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CSF biomarkers of Alzheimer disease
“Noncognitive” outcomes

ABSTRACT

Objectives: To test whether CSF Alzheimer disease biomarkers (b-amyloid 42 [Ab42], tau, phos-
phorylated tau at threonine 181 [ptau181], tau/Ab42, and ptau181/Ab42) predict future decline in
noncognitive outcomes among individuals cognitively normal at baseline.

Methods: Longitudinal data from participants (N 5 430) who donated CSF within 1 year of a
clinical assessment indicating normal cognition and were aged 50 years or older were analyzed.
Mixed linear models were used to test whether baseline biomarker values predicted future decline
in function (instrumental activities of daily living), weight, behavior, and mood. Clinical Dementia
Rating Sum of Boxes and Mini-Mental State Examination scores were also examined.

Results: Abnormal levels of each biomarker were related to greater impairment with time in behav-
ior (p, 0.035) and mood (p, 0.012) symptoms, and more difficulties with independent activities
of daily living (p , 0.012). However, biomarker levels were unrelated to weight change with time
(p . 0.115). As expected, abnormal biomarker values also predicted more rapidly changing Mini-
Mental State Examination (p , 0.041) and Clinical Dementia Rating Sum of Boxes (p , 0.001)
scores compared with normal values.

Conclusions: CSF biomarkers among cognitively normal individuals are associated with future
decline in some, but not all, noncognitive Alzheimer disease symptoms studied. Additional work
is needed to determine the extent to which these findings generalize to other samples.
Neurology® 2013;81:2028–2031

GLOSSARY
Ab42 5 b-amyloid 42; AD 5 Alzheimer disease; CDR 5 Clinical Dementia Rating; FAQ 5 Functional Assessment Question-
naire; GDS 5 Geriatric Depression Scale; IADL 5 instrumental activities of daily living; MCI 5 mild cognitive impairment;
MMSE5Mini-Mental State Examination; NPI-Q5 Neuropsychiatric Inventory Questionnaire; ptau181 5 phosphorylated tau
at threonine 181.

Alzheimer disease (AD) biomarkers can identify “preclinical AD,” a state in which AD pathology
is present in the brain but the individual has no dementia symptoms or detectable cognitive
impairment. It is thought that these biomarkers may become abnormal many years before prob-
lems in memory and thinking appear.1–3 Biomarkers now are being used in “secondary preven-
tion” trials to identify cognitively normal individuals who are likely to develop symptomatic AD in
the future. When dementia symptoms are manifest, substantial neuronal death has already
occurred. Therefore, it may be that waiting to administer drugs at the “late” symptomatic stage
of AD is responsible for the failure of treatment trials with “disease-modifying” agents.

Earlier work has shown that CSF biomarkers of AD reflecting soluble b-amyloid (Ab), the
principal component of amyloid plaques, and tau, the principal component of tangles, predict
incident cognitive impairment and dementia. However, “noncognitive” outcomes must also be
carefully and systematically assessed in clinical trials of disease-modifying treatments for AD.4

These outcomes help to more fully reflect the impact of AD treatment on caregiver burden,
premature institutionalization, and financial cost.
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We examined associations between CSF bio-
markers and incident cognitive impairment
among participants followed up to 14.5 years
and tested whether AD biomarker levels predicted
future changes in function (independent activities
of daily living), weight, behavior, and mood.

METHODS Standard protocol approvals, registrations,
and patient consents. Study protocols were approved by the

Washington University Human Research Protection Office,

and written informed consent was obtained from all participants.

Participants. We analyzed annually collected data from partic-

ipants enrolled in longitudinal studies at the Knight Alzheimer’s

Disease Research Center. Participants were recruited through

word-of-mouth, advertisements, and community events for yearly

assessment sessions.

Clinical assessments. The clinician’s judgment about the pres-

ence of dementia was based on the principle of intraindividual

change whereby the individual was used as his or her own control.

Based on semistructured interviews with the participant, and sepa-

rately with a collateral source who knew the participant well, the

participant’s cognitive and functional performance in each of 6

domains (Memory, Orientation, Judgment & Problem Solving,

Community Affairs, Home & Hobbies, and Personal Care) was

rated. These ratings were summed to yield the Clinical Dementia

Rating (CDR) Sum of Boxes measure.5 An algorithm was used to

calculate the global CDR.5 A CDR of 0 was taken to indicate normal

cognitive functioning, whereas CDRs of 0.5, 1, 2, and 3 indicated

very mild, mild, moderate, and severe dementia, respectively.5 Mini-

Mental State Examination (MMSE)6 scores were also obtained.

Weight was measured in pounds. The collateral source re-

ported instrumental activities of daily living (IADL), which were

assessed using the Functional Assessment Questionnaire (FAQ),7

and behavioral symptoms, using the Neuropsychiatric Inventory

Questionnaire (NPI-Q).8 Depression symptoms were obtained

from the participant using the Geriatric Depression Scale (GDS).9

CSF collection. CSF was obtained via lumbar puncture by

trained neurologists using a 22-gauge Sprotte spinal needle to

draw 20 to 30 mL of CSF at 8:00 AM following an overnight fast.

CSF samples were gently inverted to avoid possible gradient effects

and centrifuged at low speed to pellet any cellular debris and frozen

at284°C after aliquoting (0.5 mL) into polypropylene tubes. CSF

samples for Ab42, tau, and phosphorylated tau at threonine 181

(ptau181) were analyzed using ELISA (INNOTEST; Innogenetics,

Ghent, Belgium).

Inclusion criteria. Data from participants who 1) donated CSF

within 1 year of a clinical assessment indicating normal cognition,

2) had at least one additional clinical assessment after the baseline

assessment (the assessment closest to the date of CSF donation), 3)

and were aged 50 years or older at the time of the baseline assessment

were included.

Statistical analyses. We tested whether the CSF biomarkers of

Ab42, tau, ptau181, tau/Ab42, and ptau181/Ab42 predicted each of

the outcomes of interest. Mixed linear models were used to test

whether baseline biomarker values predicted future decline in

function (FAQ scores), weight (in pounds), behavior (NPI-Q

scores), mood (GDS scores), and CDR Sum of Boxes andMMSE

scores. Dichotomous variables reflecting normal and abnormal

biomarker values were constructed using the same cutoffs used

in previous research (,500 pg/mL for Ab42, .440 pg/mL for

tau,.78 pg/mL for ptau181,.0.94 for tau/Ab42, and.0.15 for

ptau181/Ab42).10 These analyses included terms adjusting for the

effects of age, sex, race (minority vs nonminority), education, and

the presence of an APOE e4 allele.

RESULTS Follow-up times ranged from 0.9 year to
14.5 years among the 430 participants meeting inclu-
sion criteria (table 1). Thirty percent of participants
(128/427) reported subjective memory or thinking
concerns at baseline, answering “Yes” to the question:
“Have you had any problems with your thinking or
memory?” Values of each biomarker variable were
associated with change across time in NPI-Q, GDS,
and FAQ scores (table 2), such that abnormal levels of
each biomarker were related to greater impairment
with time in behavior and mood symptoms, and
more difficulties with independent activities of daily
living (table 2). Generally, p values for the ratio var-
iables were smaller than those associated with Ab42,
tau, and ptau181 alone. However, biomarker levels
were unrelated to weight change with time (table 2).

Abnormal biomarker values also predicted more
rapidly declining performance on the MMSE and
CDR Sum of Boxes compared with normal values.
Fourteen participants (3.3%) clearly developed demen-
tia (defined as CDR $1 because some investigators
consider CDR 0.5 to indicate mild cognitive impair-
ment [MCI]11) over the follow-up period.We repeated
the analyses after removing data from these 14 partic-
ipants from the sample. Generally, results were similar,
although most p values reflecting the difference
between the normal and abnormal biomarker groups
were attenuated (table e-1 on the Neurology® Web site
at www.neurology.org).

DISCUSSION Our sample showed cognitive decline
with time that was linked to baseline biomarker levels.
We also found that abnormal levels of CSF biomarkers
predicted decline in the noncognitive outcomes of
function, behavior, and mood, but were unrelated to
weight changes with time.

Functionality includes the ability to perform
IADL such as paying bills, shopping, and preparing
meals. Decline in functional activities is an essential
diagnostic criterion for AD dementia. Progressive

Table 1 Demographics of cognitively normal participants (N 5 430)

Age, y, mean (SD) 69.1 (8.8)

Women, n (%) 252 (58.9)

Minority race, n (%) 32 (7.5)

Education, y, mean (SD) 15.6 (2.8)

APOE e41, n (%) 146 (34.1)

Time between LP and baseline clinical assessment, y, mean (SD) 0.28 (0.15)

Follow-up time, y, mean (SD) 4.7 (2.7)

Abbreviation: LP 5 lumbar puncture.
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functional decline leads to dependence, which de-
creases the patient’s quality of life, places physical
and psychological burdens on the caregiver, and can
lead to institutionalization. A previous cross-sectional
study found that amyloid burden, imaged using Pitts-
burgh compound B, correlated with worse perfor-
mance on IADL among persons with MCI,12 but
there was no cross-sectional relationship between
Pittsburgh compound B uptake and IADL among
19 individuals with normal cognition.12 However, a
longitudinal study found that CSF biomarkers of
Ab42, tau, and ptau181 predicted future decline on
IADL among participants who were cognitively nor-
mal at baseline,13 consistent with our results.

An earlier study found that among participants with
AD, the CSF biomarker Ab42 was correlated with the
presence of aggressive behaviors.14 Aggression was not
linked to levels of CSF tau or ptau181, and none of the
biomarkers were correlated with any of the other behav-
iors studied, including delusions, hallucinations, anxiety,
and agitation.14 Cross-sectional studies show conflicting
results regarding mood, with reports that CSF Ab42 is
increased,15 decreased,16 and unrelated14 to depression.
However, depression has been found to be associated
with greater numbers of amyloid plaques17,18 and
neurofibrillary tangles at autopsy.17,19 To our knowl-
edge, no previous studies have investigated whether
abnormal biomarkers in cognitively normal adults pre-
dict future behavioral symptoms. We found that
depression scores and other behavioral symptoms
monitored by the NPI-Q worsen faster among indi-
viduals with preclinical AD at baseline as defined by
CSF biomarkers.

Weight loss is associated with cognitive impair-
ment, with AD onset, and increases the risk of death.
A cross-sectional study found that abnormal CSF lev-
els of Ab42 and tau were associated with lower body
mass index in a sample comprising individuals with
and without memory problems (i.e., were cognitively
normal, had MCI, or had AD dementia),20 consistent
with a possible link between abnormal AD biomarker
levels and weight loss. A literature review did not
reveal any prior studies that examined biomarkers as
a predictor of future weight loss among cognitively
normal individuals. Our nonsignificant results sug-
gest that if such a link exists, the relationship is weaker
than the association between CSF biomarkers and the
other noncognitive outcomes studied here.

A limitation of the study is that we conducted sev-
eral statistical tests, and it is possible that some statis-
tical tests were significant by chance. The likelihood

Table 2 Slopes (standard error) reflecting longitudinal weight change, and
change in scoresa on cognitive and noncognitive outcomes, as a
function of normal and abnormal CSF biomarker values at baseline

Baseline biomarker value

Normal Abnormal p Value

Ab42

No. 272 158

Weight, lb 20.769 (0.862) 20.059 (1.068) 0.613

FAQ 0.084 (0.046) 0.296 (0.062) 0.006

GDS 0.022 (0.021) 0.124 (0.028) 0.004

NPI-Q 0.016 (0.032) 0.127 (0.041) 0.035

MMSE 20.013 (0.019) 20.154 (0.025) ,0.001

CDR Sum of Boxes 0.041 (0.016) 0.159 (0.022) ,0.001

tau

No. 358 72

Weight, lb 0.114 (0.776) 22.271 (1.33) 0.115

FAQ 0.106 (0.040) 0.422 (0.090) 0.001

GDS 0.035 (0.019) 0.171 (0.039) 0.002

NPI-Q 0.025 (0.028) 0.190 (0.057) 0.010

MMSE 20.047 (0.018) 20.131 (0.037) 0.041

CDR Sum of Boxes 0.062 (0.015) 0.191 (0.033) ,0.001

ptau181

No. 355 75

Weight, lb 0.082 (0.773) 22.190 (1.317) 0.130

FAQ 0.116 (0.040) 0.366 (0.090) 0.012

GDS 0.039 (0.019) 0.152 (0.039) 0.012

NPI-Q 0.023 (0.028) 0.199 (0.057) 0.006

MMSE 20.042 (0.017) 20.156 (0.037) 0.006

CDR Sum of Boxes 0.062 (0.015) 0.188 (0.033) ,0.001

tau/Ab42

No. 360 70

Weight, lb 20.788 (0.732) 1.037 (1.673) 0.322

FAQ 0.108 (0.040) 0.439 (0.093) 0.001

GDS 0.029 (0.018) 0.233 (0.042) ,0.001

NPI-Q 0.021 (0.027) 0.268 (0.061) ,0.001

MMSE 20.032 (0.017) 20.236 (0.038) ,0.001

CDR Sum of Boxes 0.053 (0.014) 0.247 (0.033) ,0.001

ptau181/Ab42

No. 343 87

Weight, lb 20.667 (0.778) 20.116 (1.318) 0.726

FAQ 0.105 (0.041) 0.386 (0.083) 0.003

GDS 0.023 (0.019) 0.202 (0.036) ,0.001

NPI-Q 0.010 (0.028) 0.238 (0.053) ,0.001

MMSE 20.024 (0.017) 20.217 (0.033) ,0.001

CDR Sum of Boxes 0.050 (0.015) 0.219 (0.029) ,0.001

Abbreviations: Ab42 5 b-amyloid 42; CDR 5 Clinical Dementia Rating; FAQ5 Functional Assessment
Questionnaire; GDS 5 Geriatric Depression Scale; MMSE 5 Mini-Mental State Examination; NPI-Q 5

Neuropsychiatric Inventory Questionnaire; ptau181 5 phosphorylated tau at threonine 181.

Slope estimates were adjusted for the effects of age, sex, race,
education, and the presence of an APOE e4 allele.
a Lower scores on the MMSE indicate greater impairment.
Higher scores on the other tests indicate greater impairment.
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of a statistical test being significant by chance de-
creases with smaller p values.

We found that CSF biomarkers among cognitively
normal individuals are associated with future decline
in some, but not all, noncognitive AD symptoms
studied. Future research should test whether the
ratios of tau/Ab42 and ptau181/Ab42 are better pre-
dictors of decline in noncognitive outcomes com-
pared with the individual molecular markers alone.
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