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Abstract

Numerous serum and plasma based biomarkers of systemic inflammation have been linked to both

neuropsychiatric disorders and Alzheimer’s disease. The present study investigated the

relationship of clinical biomarkers of cardiovascular risk (cholesterol, triglycerides and

homocysteine) and a panel of markers of systemic inflammation (CRP, TNF-α, IL1-ra, IL-7,

IL-10, IL-15, IL18) and microvascular pathology (ICAM-1, VCAM-1) to neuropsychiatric

symptoms in a sample with mild Alzheimer’s disease. Biomarker data was analyzed on a sample

of 194 diagnosed with mild to moderate probable Alzheimer’s disease. The sample was composed

of 127 females and 67 males. The presence of neuropsychiatric symptoms was gathered from

interview with caretakers/family members using the Neuropsychiatric Inventory. For total sample

IL15, VCAM (Vascular Adhesion Molecule) and triglycerides were significantly and negatively

related to number of neuropsychiatric symptoms and total cholesterol and homocysteine were

positively related and as a group accounted for 16.1% of the variance. When stratified by gender

different patterns of significant biomarkers were found with relationships more robust for males

for both total symptoms and symptom clusters. A combination of biomarkers of systemic

inflammation, microvascular pathology and clinical biomarkers of cardiovascular risk can account

for a significant portion of the variance in the occurrence of neuropsychiatric symptoms in

Alzheimer’s disease supporting a vascular and inflammatory component of psychiatric disorders

found in Alzheimer’s disease. Gender differences suggest distinct impact of specific risks with

total cholesterol a measure of cardiovascular risk being the strongest marker for males and IL-15 a

marker of inflammation being the strongest for females.
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Introduction

In addition to the cognitive impairments of Alzheimer’s disease, the neuropsychiatric

symptoms that frequently accompany dementia [1, 2, 3, 4] have a significant impact on

patients and care givers alike and are a major factor in caregiver stress [5, 6, 7], decline in

cognition and quality of life [8, 9] and nursing home placement [10]. Although apathy and

depression are the most frequently occurring neuropsychiatric symptoms [11], psychosis

[12], agitation [2] and disturbances of sleep [13] are prevalent. The Neuropsychiatric

Inventory (NPI) [14] has been extensively used in the study of behavioral and psychological

symptoms in Alzheimer’s disease. Aalten et al. [15] factor analyzed the NPI and identified

four frequently occurring neuropsychiatric subsyndromes in dementia: hyperactivity,

psychosis, affective symptoms, and apathy.

Various neurobiological mechanisms have been proposed to account for the high rate of

occurrence of these neuropsychiatric symptoms. Among the explanations put forth are those

that emphasize the relationship of vascular risks to neuropsychiatric symptoms (NPS) in

dementia [16, 17]. A number of biomarkers of vascular risks, systemic inflammation, and

microvascular pathology have been related to Alzheimer’s disease and neuropsychiatric

disorders in Alzheimer’s disease or neuropsychiatric symptoms (NPS) in other CNS

disorders.

Cholesterol, triglycerides and homocysteine are widely used clinically as biomarkers of

vascular risk and have been related to neuropsychiatric symptoms in Alzheimer’s.

Cholesterol [18] has been shown to be a factor both in amyloid production and the

development of NPS in Alzheimer’s disease. Although there is little literature directly

relating triglycerides to neuropsychiatric symptoms in Alzheimer’s, there is evidence of a

relationship between depression and level of triglycerides in the elderly [19, 20]. The

research on homocysteine and NPS has produced mixed result. A positive relationship has

been found between homocysteine and mental illness in the elderly [21]. Elevated levels of

homocysteine have been linked to depression and cognitive functioning in older women [22]

and a relationship between homocysteine and apathy in Alzheimer’s disease has been

reported for women but not men [23]. Tabet et al [24] on the other hand found no

relationship between plasma homocysteine concentrations and NPS in Alzheimer’s. C-

reactive protein (CRP) is a widely used marker of acute phase and chronic inflammation and

has been related to risk for stroke, heart disease and cognitive decline [25]. CRP has also

been associated with apathy in a sample of community dwelling elderly [26]. Prior studies

by our group [27, 28] have shown a relationship between CRP and symptoms of depression

in Alzheimer’s disease.

Inflammatory processes have been linked to the pathogenesis of Alzheimer’s disease and

neuropsychiatric symptoms [29, 30]. A number of pro- and anti-inflammatory markers have

been related to neuropsychiatric symptoms and functional level in aging and Alzheimer’s

disease including TNFα [31], IL-1 [32, 33], IL-6 [30, 34, 35], IL-7 [36], IL-10 [37], IL-15

[38] and IL-18 [39].

Another set of biomarkers associated with vascular disease and inflammation that have been

related to Alzheimer’s disease are the soluble adhesion molecules [40, 41]. These markers of

microvascular pathology within the brain have been related to the development of

degeneration in Alzheimer’s disease [42] and late life depression [28, 43. 44].

Hall et al. Page 2

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



While there are reported relationships between inflammatory markers and NPS,

inflammatory processes and AD, and NPS and AD, this study addressed whether a

collection of biomarkers of neuroinflammation, microvascular disease and cardiovascular

disease would predict the expression of NPS in mild to moderate Alzheimer’s disease. Our

previous research on biomarkers of depression [27, 28] and functional impairment [36] in

Alzheimer’s disease has shown the importance of studying gender effects directly; therefore

the current study also evaluated the impact of gender on the biomarker/neuropsychiatric

symptom relationship.

Materials and Methods

Participants

The sample was drawn from the individuals enrolled in the Longitudinal Research Cohort of

the Texas Alzheimer’s Research Care Consortium (TARCC) that had complete serum

biomarker panel and a completed NPI interview. TARCC is a longitudinal multi-site study

of a cohort of Alzheimer’s disease patients and normal controls where each participant

undergoes an annual evaluation that includes a medical examination, interview,

neuropsychological testing, and blood draw. Individuals with a history of significant

psychiatric disorders or the presence of neuropsychiatric symptoms such as depression as

assessed by history, interview and score on the Geriatric Depression Scale at the time of

initial evaluation are excluded from the cohort. Alzheimer’s disease patients meet

consensus-based diagnosis for probable AD based on NINCDS-ADRDA criteria [45]. The

final sample of 194 consisted of 127 females and 67 males meeting the diagnostic criteria

for Alzheimer’s disease. The mean age of the sample was 75.53 (SD=8.30) with an average

education of 14.08 years (SD= 3.31), a mean MMSE of 19.30 (SD= 6.20) and a mean CDR

Sum of Boxes of 7.75 (SD= 4.33). The total years of education was determined from the

patient’s self-report of completed years of education. Institutional Review Board approval

was obtained at each TARCC site and written informed consent was obtained from all

participant and/or caregivers.

Methods

As part of the TARCC evaluation the NPI was administered to family members or

caregivers with direct knowledge of participant’s behavior. The NPI is a brief informant-

based assessment of neuropsychiatric symptoms (NPS) that has been shown to be valid and

reliable [46]. The informant reports the presence of twelve NPS and rates their severity on a

1–3 scale from mild to severe. Factor analyses [15] of the NPI has revealed four factors;

hyperactivity, psychosis, affective symptoms and apathy. Following Aalten et al [15], the

hyperactivity factor included the NPI items of agitation, disinhibition, irritability, aberrant

motor behavior and euphoria; the psychosis factor included delusions, hallucinations and

night-time behavior disturbances; the affective symptoms included depression and anxiety

items; and the apathy factor included the apathy and the appetite and eating abnormalities

item. Although this factor structure was based on a total NPI score (sum of each item

multiplied by its severity score), we choose to utilize only the total number of

neuropsychiatric symptoms to reflect the occurrence of these symptoms not their severity. T

he severity ratings include both severity and level of change from the previous month and

may be a more subjective rating than simple occurrence. Data were recorded for the

presence of each of the 12 NPS and these items were summed to produce a score for the

total number of symptoms. The number of symptoms reported for each factor were summed

and made up the score for each factor. The total number of symptoms reported and the

number of symptoms reported for each of the factors served as the primary outcomes.

Symptom severity which is also assessed by the NPI was not included in the total score as

our focus was on the occurrence of the symptoms not the perceived severity.
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Biomarkers

The TARCC research platform use the Rules Based Medicine multiplexed immunoassay

Multi-Analyte Profile (humanMAP) which is able to assay over 152 serum- based

biomarkers. Based on the literature and our prior work on biomarkers of depression [27, 28]

and biomarkers of functional behavior in Alzheimer’s [36], the serum-based clinical

biomarkers of vascular risk selected for analysis were Total Cholesterol, Homocysteine and

Triglycerides and the biomarkers of inflammation related to Alzheimer’s disease were

IL-1ra1, IL-7, IL-10, IL-15, IL-18, TNFα (Tumor Necrosis Factor) and CRP. IL-6, which

has been related to a number of neuropsychiatric disorders, was measured but fell below the

detectable range and was not included in the panel of biomarkers. The levels of VCAM

-1(Vascular Cell Adhesion Molecule 1) and ICAM-1 (Intracellular Adhesion Molecule)

were selected as biomarkers of microvascular pathology.

Assays

The majority of the blood draws were conducted at the time of the annual evaluation. When

that was not possible the evaluation and the blood draw were carried out no more that 30

days apart. Non-fasting samples were collected with 10mL serum-separating (tiger-top)

vacutainers tubes at the time of interview. Samples were allowed to clot at room temperature

for 30 minutes in a vertical position before being centrifuged at 1300 x g for 10 minutes.

Next, 1mL aliquots were pipetted into polypropylene cryovial tubes and placed in −20° C

(non-frost free) or −80° C freezers until shipment to TARCC Biobank. Total processing time

(stick to freezer) was two hours or less. All samples from the current project were shipped in

to Myriad Rules Based Medicine (Myriad RBM) for assay on the luminex-based

HumanMAP 1.0 platform. Over 100 proteins were quantified utilizing fluorescent

microspheres with protein-specific antibodies. Information regarding the least detectable

dose (LDD), inter-run coefficient of variation, dynamic range, overall spiked standard

recovery, and cross-reactivity with other humanMAP analytes can be obtained from Myriad

Rules Based Medicine.

Data Analysis

Gender differences on demographic variables (Table 1), NPI scores and biomarkers were

analyzed by t tests. Analyses were conducted using stepwise forward regression modeling

with the biomarker panel serving as the predictor variables and total number of NPI

symptoms and NPI factor scores as dependent measures for the complete sample. Initial

analysis co-varied gender, age and education. Subsequently participants were stratified by

gender for stepwise regression modeling with age and education co-varied.

Results

Table 1 presents the characteristics of the sample with the data for Males and Females.

There was no difference between males and females on education, MMSE or CDR-Sum of

Boxes although the female sample was significantly older (t= 2.56, df= 192, p= .011). Table

2 presents the means and standard deviations for each of the biomarkers for the entire

sample of 194 participants as well as by gender. Females had significantly higher levels of

cholesterol (t= −4.92, df= 192, p<.000) and ICAM (t= 2.05, df= 192, p=.022) than males.

There was no difference between the genders on any of the other biomarkers. Table 3 shows

that there was no significant difference between males and females on total number of NPI

symptoms or any of the 4 NPI factors.

Stepwise regression modeling for the total sample (N=194) with the biomarkers as

predictors and NPI variables as outcomes (Table 4) revealed that IL15, VCAM and

triglycerides were significantly and negatively related to total NPI symptoms and total
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Cholesterol and Homocysteine were positively related. As a group these biomarkers

accounted for 16.1% of the variance in total number of neuropsychiatric symptoms. The

biomarkers of IL-15 and VCAM-1 were significantly and negatively related to hyperactivity

while homocysteine levels were positively related to the number of hyperactive symptoms.

A model containing these biomarkers accounted for 8.9% of the total variance. IL-7, IL-18

and VCAM 1 were significantly and negatively related to symptoms of psychosis and

accounted for 10% of the total variance. ICAM-1 and VCAM-1 were negatively related to

affective symptoms while homocysteine was positively related. When combined, however,

they accounted for less than 7% of the variance. None of the biomarkers were significantly

related to apathy. For the total sample the significant biomarkers accounted for between 6.6

% and 10% of the variance in NPI Factors.

When stratified by gender a different picture emerged with very distinct patterns of

significant biomarkers for males (Table 5) and females (Table 6). For males, cholesterol was

a significant positive marker for total neuropsychiatric symptoms and all four NPI factors.

Cholesterol was not significantly related to any of the dependent measures for females.

Cholesterol alone accounted for 21.8% of the variance in total symptom. With the addition

of IL-18 over 28% of the variance was accounted for. Cholesterol was positively associated

with symptoms of hyperactivity (R2 = .145, p< .001) whereas TNFα was significantly and

negatively related. A regression model including both biomarkers accounted for 23.1% of

the variance in hyperactive symptoms. Likewise with symptoms of psychosis, cholesterol

was a primary predictor being positively and significantly related to the frequency of

symptoms of hallucinations and delusions. The addition of negatively related IL-18 and

positively related homocysteine accounted for 30% of the variance. Cholesterol was the only

biomarker significantly associated with the affective and the apathy factors.

IL-15, IL-1ra and homocysteine were the most frequent contributors to significant

regression models for females with IL-15 and IL-1ra negatively associated with

neuropsychiatric symptoms and homocysteine positively associated. A regression model

composed of IL-15, IL-1ra, homocysteine, VCAM-1 and triglycerides accounted for 21% of

the variance in total number of neuropsychiatric symptoms in females. Interestingly the level

of triglycerides was negatively related to total neuropsychiatric symptoms. The total

variance accounted for by the biomarkers for the NPI factors of hyperactivity, psychosis and

apathy was relatively small ranging from 6.8% for hyperactive and apathy symptoms to

8.5% for psychosis. As with triglycerides, when CRP entered into a significant model for

apathy it was negatively related. Positively related homocysteine and negatively associated

IL-18 and VCAM-1 combined accounted for 13.7% of the variance in the affective factor.

Discussion

The findings support a relationship between biomarkers of clinically relevant cardiovascular

risks, biomarkers of inflammation, biomarkers of microvascular pathology and the presence

of frequently occurring neuropsychiatric symptoms in Alzheimer’s disease. The effect size

is relatively small when analyzing a mixed gender sample of Alzheimer’s patients. Although

there was no difference between males and females on total number of reported symptoms,

when the sample was stratified by gender it becomes apparent that the biomarkers under

study are more robust predictors of neuropsychiatric symptoms for males. For males higher

cholesterol is predictive of neuropsychiatric symptoms. This is interesting given that females

had significantly higher total cholesterol and yet cholesterol was not a significant biomarker

for females.

The strength of the relationship between cholesterol and neuropsychiatric symptoms for

males is likely affected by the level of cholesterol. Post hoc exploratory analysis found that
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those males with a total cholesterol of 200 or above (N=33) had significantly higher total

number of symptoms (p= .006); symptoms of psychosis (p= .002) and symptoms of

affective disturbance (p= .023) than those with cholesterol below 200 (N= 34). This

relationship did not hold for females where there was no difference on any of the

neuropsychiatric symptom variables for those with a total cholesterol above 200 (N=88) and

those females with lower cholesterol (N= 39). A recent study found that total cholesterol

was the significant biomarker in a model predicting progression [47] of Alzheimer’s Disease

although the impact of gender was not directly assessed.

Stage-specific gender differences in the occurrence of neuropsychiatric symptoms have been

found in vascular dementia [48] and it is very possible that similar differences may be

present in Alzheimer’s disease. The gender differences found in the current study indicate

the distinct impact of specific vascular risks with total cholesterol being the strongest marker

for males and inflammatory dysregulation being stronger for females. The nature of the

pathway(s) relating cholesterol and inflammation to specific neuropsychiatric symptoms and

gender determinants is unclear and warrants further research.

The neuropsychiatric symptoms under study are complex behaviors whose occurrence is

likely affected by multiple factors such as genetic predisposition, past psychiatric history,

chronic and acute psychiatric and medical conditions, past and present treatments and

current environmental and psychosocial stressors. The current research attempted to

eliminate the impact of some of these factors by studying a cohort that excluded individuals

with a history of psychiatric disorders. However, data was not available on medications such

as statins and antidepressants or current psychosocial stressors and the affect of these and

other possibly confounding variables such as smoking history can not be ruled out.

It could be argued that the amount of variance accounted for is relatively small and limits

the inferences that can be drawn regarding these biomarkers. As discussed the determinants

of the presence of neuropsychiatric symptoms in Alzheimer’s are likely multifactorial and

no one factor may be explanatory. The ability of blood based biomarkers to account for 1/6th

of the variance in total NPI symptoms for the complete sample and over 20% of the variance

for the sample by gender suggests a possible role in NPS that requires further inquiry.

There are a number of limitations to the current research that may affect the generalizability

of the findings. The size of the sample was relatively small although the cohort is well

characterized as an Alzheimer’s disease cohort. The study is cross-sectional and assesses the

relationship in mild to moderate cases of Alzheimer’s at one point in time. A possible

confound that may affect the interpretation of the findings is that many of these biomarkers

can be viewed as non-specific measures of disease rather than specifically As a number of

studies have shown the levels of inflammatory processes change as the disease progresses

[49] and the impact may be different at different points in the disease. This may be reflected

by the fact that the prevalence of the various neuropsychiatric symptoms changes over the

course of the disease [50].

An additional limitation relates to the use of informant data. The data on the presence of the

neuropsychiatric symptoms was dependent on caregiver reports and although gathered by

trained interviewers the interpretation of the symptoms may vary from informant to

informant. The analytic approach involved a large number of regression analyses which may

increase the likelihood of Type I error. The biomarker samples were non-fasting and as such

may not be representative of the actual level of circulating biomarkers such as cholesterol.

The present study investigated the link between a range of biomarkers and neuropsychiatric

symptoms; it is possible that other biomarkers not included in our analysis may be involved.

This is especially true in the inability to assess the role of IL-6 in this relationship.
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A combination of biomarkers of inflammation, microvascular pathology and clinical

biomarkers of cardiovascular risk account for a significant portion of the variance in the

occurrence of neuropsychiatric symptoms in Alzheimer’s disease supporting a vascular and

inflammatory component of neuropsychiatric psychiatric disturbances in Alzheimer’s

disease. The findings of distinct biomarker profiles for males and females underscores the

importance of studying gender differences in relationship of biomarkers to neuropsychiatric

symptoms. The current study provides a foundation for further studies that address the value

of biomarkers in predicting different facets of Alzheimer’s disease in larger populations of

patients with dementia. The findings represent a first step in developing a blood based

biomarker profile that may allow the identification of those AD patients, especially males,

with increased likelihood of developing these troublesome behaviors and as such may

provide an opportunity for early intervention.

Acknowledgments

This study was made possible by the Texas Alzheimer’s Research and Care Consortium (TARCC) funded by the

state of Texas through the Texas Council on Alzheimer’s Disease and Related Disorders. Research reported in this

publication was supported by the National Institute on Aging (NIA) under Award Numbers R01AG039389 and

P30AG12300. The content is solely the responsibility of the authors and does not necessarily represent the official

views of the National Institutes of Health. We would like to thank all of the participants of the TARCC along with

the incredible support staff that make this study possible.

References

1. Assal F, Cummings JL. Neuropsychiatric symptoms in the dementias. Curr Opin Neurol. 2002;

15(4):445–50. [PubMed: 12151841]

2. Lyketsos CG, Lopez O, Jones B, Fitzpatrick AL, Breitner J, DeKosky S. Prevalence of

neuropsychiatric symptoms in dementia and mild cognitive impairment: results from the

cardiovascular health study. JAMA. 2002; 288(12):1475–83. [PubMed: 12243634]

3. Geda YE, Roberts RO, Knopman DS, Petersen RC, Christianson TJ, Pankratz VS, Smith GE, Boeve

BF, Ivnik RJ, Tangalos EG, Rocca WA. Prevalence of neuropsychiatric symptoms in mild cognitive

impairment and normal cognitive aging: population-based study. Arch Gen Psychiatry. 2008;

65(10):1193–8. [PubMed: 18838636]

4. Spalletta G, Girardi P, Caltagirone C, Orfei MD. Anosognosia and neuropsychiatric symptoms and

disorders in mild Alzheimer disease and mild cognitive impairment. J Alzheimers Dis. 2012; 29(4):

761–72. [PubMed: 22349686]

5. Allegri RF, Sarasola D, Serrano CM, Taragano FE, Arizaga RL, Butman J, Loñ L. Neuropsychiatric

symptoms as a predictor of caregiver burden in Alzheimer’s disease. Neuropsychiatr Dis Treat.

2006; 2(1):105–10. [PubMed: 19412452]

6. Okura T, Langa KM. Caregiver burden and neuropsychiatric symptoms in older adults with

cognitive impairment: the Aging, Demographics, and Memory Study (ADAMS). Alzheimer Dis

Assoc Disord. 2011; 25(2):116–21.10.1097/WAD.0b013e318203f208 [PubMed: 21192239]

7. Rocca P, Leotta D, Liffredo C, Mingrone C, Sigaudo M, Capellero B, Rocca G, Simoncini M, Pirfo

E, Bogetto F. Neuropsychiatric symptoms underlying caregiver stress and insight in Alzheimer’s

disease. Dement Geriatr Cogn Disord. 2010; 30:57–63. [PubMed: 20689284]

8. Bergvall N, Brinck P, Eek D, Gustavsson A, Wimo A, Winblad B, Jönsson L. Relative importance

of patient disease indicators on informal care and caregiver burden in Alzheimer’s disease. Int

Psychogeriatr. 2011; 23(1):73–85. [PubMed: 20619068]

9. Karttunen K, Karppi P, Hiltunen A, Vanhanen M, Välimäki T, Martikainen J, Valtonen H, Sivenius

J, Soininen H, Hartikainen S, Suhonen J, Pirttilä T. ALSOVA study group. Neuropsychiatric

symptoms and quality of life in patients with very mild and mild Alzheimer’s disease. Int J Geriatr

Psychiatry. 2011; 26:473–82. [PubMed: 21445998]

10. Lyketsos CG, Carrillo MC, Ryan JM, Khachaturian AS, Trzepacz P, Amatniek J, Cedarbaum J,

Brashear R, Miller DS. Neuropsychiatric symptoms in Alzheimer’s disease. Alzheimers Dement.

2011; 7(5):532–9.10.1016/j.jalz.2011.05.2410 [PubMed: 21889116]

Hall et al. Page 7

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



11. Di Iulio F, Palmer K, Blundo C, Casini AR, Gianni W, Caltagirone C, Spalletta G. Occurrence of

neuropsychiatric symptoms and psychiatric disorders in mild Alzheimer’s disease and mild

cognitive impairment subtypes. Int Psychogeriatr. 2010; 22(4):629–40. [PubMed: 20367890]

12. Ropacki SA, Jeste DV. Epidemiology of and risk factors for psychosis of Alzheimer’s disease: a

review of 55 studies published from 1990 to 2003. Am J Psychiatry. 2005; 162(11):2022–30.

[PubMed: 16263838]

13. Lee DR, Thomas AJ. Sleep in dementia and caregiving--assessment and treatment implications: a

review. Int Psychogeriatr. 2011; 23(2):190–201.10.1017/S1041610210001894 [PubMed:

20946702]

14. Cummings JL, Mega M, Gray K. The neuropsychiatric inventory: comprehensive assessment of

psychopathology in dementia. Neurology. 1994; 44:2308–2314. [PubMed: 7991117]

15. Aalten P, Verhey FR, Boziki M, Bullock R, Byrne EJ, Camus V, Caputo M, Collins D, De Deyn

PP, Elina K, Frisoni G, Girtler N, Holmes C, Hurt C, Marriott A, Mecocci P, Nobili F, Ousset PJ,

Reynish E, Salmon E, Tsolaki M, Vellas B, Robert PH. Neuropsychiatric syndromes in dementia.

Results from the European Alzheimer Disease Consortium: part I. Dement Geriatr Cogn Disord.

2007; 24(6):457–63. [PubMed: 17986816]

16. Alexopoulos GS. Vascular disease, depression, and dementia. J Am Geriatr Soc. 2003; 51(8):

1178–80. [PubMed: 12890087]

17. Treiber KA, Lyketsos CG, Corcoran C, Steinberg M, Norton M, Green RC, Rabins P, Stein DM,

Welsh-Bohmer KA, Breitner JC, Tschanz JT. Vascular factors and risk for neuropsychiatric

symptoms in Alzheimer’s disease: the Cache County Study. Int Psychogeriatr. 2008; 20(3):538–

53.10.1017/S1041610208006704 [PubMed: 18289451]

18. Mathew A, Yoshida Y, Maekawa T, Kumar DS. Alzheimer’s disease: cholesterol a menace? Brain

Res Bull. 2011; 10;86(1–2):1–12.

19. Lamers F, Vogelzangs N, Merikangas KR, de Jonge P, Beekman AT, Penninx BW. Evidence for a

differential role of HPA-axis function, inflammation and metabolic syndrome in melancholic

versus atypical depression. Mol Psychiatry 2012. 2012 Oct 23. [Epub ahead of print]. 10.1038/mp.

2012.144

20. Bove M, Carnevali L, Cicero AF, Grandi E, Gaddoni M, Noera G, Gaddi AV. Psychosocial factors

and metabolic parameters: is there any association in elderly people? The Massa Lombarda

Project. Aging Ment Health. 2010; 14(7):801–6.10.1080/13607861003713299 [PubMed:

20635238]

21. Nilsson K, Gustafson L, Hultberg B. Plasma homocysteine and vascular disease in elderly patients

with mental illness. Clin Chem Lab Med. 2008; 46(11):1556–61. [PubMed: 18842107]

22. Almeida OP, Lautenschlager N, Flicker L, Leedman P, Vasikaran S, Gelavis A, Ludlow J.

Association between homocysteine, depression, and cognitive function in community-dwelling

older women from Australia. J Am Geriatr Soc. 2004; 52(2):327–8. [PubMed: 14728657]

23. Chen CS, Yeh YC, Chang YS, Huang MF. Plasma homocysteine level and apathy in Alzheimer’s

disease. J Am Geriatr Soc. 2011; 59(9):1752–4.10.1111/j.1532-5415.2011.03550.x [PubMed:

22136538]

24. Tabet N, Rafi H, Weaving G, Lyons B, Iversen SA. Behavioural and psychological symptoms of

Alzheimer type dementia are not correlated with plasma homocysteine concentration. Dement

Geriatr Cogn Disord. 2006; 22(5–6):432–8. [PubMed: 16983185]

25. Pearson TA, Mensah GA, Alexander RW, et al. Markers of inflammation and cardiovascular

disease: application to clinical and public health practice: a statement for healthcare professionals

from the Centers for Disease Control and Prevention and the American Heart Association.

Circulation. 2003; 107(3):499–511. [PubMed: 12551878]

26. Ligthart SA, Richard E, Fransen NL, Eurelings LS, Beem L, Eikelenboom P, van Gool WA, Moll

van Charante EP. Association of vascular factors with apathy in community-dwelling elderly

individuals. Arch Gen Psychiatry. 2012; 69(6):636–42. [PubMed: 22664551]

27. Hall JR, Vo H, Johnson L, Barber R, Winter S, O’Bryant S. Biomarkers and Depressive Symptoms

in Cognitively Intact and Alzheimer’s Disease Elderly Males. Neuroscience and Medicine. 2011;

2(4):306–312.10.4236/nm.2011.24040

Hall et al. Page 8

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



28. Hall JR, Vo H, Johnson L, Barber R, Winter S, O’Bryant S. Biomarkers and Depressive Symptoms

in Older Women with and without Cognitive Impairment. Journal of Behavioral and Brain

Sciences. 2012; 2(2):276–281.10.436/jbbs.2012.22031

29. Cunningham C, Campion S, Lunnon K, Murray CL, Woods JF, Deacon RM, Rawlins JN, Perry

VH. Systemic inflammation induces acute behavioral and cognitive changes and accelerates

neurodegenerative disease. Biol Psychiatry. 2009; 65(4):304–12.10.1016/j.biopsych.2008.07.024

[PubMed: 18801476]

30. Holmes C, Cunningham C, Zotova E, Culliford D, Perry VH. Proinflammatory cytokines, sickness

behavior, and Alzheimer disease. Neurology. 2011; 77(3):212–8. [PubMed: 21753171]

31. Rubio-Perez JM, Morillas-Ruiz JM. A review: inflammatory process in Alzheimer’s disease, role

of cytokines. Scientific World Journal. 2012; 2012:756357.10.1100/2012/756357. [PubMed:

22566778]

32. van den Biggelaar AH, Gussekloo J, de Craen AJ, Frölich M, Stek ML, van der Mast RC,

Westendorp RG. Inflammation and interleukin-1 signaling network contribute to depressive

symptoms but not cognitive decline in old age. Exp Gerontol. 2007; 42(7):693–701. [PubMed:

17350781]

33. Milaneschi Y, Corsi AM, Penninx BW, Bandinelli S, Guralnik JM, Ferrucci L. Interleukin-1

receptor antagonist and incident depressive symptoms over 6 years in older persons: the

InCHIANTI study. Biol Psychiatry. 2009; 65(11):973–88.10.1016/j.biopsych.2008.11.011

[PubMed: 19111279]

34. Politis A, Olgiati P, Malitas P, Albani D, Signorini A, Polito L, De Mauro S, Zisaki A, Piperi C,

Stamouli E, Mailis A, Batelli S, Forloni G, De Ronchi D, Kalofoutis A, Liappas I, Serretti A.

Vitamin B12 levels in Alzheimer’s disease: association with clinical features and cytokine

production. J Alzheimers Dis. 2010; 19(2):481–8.10.3233/JAD-2010-1252 [PubMed: 20110595]

35. Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive protein, IL-1, and

IL-6: a meta-analysis. Psychosom Med. 2009; 71(2):171–86.10.1097/PSY.0b013e3181907c1b

[PubMed: 19188531]

36. Hall JR, Johnson L, Barber R, Vo H, Winter S, O’Bryant S. Biomarkers of Basic Activities of

Daily Living in mild Alzheimer’s disease. J Alzheimers Dis. 2012; 31:429–437. [PubMed:

22571981]

37. Berk M, Wadee AA, Kuschke RH, O’Neill-Kerr A. Acute phase proteins in major depression. J

Psychosom Res. 1997; 43(5):529–34. [PubMed: 9394269]

38. Rentzos M, Rombos A. The role of IL-15 in central nervous system disorders. Acta Neurol Scand.

2012; 125(2):77–82.10.1111/j.1600-0404.2011.01524.x [PubMed: 21615353]

39. Bossù P, Ciaramella A, Salani F, Bizzoni F, Varsi E, Di Iulio F, Giubilei F, Gianni W, Trequattrini

A, Moro ML, Bernardini S, Caltagirone C, Spalletta G. Interleukin-18 produced by peripheral

blood cells is increased in Alzheimer’s disease and correlates with cognitive impairment. Brain

Behav Immun. 2008 May; 22 (4):487–92. [PubMed: 17988833]

40. Rentzos M, Michalopoulou M, Nikolaou C, Cambouri C, Rombos A, Dimitrakopoulos A,

Vassilopoulos D. The role of soluble intercellular adhesion molecules in neurodegenerative

disorders. J Neurol Sci. 2005; 228(2):129–35. [PubMed: 15694193]

41. Ewers M, Mielke MM, Hampel H. Blood-based Biomarkers of Microvascular Pathology in

Alzheimer’s disease. Exp Gerontol. 2010; 45(1): 75–79. [PubMed: 19782124]

42. de la Torre JC. Alzheimer’s disease is a vasocognopathy: a new term to describe its nature. Neurol

Res. 2004; 26(5):517–24. [PubMed: 15265269]

43. Thomas AJ, Ferrier IN, Kalaria RN, Davis S, O’Brien JT. Cell adhesion molecule expression in the

dorsolateral prefrontal cortex and anterior cingulate.cortex in major depression in the elderly. Br J

Psychiatry. 2002; 181:129–34. [PubMed: 12151283]

44. Dimopoulos N, Piperi C, Salonicioti A, Mitsonis C, Liappas I, Lea RW, Kalofoutis A. Elevation of

plasma concentration of adhesion molecules in late-life depression. Int J Geriatr Psychiatry. 2006;

21(10):965–71. [PubMed: 16927406]

45. McKhann G, Drachman D, Folstein M, et al. Clinical diagnosis of Alzheimer’s disease: report of

the NINCDS-ADRDA Work Group under the auspices of Department of Health and Human

Services Task Force on Alzheimer’s disease. Neurology. 1984; 34:939–944. [PubMed: 6610841]

Hall et al. Page 9

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



46. Kaufer DI, Cummings JL, Ketchel P, Smith V, MacMillan A, Shelley T, Lopez OL, DeKosky ST.

Validation of the NPI-Q, a brief clinical form of the Neuropsychiatric Inventory. J

Neuropsychiatry Clin Neurosci. 2000; 12(2):233–9. [PubMed: 11001602]

47. Samtani MN, Farnum M, Lobanov V, Yang E, Raghavan N, Dibernardo A, Narayan V.

Alzheimer’s Disease Neuroimaging Initiative. An improved model for disease progression in

patients from the Alzheimer’s Disease Neuroimaging Initiative. J Clin Pharmacol. 2012; 52(5):

629–44.10.1177/0091270011405497 [PubMed: 21659625]

48. Xing Y, Wei C, Chu C, Zhou A, Li F, Wu L, Song H, Zuo X, Wang F, Qin W, Li D, Tang Y, Jia

XF, Jia J. Stage-specific gender differences in cognitive and neuropsychiatric manifestations of

vascular dementia. Am J Alzheimers Dis Other Demen. 2012; 27(6):433–

8.10.1177/1533317512454712 [PubMed: 22930700]

49. O’Bryant SE, Waring SC, Hobson V, Hall JR, Moore CB, Bottiglieri T, Massman P, Diaz-Arrastia

R. Decreased C-reactive protein levels in Alzheimer disease. J Geriatr Psychiatry Neurol. 2010;

23(1):49–53.10.1177/0891988709351832 [PubMed: 19933496]

50. Wadsworth LP, Lorius N, Donovan NJ, Locascio JJ, Rentz DM, Johnson KA, Sperling RA,

Marshall GA. Neuropsychiatric Symptoms and Global Functional Impairment along the

Alzheimer’s Continuum. Dement Geriatr Cogn Disord. 2012; 34(2):96–111. [PubMed: 22922821]

Appendix

*Investigators from the Texas Alzheimer’s Research and Care Consortium: Baylor College

of Medicine: Rachelle Doody MD, PhD, Susan Rountree MD, Valory Pavlik PhD, Wen

Chan PhD, Paul Massman PhD, Eveleen Darby, Tracy Evans RN, Aisha Khaleeq; Texas

Tech University Health Science Center: Gregory Schrimsher, PhD, Andrew Dentino, MD,

Ronnie Orozco, Vicki Ramirez; University of North Texas Health Science Center: Thomas

Fairchild, PhD, Janice Knebl, DO, Douglas Mains, PhD, Lisa Alvarez, Erin Braddock,

Rosemary McCallum; University of Texas Southwestern Medical Center: Perrie Adams,

PhD, Roger Rosenberg, MD, Myron Weiner, MD, Mary Quiceno, MD, Joan Reisch, PhD,

Benjamin Williams, MD, PhD, Ryan Huebinger, PhD, Doris Svetlik, Amy Werry, Janet

Smith; University of Texas Health Science Center – San Antonio: Donald Royall, MD,

Raymond Palmer, PhD, Marsha Polk.

Hall et al. Page 10

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

Hall et al. Page 11

Table 1

Characteristics of Sample

Total Sample Males Females p

N=194 N=67 N=127

Age M= 75.53 M= 75.17 M= 78.31 .011

SD= 8.30 SD= 7.99 SD= 8.21

Education M= 14.08 M= 14.24 M= 14.00 .632

SD= 3.31 SD= 3.48 SD= 3.22

MMSE M= 19.21 M= 19.29 M= 19.17 .774

SD= 6.24 SD= 7.44 SD=5.54

CDRSOB M= 7.86 M= 7.42 M= 8.09 .247

SD= 4.44 SD= 4.87 SD= 4.20

CDRSOB = Clinical Dementia Rating Sum of Boxes

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.
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Table 2

Biomarkers of Cardiovascular Risk, Systemic Inflammation and Vascular Pathology

Biomarker Total Sample Males Females p

N= 194 N=67 N= 127

Cholesterol M= 210.53 M= 188.55 M= 221.96 .000

SD= 50.34 SD=41.62 SD=50.82

Triglyceride M= 184.18 M= 189.89 M= 181.21 .749

SD=87.88 SD=82.29 SD=90.82

Homocysteine M= 16.18 M= 16.84 M= 15.839 .788

SD=9.03 SD=7.64 SD=9.68

C Reactive Protein M= 3.27 M= 2.92 M= 3.46 .229

SD=4.91 SD=4.49 SD=5.13

IL-1ra M= 110.03 M= 103.68 M= 113.33 .169

SD=61.27 SD=71.3 SD=55.31

IL-7 M= 111.29 M= 103.04 M= 115.61 .214

SD=66.81 SD=66.89 SD=66.63

IL-10 M= 9.18 M= 9.08 M= 9.24 .838

SD=5.33 SD=4.87 SD=5.57

IL-15 M= .835 M= .775 M= .866 .075

SD=.407 SD=.426 SD= .395

IL-18 M= 280.88 M=265.18 M=289.10 .257

SD=139.54 SD=102.49 SD=155.19

TNF-α M= 9.88 M= 9.50 M= 7.98 .869

SD=11.14 SD= 12.41 SD= 9.83

ICAM-1 M= 132.30 M= 124.61 M= 136.30 .022

SD= 35.84 SD= 40.29 SD= 32.75

VCAM-1 M= 831.95 M= 805.47 M= 845.71 .102

SD= 212.89 SD= 203.73 SD= 217.01

IL = Interleukin; TNF = Tumor Necrosis Factor; ICAM = Intracellular Adhesion Molecule; VCAM = Vascular Adhesion Molecule

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.
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Table 3

Neuropsychiatric Symptoms

Neuropsychiatric Symptoms Total Sample Males Females p

N =194 N=67 N =127

NPI Total Symptoms M= 3.87 M= 4.20 M=3.73 .305

SD= 2.60 SD= 2.90 SD= 2.45

Hyperactivity M= 1.45 M= 1.63 M= 1.35 .474

SD= 1.31 SD= 1.31 SD= 1.30

Psychosis M= .744 M= .776 M= .727 .649

SD= .810 SD= .902 SD= .7604

Affective M= .851 M= .881 M= .836 .648

SD=.802 SD= .769 SD=.803

Apathy M=.815 M= .836 M= .805 .606

SD= .751 SD= .771 SD= .743

NPI = Neuropsychiatric Inventory
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N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

Hall et al. Page 14

T
a
b

le
 4

B
io

m
ar

k
er

s 
o
f 

N
eu

ro
p
sy

ch
ia

tr
ic

 S
y
m

p
to

m
s 

fo
r 

S
am

p
le

 N
=

1
9
4

N
P

I-
Q

 S
ym

pt
om

s
B

io
m

ar
ke

r
B

R
2

t
p

T
o
ta

l
M

od
el

 1

 
IL

-1
5

*
*

−
1
.5

3
6

.0
5
6

−
3
.3

9
8

.0
0
1

M
od

el
 2

 
IL

-1
5
*
*

−
1
.5

0
4

−
3
.3

9
3

.0
0
1

 
V

C
A

M
*
*
*

−
.0

0
2

.0
9
7

−
2
.9

4
6

.0
0
4

M
od

el
 3

 
IL

-1
5
*
*

−
1
.5

0
4

−
3
.4

3
4

.0
0
1

 
V

C
A

M
*
*
*

−
.0

0
3

−
3
.4

6
6

.0
0
1

 
H

C
Y

*
.0

4
8

.1
2
3

2
.3

6
3

.0
1
9

M
od

el
 4

 
IL

-1
5
*
*

−
1
.8

0
9

−
3
.9

3
1

.0
0
0

 
V

C
A

M
*
*
*

−
.0

0
3

−
3
.6

0
6

.0
0
0

 
H

C
Y

*
.0

5
1

2
.5

0
8

.0
1
3

 
T

ri
g
ly

ce
ri

d
es

*
−

.0
0
4

.1
4
1

−
2
.0

1
5

.0
4
5

M
od

el
 5

 
IL

-1
5
*
*

−
1
.7

8
2

−
3
.9

0
6

.0
0
0

 
V

C
A

M
*
*
*

−
.0

0
3

−
3
.3

7
7

.0
0
1

 
H

C
Y

*
.0

4
9

2
.4

6
7

.0
1
5

 
T

ri
g
ly

ce
ri

d
es

*
−

.0
0
5

−
2
.2

2
8

.0
2
7

 
C

h
o
le

st
er

o
l*

.0
0
7

.1
6
1

2
.1

1
9

.0
3
5

H
y

p
er

ac
ti

v
it

y
M

od
el

 1

 
IL

-1
5
*
*

−
.6

2
5

.0
3
7

−
2
.7

4
0

.0
0
7

M
od

el
 2

 
IL

-1
5
*
*

−
.6

1
1

−
2
.7

1
7

.0
0
7

 
V

C
A

M
-1

*
*
*

−
.0

0
1

.0
7
0

−
2
.5

8
7

.0
1
0

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.



N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

Hall et al. Page 15

N
P

I-
Q

 S
ym

pt
om

s
B

io
m

ar
ke

r
B

R
2

t
p

M
od

el
 3

 
IL

-1
5

*
*

−
.6

1
2

−
2
.7

3
8

.0
0
7

 
V

C
A

M
-1

*
*
*

−
.0

0
1

−
3
.0

1
1

.0
0
3

 
H

C
Y

*
.0

2
1

.0
8
9

1
.9

8
6

.0
4
8

P
sy

ch
o
si

s
M

od
el

 1

 
IL

-7
*
*

−
.0

0
3

.0
4
4

−
3
.2

4
3

.0
0
1

M
od

el
 2

 
IL

-7
*
*

−
.0

0
3

−
3
.1

5
6

.0
0
2

 
IL

-1
8
*
*

−
.0

0
1

.0
8
1

−
2
.4

9
4

.0
1
3

M
od

el
 3

 
IL

-7
*
*

−
.0

0
3

−
3
.0

3
0

.0
0
3

 
IL

-1
8
*
*

−
.0

0
1

−
2
.3

7
2

.0
1
9

 
V

C
A

M
-1

*
*
*
-1

−
.0

0
1

.1
0
0

−
1
.9

9
7

.0
4
7

A
ff

ec
ti

v
e

M
od

el
 1

 
IC

A
M

-1
*
*
*

−
.0

0
4

.0
2
6

−
2
.2

9
8

.0
2
3

M
od

el
 2

 
IC

A
M

-1
*
*
*

−
.0

0
4

−
2
.4

5
8

.0
1
5

 
H

C
Y

*
.0

1
3

.0
4
7

2
.0

1
9

.0
4
5

M
od

el
 3

 
IC

A
M

-1
*
*
*

−
.0

0
3

−
1
.6

0
4

.1
1
0

 
H

C
Y

*
.0

1
6

2
.4

3
6

.0
1
6

 
V

C
A

M
-1

*
*
*

−
.0

0
1

.0
6
6

−
1
.9

7
7

.0
5
0

A
p
at

h
y

 
N

o
n
e

IL
 =

 I
n
te

rl
eu

k
in

; 
V

C
A

M
 =

 V
as

cu
la

r 
A

d
h
es

io
n
 M

o
le

cu
le

; 
H

C
Y

 =
 H

o
m

o
cy

st
ei

n
e;

 I
C

A
M

 =
 I

n
tr

ac
el

lu
la

r 
A

d
h
es

io
n
 M

o
le

cu
le

;

*
M

ar
k
er

s 
o
f 

C
ar

d
io

v
as

cu
la

r 
R

is
k
;

*
*
In

fl
am

m
at

o
ry

 M
ar

k
er

s;

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.



N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

Hall et al. Page 16
*
*
*
M

ar
k
er

s 
o
f 

M
ic

ro
v
as

cu
la

r 
P

at
h
o
lo

g
y

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.



N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

Hall et al. Page 17

T
a
b

le
 5

B
io

m
ar

k
er

s 
o
f 

N
eu

ro
p
sy

ch
ia

tr
ic

 S
y
m

p
to

m
s 

fo
r 

M
al

es
 N

=
6
7

N
P

I-
Q

 S
ym

pt
om

s
B

io
m

ar
ke

r
B

R
2

t
p

T
o
ta

l
M

od
el

 1

 
C

h
o
le

st
er

o
l*

.0
3
3

.2
1
8

4
.2

5
6

.0
0
0

M
od

el
 2

 
C

h
o
le

st
er

o
l*

.0
3
5

4
.6

6
4

.0
0
0

 
IL

-1
8
*
*

−
.0

0
7

.2
8
2

−
2
.3

9
3

.0
2
0

H
y

p
er

ac
ti

v
e

M
od

el
 1

 
C

h
o
le

st
er

o
l*

.0
1
2

.1
4
5

3
.3

2
5

.0
0
1

M
od

el
 2

 
C

h
o
le

st
er

o
l*

.0
1
3

3
.8

4
2

.0
0
0

 
T

N
F

-α
−

.1
3
9

.2
3
1

−
3
.0

5
9

.0
0
3

P
sy

ch
o
si

s
M

od
el

 1

 
C

h
o
le

st
er

o
l*

.0
0
9

.1
8
1

3
.7

8
4

.0
0
0

M
od

el
 2

 
C

h
o
le

st
er

o
l*

.0
1
0

4
.2

1
7

.0
0
0

 
IL

-1
8
*
*

−
.0

0
2

.2
5
6

−
2
.5

4
3

.0
1
3

M
od

el
 3

 
C

h
o
le

st
er

o
l*

.0
1
0

4
.3

3
3

.0
0
0

 
IL

-1
8
*
*

−
.0

0
3

−
2
.7

5
7

.0
0
8

 
H

C
Y

*
.0

2
5

.3
0
2

2
.0

4
2

.0
4
5

A
ff

ec
ti

v
e

 
C

h
o
le

st
er

o
l*

.0
0
5

.0
7
4

2
.2

8
5

.0
2
6

A
p

at
h
y

 
C

h
o
le

st
er

o
l*

.0
0
6

.1
0
7

2
.7

9
0

.0
0
7

IL
 =

 I
n
te

rl
eu

k
in

; 
T

N
F

 =
 T

u
m

o
r 

N
ec

ro
si

s 
F

ac
to

r;
 H

C
Y

 =
 H

o
m

o
cy

st
ei

n
e;

*
M

ar
k
er

s 
o
f 

C
ar

d
io

v
as

cu
la

r 
R

is
k
;

*
*
In

fl
am

m
at

o
ry

 M
ar

k
er

s;

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.



N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

Hall et al. Page 18
*
*
*
M

ar
k
er

s 
o
f 

M
ic

ro
v
as

cu
la

r 
P

at
h
o
lo

g
y

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.



N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

Hall et al. Page 19

T
a
b

le
 6

B
io

m
ar

k
er

s 
o
f 

N
eu

ro
p
sy

ch
ia

tr
ic

 S
y
m

p
to

m
s 

fo
r 

F
em

al
es

 N
=

 1
2
7

N
P

I-
Q

 S
ym

pt
om

s
B

io
m

ar
ke

r
B

R
2

t
p

T
o
ta

l
M

od
el

 1

 
IL

-1
5

*
*

−
1
.5

9
1

.0
6
5

−
2
.9

6
2

.0
0
4

M
od

el
 2

 
IL

-1
5
*
*

−
1
.6

9
9

−
3
.2

2
3

.0
0
2

 
IL

-1
ra

*
*

−
.0

1
0

.1
1
2

−
2
.5

7
0

.0
1
1

M
od

el
 3

 
IL

-1
5
*
*

−
1
.6

6
9

−
3
.2

1
5

.0
0
2

 
IL

1
-r

a*
*

−
.0

1
0

−
2
.6

2
3

.0
1
0

 
H

C
Y

*
.0

4
7

.1
4
6

2
.2

1
4

.0
2
9

M
od

el
 4

 
IL

-1
5
*
*

−
1
.7

1
5

−
3
.3

6
4

.0
0
1

 
IL

1
-r

a*
*

−
.0

0
8

−
2
.1

2
8

.0
3
5

 
H

C
Y

*
.0

5
5

2
.6

3
5

.0
0
9

 
V

C
A

M
-1

*
*
*

−
.0

0
2

.1
8
4

−
2
.4

1
0

.0
1
7

M
od

el
 5

 
IL

-1
5
*
*

−
2
.0

7
7

−
3
.8

7
7

.0
0
0

 
IL

1
-r

a*
*

−
.0

0
8

−
2
.0

6
7

.0
4
1

 
H

C
Y

*
.0

5
7

2
.7

3
2

.0
0
7

 
V

C
A

M
-1

*
*
*

−
.0

0
2

−
2
.5

1
4

.0
1
3

 
T

ri
g
ly

ce
ri

d
es

*
−

.0
0
5

.2
1
0

−
1
.9

8
6

.0
4
9

H
y

p
er

ac
ti

v
e

M
od

el
 1

 
IL

-1
ra

*
*

−
.0

0
5

.0
4
4

−
2
.4

2
2

.0
1
7

M
od

el
 2

 
IL

-1
ra

*
*

−
.0

0
5

−
2
.4

8
0

.0
1
4

 
H

C
Y

*
.0

2
6

.0
6
8

2
.2

7
0

.0
2
5

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.



N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

Hall et al. Page 20

N
P

I-
Q

 S
ym

pt
om

s
B

io
m

ar
ke

r
B

R
2

t
p

P
sy

ch
o
si

s
M

od
el

 1

 
IL

-1
5
*
*

−
.4

2
0

.0
4
7

−
2
.5

0
1

.0
1
4

M
od

el
 2

 
IL

-1
5
*
*

−
.4

4
2

−
2
.6

6
6

.0
0
9

 
V

C
A

M
-1

*
*
*

−
.0

0
1

.0
8
5

−
2
.2

6
3

.0
2
5

A
ff

ec
ti

v
e

M
od

el
 1

 
H

C
Y

*
.0

2
1

.0
6
3

2
.9

1
0

.0
0
4

M
od

el
 2

 
H

C
Y

*
.0

2
1

2
.9

8
1

.0
0
3

 
IL

-1
8
*
*

−
.0

0
1

.1
0
4

−
2
.4

0
0

.0
1
8

M
od

el
 3

 
H

C
Y

*
.0

2
4

3
.3

4
7

.0
0
1

 
IL

-1
8
*
*

−
.0

0
1

−
2
.4

6
9

.0
1
5

 
V

C
A

M
-1

*
*
*

−
.0

0
1

.1
3
7

−
2
.1

5
9

.0
3
3

A
p
at

h
y

M
od

el
 1

 
IL

-1
5
*
*

−
.3

5
3

.0
3
5

−
2
.1

3
6

.0
3
5

M
od

el
 2

 
IL

-1
5
*
*

−
.3

4
8

−
2
.1

3
1

.0
3
5

 
C

R
P

*
−

.0
2
7

.0
6
8

−
2
.1

1
0

.0
3
7

IL
 =

 I
n
te

rl
eu

k
in

; 
H

C
Y

 =
 H

o
m

o
cy

st
ei

n
e;

 V
C

A
M

 =
 V

as
cu

la
r 

A
d
h
es

io
n
 M

o
le

cu
le

; 
C

R
P

 =
 C

-R
ea

ct
iv

e 
P

ro
te

in
;

*
M

ar
k
er

s 
o
f 

C
ar

d
io

v
as

cu
la

r 
R

is
k
;

*
*
In

fl
am

m
at

o
ry

 M
ar

k
er

s;

*
*
*
M

ar
k
er

s 
o
f 

M
ic

ro
v
as

cu
la

r 
P

at
h
o
lo

g
y

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.


