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Neuropsychiatric symptoms, APOE €4,

and the risk of incident dementia
A population-based study

ABSTRACT

Objective: To investigate the population-based interaction between a biological variable (APOE
g4), neuropsychiatric symptoms, and the risk of incident dementia among subjects with prevalent
mild cognitive impairment (MCI).

Methods: We prospectively followed 332 participants with prevalent MCI (aged 70 years and
older) enrolled in the Mayo Clinic Study of Aging for a median of 3 years. The diagnoses of MCI
and dementia were made by an expert consensus panel based on published criteria, after
reviewing neurologic, cognitive, and other pertinent data. Neuropsychiatric symptoms were
determined at baseline using the Neuropsychiatric Inventory Questionnaire. We used Cox propor-
tional hazards models, with age as a time scale, to calculate hazard ratios (HRs) and 95% confi-
dence intervals (Cls). Models were adjusted for sex, education, and medical comorbidity.

Results: Baseline agitation, nighttime behaviors, depression, and apathy significantly increased
the risk of incident dementia. We observed additive interactions between APOE ¢4 and depres-
sion (joint effect HR = 2.21; 95% Cl = 1.24-3.91; test for additive interaction, p < 0.001); and
between APOE ¢4 and apathy (joint effect HR = 1.93; 95% Cl| = 0.93-3.98; test for additive
interaction, p = 0.031). Anxiety, irritability, and appetite/eating were not associated with
increased risk of incident dementia.

Conclusions: Among prevalent MCI cases, baseline agitation, nighttime behaviors, depression,
and apathy elevated the risk of incident dementia. There was a synergistic interaction between
depression or apathy and APOE &4 in further elevating the risk of incident dementia.
Neurology® 2015;84:935-943

GLOSSARY

AD = Alzheimer disease; Cl = confidence interval; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders (Fourth
Edition); HR = hazard ratio; IQR = interquartile range; MCI = mild cognitive impairment; MCSA = Mayo Clinic Study of Aging;
NPI-Q = Neuropsychiatric Inventory Questionnaire.

Dementia is one of the leading causes of morbidity and mortality in late life. It presents several
challenges, not least of which are the economic consequences.! Therefore, it is critical to prevent
or delay dementia.? Identification of high-risk groups is a key step toward the prevention of
dementia. Mild cognitive impairment (MCI) is the intermediate stage between cognitive aging
and dementia and is associated with an increased risk of dementia.’

Clinic-based samples have indicated that neuropsychiatric symptoms in prevalent MCI
increase the risk of incident dementia.** However, only a few studies were derived from
population-based settings.”* In addition, studies derived from clinical samples including our
own team have reported the synergistic interaction between a neuropsychiatric symptom (e.g.,
depression) and APOE €4 in increasing the risk of incident dementia.”"!

While APOE €4 and neuropsychiatric symptoms are independent risk factors for incident
dementia, little is known about the interaction between APOE €4 and a broad spectrum of
neuropsychiatric symptoms in increasing the risk of incident dementia in a population-based
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setting. Partly, this is because one needs a very
large probability sample in order to investigate
interactions in a population-based setting. The
Mayo Clinic Study of Aging provides such a
unique opportunity to examine interactions
with adequate power.

Therefore, we sought to examine the risk of
incident dementia among subjects with preva-
lent MCI with neuropsychiatric symptoms at
baseline and examined whether there was an
interaction between neuropsychiatric symp-
toms and APOE €4 genotype (any vs none)
in predicting the risk of incident dementia.

METHODS Setting. This study was conducted in the setting
of the Mayo Clinic Study of Aging (MCSA). Details of the study
procedures have been reported elsewhere.'” Briefly, the MCSA is
an ongoing population-based study examining the prevalence,
incidence, and risk factors for MCI and dementia in Olmsted
County, Minnesota. From a target population of 9,953 elderly
residents, participants were recruited on October 1, 2004, by
stratified random sampling.’® In this analysis, subjects aged 70
to 91 years were enrolled from December 2004 through
September 2009 and underwent baseline and 15-month

interval evaluations.

Standard protocol approvals, registrations, and patient
consents. This study was approved by the Mayo Clinic and
Olmsted Medical Center institutional review boards, and
informed consent for participation was obtained from every

subject.

[ Figure 1 Flowchart

MCI at baseline

N =406
No NPI-Q
n=15
With NPI-Q
=391

Died before first follow-up

Refused n=21
n=38
Included in analyses
n =332
Remained MCI
n=215

Incident dementia

n=117

MCI = mild cognitive impairment; NPI-Q = Neuropsychiatric Inventory Questionnaire.
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Study design. We conducted a prospective cohort study involv-
ing subjects with prevalent MCI on whom Neuropsychiatric
Inventory Questionnaire (NPI-Q) data were available at baseline.
Participants with a diagnosis of dementia at baseline were
excluded. Subjects who had MCI with or without neuropsychiat-
ric symptoms were followed forward in time to the outcome
of incident dementia as measured by the DSM-IV criteria.'t
NPI-Q data were available on 391 subjects with MCI, of
whom 38 individuals were lost to follow-up and 21 died.
Therefore, the final analyses included 332 subjects with MCI
(figure 1).

Cognitive evaluation. Participants of the MCSA underwent
the following 3 face-to-face evaluations: (1) risk factor
ascertainment  (including NPI-QQ) and baseline evaluation
(including Clinical Dementia Rating Scale’) performed by a
nurse or study coordinator; (2) neurologic evaluation including a
neurologic interview, Short Test of Mental Status,'® and neurologic
examination performed by behavioral neurologists; and (3)
neuropsychological evaluation of 4 cognitive domains—memory
(delayed recall trials from the Auditory Verbal Learning Test'” and
the Wechsler Memory Scale—Revised,'® Logical Memory and
Visual Reproduction subtests); language (Boston Naming Test'?
and category fluency); visuospatial (Wechsler Adult Intelligence
Scale—Revised,*® Picture Completion and Block Design subtests);
and executive function (Trail Making Test Part B*' and the
Wechsler Adult Intelligence Scale-Revised, Digit Symbol
subtest). All tests were administered by psychometrists and
supervised by neuropsychologists.

An expert consensus panel of physicians, neuropsychologists,
and nurses or study coordinators reviewed the data and made the
diagnosis of MCI, based on the revised Mayo Clinic criteria,*
and dementia, based on the DSM-V criteria.'*

Subtypes of MCI. MCI was classified into amnestic and non-
amnestic type based on whether or not the memory domain was
impaired as defined by a z score =—1 below the mean. In
addition, MCI was further classified into single-domain or
multiple-domain impairment according to the number of
cognitive domains involved. For instance, an individual with
language impairment only was defined as nonamnestic MCI,
single-domain type, whereas an individual with memory and
language domain impairment was classified as amnestic MCI,

multiple-domain type.?

Measurement of neuropsychiatric symptoms. Neuropsy-
chiatric symptoms were measured by using the NPI-Q. The
NPI-Q is a shorter version of the Neuropsychiatric Inventory, a
validated clinical instrument.”> We considered the NPI-Q an
appropriate screening instrument because it assesses a broad
variety of neuropsychiatric symptoms and was also selected by
the Uniform Data Set Initiative of the National Institute on
Aging.** It was administered as a structured interview to an
informant, usually the spouse. The NPI-Q is designed to
obtain information on 12 emotional behaviors (i.e., agitation,
delusion, hallucination, depression, anxiety, euphoria, apathy,
disinhibition, irritability, aberrant motor behavior, sleep, and
cating/appetite). The exposure of interest in our study was the
presence or absence of each symptom assessed by the NPI-Q.
This is analogous to our previous work that examined the
outcome of incident cognitive decline by presence/absence of
depression at baseline.”> Subjects with missing NPI-Q data

were excluded from our analyses.

APOE genotyping. After obtaining informed consent, blood
was drawn from the study participants. Then, APOE €4



genotypes were determined from its DNA using a PCR amplifi-
cation.?® The laboratory technicians were blinded to other study

variables.

Statistical analysis. We conducted statistical analyses to assess
the risk of incident dementia among prevalent MCI cases with
or without specific neuropsychiatric symptoms at baseline. We
computed hazard ratios (HRs) and 95% confidence intervals
(95% Cls) to assess the association between the independent var-
iable (neuropsychiatric symptoms as measured by the NPI-Q)
and the outcome of incident dementia using Cox proportional
hazards models adjusted for age, sex, education, and medical
comorbidity.” We used the following rationales to select
covariates: (1) traditional confounders (age and sex) were
included as covariates; (2) education is a critical covariate for
our type of research. Accordingly, we have adjusted for
education; (3) given that most of our participants are elderly
persons who are likely to have multiple medical comorbidities,
we used the standard Charlson index to adjust for comorbid
medical conditions. The Charlson Comorbidity Index predicts
the 10-year mortality for a patient with a total of 22 potential
comorbid conditions and was calculated using the Deyo method.
Herein, a composite index was calculated after numeric values
were assigned to comorbid medical conditions.?®

We used Kaplan-Meier survival curves for visual display of

interaction effects with APOE g4 genotype by using multivariate
models to test for additive interactions. Statistical testing was
done at the conventional 2-tailed « level of p < 0.05. Statistical
analyses were performed using SAS System, version 9.3 software

(SAS Institute, Cary, NC).

RESULTS Baseline demographic characteristics. We
prospectively followed subjects with MCI who had
available NPI-Q data (n = 391) to the outcome of
incident dementia (n = 117) or censoring variables
(death, n = 21; loss to follow-up, n = 38) for a
median (interquartile range [IQR]) of 3.0 (2.5,
5.3) years (figure 1). The median (IQR) age was
82.1 years (77.7, 85.0), 54.5% were males, the
median (IQR) education was 12 years (12, 15),
(IQR) number of medical

comorbidities was 5 (3, 7) as measured by the

and the median
Charlson Comorbidity Index.*® Neuropsychiatric
data were missing for 54 subjects with nighttime
behavior, and APOE genotype data were missing
for 3 subjects. All other data were complete. The
complete demographic characteristics are summarized

data, with age as a time scale (figure 2). We examined possible  in table 1.
[ Figure 2 Survival curves for agitation, nighttime behaviors, apathy, and depression ]
1001 100
90 90
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NPIg = NPI-Q, Neuropsychiatric Inventory Questionnaire.
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[ Table 1 Demographic characteristics of study participants by neuropsychiatric symptoms

Total
(N = 332)
Sex, male 181 (54.5)
Age, y
Median (IQR) 82.1
(77.7, 85.0)
Median (range) 82.1
(70.7-91.8)
70-79 114 (34.3)
80-91 218 (65.7)
Education, y
Median (IQR) 12 (12, 15)
Median (range) 12 (6-20)
>12y 141 (42.5)
Charlson index
Median (IQR) 5(3,7)
Median (range) 5 (0-16)
Time in study, y
Median (IQR) 3.0(25,5.3)
Median (range) 3.0(1.1-7.7)
Incident dementia 117 (35.2)
Rate® (95% ClI) 120 (99-144)

Depression
(n = 84)

45 (53.6)

81.7
(76.1, 84.2)

81.7
(70.9-91.7)

32(38.1)
52 (61.9)

12 (12, 14)
12 (7-20)
32(381)

5(3,7)
5 (0-16)

3!61(2:5715'3)
3.6(1.1-7.2)
39 (46.4)

166 (118-227)

Apathy
(n =55)

36 (65.5)

80.9
(76.0, 84.1)

80.9
(70.9-91.3)

26 (47.3)
29 (52.7)

12 (12, 15)
12 (8-20)
22 (40.0)

4(3,7)
4 (0-16)

4.0 (2.6, 5.5)
4.0(1.3-7.2)
25 (45.5)
151 (98-223)

Abbreviations: Cl = confidence interval; IQR = interquartile range.
@Fifty-four subjects did not have nighttime behaviors assessment available (informant unable to assess).

b Statistically significant p value.

Anxiety
(n=47)

25(53.2)

81.1
(76.4, 85.0)

81.1
(70.9-91.3)

21 (44.7)

26 (55.3)

12 (12, 14)
12 (6-20)

16 (34.0)

5(3,7)
5(0-15)

29(25,51)
2(1.3-6.8)
15(31.9)
107 (60-177)

¢ Age- and sex-standardized incidence rate of dementia (per 1,000 person-years).
Data are n (%), unless otherwise indicated. Each p value is for the neuropsychiatric cohort vs its referent cohort (referent cohort columns not shown).

Agitation
(n=28)

17 (60.7)

80.7
(75.4, 83.5)

80.7
(71.4-91.3)

12 (42.9)
16 (57.1)

12 (12, 14)
12 (8-20)
11 (39.3)

5(3,7)
5(1-16)

3.4 (25,4.7)
3.4 (1.3-7.2)
15 (53.6)

216 (121-357)

Irritability
(h=57)

40 (70.2)°

—b

80.1
(75.4,82.7)

80.1
(70.9-91.7)

28 (49.1)
29 (50.9)

12 (12, 14)
12 (7-20)
28 (49.1)

4(3,7)
4 (0-16)

3.9(26, 5.5)
39(1.3-7.2)
19 (33.3)
102 (62-160)

Nighttime
behaviors®
(n = 46)

30 (65.2)

81.8
(76.7, 84.0)

81.8
(71.3-91.3)

17 (37.0)
29 (63.0)
—b

12 (12, 16)
12 (6-20)
22 (47.8)

5(2 7)
5(0-13)

2.8(1.6,4.3)
2.8(1.1-6.9)
20 (43.5)

179 (109-277)

Disinhibition
(h=13)

9(69.2)

81.1
(77.7, 82.9)

811
(71.4-85.5)

5(38.5)
8(61.5)

12 (11, 14)
12 (8-19)
5(38.5)

4(3,5)
4 (2-10)

26(1.6,5.2)
2.6 (1.3-6.0)
4(30.8)

105 (29, 270)

Euphoria
(n=4)

2(50.0)

74.3
(71.8, 78.6)

74.3
(71.3-81.1)

3(75.0)
1 (25.0)

13 (12, 15)
13 (12-16)
2(50.0)

6(3.5,9)
6 (2-11)

2.6 (1.9, 4.6)
2.6 (1.3-6.5)
2(50.0)

171 (21, 615)

Delusions
(n=10)

5(50.0)

82.9
(82.0, 85.2)

82.9
(81.1-89.8)

0 (0.0
10 (100.0)

12 (12, 14)
12 (8-17)
5(50.0)

4 (2, 5)
4(1-8)

2.4 (1.4,55)
2.4 (1.3-6.4)
4(40.0)

173 (47, 444)

Hallucinations
(n=1)

1(100.0)

71.4
(71.4,71.4)

71.4
(71.4-71.4)

1 (100.0)

0 (0.0)

12 (12,12)
12 (12-12)

0(0.0)

5 (5, 5)
5(5-5)

52(5.2,5.2)
5.2 (5.2-5.2)
0(0.0)

0 (0, 709)



Risk of incident dementia. We calculated the incidence
of dementia as predicted by baseline neuropsychiatric
status. We observed an overall age- and sex-
standardized incidence rate of 120 per 1,000 person-
years. Incidence rate differed by neuropsychiatric
symptoms. For example, for the agitation cohort
alone, the annual age- and sex-standardized incidence
rate was 216 per 1,000 person-years. Details of the
findings are described in table 1.

Baseline agitation, nighttime behaviors, depres-
sion, and apathy significantly increased the risk of
incident dementia. Conversely, motor disturbance,
anxiety, irritability, and appetite/eating were not asso-
ciated with increased risk of dementia. In addition,
psychotic symptoms and other emotional behaviors
including disinhibition, delusions, and euphoria did
not reach statistical significance. A summary of the
HRs is displayed in table 2.

We examined whether there was an interaction
between neuropsychiatric symptoms and APOE €4
genotype (any vs none) in predicting the risk of inci-
dent dementia. We defined the reference group as
subjects who did not carry any €4 allele and who
did not have neuropsychiatric symptoms. Compared
with the reference group, subjects with depression but
no €4 allele (€3/¢4 or €4/€4) had an HR of 1.39 (95%
CI = 0.84-2.31) for incident dementia, subjects
without depression but with an €4 allele had an HR
of 1.02 (95% CI = 0.62-1.66), and subjects with
both depression and an €4 allele had an HR of 2.21
(95% CI = 1.24-3.91; table 3). A test for additive
interaction was significant (p < 0.001), whereas a test
for multiplicative interaction was not (p = 0.29).

Similarly, compared with the reference group,
subjects with apathy but no €4 allele had an HR for

[ Table 2 Risk of incident dementia by neuropsychiatric symptoms? ]
Psychiatric symptom HR (95% CI)° p Value®
Depression 1.63(1.10, 2.41) 0.015
Apathy 1.62 (1.03, 2.54) 0.037
Anxiety 0.93(0.54, 1.61) 0.79
Agitation 1.97 (1.13, 3.42) 0.017
Irritability 1.00 (0.61, 1.67) 0.99
Appetite/eating 1.59 (0.86, 2.95) 0.14
Motor disturbance 0.78 (0.11, 5.71) 0.81
Nighttime behaviors 1.68 (1.02, 2.78) 0.042
Disinhibition 0.88 (0.32, 2.40) 0.80
Euphoria 3.06 (0.68, 13.7) 0.14
Delusions 1.43(0.52, 3.96) 0.49
Hallucinations NA 0.99

Abbreviations: Cl = confidence interval; HR = hazard ratio; NA = not applicable.
2Bonferroni p value cutoff = 0.0042.
b Adjusted for age, sex, education, and medical comorbidity.

incident dementia of 1.55 (95% CI = 0.87-2.76),
subjects without apathy but with an €4 allele had an
HR of 1.17 (95% CI = 0.76—1.82), and the HR of
subjects with both apathy and an €4 allele (HR =
1.93 [95% CI = 0.93-3.98]) approached signifi-
cance (table 3). A test for additive interaction was
statistically significant (p = 0.031), whereas a test
for multiplicative interaction was not (p = 0.91).
There were no interactions between an €4 allele and
other neuropsychiatric symptoms in predicting the
risk of incident dementia.

We conducted a series of sensitivity analyses to
examine whether there were interactions between
MCI subtypes and any of the 12 neuropsychiatric
symptoms to influence the outcome of incident
dementia. We did not observe any interaction
between MCI subtypes and neuropsychiatric symptoms
except for nighttime behavior, which changed from sig-
nificant (p = 0.042) to a trend (p = 0.11) when we
specifically investigated the interaction between amnes-
tic MCI and neuropsychiatric symptoms.

DISCUSSION Herein, we report the population-
based risk of incident dementia by baseline
neuropsychiatric symptoms among subjects with
MCI. In addition, we investigated the interaction
between APOE €4 and neuropsychiatric symptoms in
predicting incident dementia. APOE €4 is associated
with amyloid® and glucose hypometabolism® as
measured by PET.

Because APOE €4 is an established risk factor for
Alzheimer disease (AD), we investigated whether
there was an interaction between neuropsychiatric
symptoms and APOE €4 in predicting the outcome
of incident dementia among subjects with prevalent
MCI. We observed a synergistic additive interaction
between APOE €4 genotype and neuropsychiatric
symptoms (i.e., depression and apathy), whereas a test
for multiplicative interaction was not significant.
Thus, the combined presence of depression and
APOE €4, as well as apathy and APOE €4, was greater
than the expected arithmetic sum of their indepen-
dent effects. Furthermore, additive interaction is
more applicable to biological events than multiplica-
tive interaction.’ This finding has relevance to rec-
ommendations that emphasize identification of
APOE g4—enriched samples for interventional studies
that aim to delay dementia.*

To date, studies primarily focused on 1 or 2 neu-
ropsychiatric symptoms™’; only a small number of
studies examined the incidence of dementia by a wide
variety of neuropsychiatric symptoms in MCI sub-
jects.*3*3% For instance, investigators from Johns
Hopkins University used a clinical sample assembled
by the National Alzheimer’s Coordinating Center
database to examine the risk of incident dementia

Neurology 84 March 3, 2015 939



[ Table 3 Investigation of the interaction between neuropsychiatric symptoms and APOE =4 genotype and the outcome of incident dementia® ]

Median Multiplicative Additive
Sample or No. at No. with time interaction interaction
stratum risk dementia in study, y HR (95% CI)® p Value p value p value
APOE4 - DEP- 168 52 82 1.00 (ref. group) 0.29 <0.001
APOE4+ DEP- 78 24 2.9 1.02(0.62,1.66) 0.95
APOE4- DEP+ 53] 22 31 1.39(0.84,2.31) 0.20
APOE4+ DEP+ 30 16 319 2.21(1.24,3.91) 0.007
APOE4 - APA- 185 59 3.0 1.00 (ref. group) 0.91 0.031
APOE4+ APA- 90 &l 2.8 1.17(0.76,1.82) 0.48
APOE4— APA+ 36 15 4.0 1.55(0.87,2.76) 0.13
APOE4+ APA+ 18 9 4.0 1.93(0.93,3.98) 0.08
APOE4 - AGI- 201 64 3.2 1.00 (ref. group) 0.69 0.25
APOE4+ AGI- 101 36 2.9 1.24(0.82,1.87) 0.31
APOE4- AGI+ 20 10 3.0 2.07(1.04,4.11) 0.038
APOE4+ AGI+ 7 4 4.0 1.98(0.71, 5.54) 0.19
APOE4- BEV- 154 51 3.6 1.00 (ref. group) 0.35 0.44
APOE4+ BEV- 76 29 29 1.44(0.90, 2.30) 0.13
APOE4- BEV+ 88 14 2.9 1.95(1.06, 3.58) 0.031
APOE4+ BEV+ 12 5 2.7 1.62(0.63, 4.16) 0.32

Abbreviations: AGl+/— = presence/absence of agitation as measured by the Neuropsychiatric Inventory Questionnaire (NPI-Q); APA+/— = presence/

absence of apathy as measured by NPI-Q; APOE4+/— = presence/absence of APOE £3/e4 or APOE e4/¢4 genotype; BEV+/— = presence/absence of
nighttime behaviors as measured by NPI-Q; Cl = confidence interval; DEP+/— = presence/absence of depressive symptoms as measured by NPI-Q; HR =
hazard ratio; ref. = reference.
2Data on APOE were missing for one person.
PHR (95% Cl) of dementia calculated using Cox proportional hazards models with age as time scale, and with adjustment for sex, education, and medical

comorbidity.

940

by baseline neuropsychiatric symptoms among 1,821
subjects with prevalent MCI whom they followed for
less than 2 years. They found that any neuropsychi-
atric symptom was significantly associated with an
increased risk of developing incident dementia.*’
Our study expands on these clinic-based findings by
showing more specifically that agitation, depression,
nighttime behavior, and apathy increased the risk of
dementia. In a relatively smaller study, investigators
from the University of California, Los Angeles, fol-
lowed 51 subjects with MCI to the outcome of inci-
dent dementia for a mean of 2 years and examined
neuropsychiatric symptoms as predictors. They re-
ported apathy and depression to be significant pre-
dictors of dementia.* Our study corroborates this
preliminary finding and extends it by showing that
agitation and nighttime behaviors also elevate the risk
of incident dementia in a population-based setting,
Consistent with our findings, other investigators
have reported that apathy increases the risk of AD
among MCI subjects.*> In addition, investigators
from the Karolinska Institute in Sweden followed
47 subjects with MCI for an average of 3 years and
observed that depressive symptoms and anxiety
increased the risk of incident AD.” However, we fol-

lowed a larger cohort (n = 332) of subjects with MCI

Neurology 84 March 3, 2015

for more than 3 years to the outcome of incident
dementia and did not observe a significant association
with anxiety. The discrepancies in these findings may
be attributable to methodologic differences, such as
sample size and different assessment tools for neuro-
psychiatric symptoms.

In this research, we did not investigate mecha-
nisms linking neuropsychiatric symptoms with the
outcome of incident dementia. However, in the past,
our team has proposed 4 possible theoretical explan-
ations for the link between neuropsychiatric symp-
toms and dementia.® They are: (1) the etiologic
pathway: a particular neuropsychiatric symptom such
as depression may have a direct deleterious effect on
the brain via the hypothalamus-pituitary axis and lead
to incident dementia, in which case neuropsychiatric
symptoms would represent “risk factors”; (2) shared
risk factor or confounding pathway: a biological risk
factor for dementia, for instance, -amyloid, may be
the cause of both cognitive outcome and neuropsy-
chiatric symptoms, in which case neuropsychiatric
symptoms might be better considered as “disease
markers”; (3) a synergistic interaction: a neuropsychi-
atric symptom and a biological factor such as APOE
€4 genotype may have a synergistic interaction to
elevate the risk of incident dementia; and (4) reverse



causality: when a person starts noticing cognitive
decline then the individual may show reactive depres-
sion. In this scenario, it is the cognitive decline that
led to the genesis of neuropsychiatric symptom. It is
to be noted that the above 4 theoretical constructs are
not mutually exclusive. More important, these pro-
posed constructs need to be empirically validated by
mechanistic research; until then, these models remain
to be hypothetical and speculative.

Our study has several strengths. First, the diagno-
ses of MCI and dementia were made at a center that
has well-established expertise in the field of MCI. Sec-
ond, we were able to screen for a broad spectrum of
neuropsychiatric symptoms, and the longitudinal
follow-up enabled us to observe the association
between neuropsychiatric symptoms and the out-
come of incident dementia. Third, the population-
based nature of our study makes our findings
less prone to referral bias and enhances their
generalizability.*

Our study also has limitations. The NPI-Q was
administered to informants, primarily spouses,
knowledgeable of the study subjects. Whereas the
NPI-Q has the advantage of gathering observed be-
haviors, informants may miss subtle signs. While
our study’s goal of examining the presence or absence
of a baseline neuropsychiatric symptom in predicting
incident dementia addresses a clinically relevant ques-
tion, it is also possible that factoring in severity of
symptoms might have added more depth to our
findings.

Furthermore, the observed association between
nighttime behaviors and incident dementia should
be interpreted with caution because relevant data
were missing in 54 subjects. However, the limited
data we have gathered have led to a finding consistent
with previous literature.”” In addition, some of the
assessed symptoms were rare; hence, their analyses
should be interpreted with caution. For instance,
there were only 4 subjects in the euphoria cohort,
of whom 2 cases developed dementia during follow-
up. There were only 10 subjects with baseline delu-
sions, of whom 4 developed dementia. Thus, the
small number of study participants with motor dis-
turbance, euphoria, delusions, psychosis, and disinhi-
bition makes it difficult to completely assess the
contribution of these symptoms to incident demen-
tia. While a median follow-up of 3 years in the cur-
rent study may be perceived as relatively short,
investigators from the Pittsburgh Cardiovascular
Health Study—Cognition Study reported a mean time
of conversion from MCI to dementia of 2.8 years.*®

Because we assessed 12 neuropsychiatric symp-
toms, it is reasonable to raise the question of multi-
plicity. Even though there is controversy in the
literature as to whether it is necessary to routinely

3940 we opted to provide the

adjust for multiplicity,
reader with the Bonferroni cutoff value as well as the
HR for each symptom including symptoms with
extremely rare events. While some investigators do
not recommend Bonferroni correction to avoid type
2 error,” others have suggested routine correction for
multiplicity, especially in specific types of studies,
e.g., genomic research.” We believe that our results
are less prone to type I error based on the following
rationales: (1) the primary outcome of our study
(incident dementia) and all independent variables
were defined a priori and we treated each of the 12
assessed symptoms as individual categorical variables;
(2) in addition, the literature had given us some sense
of the expected results of our hypothesis.'"** Indeed,
our findings are consistent with the limited available
literature. This indicates that our study led to real
findings.

Our team recently reported that agitation, apathy,
and depression also increased the risk of incident
MCI.** Here, we report that these 3 symptoms also
increased the risk of incident dementia. Therefore,
agitation, apathy, and depression might be manifes-
tations of an underlying neurobiological process driv-
ing the transitions from normal aging, to MCI, and
subsequently to dementia. In a future study, we will
examine possible mechanisms by investigating neuro-
psychiatric symptoms and their relationship with
chemical and imaging biomarkers acquired by the
MCSA from thousands of elderly study participants
over a 10-year period.
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