proportionality of hazards was met. Cox
regression model analyses were also adjusted for age. All tests were two-sided, and the
threshold of statistical significance was defined as p < 0.05. Statistical analyses were
performed using Stata version 13.1 (StataCorp, TX).

Demographic characteristics of study participants

A total of 161 subjects (70 men and 91 women) met all study criteria. Samples from 5 male
subjects had to be discarded due to poor quality of the plasma sample including levels below
the detection threshold of the ELISA assays or grossly visible precipitation in the sample.
Using previously defined CSF criteria for preclinical AD [14], 20 male and 18 female
subjects were categorized as being in the preclinical stage of AD, and 45 male and 73 female
subjects were categorized as amyloid-negative controls. Compared to control subjects, male
preclinical AD subjects had significantly lower CSF ARy, levels and higher CSF tau and p-
tau levels; however, females had significantly lower CSF AR levels, but CSF tau and p-tau
levels were not significantly different compared to control subjects (Table 1). Baseline
MMSE scores were all within the normal range with no significant differences between
preclinical AD and control subjects among men or women (Table 1). In male subjects, the
preclinical AD group was older and had lower BMI than biomarker negative controls (Table
1). Both male and female preclinical AD groups had increased percentage of subjects with at
least one copy of the APOE ¢4 allele compared to their respective control groups (Table 1).
Otherwise, the rest of the demographic characteristics were similar between preclinical AD
and control groups in men and women.

Plasma RBP4 levels are similar between male and female subjects

Since circulating adipokine levels often display sex differences [15, 16], we examined if
plasma RBP4 levels were different between men and women regardless of preclinical AD
status. In our cohort, despite male subjects having on average higher BMI than female
subjects (men 25.8 + 2.0 kg/m? versus women 23.8 + 3.1 kg/m?; p < 0.001), the plasma
RBP4 levels were not statistically different between male and female subjects (men 30.0

+ 7.7 pg/mL versus women 31.1 + 8.0 pg/mL; p= 0.39). Next, we examined if RBP4 levels
correlated with BMI and found no significant correlation in male or female subjects after
adjustment for age (men: beta coefficient, 0.077; p= 0.56; women: beta coefficient 0.0097, p
=0.93).

Plasma RBP4 levels are not altered in preclinical AD and are not associated with CSF AD
biomarker levels

We then examined whether plasma RBP4 levels were different between preclinical AD and
control subjects in men and women. In both male and female subjects, the plasma RBP4
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levels were not statistically different between preclinical AD and control subjects (Table 1).
Additionally, plasma RBP4 levels were not associated with CSF AD biomarker levels of
AB42, p-tau, or tau (Table 2). Subgroup analyses were conducted to determine the effects of
APOE genotype and age. In both male and female subjects, APOE genotype did not interact
significantly with the individual CSF AD biomarkers (i.e., A4, p-tau, or tau) in relation to
plasma RBP4 levels (Table 2). There was also no significant interaction between age and the
individual CSF AD biomarkers in relation to plasma RBP4 levels for both male and female
subjects (all p> 0.05).

Plasma RBP4 levels are not associated with development of cognitive decline, incident
dementia, and AD

Finally, we examined the relation between baseline plasma RBP4 levels and decline in
cognitive function over time and incident all-cause dementia and AD. For the 65 male
subjects, during a median follow-up time of 5.2 years (range, 0.5-9.7 years), 25 subjects
converted to CDR = 0.5, 25 had incident all-cause dementia, and 15 were diagnosed with
AD. For the 91 female subjects, during a median follow-up time of 5.9 years (range, 0.8-
10.9 years), 14 subjects converted to CDR = 0.5, 12 had incident all-cause dementia, and 6
were diagnosed with AD. For both male and female subjects, plasma RBP4 levels were not
associated with change in CDR = 0.5, incident all-cause dementia or AD diagnosis (Table
3).

DISCUSSION

In this study of cognitively normal community dwelling volunteers, baseline plasma RBP4
levels were not significantly different between those subjects with or without CSF AB
pathology consistent with preclinical AD. Additional analyses revealed that baseline plasma
RBP4 levels were not associated with baseline CSF AD biomarkers. In longitudinal studies,
baseline plasma RBP4 levels were not associated with change in CDR = 0.5 and incident all-
cause dementia or AD. The overall findings suggest that plasma RBP4 levels are unlikely to
play a significant role in the early stages of AD. Furthermore, this study does not support
plasma RBP4 levels as a potential biomarker of AD progression or in the prediction of
cognitive decline in clinical practice.

In our study, plasma RBP4 levels were similar between male and female subjects despite
males having significantly higher BMI. Importantly, plasma RBP4 levels were not related to
BMI in both males and females, suggesting that in our cohort RBP4 is not related to body
adiposity. Interestingly, in at least one study of healthy elderly subjects, RBP4 levels were
associated with insulin resistance in only the obese group and not in the non-obese group
[17]. The mechanism for this possible discrepancy between obese and non-obese elderly
subjects is not known. Since anyone with a BMI =30 was excluded from our study;, it is
possible that RBP4 levels do not reflect insulin signaling in our cohort. Therefore, additional
studies investigating insulin signaling and related metabolic factors are needed.

To our knowledge, this is the first study that investigated circulating RBP4 levels in
biomarker-defined preclinical AD. These results differ from earlier human studies in AD
that found significantly altered brain or CSF levels of RBP4. In one report of 4 patients with
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neuropathologically confirmed AD and 3 control patients, postmortem brain analysis by
ELISA found that RBP4 levels were increased in AD subjects compared to non-AD control
subjects [11]. In another small study that used two-dimensional gel electrophoresis and mass
spectroscopy to analyze CSF of 7 patients with clinically diagnosed AD and 7 healthy
controls, the CSF RBP4 levels were decreased in AD subjects compared to control subjects
[12]. Together, these studies with limited number of subjects suggest that in later stages of
AD there is an increase in brain RBP4 levels but a decrease in CSF RBP4 levels, which is
similar to what is seen with AB in AD. A more recent cross-sectional study did investigate
earlier stages of AD including MCI and found a gradual decrease in CSF RBP4 levels with
worse disease progression [13]. However, this study relied on clinical diagnosis of AD,
which may have led to misdiagnosis and misclassification of some study subjects. Despite
the limitations of these earlier studies, it is possible that in early stages of AD that the RBP4
levels in the brain or CSF are altered, but circulating levels of RBP4 in the periphery are
unaffected. Future studies investigating RBP4 levels in the CSF of preclinical AD subjects
are needed to address any differences between central and peripheral RBP4 levels in the
early stages of AD.

Based on our studies, it appears unlikely that RBP4 would have any significant role in the
early pathogenesis of AD. However, this may not be the case in other neurodegenerative
diseases, as a recent study found that serum RBP4 levels were associated with risk for and
prognosis of amyotrophic lateral sclerosis [18]. Also, these results do not exclude other
adipokines that are directly related to BMI and body adiposity such as leptin playing a
critical role in early stages of AD [19, 20]. Finally, a role for vitamin A signaling cannot be
excluded, as vitamin A levels were not measured directly in our subjects. Moreover, studies
suggest that RBP4-independent pathways such as by chylomicrons and other lipoproteins
may play a major role in vitamin A signaling [21]. Therefore, future studies that measure
levels of vitamin A, RBP4, and additional retinol signaling molecules in the same subjects
are needed to obtain a comprehensive analysis of vitamin A signaling in early stages of AD.

A major strength of our study is the use of a well-characterized study cohort of community
dwelling healthy volunteers with CSF biomarker defined preclinical AD. Defining subjects
by CSF AD biomarkers leads to a more accurate categorization of the pathological state of
the subjects than relying solely on clinical diagnosis. A limitation of this study is the
relatively modest number of preclinical AD subjects and the small number of subjects that
converted to AD particularly in the female subjects. The study cohort is also racially
homogenous with high education levels. Therefore, the negative results should be taken with
some caution until additional studies in larger more diverse cohorts with longer follow-up
times are available.

In summary, plasma RBP4 levels were not significantly different between CSF biomarker
defined preclinical AD and control subjects. Furthermore, baseline plasma RBP4 levels were
not associated with cognitive decline or incident all-cause dementia or AD diagnosis.
Alterations in RBP4 levels, if any, may be restricted to the brain and CSF or in later stages
of AD. Therefore, our results do not support plasma RBP4 as a clinical biomarker or
peripheral RBP4 as a therapeutic target in the early stages of AD. Further studies
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investigating additional adipokines in a similar fashion will help elucidate whether these
other adipokines play a key role in early AD pathobiology.

ACKNOWLEDGMENTS

We would like to thank especially all the volunteers for participating in the study. We gratefully acknowledge the
contributions of Drs. Anne Fagan, Betsy Grant, Krista Moulder, John Morris, and David Holtzman, the Clinical,
Psychometrics, Biomarker, and Biostatistics cores of The Charles F. and Joanne Knight Alzheimer’s Disease
Research Center (P50 AG05681), Healthy Aging and Senile Dementia (P01 AG03991), and Adult Children Study
(P01 AG026276) for providing biospecimens and associated clinical, biomarker, and psychometrics data. We thank
Mr. Matthew McGuire, Ms. Laurie Pham, and Ms. Abigail Hiller for providing technical and administrative
assistance. This study was funded by the BrightFocus Foundation (A2015485S) and NIH (KO8AG051179,
K23NS082367, and ROINS37853).

REFERENCES

[1]. Aisen PS, Cummings J, Jack CR, Morris JC, Sperling R, Fro“lich L, Jones RW, Dowsett SA,
Matthews BR, Raskin J, Scheltens P, Dubois B (2017) On the path to 2025: Understanding the
Alzheimer’s disease continuum. Alzheimers Res Ther 9, 60. [PubMed: 28793924]

[2]. Dubois B, Hampel H, Feldman HH, Scheltens P, Aisen P, Andrieu S, Bakardjian H, Benali H,
Bertram L, Blennow K, Broich K, Cavedo E, Crutch S, Dartigues J-F, Duyckaerts C, Epelbaum
S, Frisoni GB, Gauthier S, Genthon R, Gouw AA, Habert M-O, Holtzman DM, Kivipelto M,
Lista S, Molinuevo JL, O’Bryant SE, Rabinovici GD, Rowe C, Salloway S, Schneider LS,
Sperling R, Teichmann M, Carrillo MC, Cummings J, Jack CR, Proceedings of the Meeting of
the International Working Group (IWG) and the American Alzheimer’s Association on “The
Preclinical State of AD; “ July 23, 2015; Washington DC, USA (2016) Pre-clinical Alzheimer’s
disease: Definition, natural history, and diagnostic criteria. Alzheimers Dement 12, 292-323.
[PubMed: 27012484]

[3]. Ishii M, ladecola C (2015) Metabolic and non-cognitive manifestations of Alzheimer’s disease:
The hypothalamus as both culprit and target of pathology. Cell Metab 22, 761-776. [PubMed:
26365177]

[4]. Lane MA, Bailey SJ (2005) Role of retinoid signalling in the adult brain. Prog Neurobiol 75, 275-
293. [PubMed: 15882777]

[5]. Sodhi RK, Singh N (2014) Retinoids as potential targets for Alzheimer’s disease. Pharmacol
Biochem Behav 120, 117-123. [PubMed: 24582848]

[6]. Yang Q, Graham TE, Mody N, Preitner F, Peroni OD, Zabolotny JM, Kotani K, Quadro L, Kahn
BB (2005) Serum retinol binding protein 4 contributes to insulin resistance in obesity and type 2
diabetes. Nature 436, 356-362. [PubMed: 16034410]

[7]. Kotnik P, Fischer-Posovszky P, Wabitsch M (2011) RBP4: A controversial adipokine. Eur J
Endocrinol 165, 703-711. [PubMed: 21835764]

[8]. Graham TE, Yang Q, Blu"her M, Hammarstedt A, Ciaraldi TP, Henry RR, Wason CJ, Oberbach A,
Jansson P-A, Smith U, Kahn BB (2006) Retinol-binding protein 4 and insulin resistance in lean,
obese, and diabetic subjects. N Engl J Med 354, 2552-2563. [PubMed: 16775236]

[9]. Goodman AB (2006) Retinoid receptors, transporters, and metabolizers as therapeutic targets in
late onset Alzheimer disease. J Cell Physiol 209, 598-603. [PubMed: 17001693]

[10]. Buxbaum JN, Reixach N (2009) Transthyretin: The servant of many masters. Cell Mol Life Sci
66, 3095-3101. [PubMed: 19644733]

[11]. Maury CP, Teppo AM (1987) Immunodetection of protein composition in cerebral amyloid
extracts in Alzheimer’s disease: Enrichment of retinol-binding protein. J Neurol Sci 80, 221-228.
[PubMed: 3119778]

[12]. Puchades M, Hansson SF, Nilsson CL, Andreasen N, Blennow K, Davidsson P (2003) Proteomic
studies of potential cerebrospinal fluid protein markers for Alzheimer’s disease. Brain Res Mol
Brain Res 118, 140-146. [PubMed: 14559363]

[13]. Jung SM, Lee K, Lee JW, Namkoong H, Kim HK, Kim S, Na HR, Ha S-A, Kim J-R, Ko J, Kim
JW (2008) Both plasma retinol-binding protein and haptoglobin precursor allele 1 in CSF:

J Alzheimers Dis. Author manuscript; available in PMC 2019 February 22.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ishii et al.

Page 8

Candidate biomarkers for the progression of normal to mild cognitive impairment to Alzheimer’s

disease. Neurosci Lett 436, 153-157. [PubMed: 18378077]

[14]. Vos SJ, Xiong C, Visser PJ, Jasielec MS, Hassenstab J, Grant EA, Cairns NJ, Morris JC,
Holtzman DM, Fagan AM (2013) Preclinical Alzheimer’s disease and its outcome: A
longitudinal cohort study. Lancet Neurol 12, 957-965. [PubMed: 24012374]

[15]. Saad MF, Damani S, Gingerich RL, RiadGabriel MG, Khan A, Boyadjian R, Jinagouda SD,
ElTawil K, Rude RK, Kamdar V (1997) Sexual dimorphism in plasma leptin concentration. J
Clin Endocrinol Metab 82, 579-584. [PubMed: 9024258]

[16]. Lee JJ, Britton KA, Pedley A, Massaro JM, Speliotes EK, Murabito JM, Hoffmann U, Ingram C,
Keaney JF, Vasan RS, Fox CS (2016) Adipose tissue depots and their cross—sectional
associations with circulating biomarkers of metabolic regulation. J Am Heart Assoc 5, e002936.
[PubMed: 27146446]

[17]. Lee J-W, Im J-A, Park KD, Lee H-R, Shim J-Y, Lee D-C (2009) Retinol binding protein 4 and
insulin resistance in apparently healthy elderly subjects. Clin Chim Acta 400, 30-32. [PubMed:
18977339]

[18]. Rosenbohm A, Nagel G, Peter RS, Brehme T, Koenig W, Dupuis L, Rothenbacher D, Ludolph
AC, ALS Registry Study Group (2018) Association of serum retinol-binding protein 4
concentration with risk for and prognosis of amyotrophic lateral sclerosis. JAMA Neurol 75,
600-607. [PubMed: 29482216]

[19]. McGuire MJ, Ishii M (2016) Leptin dysfunction and Alzheimer’s disease: Evidence from
cellular, animal, and human studies. Cell Mol Neurobiol 36, 203-217. [PubMed: 26993509]

[20]. Kiliaan AJ, Arnoldussen IAC, Gustafson DR (2014) Adipokines: A link between obesity and
dementia? Lancet Neurol 13, 913-923. [PubMed: 25142458]

[21]. Tanumihardjo SA, Russell RM, Stephensen CB, Gannon BM, Craft NE, Haskell MJ, Lietz G,
Schulze K, Raiten DJ (2016) Biomarkers of Nutrition for Development (BOND)—vitamin a
review. J Nutr 146, 18165-1848S. [PubMed: 27511929]

J Alzheimers Dis. Author manuscript; available in PMC 2019 February 22.



Page 9

Ishii et al.

Author Manuscript

“UOITRIASD paepURIS ‘dS ‘T00 0>¢ Se10usp

E22Y

2L0 (s8) L1 (62) 608 160 (2'8) 0'0g (L) 00g Twy/Br (as) uesw ‘ydgY ewse|d
Ly'0 (se)vee (0g)ove 9100 (za)eve (81) 29 2W/Bx *(as) uesw ‘ING
110 (T1) 162 (8°0) 5'6¢ 8T°0 (1582 (e1) 062 31005 (@s) ueaw ‘ISININ
70 (L est (52) 8'sT 160 (82191 (r'2) ot A (@s) uesw ‘uoneonp3

(99) 01 (€2) L1 (s9) et (Te) v1 (%) wuoyost y3

(82) s Mt (R 0 (%) v3/1v3

(82) g (61T) ¥T (09) 2T (Te) v1T (%) v3/€3

0 ()¢ 0 0 (%) v3/23

(6€) £ (99) 87 (se) L (09) 22 (%) €3/€3

()R (t1) 8 0 B8 v (%) €3/¢3

(%) ¢3/23
0 0 0 0 adAjousb 30dv
LT0 (5'2€) 269 (e62) 585  6¥0°0 ('ge) 28 (L€€) €59 JwyBd '(gs) ueaw ‘TgTNe}-d 450
vI'0  (99v2) G89€  (9°8LT) G'€6C  xxx (eTL2)g0es  (9evT) 8182 Twy/Bd ‘(gs) uesw ‘ney 450
o (€89) ¥'zLe  (TLTQ)6'ELL  wxx (L0 00re  (6'€S2) ¥'98L Jw/Bd (as) uesw ‘v 450
(oot) 8T (L6) 1L (0o1) 02 (86) v (%) ueiseoned
LT0 (e'8)8'89 (8'2)0'99 o (6'9) ¥'9L (02 269  A'(as) uesw aimound sequin autjaseq Je a6y

d o<ﬁ_wﬁom_,mo d _mwmo:ov d oﬁmwﬂ% id _mﬂmo,w
EJEIEE] BT

S|an3] 7dgy ewseld pue ‘qyblam Apoq ‘siaxsewolq pings feuldsolgalad ‘sansualoeieyd alydesbowsg

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2019 February 22.



Page 10

*a8e 10J pasnlpe a1om [y

J Alzheimers Dis. Author manuscript; available in PMC 2019 February 22.

Ishii et al.

96°0 €00~ J9LIED HH-UON 10 6900 JaLLred 7 -UoN
60000 111D $H 610~ IILLED 5

960 15000~ v 880 6100~ [V s[ead] nel-d 4SO
LS0 6600 J9LLIBD $H-UON 3L°0 80070~ J9LLIBD $H-UON
910~ laties yIo- JaLeD $H

€90 £r¥0°0 v  v90 500~ v S[aAR ne) 4SO
; ¥1°0 JOLLIED $-UON : €1°0 JOLLIED {-UON
30 0r0°0— JOLLIED 90 €0 JoLLIRD $

650 LSOO v 910 910 [V sea9] gy 4SO

JUIIDJR0D U0
d v1g adK10ud8 OV d v1og adK1o0uas qO4v
d[ewag BN
siayewolq Qv 4S9 UM S|aAs] 7dgy ewiseld JO UOIIRID0SSY
¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 11

Ishii et al.

"S[eAIB)UI BOUSPIUOD [ ‘O1rel prezey ‘YH "obe oy paisnipe alam ||

690 (60T-280) .60 890 (50T-26°0) 660 av
080 (80T-¥6'0)TOT 2€0 (207T—¢6°0) 260 BRUBLISP BSNED-||YY
€90 (80T-S6'0)20T L20 (20T-26°0) L6°0 §'02 ¥ad

d (10 %s6) ¥H d (10 %S6) °H

Seuwld SN

(Qw) aseasIp S,J8WI8YzZ|y pue ‘eluawap asned-|je ‘G'0< (4aod) Buney enuswsq [edalulD 0 82UsPIdUI YUM S|aA3] 7ddy ewseld J0 uone1d0ssy

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2019 February 22.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study participants
	Preclinical Alzheimer’s disease status
	Plasma collection and processing for RBP4 levels
	Statistical analysis

	RESULTS
	Demographic characteristics of study participants
	Plasma RBP4 levels are similar between male and female subjects
	Plasma RBP4 levels are not altered in preclinical AD and are not associated with CSF AD biomarker levels
	Plasma RBP4 levels are not associated with development of cognitive decline, incident dementia, and AD

	DISCUSSION
	References
	Table 1
	Table 2
	Table 3

