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Abstract

Background—Neuropsychiatric symptoms (NPS) in Alzheimer's disease (AD) are a major

factor in nursing home placement and a primary cause of stress for caregivers. Elevated

cholesterol has been linked to psychiatric disorders and has been shown to be a risk factor for AD

and to impact disease progression. The present study investigated the relationship been cholesterol

and NPS in AD.

Methods—Data on cholesterol and NPS from 220 individuals (144 females, 76 males) with mild

to moderate AD from the TARCC (Texas Alzheimer's Research and Care Consortium) cohort was

analyzed. Total number of NPS, symptoms of hyperactivity, psychosis, affect and apathy were

evaluated. Groups based on total cholesterol (TC) above and below 200 were compared on NPS.

The impact of gender was also assessed.

Results—Individuals with high TC had lower MMSE and significantly more NPS and more

symptoms of psychosis. When stratified by gender males with high TC had significantly more

NPS than high TC females or low TC males or females.

Discussion—The role of elevated cholesterol in the occurrence of NPS in AD appears gender

and symptom specific. Cross validation of these findings has implications for interventions

especially for males with high TC.
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Introduction

The findings on the relationship of total cholesterol to Alzheimer's disease (AD) have been

inconsistent. High cholesterol during midlife has been found to increase the risk for AD

[1-3] as well as impact disease progression in the elderly [4-6]. Recent work has provided

evidence linking altered cholesterol metabolism and hypercholesterolemia to amyloid plaque

formation and tau hyperphosporylation [7]. Even mild hypercholesterolemia has been linked

to AD pathology [8]. However other studies have found an association between higher

cholesterol in late life and reduced risk for dementia [9, 10]. The Honolulu-Asia Aging

Study found that cholesterol levels decline before the onset of dementia [11]. Still others

have found significantly lower levels of total cholesterol (TC) in a community dwelling

sample of demented elderly [12] and others have found no relationship between cholesterol

and the risk for cognitive decline in the elderly [13].

Although there is no consensus on the role of cholesterol in the development of dementia, a

large body of experimental and epidemiological research continues to focus on this

potentially modifiable risk. The link between cholesterol and neuropsychiatric symptoms

(NPS) in AD has not been extensively investigated. Woods et al. [14] suggested that

disturbances in the cholesterol system may be a significant factor in the development of

psychiatric disorders such as schizophrenia, autistic spectrum disorders and depression as

well as AD. The mechanism through which serum cholesterol affects brain cholesterol and

brain pathology is unclear at this time [15, 16]. It has been argued that high cholesterol

triggers an inflammatory cascade that influences amyloid beta production [17].

Neuroinflammation has also been linked to a number of psychiatric disorders such as

depression, schizophrenia and bipolar disorder [18]. The impact of cholesterol on

inflammatory processes may be one possible pathway by which high serum cholesterol may

affect the occurrence of neuropsychiatric symptoms in AD.

Prior work by our group [19]) has studied the relationship between inflammatory and

clinical vascular risk biomarkers and the occurrence of NPS in mild to moderate AD.

Regression analyses found total serum cholesterol to be a significant predictor of NPS but

this relationship held only for males. We also found that APOEε4 status was not a

significant factor in this relationship as cholesterol was a significant predictor for both male

carriers and non-carriers [20]. The present study was conducted to investigate the extent to

which level of cholesterol is the primary determinant of the relationship between serum

cholesterol and NPS. Additionally, we sought to investigate the role of gender in this

relationship. Total cholesterol of ≥200 has been widely used as a clinical cut-off [21] for the

diagnosis of borderline high cholesterol. In the current study, individuals diagnosed with

mild-moderate AD were separated into two groups based on total serum cholesterol level

and the impact of cholesterol on the occurrence of NPS was assessed.
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Materials and Methods

Participants

The sample was drawn from the individuals enrolled in the longitudinal research cohort of

the Texas Alzheimer's Research Care and Consortium (TARCC) who had complete serum

biomarker panel, were genotyped for APOEε4 status and had a completed Neuropsychiatric

Inventory (NPI) interview. TARCC is a longitudinal multi-site study of a cohort of AD,

Mild Cognitive Impairment and normal controls where each participant undergoes an annual

evaluation that includes a medical examination, interview, neuropsychological testing, and

blood draw. AD patients met consensus-based diagnosis for probable AD based on

NINCDS-ADRDA criteria [22]. The final sample of 220 consisted of 144 females and 76

males meeting the diagnostic criteria for AD. As part of the evaluation the MMSE, a

screening measure of cognitive functioning was administered. A global dementia rating

(CDR-Global) based on interview data was determined along with the CDR Sum of Boxes

(CDR-SB), which is a measure of functional impairment where higher scores indicate

greater impairment. The mean age of the sample was 77.55 (SD=8.416) with an average

education of 14.11 years (SD= 3.203), a mean MMSE of 19.09 (SD= 6.202), a mean CDR-

Global score of 1.35 (SD= .766) and a mean CDR-SB of 7.95 (SD= 4.413). Genotyping

revealed that 59% of the sample was APOEε4 carriers and 41% were non-carriers. 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 participants and/or caregivers.

Methods

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

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

based assessment of NPS that has been shown to be valid and reliable [23]. The informant

reports the presence of twelve NPS and rated their severity on a 1-3 scale from mild to

severe. As in our previous research [19, 20], we utilized the four factors found by Aalten and

colleagues [24]. This factor structure was based on a total NPI score (sum of each item

multiplied by its severity score); however, we chose to utilize only the total number of NPS

as our focus was on the occurrence of the symptoms not the perceived severity. The four

NPI factors include the hyperactivity factor composed of the NPI items of agitation,

disinhibition, irritability, aberrant motor behavior and euphoria; the psychosis factor which

includes delusions, hallucinations and night-time behavior disturbances; the affective

symptoms factor made up of depression and anxiety items; and the apathy factor which

includes the apathy ,appetite and eating abnormalities items. 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.

Biomarkers

The TARCC research platform used the Rules Based Medicine multiplexed immunoassay

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

based biomarkers. This platform has been utilized in the development of blood-based
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algorithms for the detection of Alzheimer's [25] and the development of test specific blood-

based algorithms of cognitive impairment [26]. For the current study total cholesterol was

the biomarker of interest as our earlier work found that components of HDL, LDL and

triglycerides individually were not significant predictors of NPS. Baseline lipid profiles and

homocysteine levels of the participants were obtained through collaboration with the

Atherosclerosis Clinical Research Laboratory at Baylor College of Medicine.

Assays

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 × 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. Baseline lipid profiles and homocysteine levels of

the participants were obtained through the Atherosclerosis Clinical Research Laboratory at

Baylor College of Medicine. Lipids were measured in serum using an AU400e automated

chemistry analyzer (Olympus America, Center Valley, PA).

Data Analysis

Participants with total serum cholesterol >200 were defined as belonging to the high TC

group. Those with serum cholesterol ≤were sorted in the low TC group. Categorical data

were analyzed with Chi square goodness of fit test and differences on demographic

variables, NPI scores and Cholesterol were analyzed by t-tests and Multivariate Analysis of

Variance. Odds Ratios for the presence and absence of NPS were calculated.

Results

Table 1 presents the demographic characteristics of the sample split by gender and

cholesterol level. The female sample was significantly older than the male sample F(1, 219)

= 11.842, p =.001). There were no significant differences observed between males and

females on years of education, MMSE, CDR Global or CDR-SB. Females had significantly

higher levels of total cholesterol (M = 220.78, SD = 49.343) than males (M = 189.24, SD =

40.692, t(218) = 4.761, p ≤ .0001). Significantly more females than males had total

cholesterol above 200 (X2(1) = 14.091, p = .0002). Females in the high total cholesterol

group (High TC) had significantly higher levels of cholesterol (M = 243.41, SD = 41.335)

than the males in High TC group (M = 227.24, SD = 26.686, t(133) = 2.104, p = .0373).

There was no difference between APOEε4 carriers and non-carriers in cholesterol level

(X2(1) = 1.739, p =.187). When analyzed by gender, no differences between were found

APOEε4 carriers and non-carriers for cholesterol level for either males (X2(1) = .020, p = .

888) or females (X2(1) = .529, p = .469).

The High TC and the Low TC groups did not differ significantly on age or education. The

MMSE score for the High TC group was significantly lower than the Low TC group (t(218)

= 3.425, p = .000). The CDR Global, (t(218) = 2.939, p = .004) and CDR-SB (t(218 ) =

3.064, p = .003) scores were both significantly higher in the High TC group indicating
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greater impairment. Analysis of variance revealed that individuals with total cholesterol ≥

200 were reported to have significantly more total NPS than those with total cholesterol ≤

199 F(1, 218) = 3.90, p = .007) and had more reported symptoms of psychosis F(1, 218) =

8.046, p = .005). The two groups did not differ on reported symptoms of hyperactivity,

apathy, or affective symptoms.

Table 2 presents the NPS by gender and cholesterol level. Males did not differ from Females

on any of the NPI variables. A significant main effect for cholesterol level was found for

total number of NPS F(1, 216) = 7.426, p = .007), hyperactive symptoms F (1,216) = 4.346,

p = .038), and psychosis symptoms F(1,216) = 10.863, p =.001). A significant gender X

cholesterol interaction was found for total NPS F(1,216) = 4.546, p = .034), psychosis

symptoms F(1,216) = 3.934, p = .049) and affective symptoms F (1,216) = 6.024, p = .015).

To clarify these findings, the relationship between gender and cholesterol level was

investigated. Analyses comparing High TC females with High TC males found that the

females had significantly higher MMSE than the males (t(131) = 2.210, p = .028), but the

two groups did not differ on CDR Global score (p = .745) or CDR-SB (p = .4515). Low TC

females had significantly lower MMSE scores than Low TC males (t(85) = 2.996, p = .004)

and significantly higher CDR-SB than Low TC males (t(85) = 2.875, p = .005) although the

Low TC groups did not differ on CDR Global (p = .092). When analyzing the female sample

alone there were no differences between the High TC group and the Low TC group on total

number of NPS or any of the symptom factors. Nor were differences found for MMSE,

CDR-Global, or CDR-SB. Analyses comparing High TC males and Low TC males revealed

a different relationship. The MMSE scores were significantly different (t(74) = 4.638, p = .

0001) with High TC males having a mean MMSE of 15.85 (SD = 7.459) and Low TC males

having a mean MMSE of 22.54 (SD = 5.114). There was a significant difference between

the groups for CDR-Global score (t(74)= 2.519, p = .014) and on CDR-SB. High TC males

had a mean CDR-SB of 9.17 (SD = 4.410) compared to Low TC males having a mean of

5.52 (SD = 4.039) t(74) = 3.709, p = .0004). The males in the High TC group had

significantly more total NPS (t(74) = 2.855, p = .006), more psychosis symptoms (t(74) =

3.245, p = .002) and significantly more affective symptoms (t(74) = 2.322, p = .023). There

was a trend for males with cholesterol above 200 to have more symptoms of hyperactivity (p

= .080) and more symptoms of apathy (p = .067) but these differences did not reach

statistical significance.

Table 3 presents the Odds Ratios (OR) for the presence and absence of NPS for cholesterol

≥200. For the overall sample, only symptoms of psychosis (p = .034) and hyperactivity (p

= .017) were significantly related to cholesterol level. Individuals with High TC were 1.8

and 2 times more likely, respectively, to have one or more symptoms of psychosis and

hyperactivity than those with lower cholesterol. The OR for affective symptoms and

symptoms of apathy suggests that the occurrence of these symptoms is not closely tied to

cholesterol level when the total sample is considered.

The determination of the OR for the occurrence of total NPS was effected by the very small

number of individuals who had no reported NPS. Given that the vast majority of individuals

in the sample were reported to exhibit at least one NPS regardless of cholesterol level,
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analyses were conducted based on comparing individuals with three or fewer symptoms (the

approximate median number of NPS for the sample) and those reported to have four or more

symptoms. The likelihood of having four or more symptoms was 2.173 (95% CI

1.253-3.767, p = .007) times greater for the High TC group.

The role of elevated cholesterol appears gender and symptom specific. When comparing

High TC males to High TC females, males were 2.66 (95% CI 1.142-6.243, p= .027) times

more likely than females to have 4 or more NPS. High TC males were 2.78 (95% CI

1.023-7.544, p= .045) times more likely to have hyperactive symptoms; 2.34 (95% CI

1.001-5.453, p= .049) times more likely to have affective symptoms and 2.58 (95% CI

1.052-6.216, p= .038) times more likely to have symptoms of apathy than High TC females.

There was not a significant difference in the likelihood of having psychosis symptoms.

When looking at each gender separately, for males having elevated total cholesterol

significantly increased the likelihood of having symptoms of psychosis almost 4 times and

of having apathy symptoms over 3 times compared to males with lower cholesterol.

Although not reaching significance, there was a trend suggesting a relationship between

High TC in males and the occurrence of hyperactive and affective symptoms. The likelihood

of High TC males having four or more NPS was 4.5 times greater (95% CI 1.681-12.045, p

= .002) than for the Low TC group. For females, only symptoms of hyperactivity were

significantly related to elevated cholesterol and increased the likelihood of having one or

more symptoms of hyperactivity by 2.25 times (p = .029) compared to Low TC females.

Neither symptoms of psychosis nor affective symptoms nor symptoms of apathy were

significantly related to high cholesterol for this group. The likelihood of High TC females

having four or more NPS was not significantly different than the Low TC females (OR=

1.452 95% CI .7125-2.958, p = .303).

Analysis of the individual NPI symptoms revealed a significant main effect for TC level for

symptoms of delusions (F(1,216) = 6.098, p= .014), motor symptoms (F(1,216) = 10.131,

p=.002) and sleep related symptoms (F(1,216) = 5.231, p= .023). There was a significant

effect for gender only for the irritability symptoms (F(1,216) = 7.111, p= .008)where

significantly more symptoms were reported for males than females. Significant level by

gender interactions were found for anxiety symptoms (F(1,216) = 6.543, p= .011), apathy

(F(1,216) = 4.947, p= .027) and sleep related symptoms (F(1,216) = 4.067, p= .045). Post-

hoc analyses of the impact of cholesterol level on specific symptoms revealed no significant

differences between High and Low TC females on any of the items. Compared to Low TC

males, High TC males were reported to have significantly more delusions (t(74) = 2.735,

p= .008); more anxiety symptoms (t(74) = 2.502, p= .015); more symptoms of motor

disturbances (t(74) = 2.851, p= .006) and more sleep related symptoms (t(74) = 3.152, p= .

002). Table 4 presents the Odds Ratios for each of the NPI items for the male sample. High

TC males were over 5 times more likely to have reported symptoms of motor disturbances

and delusions than low TC males. Anxiety symptoms and sleep related symptoms were over

3 times more likely.
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Discussion

NPS in AD increase caregiver stress [27, 28] and increase the likelihood of nursing home

placement [29]. Many of the available pharmacological interventions for these symptoms

are either potentially harmful or unproven [30]. Discovering the characteristics of

individuals who are more likely to exhibit NPS could lead to the development of

interventions to reduce their occurrence. The current findings provide support for serum

cholesterol playing a significant role in the number and type of NPS in AD. The results

suggest that borderline to high levels of total serum cholesterol are associated with NPS and

that there are significant differences in the occurrence of NPS based on level of cholesterol.

In our study, the High TC group scored significantly lower on MMSE and scored higher on

measures assessing stage of decline and functional impairment where higher indicates

greater decline. Elevated serum cholesterol has been shown to influence the rate of disease

progression [31]. NPS in AD have been shown to slightly increase over the course of the

disease [32] and to be relatively persistent [33, 34]. NPS, especially hallucinations and

apathy [35], are also related to global functional impairment over time. It could be argued

that our finding of greater global impairment and higher number of NPS for High TC

reflects disease severity as much as any specific effect of cholesterol.

This position fails to account for the significant gender differences found in the relationship

of cholesterol to NPS. In our study the effect of cholesterol on the occurrence of NPS is

greatly influenced by gender. Although High TC females had higher MMSE scores than

High TC males, the two groups did not differ on stage of decline or level of functional

impairment. Females in our sample had significantly higher cholesterol and a significantly

higher percentage of had TC above 200, yet females and males did not differ on the

occurrence of NPS. The High and Low TC females did not differ on any of the NPS

variables. The differences found in NPS for cholesterol level appears to be driven by the

High TC males. This group had significantly more total NPS and symptoms of psychosis

and affective symptoms than the Low TC males.

The odds of having multiple NPS and symptoms of hyperactivity, apathy and affective

symptoms were significantly higher for High TC males compared to High TC females and

Low TC males. In our sample, High TC males were over 2 times more likely to have

symptoms of hyperactivity (OR= 2.78, p= .045), affective symptoms (OR=2.34, p= .049)

and symptoms of apathy (OR= 2.35, p= .048) when compared with the rest of the total

sample regardless of gender or cholesterol group.

There are a number of limitations that may affect the generalizability of the findings. The

size of the sample was relatively small although the cohort is well characterized as an AD

cohort. Analyzing by gender and grouping by cholesterol level further reduced sample size.

The study is cross-sectional and conclusions would be strengthened by looking

longitudinally at the impact of high cholesterol. Additionally, the cholesterol measurements

were made on non-fasting samples and as such may not be representative of the actual

circulating level. The initial TARCC protocol did not include collection of data on the use of

statins and other cholesterol lowering medications nor on the intitation or discontinuation of
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these medications. This is an important limitation and may have introduced a confound. This

information is being collected in ongoing cross-validation study, which will allow us to

assess the impact of statin use. It is interesting to note that in general statin use among

elderly women is significantly lower than among elderly males [36]. However, even in the

absence of knowledge about medications, individuals with total cholesterol ≥200 at the time

of the assessment showed a significantly different pattern of NPS.

The current findings are suggestive of the importance of understanding the role of

cholesterol and gender in the occurrence of NPS in AD. The mechanism by which high

cholesterol appears to differentially impact Males in the occurrence of NPS is unclear and

beyond the scope of the current research. Cross validating these finding in larger samples

has significant implications for possible treatment interventions to reduce the occurrence of

NPS in AD
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Table 1

Sample Characteristics by Gender and Cholesterol Level

Total Sample Male Female

TC ≥200
N = 133

TC ≤199
N = 87

Total
Sample N

= 76

TC ≥200
N = 33

TC≤199 N
= 43

Total
Sample N

= 144

TC ≥200
N = 100

TC ≤199
N = 44

Age Mean (SD) 78.38 (8.8) 76.78 (0.7) 75.31 (8.4) 74.24 (8.8) 76.17 (8.1) 78.73 (8.1) 77.65 (8.6) 81.11 (6.3)

Education Mean (SD) 14.31 (3.3) 13.81 (2.9) 14.49 (3.2) 14.52 (3.2) 14.46 (3.0) 13.91 (3.1) 14.24 (3.2) 13.20 (2.8)

MMSE Mean (SD) 17.96 (6.4) 20.82 (5.3) 19.55 (7.0) 15.85 (7.4) 22.54 (5.1) 18.85 (5.7) 18.68 (5.9) 19.23 (5.1)

CDR-Global Mean (SD) 1.45 (0.7) 1.15 (0.7) 1.25 (0.7) 1.42 (0.7) 0.99 (0.7) 1.43 (1.0) 1.48 (1.1) 1.31 (0.9)

CDR-SB Mean (SD) 8.67 (4.3) 6.84 (4.3) 7.15 (4.5) 9.17 (4.4) 5.52 (4.0) 8.37 (4.2) 8.51 (4.3) 8.07 (4.2)

APOEε4 Status (%)
Carriers/Non-Carriers

62%/38% 49%/51% 44%/56% 49%/51% 43%/57% 65%/35% 67%/33% 60%/40%

TC = Total Cholesterol; MMSE= Mini Mental Status Exam; CDR= Clinical Dementia Rating; CDR-SB Clinical Dementia Rating Sum of Boxes
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Table 2

Neuropsychiatric Symptoms by Gender and Cholesterol Level

NPI Total Hyperactive Psychosis Affective Apathy

Total Sample
N = 220

M = 3.98
SD = 2.63

M = 1.49
SD = 1.32

M = .75
SD = .83

M = .87
SD = .80

M = .82
SD = .75

Cholesterol ≥200
N = 133

M = 4.26
SD = 2.60

M = 1.60
SD = 1.28

M = .87
SD = .81

M = .89
SD = .81

M = .85
SD = .75

Cholesterol ≤199
N= 87

M = 3.56
SD = 2.65

M = 1.32
SD = 1.38

M = .55
SD = .67

M = .85
SD = .79

M = .77
SD = .74

Male Total
N = 76

M = 4.20
SD = 2.93

M = 1.67
SD = 1.34

M = .74
SD = .89

M = .87
SD = .7544

M = .84
SD = .78

Cholesterol ≥200
N = 33

M = 5.24
SD = 2.96

M = 1.97
SD = 1.33

M = 1.09
SD = 1.01

M = 1.09
SD = .77

M = 1.03
SD = .73

Cholesterol ≤199
N = 43

M = 3.40
SD = 2.67

M = 1.44
SD = 1.32

M = .47
SD = .67

M = .70
SD = .71

M = .70
SD = .80

Female Total
N = 144

M = 3.86
SD = 2.47

M = 1.40
SD = 1.31

M = .75
SD = .81

M = .88
SD = .83

M = .81
SD = .73

Cholesterol ≥200
N = 100

M = 3.93
SD = 2.40

M = 1.48
SD = 1.24

M = .80
SD = .84

M = .82
SD = .82

M = .79
SD = .76

Cholesterol ≤199
N = 44

M = 3.71
SD = 2.66

M = 1.21
SD = 1.44

M = .64
SD = .72

M = 1.00
SD = .84

M = .84
SD = .68

NPI = Neuropsychiatric Inventory
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Table 3

Odds Ratios for the Occurrence of NPS for High Cholesterol (≥ 200) compared to Low Cholesterol (≤199)

Total Sample Male Female

OR (95% CI) P-value OR(95% CI) P-Value OR(95% CI) P-Value

NPS Total 1.24(1.12-3.63) 0.657 2.03(0.37-11.24) 0.405 0.84(0.21-3.33) 0.806

Hyperactive 2.02(1.04-3.10) 0.017 2.70(0.85-8.50) 0.082 2.25(1.07-4.72) 0.029

Psychosis 1.80(1.04-3.10) 0.034 3.88(1.47-10.20) 0.004 1.16(0.05-2.36) 0.679

Affective 1.23(0.69-2.17) 0.472 2.47(0.91-6.71) 0.071 0.65(0.31-1.37) 0.265

Apathy 1.06(0.60-1.86) 0.823 3.27(1.20-8.86) 0.017 0.67(0.31-1.42) 0.296

NPS = Neuropsychiatric Symptoms
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Table 4

Odds Ratios Comparing AD Males Total Cholesterol ≤199 and ≥200 for NPI Items

Behavior Odds Ratio 95% Confidence Interval P-Value

Hallucinations 2.166 0.558-8.417 .256

Irritability 1.385 0.547-3.512 .491

Motor Activity 5.138 1.708-15.464 .002*

Agitation 1.792 0.650-4.063 .212

Delusions 5.797 1.446-23.238 .007*

Depression 1.588 0.632-3.989 .323

Anxiety 3.186 1.238-8.205 .014*

Elation 0.629 0.108-3.662 .604

Apathy 2.239 0.884-5.671 .086

Disinhibition 1.066 0.414-2.749 .896

Night time 3.551 1.369-9.222 .008*

Appetite 1.756 0.695-4.439 .231
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