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Abstract

Objective: Apathy and depression have each been associated with an increased risk of
conversion from mild cognitive impairment (MCI) to Alzheimer disease (AD).These symptoms
often co-occur and the contribution of each to risk of AD is not clear.

Methods: National Alzheimer’s Coordinating Center participants diagnosed with MCI at
baseline and followed until development of AD or loss to follow-up (h = 4,932) were included.
The risks of developing AD in MCI patients with neuropsychiatric symptoms (NPS) (apathy only,
depression only, or both) were compared to that in those without NPS in a multivariate Cox
regression survival analysis adjusting for baseline cognitive impairment, years of smoking,
antidepressant use, and AD medication use.

Results: Thirty-seven percent (N=1713) of MCI patients developed AD (median follow-up 23
months). MCI patients with both apathy and depression had the greatest risk (hazard ratio [HR] =
1.37; 95% confidence interval [CI]: 1.17-1.61; p < 0.0001; Wald XZ =14.70; df=1). Those with
apathy only also had a greater risk (HR = 1.24; 95% ClI: 1.05 -1.47; p = 0.01; Wald XZ =6.22;
df=1), but not those with depression only (HR = 1.08; 95% CI: 0.95-1.22; p=0.25; Wald XZ =
1.30; df=1). Post-hoc analyses suggested depression may exacerbate cognitive decline in MCI
patients with apathy (odds ratio = 0.70; 95% CI 0.52-0.95; p = 0.02; Wald XZ =5.28; df=1),
compared to those without apathy.

Conclusion: MCI patients with apathy alone or both apathy and depression are at a greater risk
of developing AD compared to those with no NPS. Interventions targeting apathy and depression
may reduce riskof AD.
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INTRODUCTION

Apathy and depression are two of the most common neuropsychiatric symptoms (NPS) in
patients with mild cognitive impairment (MCI), and often co-occur with one another.
Although apathy can occur in the context of depression, it can also occur independently and
is often underdiagnosed and undertreated. Apathy differs from depression. Although some
patients demonstrate loss of motivation or pleasure, depression is characterized by low mood
and negative cognitions such as guilt, hopelessness, or suicidal ideation.? In contrast, those
with apathy demonstrate reduced emotion and reactiveness when stimulated, in addition to
reduced goal-directed activities. In recognition of these differences, diagnostic criteria for
apathy have now been proposed.3

Findings from neuroimaging studies in patients with apathy and depression,> and studies
that compare apathy and depression, report differences in brain structural volumes, brain
hypoperfusion, white matter tract integrity, and white matter hyperintensities. Considering
that both apathy and depression have also been linked to cognitive decline, they are each
associated with different domains of executive functioning, indicating possible differences in
frontal lobe pathology.” Furthermore, patients with MCI with apathy demonstrate a lower
capacity to carry out activities of daily living compared with patients with depression,
suggesting that apathy may have a greater impact on caregiver burden.®

A number of studies in cognitively normal elderly individuals and patients with MCI have
supported apathy and depression as risk factors for conversion to Alzheimer’s disease (AD).
Donovan et al.? reported that only depression, and not apathy, was a significant predictor of
disease progression in patients with MCI. Vicini Chilovi et al.10 and Palmer et al.1! reported
that apathy was a significant risk factor for conversion to AD. However, Vicini Chilovi et al.
10 reported that depression without apathy was associated with reduced risk of conversion to
AD, whereas

Palmer et al.1! reported that depression did not increase risk of AD. These studies had
relatively small sample sizes, with variability in how both depression and apathy were
assessed that may have contributed to the conflicting findings. Additional studies with larger
sample sizes and standardized assessments are needed to elucidate whether these NPS have
an overlapping or additive impact on risk of conversion from MCI to AD.

We therefore wish to determine, in a larger analysis than previously completed, the relative
contributions of apathy and depression to the risk of conversion from MCI to AD. We
hypothesized that apathy and depression would both individually be associated with
increased risk of AD, whereas apathy and depression combined would be associated with a
greater risk than either alone.

METHODS
Study Sample

The National Alzheimer’s Coordinating Center (NACC) database includes data collected
annually from past and present Alzheimer’s Disease Centers (ADCSs) in the United States.
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Enrolled participants undergo a physical assessment, in addition to standardized clinical and
neuropsychological assessments. Participants may also volunteer to provide imaging and
laboratory specimens at specific ADCs. In September 2005, the NACC implemented the
uniform dataset (UDS) at all ADCs, which collects longitudinal data prospectively, using
standardized clinical evaluations. This article includes data from UDS visits conducted
between September 2005 and February 2018. Participants undergo an annual assessment,
and information on demographics, neuropsychological testing, and clinical diagnoses are
obtained at each visit. Although all participants range in cognitive status (cognitively
normal, MCI, or dementia), for the purposes of this article, we included participants with a
diagnosis of MCI at baseline, and who had one or more follow-up UDS visits.

Classification of Apathy and Depression

The subject health history (UDS Form A5) is completed by a clinician or ADC staff based
on participant or co-participant report. Apathy and depression are separate items on UDS
Form A5, and are characterized as present, absent, or unknown. The Neuropsychiatric
Inventory—Questionnaire (NPI-Q) is a behavioral assessment completed by the clinician or
other trained health professional and includes an assessment of 12 behaviors: delusions,
hallucinations, agitation/aggression, depression/dysphoria, anxiety, elation/euphoria,
disinhibition, irritability/lability, motor disturbance, nighttime behaviors, and appetite/eating.
If an NPS is present, the severity of the symptom is rated as 1) mild; 2) moderate; or 3)
severe. We identified clinically significant apathy and/or depression as either moderate
(score = 2) or severe (score = 3) on the NPI-Q12 (UDS Form B5). Participants did not have
any clinically significant NPS at baseline if each of their NPS were rated as absent, or of
mild severity on the NPI-Q (UDS Form B5). Depression was also determined by clinical
diagnosis that may include Diagnostic and Statistical Manual of Mental Disorders’ criteria
for major depressive disorder (UDS Form D1). Finally, a score of 5 or greater on the
Geriatric Depression Scale (GDS) was identified as clinically significant depressive
symptoms (UDS Form B6).13 Participants with neither apathy nor depression, and who had
other clinically significant NPS were excluded.

Classification of AD Diagnosis

A consensus team or physician diagnosed dementia using the results of a structured clinical
history, neuropsychology testing, and validated assessments of symptoms and function.
Dementia of the AD type was diagnosed according to the National Institute of Neurological
and Communicative Disorders and Stroke/Alzheimer Disease and Related Disorders
Association criteria prior to 2015,14 and the National Institute on Aging/Alzheimer’s
Association criterial® after 2015. Participants were also identified as having an AD
diagnosis, if AD was the primary or contributing cause of cognitive impairment, which
included participants who had either probable or possible dementia of the AD type. The
accuracy of the clinical diagnoses of AD in the NACC dataset has been validated with
neuropathological criteria for AD.16
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Medication and Medical lliness History

Antidepressant, antipsychotic, anxiolytic, and AD medication—A category for
U.S. Food and Drug Administration-approved medications for AD symptoms was reviewed;
this included current use of memantine and cholinesterase inhibitors. A category of
prescribed antidepressants was also examined, which included selective serotonin reuptake
inhibitors, tricyclic, monoamine oxidase inhibitors, serotonin-norepi-nephrine reuptake
inhibitors, phenylpiperazine, tetracyclic, and miscellaneous antidepressants. Current use of
antipsychotic and anxiolytic medications were also examined. Antipsychotics included
atypical antipsychotics, miscellaneous antipsychotics, psychotherapeutic combinations,
phenothiazine psychotics, and thioxanthenes. Anxiolytics included barbiturates,
benzodiazepines, sedative, hypnotics, and miscellaneous anxiolytics.

Medical Condition and Health Behaviors

A structured health history form was used to collect medical conditions associated with
depression and AD. This form was based on reports from the subject or coparticipant. A
medical condition was considered present if it was recent/active or remote/inactive. Medical
conditions included were heart attack/ cardiac arrest, atrial fibrillation, stroke, transient
ischemic attack, diabetes, hypertension, and hypercholesterolemia. The health history form
was also used to collect information regarding alcohol abuse. Participants were considered to
have alcohol abuse if they reported recent/active or remote/inactive clinically significant
impairment over a 12-month period demonstrated in one of the following areas: work,
driving, legal, or social. Participants were also asked the total number of years they smoked
cigarettes.

Statistical Analyses

Baseline demographics, medication history, and assessments were compared between
patients with apathy only, depression only, apathy and depression, and no clinically
significant NPS. Bivariate survival analyses were conducted with demographics, medical
conditions, health behaviors, medication use, and APOE E4 allele variables to determine
predictors associated with an increased risk of conversion to AD. Significant predictors from
bivariate analyses were assessed for multicollinearity and included as covariates in the
multivariate Cox regression.

Post-hoc analyses were conducted to further investigate the effect of apathy, depression, and
both apathy and depression on AD conversion. Specifically, a binary logistic regression was
computed to determine the odds of apathy, depression, and apathy x depression interaction
term, in predicting conversion to AD from MCI. Subgroup analyses were then conducted
within individuals who had and did not have apathy to determine whether depression
increased the odds of conversion to AD from MCI. In all post-hoc analyses, significant
predictors from previously conducted bivariate analyses were included as covariates.

RESULTS

This analysis included 4,932 participants with MCI (mean + standard deviation age = 73.2
+ 9.2; Mini-Mental State Examination = 27.1 £ 2.5; 50% [N = 2,482] male; and 35% [N =
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1,713] participants that converted to AD). Of these participants, 8% had apathy only, 31%
had depression only, 14% had apathy and depression, and 48% had no NPS. Participants
who did not have clinically significant apathy and/or depression, and who had other
clinically significant NPS were excluded from analyses (N = 377). Baseline clinical
characteristics based on NPS group are included in Table 1.

Selection of Covariates

Bivariate survival analyses were conducted to determine which clinical characteristics were
associated with increased risk of conversion to AD (Table 2). Clinical variables that
remained significantly associated with AD included Mini-Mental State Examination, years
of smoking, antidepressant use, and AD medication use. These variables were then assessed
for multicollinearity and were determined to not be collinear with one another (variance
inflation factor cutoff <2.5). As such, all significant predictors were entered into a
multivariate Cox proportional hazards regression model.

Main Outcome

After adjusting for the previous predictors, participants with MCI with both apathy and
depression had the greatest risk of conversion to AD. However, participants with MCI with
apathy only also had a significantly greater risk of conversion to AD compared with patients
with no NPS (Fig. 1, Table 3). Participants with MCI with depression only did not have a
significantly greater risk of conversion to AD compared with patients with no NPS. Visual
inspection of Kaplan-Meier curves indicated that the proportional hazards assumption was
not violated.

Post-Hoc Analyses

After adjusting for predictors, the presence of apathy, and apathy x depression, were
significantly associated with an increased odds of conversion to AD in participants with
MCI. The presence of depression only in participants with MCI did not significantly
increase the odds of conversion to AD (Table 4).

Subsequent subgroup analyses indicated that the apathy x depression interaction term was
significant such that in participants with MCI who had apathy, the presence of depression

was significantly associated with conversion to AD, whereas the presence of depression in
participants with MCI who did not have apathy was not associated with conversion to AD
(Tables 5, 6).

DISCUSSION

In this longitudinal study, we report that patients with MCI with both apathy and depression
have a significantly greater risk of conversion to AD compared with patients with MCI with
no NPS, and that this risk is greater compared with patients with MCI with apathy, or
depression only. Post-hoc analyses suggest that this may be due to depression exacerbating
cognitive decline in patients with apathy.
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Interestingly, we report that depression in the absence of clinically significant apathy in MCI
was not associated with a greater risk of AD conversion compared with the presence of no
NPS. Although previous studies report that a history of depression in elderly individuals and
patients with MClI is a significant risk factor for AD conversion,17 apathy was not
considered separately. Longitudinal-cohort studies have reported that apathy and depression
are two of the most common and persistent NPS in patients with MCI, occurring in
approximately 15% and 20%, respectively.12 Because of their high prevalence, apathy and
depression are likely to co-occur with one another. As such, the impact of apathy should be
taken into account when investigating depression as a risk factor for AD conversion.

Underlying AD pathology may be responsible for the additive risk associated with the
presence of both apathy and depression in patients with MCI. Specifically,
neuropathological, neuroimaging, and neurochemical studies in patients with MCI and AD
have reported that AD pathophysiology,18:1 brain hypo-metabolism,2%:21 and changes in
neurotransmitter systems22:23 are associated with the presence of apathy and depression,
independently. These pathologies have also been associated with an increased risk of
conversion to AD, and increased AD severity. Therefore, the presence of apathy or
depression in patients with MCI may increase the risk of AD conversion through AD
pathology, and the increased risk associated with the presence of both symptoms may be
because of the combined pathological burden.

In a pharmacological challenge study with dextroamphetamine in AD patients with apathy,
apathy was associated with a blunted behavioral response to dextroamphetamine, suggesting
that apathy may be associated with an impaired dopaminergic (DA) brain reward system.24
Following this study, in a small clinical trial with the psychostimulant methylphenidate,
Herrmann et al.25 reported that DA changes predicted therapeutic response, further
supporting a link between the DA system and apathy. Interestingly, selective serotonin
reuptake inhibitors have been reported to worsen apathy in some patients with depressive
symptoms.26 As such, although the DA brain reward system may be associated with apathy,
changes in the serotonergic system in patients that exhibit depressive symptoms may
exacerbate symptoms of apathy.

Our findings identified that years of smoking was associated with an increased risk of
conversion to AD. A number of studies have demonstrated that smoking is associated with
the presence of AD patho-physiology?’ and oxidative stress.28 Furthermore, as greater
oxidative stress has been shown to exacerbate AD pathology,2? smoking may increase the
risk of AD conversion through increasing oxidative stress. In this study, the lack of
significant associations between other cardiovascular risk factors and risk of conversion to
AD contradicts other studies that have reported that diabetes,3° history of heart attack,3! and
the presence of an APOE 4 allele3? increases the risk of AD conversion. However, this may
be due to our study sample, in which these risk factors had similar rates of occurrence
between patients with MCI with apathy, depression, both apathy and depression, and no
NPS.

In our sample we found that antidepressant use was not associated with risk of AD
conversion. There are some studies that indicate a protective effect for antidepressants, but
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findings have been inconsistent. Specifically, antidepressants for the treatment of depression
have demonstrated anti-inflammatory properties that may be beneficial in reducing AD-
related proinflammatory processes and pathology.33 Conversely, some lines of evidence have
suggested that in certain instances antidepressants could increase apathy,34:35 which may be
associated with increased risk. Interestingly, in our study sample, approximately 20% of
patients with MCI (12% apathy only, 8% no NPS) were prescribed an antidepressant despite
not having a past or current diagnosis of depression. These patients may have been
prescribed antidepressants for reasons other than depression such as anxiety, insomnia, or
anorexia. It is also possible that patients with apathy were misdiagnosed as having
depression, or were treated by a physician who chose to treat their apathy with an
antidepressant. Unfortunately, as data prior to NACC enrollment are not available, we were
unable to study this finding further.

Initial between-group comparisons indicated that patients with MCI with apathy, depression,
or both NPS were more often treated with an AD medication compared with patients with
MCI with no NPS. The frequency of this medication use may be considered high given the
lack of evidence supporting a significant benefit of cholinesterase inhibitors (ChEls) on
cognition in patients with MCI,36 and on NPS in patients with MCI and AD.37 Support for
their lack of efficacy is further substantiated by our findings as we report that AD
medication use was associated with an increased risk of conversion to AD. This finding does
not necessarily mean that these medications worsened cognition, but rather did not prevent
conversion to AD in a subgroup of patients considered to be high risk. However, the rates of
AD medication use reported reflect current prescription practices in the United States of
ChEls in this patient population.38 It is also possible that ChEIls were prescribed for the
treatment of apathy. Previous randomized controlled trials with ChEls have demonstrated a
small benefit for apathy in patients with AD.39 However, because these studies did not
actively recruit patients with apathy, their efficacy on clinically significant apathy is unclear.

Study strengths included a large sample of participants, providing sufficient power to detect
between-group differences and predictors of AD conversion. This dataset was also well-
characterized, which included AD diagnoses that were completed by experienced clinicians
in specialized memory-clinic settings. The inclusion of NPI-Q severity scores allowed us to
identify patients who had clinically significant NPS in addition to inclusion of other
measures of NPS. Despite several study strengths, these results must also be reviewed in the
context of study limitations. The sample included in this analysis may not be considered
representative of the general population because patients were attending specialist memory
clinics. Another limitation was that depression was not diagnosed with a standardized
interview, although assessments were completed by experienced clinicians and informed by
Diagnostic and Statistical Manual of Mental Disorders’ criteria. In addition, the diagnosis of
apathy was not completed with an apathy-specific scale, such as the Apathy Evaluation
Scale, which would have allowed us to investigate subdomains of apathy (e.g., behavior,
cognition, and emotional domains).%9 However, the assessment of apathy was completed by
experienced clinicians as part of a structured assessment. Finally, we did not have data
regarding age of first onset of NPS or biomarker data that may have allowed us to
disentangle whether NPS caused, exacerbated, or occurred as a consequence of AD
pathology.
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CONCLUSION

In summary, our findings indicate that patients with MCI with either apathy alone or apathy
and depression are at a significantly greater risk of conversion to AD compared with patients
with no NPS. Future studies focusing on the early detection and treatment of apathy and
depression in patients with MCI should be explored to determine if this can reduce risk of
AD.
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Survival to development of AD based on the presence of apathy only, depression only,

apathy and depression, or no NPS, at baseline.

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2019 August 01.

Page 11



Page 12

Ruthirakuhan et al.

“YorNE 21WaYIS!

JUBISURI) /| L “UOIBIASD PJepuels :dS ‘UoeuIWEXT 81R]S [eIUsA--IUIA :ISIAIA {Wopaaiy J0 saa1Bap :JpsajqelieA [eoriobales 1oy mSNx 3l pUE S3]GBIIEASNONUINUOD 10 80UBLIEA JO SISA[eue ABM-8UQ SaIoN

Author Manuscript

2ro 6¢=(e);X (T'TP)ET (92v) ove (T'vr)ors (L2r)vvT (% ‘N) al311e ¥Y30dV
100°0> 8'ag 1 (€)X (ee) 1L (¢8) 95 (s8) 8¢t (Lv)8T (% “19A3) asnge JoYod1y
100 Le=(stev'e)d  (r'0e) LeeT  (8'T2) L8€T (T€2) 19vT  (0'T2) L2t (@s ‘ueaw ‘sieak) Bupjows
€0 g€ (€)X (zve)sser  (g29) 16 (€£99) Le8  (6'29) €22 (% '4ans) elwsajolalsajoydladAH
€€0 e (€)X (6eT)Gee  (S'ST)90T (r's1) €2 (6'91) 59 (% ‘19n9) saraqeIq
oo 87 =(e)X (Leg)eset (zl9)16e  (8'%9) L8 (2'g8)91Z (% '199) uoisudLdAH
080 0T (€)X (59) 8zT (e9) 9 (z'9) 8L (59) Gz (% '49M9) VIL
050 e (€)X (e'9) seT (59) v¥ (€'9) g6 (zg) oz (% '19n9) oS
850 0Z (€)X (T8)88T (69) v (08) ozt (59) s¢ (% '12n3) uone||LqY eIV
090 6T (€)X (s'9)zsT (979) 8¢ (2'g) 98 (00 Lz (% '19n3) oeNE LEdH
100°0> 895 = (€)X (8'61) T9V (9'1€)9TC (e'v2) 99¢ (8'1€)2CT (% 'sak) suonyeatpaw Qv
100°0> 9°9eT =(e);X (8'9)6ST (0'gT)ezT (7'81) LL2 (2TT)SP (% 'sak) sanAjoixuy
1000>  99L=(e)X (o) ot (rv) og (re)1s (00)0 (9% 'saA) anoyaksdnuy
1000>  92.2T=(€)X (82) 18T (z9s) ¥8e  (5¥S) 618 (zen)y (9% ‘sak) syuessaidopnuy
000> vL=(t0sr'e)d (G2 TLe (92022 roeLe (92)L92 (@s ‘uesw) ISNIN
060 2'0=(yT6r'e)d (e'e)esT (e'e)esT (re)est (zewst (@s ‘ueaw) uoneanp3
100°0> g6zt = (£)2X (tze)teer  (L95)68e  (00V) 909  (9'89) 992 (% ‘orew) xas
T000> 6'09=(1€6V')d  (8'8)6'¥L (e'6) 8°0L (e'6)5°TL (98) 6°€L (@s 'ueaw) sy
aneAd  (Jp)d 1o (1) X vvEZ=N 989=N ¥IST=N 88€=N
:wopse I Jo SdN ON uomssadog Auo Aluo
s30BaQ pue + Ayredy uossaideQg Ayredy
oIsITeIS 1891
auljaseg 1e suedionied Apnms Jo A101s1H [eaIpalA pue solydeibowaq
‘T 31gvlL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2019 August 01.



Page 13

Ruthirakuhan et al.

Author Manuscript

"700°0>d
q

.mo.onm

“Yo1IE O1WBYDSI JUBISUERI) /| L ‘UOITRUILIEXT 81R]S [IUBIA--IUIAl :TSIAIN ‘WOopasly J0 $8816ap :Jp ‘[eAIsIul 80USPIUOD (D

820'T 6TT (LTT-96'0)90'T LTT'Y (10u snsian soussald) sj3|[e ¥30dY
$1030e XSIY Jay10
(9'7-9¢'T) 05°T

T000> ‘T 62°€9 q 768'y suoneoIpaW Qv
6.0'T L0°0 (ST'T-€8'0)86'0 768'y onhjoxuy
€0'T T00'T (86'7-08'0)9Z'T 768'y sonoyoAsdnuy
1000 ‘T 20T &mm.ﬁuwod et 768'y syuessaidapnuy

(asn ON SNsJan asn) sUoNRIIP3IN
280'T S00 (82'1-28°0) €0'T 6T6'7  (30U3sqe snsJan souasaid) asnge |0Yod|y
9000 ‘T 957, p(T0T-00T) 00T 676 (s1eaK) Bujows
SI0INeyag yieaH
680'T 200 (T2'1-08'0)66°0 088'% VIL
60T 100 (Sz1-28'0) 0T 716y ajons
€90'T 200 (Sz1-88°0)%0°T 016y uole||Lql [eLny
G60'T 000 (T2'1-18'0)66°0 126'7 oeNe LeaH
290'T v20 (L0'7-680)86'0 LT6'Y uolsualadAH
(L0'T-68'0)86°0 8.8 ©I1Wa|043)s3]0Y2J3dAH
160'T 100 (9T'1-28°0) TO'T GT6'y sajaqelq
(89UaSqY SNSIBA 8IUBSBIH) SUONIPUOD |BIIP3BIN

T000>‘T  €9'GTT Qam.?%.e 160 20S'y ISINIA
ST0'T v0'C (€0'1-66'0) TO'T GT6'Y (s1eak) uoneanp3
020'T 991 (LT'T-,610)90°T ze6'y (orewsay 0y pareduwiod afew) xas
€20'T 7T (00'7-66'0)00°T 2€6'y abv

solydesBowaq
aneadyp X PEM (1D 9%56) soney plezeH N a|qelteA JoRIPs id

sasAJeuy a1elieAlg Ul 3|geLIEA J012Ipald yoe Jo) W Jo uswdojansq Joy) solrey piezeH

‘¢31avl

Author Manuscript Author Manuscript Author Manuscript

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2019 August 01.



Page 14

Ruthirakuhan et al.

"700°0>d
q

.mo.onm

"dnoJB 8ouaIByal (481 ‘UoIRUILEXT B1RIS [RIUSIN-IUIA :ISININ ‘WOopaaly J0 saaifap :Jp {[eAtslul 80UBPLU0D (1D

&%.Twmd wT

(J84) 8sn uonesIpaw Ay ON

100°0>'T ey asn uonesIpaW Qv
- - - (J84) asn Juessaidapiiue oN
0S0'T 97’0 (8T'1-26°0) ¥0'T asn Juessaidapnuy
€000 T 868 p(T0'T-00'T) £00'T BUBOS JO SIEOA
1000>‘T  OL'VOT ¢(€610°680) 160 21025 ISININ
- - - (Ja4) uoissaudap Jou Ayrede JayliaN
7000>'T 0LYT &S.T:.:B.H uoissaidap pue Ayredy
G20'T 0g'T (zz'1-56'0) 80'T Ajuo uoissaidag
€100 T 729 LY T-S0TIVET Ajuo Auedy
aneAadyp X PRM (1D %56) oney plezeH (gl eA JoRIpe.d

$asAJeuy [eAIAING plezeH [euoiodoid X0 a1elieAl|NIAl Ul 9]qRLIeA J0101pald ydeT o) AV Jo Juswdojansq Jo) soney plezeH

Author Manuscript

‘€31avl

Author Manuscript

Author Manuscript

Author Manuscript

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2019 August 01.



Page 15

Ruthirakuhan et al.

1000>d,
.mo.onm

*dn04B 9ouBIB)RL 1Jo1 ‘UOIRUILIEXT 91RIS [BIUSIN-IUIIAL ;TSI ‘WIOpPaaIy JO S3a168p 14p {[eAISIUI 8UBPIIUO0D :|D

- (Ja4) asn uonesIpaw Ay ON
1000>T  90°65T Q@m.m&q.mv 68'C

- - - (4a4) asn juessaidapiiue oN

asn uonesIpaw gy

900 0S¢ (T0'T-22°0) 58°0 asn juessaldspnuy
020 €9°7 (T00'1-566°0)866°0 Buniowss Jo sieap
st.o&m.e 780

T000> ‘T ¥9'G9T 2109S ISININ

m:m.oqu.e 990

T00°‘T 099 uoissaidap Aq Ayredy
0£0'T 10T (€2'T-26°0) 60T Ajuo uoissaidag
2000'T 2007 p(B8TOTT) 8Y'T Ajuo Ayredy
aneadyp  XPEM (1D %S6) 01%ed SPPO S3|qel e/ Jowipaid

uolssaibay ansibo Areurg ul sjgelieA 10191paid yoe3 Jojy Qv Jo Juawdojansq 10} soley sppo

v 31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2019 August 01.



Page 16

Ruthirakuhan et al.

"700°0>d
q

.mo.onm

*dnoJB 90uaIB)RI 1Jou ‘UOIIRUILIEXT 918IS [BIUSIN-IUIIAL ;TSI ‘WIOpPaaly JO S3a168p 1P {[eAISIUI BUBPIIUO0D :|D

qﬁmm.muomd 25¢

(Ja4) asn uonesIpaw Ay ON

T000> ‘T 9G°0¥% asn uonesIpaw Qv
- - - (J84) asn Juessaidapiue oN
G50'T 9e0 (€2'1-19°0) T6°0 asn Juessaldspnuy
190'T 6T°0 (T0'1-966°0) TOO'T Bujows Jo sresp
000> T 160z ¢10C80) 980 21095 ISWIN
200'T 82'S mﬁmm.o&m.ov 0.0 AJuo uoissaidag
aneadyp  XPRBM (1D %S6) 01%eY SPPO Sa|qelleA Jopipa.d

Ayredy Yupn suaied [DIA Ul uoissaibay ansifo] Areulg ul sjgelieA 10191pald yoe3 1oy Qv Jo Juawdojanaq 10} soley sppo

Author Manuscript

Author Manuscript

‘S 319Vl

Author Manuscript

Author Manuscript

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2019 August 01.



Page 17

Ruthirakuhan et al.

Author Manuscript Author Manuscript

.So.onm

*dnoJB 90UaIB)RI 1Jo1 ‘UOIRUILIEXT 918IS [BIUSIN-IUIIAL ;TSI ‘WOpPaaly JO S3a168p :4p {[eAISIUI BUBPIIUO0D (|D

- - (Ja4) asn uonesIpaw Ay ON

mam.mumm.s 20

T000> ‘T 2T6ST 3sn uoNesIpaW Qv
- - - (J24) asn Juessaidapiue oN
900'T e (T0'1-89°0) £8°0 asn juessaldspnuy
0T0'T 197 (T00'T-166°0) 2660 Buryows 4o sreap
10007 voser  p9BOOBOIERD 21005 IS
GZ0'T €T (2€'1-€6°0) TT'T Auo uoissaida@
aneadyp  XPEM (1D %S6) 01%ed SPPO S3|qel e/ Jowipaid

‘9 319vl

Author Manuscript

Ayredy ON YUAA S1uaiied [DIA Ul uoissalfiay onsibo Aleulg ul ajqelieA J1011pald yoed 1o} Ay Jo swdojanaq 1o) soley sppo

Author Manuscript

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2019 August 01.



	Abstract
	INTRODUCTION
	METHODS
	Study Sample
	Classification of Apathy and Depression
	Classification of AD Diagnosis
	Medication and Medical Illness History
	Antidepressant, antipsychotic, anxiolytic, and AD medication

	Medical Condition and Health Behaviors
	Statistical Analyses

	RESULTS
	Selection of Covariates
	Main Outcome
	Post-Hoc Analyses

	DISCUSSION
	CONCLUSION
	References
	FIGURE 1.
	TABLE 1.
	TABLE 2.
	TABLE 3.
	TABLE 4.
	TABLE 5.
	TABLE 6.

