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Abstract.
Background: Anticholinergic challenge can induce odor identification impairment that indicates Alzheimer’s disease (AD)
pathology, and short-term change in odor identification impairment with cholinesterase inhibitor (CheI) treatment may predict
longer term cognitive outcomes.
Objective: In patients with mild cognitive impairment (MCI) treated prospectively with donepezil, a CheI, for 52 weeks, to
determine if 1) acute decline in odor identification ability with anticholinergic challenge can predict cognitive improvement,
and 2) change in odor identification over 8 weeks can predict cognitive improvement.
Methods: MCI was diagnosed clinically without AD biomarkers. At baseline, the University of Pennsylvania Smell iden-
tification Test (UPSIT) was administered before and after an anticholinergic atropine nasal spray challenge. Donepezil was
started at 5 mg daily, increased to 10 mg daily if tolerated, and this dose was maintained for 52 weeks. Main outcomes were
ADAS-Cog total score and Selective Reminding Test (SRT) total immediate recall score measured at baseline, 26 and 52
weeks.
Results: In 100 study participants, mean age 70.14 (SD 9.35) years, atropine-induced decrease in UPSIT score at baseline
was not associated with change in ADAS-Cog or SRT scores over 52 weeks. Change in UPSIT score from 0 to 8 weeks did
not show a significant association with change in the ADAS-Cog or SRT measures over 52 weeks.
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Conclusion: These negative findings in a relatively large sample of patients with MCI did not replicate results in much smaller
samples. Change in odor identification with anticholinergic challenge, and over 8 weeks, may not be useful predictors of
cognitive improvement with CheI in patients with MCI.
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INTRODUCTION

In the early pathological stages of Alzheimer’s
disease (AD), neurofibrillary tangles develop in the
olfactory bulb and extend to olfactory projection
areas in limbic regions, including the piriform cor-
tex, amygdala, entorhinal cortex, hippocampus, and
orbitofrontal cortex [1–5]. Clinically, this manifests
as impairment in performance on tests of olfaction,
particularly standardized odor identification tests [6,
7]. Odor identification impairment demonstrates pre-
dictive utility that may be superior to episodic verbal
memory impairment for the transition from cogni-
tively normal to mild cognitive impairment (MCI),
and shows comparable predictive accuracy for the
transition from MCI to AD [6, 8–10].

Acetylcholine was the first major neurotrans-
mitter identified as being deficient in AD [11].
Subsequently, cholinesterase inhibitors (CheI) were
developed as medications to treat AD. Dopaminergic,
noradrenergic, serotonergic, and particularly cholin-
ergic pathways are involved in olfactory sensory
processing [12]. Neurons with choline acetyltrans-
ferase are present in all olfactory bulb layers [13,
14] and dendrites of olfactory periglomerular or gran-
ule cells show prominent cholinergic synapses [13].
In mice, olfactory bulbectomy leads to degeneration
of medial septal cholinergic neurons, and treatment
with donepezil, a CheI, is neuroprotective against this
effect [15]. In the olfactory bulb, cholinergic recep-
tors are mainly muscarinic [16].

There is some evidence in small samples that odor
identification impairment may help to identify which
patients with MCI will benefit from CheI treatment.
In a small study of 25 patients, donepezil treatment
was associated with improvement in odor identifica-
tion and global functioning [17]. In a double-blind,
placebo-controlled trial of 18 patients with depres-
sion and MCI, impaired odor identification at baseline
was associated with improved episodic verbal mem-
ory after donepezil treatment [18]. In another report,
greater worsening in odor identification test per-
formance following an intranasal challenge with
atropine, an anticholinergic medication, correlated
with left hippocampal volume and was associated

with the presence of the apolipoprotein E �4 allele
[19].

In our pilot study of 37 patients with amnestic
MCI who received donepezil for a year, atropine
nasal spray challenge at baseline induced a short-
term odor identification decline on the University of
Pennsylvania Smell Identification Test (UPSIT) that
was associated with weakly significant longer term
improvement in episodic verbal memory but not in
other measures [20]. In that sample, improvement in
odor identification over 8 weeks tended to predict
longer term cognitive improvement [20].

In order to establish impaired odor identification
in response to anticholinergic challenge as a method
to select patients with MCI for CheI treatment, we
aimed to replicate these findings in a larger, inde-
pendent sample with no patient overlap with the
prior study. If the findings were replicated, the results
would help to identify which patients with MCI are
likely to improve with cholinesterase inhibitors, and
to avoid prescribing them in patients who are not
likely to improve with such treatment.

METHODS

Participants

This study was approved by the New York State
Psychiatric Institute (NYSPI)/Columbia University
Institutional Review Board (IRB). Participants were
recruited from the Memory Disorders Clinic at
NYSPI and the Behavioral Neurology practice at
Columbia University Medical Center (CUMC), and
by advertising in local media. Inclusion/Exclusion
criteria were essentially the same as in the pub-
lished pilot study [20]. Inclusion criteria were age
55–95 years and diagnosis of amnestic MCI based on
the presence of subjective memory complaints, score
>1.5 SD below standardized norms on the Wechsler
Memory Scale-III Logical Memory combined Story
A + B immediate recall or delayed recall scores, or the
Free and Cued Selective Reminding Test (FC–SRT)
immediate or delayed recall score [21], and with-
out functional impairment consistent with dementia.
Patients with amnestic MCI, either solely amnestic or
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amnestic with additional cognitive domain deficits,
were included. Other inclusion criteria were Fol-
stein Mini-Mental State Exam (MMSE) ≥23/30 [22],
Clinical Dementia Rating (CDR) score of 0.5 [23],
availability of an informant, and ability to provide
consent.

Exclusion criteria included current use of
cholinesterase inhibitors, history of intolerance or
contraindication to donepezil, and use of med-
ications with anticholinergic properties including
diphenhydramine, tricyclic antidepressants, and
antipsychotics. Benzodiazepine use in lorazepam
dose equivalents less than 2 mg daily was permit-
ted in order to enhance generalizability because
these medications are commonly prescribed in older
adults. Other exclusion criteria were severe unsta-
ble medical illness, specific neurological disorders
including Parkinson’s disease, multiple sclerosis,
stroke with residual neurological deficits, psychotic
disorders including schizophrenia, bipolar disor-
der and schizoaffective disorder, alcohol/substance
dependence in the past 6 months, current major
depression, and suicidality. Exclusion criteria for
olfaction testing were current smoker >1 pack daily,
current upper respiratory infection, nasal trauma
or sinus surgery, and head trauma with loss of
consciousness.

The screening visit comprised a medical, psy-
chiatric, and neurological evaluation, cognitive
assessment to determine inclusion criteria, and blood
was drawn for hematocrit, electrolytes, liver, kidney,
and thyroid function tests, folate, vitamin B12 levels,
and urinalysis to exclude primary medical causes of
cognitive impairment.

The subsequent baseline (week 0) visit involved
assessment with the two main cognitive outcome
measures: ADAS-Cog (11-item version) [24] and 12-
item 6-trial Selective Reminding Test (SRT) [25]. For
diagnostic purposes, neuropsychological tests in the
National Alzheimer’s Coordinating Center-Uniform
Data Set (NACC–UDS) battery were administered:
WMS-III digit span forward and backward, WAIS-R
digit symbol, Trail Making A and B, verbal fluency
for controlled word association using the letters C,
F, and L and animal, vegetable and fruit list genera-
tion, Boston Naming Test (60 items). If a participant’s
preferred language was Spanish, neuropsychological
tests were administered in Spanish using standard-
ized versions that have been validated in other studies
[6]. Otherwise, tests were administered in English to
patients, including bilingual patients who were flu-
ent in English and preferred to be tested in English.

The study physician completed the NACC clinical
assessment, Clinician’s Interview Based Impression
of Change-plus (CIBIC-plus) and Clinician Interview
Based Impression of Severity (CIBIS) global assess-
ment ratings, CDR, and the Treatment Emergent
Symptoms Scale (TESS) that evaluates 26 common
somatic side effects that include gastrointestinal and
central nervous system (CNS) side effects known
to occur with CheI. An informant completed the
Pfeffer Functional Activities Questionnaire (FAQ).
Apolipoprotein E genotyping was conducted at Lgc
Genomics, a reference laboratory.

Materials

The University of Pennsylvania Smell Iden-
tification test (UPSIT) was administered. This
standardized scratch and sniff test consists of 40
booklet pages with a single odor embedded in a
microcapsule on each page. Scratching with a pencil
releases the odor and the participant checks one of 4
choices, e.g., chocolate, banana, onion, fruit punch.
The total UPSIT score ranges from 0 (all answers
incorrect) to 40 (all answers correct). At the base-
line visit, immediately after UPSIT administration,
atropine 1 mg, with the dose divided approximately
equally between the two nostrils, was administered
using the “squirt system” [26]. The patient then
assumed the “Mecca” position for 2 min to ensure
that the atropine crossed the cribriform plate into the
olfactory bulb [19]. The UPSIT was repeated 45 min
later to ensure sufficient time for the atropine to take
effect.

Treatment

Research assessments were repeated at 8, 26, and
52 weeks with the exception of the diagnostic neu-
ropsychological battery that was repeated only at 26
and 52 weeks in order to reduce practice effects.
At baseline, donepezil was started at 5 mg daily fol-
lowed by assessment at 4 weeks for tolerability before
increasing the dose to 10 mg daily. This dose was kept
constant for the rest of the 52-week study. Patients
who could not tolerate donepezil 10 mg were main-
tained at 5 mg; if the 5 mg dose was not tolerated
the patient was switched to galantamine or rivastig-
mine. Twelve patients received galantamine (n = 9) or
rivastigmine (n = 3) during the trial; their data were
combined with donepezil data for analysis. Two expe-
rienced raters (Drs. Devanand and Stern) made a
consensus diagnosis at baseline, 26 and 52 weeks
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while remaining blind to scores on predictor (UPSIT)
and cognitive outcome (ADAS-Cog total score and
SRT total immediate recall) measures. The study
physician completing the CIBIC-plus, CIBIS, and
FAQ also remained blind to the cognitive outcome
measures.

The main hypotheses were that the acute decrease
in UPSIT scores from pre- to post-atropine nasal
spray challenge, which indicates greater choliner-
gic deficiency, would be associated with cognitive
improvement on donepezil from baseline to 26 weeks
and 52 weeks, and that the increase in UPSIT scores
from baseline to 8 weeks (improved olfaction abil-
ity on donepezil) would be associated with cognitive
improvement from baseline to 26 and 52 weeks. Con-
version to the clinical diagnosis of dementia based
on consensus diagnosis including CDR, as well as
changes in the CIBIC-plus, CIBIS, and FAQ, were
examined in secondary analyses.

Statistical analyses

Variables measured at baseline were described
using means and standard deviations for continuous
measures and percentages for categorical measures.
Spearman correlation coefficient was calculated for
bivariate associations between baseline quantitative
variables. Linear models with repeated measures
were applied to the cognitive outcomes, where the
outcomes with right-skewed distributions were prop-
erly transformed to reduce impact of extreme values.
In particular, logarithmic transformation was used for
outcomes with positive values and square root trans-
formation for outcomes with non-negative values. To
examine whether dropout was at random, i.e., depen-
dent on any baseline variable, Fisher’s exact test and
Wilcoxon rank sum test were used to detected differ-
ences in categorical and continuous baseline variables
between those who completed follow-up and those
who dropped out. The factors individually related to
dropout were included in a logistic model for dropout
to identify the baseline factors predicting dropout and
the information was used for data weighting. To esti-
mate parameters in the linear models with repeated
measures, the weighted generalized estimating equa-
tion approach, using all available data and robust to
misspecification of correlation structure in repeated
measures, was used to account for dropout at random.
For each outcome variable, patients with data miss-
ing at baseline were excluded from analysis, while
the few intermittent missing data at week 26 (n = 2
for ADAS-Cog and SRT total immediate recall) were

imputed based on the regression model for the week
26 outcome with the predictors of week 8 measures
and relevant baseline variables.

Several statistical models were evaluated. To
examine the outcome of change from baseline to
week 26 and to week 52, the initial model had the
categorical predictor of time or dummy variables
indicating specific weeks, without other variables.
The second model added baseline variables of age,
sex, education, UPSIT0 (UPSIT score at pre-atropine
challenge), apolipoprotein E �4, and smoking his-
tory as covariates, and predictors of UPSIT response
to atropine challenge (�UPSIT), defined as post-pre
atropine challenge UPSIT score difference, and its
interaction with time variables. The coefficients of
the interaction terms indicated whether the time trend
in outcome was modified by �UPSIT, or if there was
time-varying association between �UPSIT and the
outcome. The variable for apolipoprotein E �4 status
had categories of positive, negative, and unknown,
and the variable for smoking history had categories
of non-smoker, past smoker (not smoking in past
month), current smoker (smoking in the past month)
and unknown status. Variables for apolipoprotein E
�4 status and smoking history were kept in the final
models if they were still related to the cognitive out-
comes. The final model also excluded non-significant
interaction terms. Similar analyses were conducted
for the change in UPSIT score from 0 to 8 weeks as a
predictor of the same cognitive outcomes measured
over 52 weeks.

Statistical tests were two-sided and significance
level was set at 0.05. All statistical analyses were con-
ducted using SAS version 9.4 (SAS Institute, Cary,
NC).

RESULTS

Table 1 describes the baseline demographic and
clinical characteristics of the sample. Of 131 partic-
ipants excluded for not meeting inclusion criteria,
102 did not meet criteria for amnestic MCI. In the
sample of 100 participants, 61 participants met crite-
ria for single domain amnestic MCI, and 8 patients
were tested in Spanish. Two patients were taking ben-
zodiazepines (Clonazepam 0.5 mg and 1.0 mg daily,
respectively). Fifty-one patients reported a history
of smoking and 14 of them were current smokers.
Mean baseline UPSIT (pre-atropine challenge) score
was 26.0 (SD 7.00) and did not differ significantly
between males and females. As expected, higher
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Table 1
Baseline characteristics of 100 participants with mild cognitive

impairment

N % (n)

Sex 100
Male 49.00 (49)
Female 51.00 (51)

Race/Ethnicity 100
White (Non-Hispanic) 55.00 (55)
African-American 22.00 (22)
Hispanic 20.00 (20)
Asian 3.00 (3)

Apolipoprotein 100
�4+ 28.00 (28)
�4– 65.00 (65)
Unknown 7.00 (7)

Smoking status 100
Never 45.00 (45)
Past 34.00 (34)
Current 13.00 (13)
Unknown 8.00 (8)

Mean±SD Range
Age 100 70.14 ± 9.35 55, 89
Years of schooling 100 15.83 ± 3.38 7, 23
MMSE 100 26.72 ± 2.17 21, 30
UPSIT score at baseline 100 26.00 ± 7.75 10, 38
Post-pre nasal challenge 99

UPSIT score change –0.92 ± 3.77* –19, 9
UPSIT reduction >25% 7.07 (7)

Over first 8 weeks 90
UPSIT score change 0.49 (4.40) –12, 11
UPSIT reduction >25% 5.56 % (5)

ADAS-Cog 99 11.41 ± 4.67 3, 25.67
SRT-total recall 100 36.14 ± 10.67 15, 62
SRT-delayed 100 4.07 ± 2.63 0, 11
WAIS-R digit symbol 99 36.83 ± 13.72 9, 68
FAQ 94 4.80 ± 4.84 0, 24
ECog 92 67.93 ± 20.58 39, 130
CIBIS 98 3.05 ± 0.58 2, 4
TESS 98 2.57 ± 2.62 0, 11

*p = 0.0172 from paired T-test to detect UPSIT score change.
MMSE, Mini-Mental Status Exam (Folstein); ADAS-Cog,
Alzheimer’s Disease Assessment Scale-Cognitive (11 items,
higher scores indicate worse cognitive performance); SRT, Selec-
tive Reminding Test 12-item 6-trial version (higher scores indicate
better cognitive performance); UPSIT, University of Pennsylvania
Smell Identification test (40 items, range 0–40); WAIS-R digit
symbol, Wechsler Adult Intelligence Test-Revised Digit Symbol;
FAQ, Pfeffer Functional Activity Questionnaire; ECog, Every-
day Cognition; CIBIS, Clinician’s Interview Based Impression of
Severity; TESS, Treatment Emergent Symptom Scale.

UPSIT scores were associated with higher MMSE
(Spearman correlation coefficient r = 0.37, p < 0.001)
and SRT total immediate recall (r = 0.31, p < 0.01)
scores, and with lower age (r = –0.36, p < 0.0001)
and lower ADAS-Cog scores (r = –0.32, p < 0.01) at
baseline. Of 100 recruited participants, 23 dropped
out and 77 completed the 52-week study. Patients
who dropped out were less likely to be Apolipopro-
tein E �4 positive, and were older with higher

ADAS-Cog score (worse cognition) and lower SRT
score (worse cognition) at baseline (Supplementary
Table 1). Logistic regression analysis, however, sug-
gested that when baseline age was included in the
model for dropout, other factors were no longer asso-
ciated with dropout.

Cognitive performance improved over 52 weeks,
with a decrease in ADAS-Cog scores and an increase
in SRT total recall scores (ps < 0.05). Table 2 shows
that ADAS-Cog score changed from mean 11.41 (SD
4.67) at baseline to 10.13 (SD 4.22) at 8 weeks,
9.63 (SD 4.44) at 26 weeks, and 10.40 (SD 4.72)
at 52 weeks (Table 2). SRT total immediate recall
score changed from 36.14 (SD 10.67) at baseline to
39.99 (SD 10.30) at 8 weeks, 39.75 (SD 10.69) at
26 weeks, and 39.62 (SD 11.44) at 52 weeks. Base-
line UPSIT score was not associated with changes in
either ADAS-Cog or SRT total recall scores over the
52-week study.

All 100 MCI participants had CDR = 0.5 at base-
line. One of the 5 participants who was rated as
CDR = 1 at 52 weeks (mild dementia) also had
CDR = 1 at 26 weeks. One participant improved
to CDR = 0 at 26 weeks and 9 participants had
CDR = 0 at 52 weeks. The majority of participants
remained at CDR = 0.5 at 26 weeks (n = 75) and 52
weeks (n = 62). The ten patients with improved CDR
were younger (mean age 66 years) and tended to have
better performance on cognitive tests at baseline than
those who did not have CDR improvement (mean age
70.6 years), but the differences were not statistically
significant.

Acute decrease in UPSIT scores with atropine
challenge

From pre- to post-atropine challenge, as expected,
UPSIT scores decreased an average of 0.92 (SD
3.77) points (p = 0.017). The acute change in
UPSIT scores with atropine challenge was corre-
lated with baseline UPSIT scores (r = –0.23, n = 99,
p < 0.05) while unrelated to past or current smoking
status.

Among patients who completed the week 52 visit,
two patients had missing ADAS-Cog data at week
26. Imputation for these intermittent missing data
was based on a model from available data (n = 81
patients) with good fitting (R2 = 0.5823): ADAS-Cog
at 26 weeks = exp(0.53278 + 0.32437 log(baseline
ADAS-Cog) + 0.46067 log(ADAS-Cog at weeks 8) –
0.26988 male). The initial linear model with repeated
measures fit to 264 observations from 99 patients,
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Table 2
Cognitive measures, UPSIT scores, and clinical variables by time-point

Baseline Week 8 Week 26 Week 52

Mean ± SD (n) Mean ± SD (n) Mean ± SD (n) Mean ± SD (n)

UPSIT 26 ± 7.75 (100) 26.81 ± 7.83 (90) 26.73 ± 7.38 (83) 26.67 ± 6.94 (76)
Primary outcomes

ADAS-Cog 11.41 ± 4.67 (99) 10.13 ± 4.22 (89) 9.63 ± 4.44 (83) 10.40 ± 4.72 (77)
SRT-Total 36.14 ± 10.67 (100) 39.99 ± 10.30 (90) 39.75 ± 10.69 (83) 39.62 ± 11.44 (77)
CIBIC-plus — 3.34 ± 0.74 (89) 3.15 ± 0.86 (82) 3.11 ± 1.17 (76)

Secondary outcomes
SRT-delayed 4.07 ± 2.63 (100) 4.32 ± 2.95 (90) 4.58 ± 3.12 (83) 4.19 ± 3.07 (77)
WAIS-R digit symbol 36.83 ± 13.72 (99) — — 37.24 ± 12.17 (76)
FAQ10 4.80 ± 4.84 (94) 4.68 ± 4.56 (83) 4.84 ± 4.96 (77) 4.25 ± 4.76 (74)
ECOG 67.93 ± 20.58 (92) 67.88 ± 23.35 (83) 67.92 ± 23.20 (77) 66.84 ± 22.66 (74)
CIBIS 3.05 ± 0.58 (98) 2.83 ± 0.57 (89) 2.65 ± 0.62 (82) 2.70 ± 0.71 (76)

Clinical variable
TESS 2.57 ± 2.62 (98) 1.61 ± 1.90 (88) 1.42 ± 1.86 (77) 1.28 ± 2.11 (74)
MMSE 26.72 ± 2.17 (100) — 26.90 ± 2.20 (83) 26.44 ± 2.47 (77)
CDR 0.5 ± 0 (99) — 0.48 ± 0.12 (80) 0.47 ± 0.21 (76)

ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive (11 items, higher scores indicate worse cognitive performance); SRT, Selective
Reminding Test 12-item 6-trial version (higher scores indicate better cognitive performance); UPSIT, University of Pennsylvania Smell Iden-
tification test (40 items, range 0–40); CIBIC-plus, Clinician’s Interview Based Impression of Change-plus; WAIS-R digit symbol, Wechsler
Adult Intelligence Test-Revised Digit Symbol; FAQ, Pfeffer Functional Activity Questionnaire; Ecog, Everyday Cognition; CIBIS, Clini-
cian’s Interview Based Impression of Severity; TESS, Treatment Emergent Symptom Scale; MMSE, Mini-Mental Status Exam (Folstein);
CDR, Clinical Dementia Rating Scale.

Table 3
Linear models with repeated measures of cognitive outcomes over time

Initial model Final model
Outcome: log(ADAS-cog) B (95% CI) B (95% CI) TS (df) P

Week 26 versus 0 –0.172 (–0.264, –0.081) –0.134 (–0.221, –0.048) 9.46 (2) 0.0088
Week 52 versus 0 –0.096 (–0.190, –0.001) –0.067 (–0.157, 0.023)
Male versus female –0.116 (–0.250, 0.018) 2.89 (1) 0.089
Education –0.017 (–0.036, 0.002) 3.20 (1) 0.074
Baseline Age 0.016 (0.009, 0.023) 20.16 (1) <0.0001
ApoE �4 positive versus negative 0.210 (0.068, 0.352) 8.35 (1) 0.038
ApoE �4 unknown versus negative –0.002 (–0.166, 0.162) 0.0004 (1) 0.98
Baseline UPSIT –0.011 (–0.020, –0.002) 5.43 (1) 0.020
�UPSIT –0.039 (–0.059, –0.018) 13.91 (1) 0.0002
�UPSIT by week 26 0.031 (0.003, 0.060) 4.76 (2) 0.093
�UPSIT by week 52 0.021 (–0.009, 0.052)

Outcome: SRT-total recall
Week 26 versus 0 2.704 (0.954, 4.454) 3.265 (1.060, 5.471) 15.54 (2) 0.0004
Week 52 versus 0 2.661 (0.906, 4.416) 4.105 (1.990, 6.221)
Male versus female 2.543 (–0.702, 5.788) 2.37 (1) 0.12
Education 0.300 (–0.201, 0.801) 1.37 (1) 0.24
Baseline Age –0.597 (–0.770, –0.424) 46.10 (1) <0.0001
ApoE �4 positive versus negative –3.444 (–7.411, 0.522) 2.89 (1) 0.089
ApoE �4 positive versus negative by week 26 –1.716 (–5.190, 1.759) 6.84 (2) 0.033
ApoE �4 positive versus negative by week 52 –4.449 (–7.831, –1.066)
ApoE �4 unknown versus negative 3.455 (–0.738, 7.648) 2.62 (1) 0.106
Baseline UPSIT 0.184 (–0.034, 0.402) 2.76 (1) 0.097
�UPSIT 0.210 (–0.148, 0.567) 1.32 (1) 0.25

TS, testing statistic, which has a Chi-square distribution with degree of freedom (df) under the null hypothesis. ADAS-Cog, Alzheimer’s
Disease Assessment Scale-Cognitive (11 items, higher scores indicate worse cognitive performance); SRT, Selective Reminding Test 12-item
6-trial version (higher scores indicate better cognitive performance); UPSIT, University of Pennsylvania Smell Identification test (40 items,
range 0–40).

while the final model fit to 263 observations from
98 patients, because a patient with missing atropine
challenge data dropped out after baseline.

The models in Table 3 show that ADAS-Cog scores
decreased over time with a larger reduction from
baseline to week 26. ApoE �4 positive status was
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associated with higher ADAS-Cog scores, but the
change of ADAS-Cog scores over time was unre-
lated to ApoE �4 positive status. Smokers had higher
ADAS-Cog scores and more years of education than
non-smokers. With education in the model, smok-
ing status was no longer associated with ADAS-Cog
and was excluded from the model. Controlling for the
baseline variables, the variables of�UPSIT, indicator
of week 26, and the term for interaction of �UPSIT
by week 26 had significant coefficients while the indi-
cator of week 52 and term for interaction of �UPSIT
by week 52 did not, suggesting that the impact of
�UPSIT was unstable and affected only the base-
line ADAS-Cog and the change in ADAS-Cog from
baseline to week 26. Particularly, higher �UPSIT
was associated with lower ADAS-Cog at baseline
(B = –0.04, p < 0.001) and compared to those with
negative �UPSIT, patients with positive �UPSIT
showed less decline in ADAS-Cog from baseline to
week 26.

For the two subjects with SRT data missing at
26 weeks, SRT total immediate recall scores were
imputed by 19.7962 – 0.1776 age + 0.7965 (SRT-
total at week 8) based on data from 83 patients with
good fitting (R2 = 0.7501). The initial linear model
with repeated measures fit to 267 observations from
100 patients, and the final model fit to 266 observa-
tions from 99 patients because one patient who did
not have �UPSIT dropped out after baseline.

SRT total immediate recall scores increased over
time. Significant ApoE �4 by time interaction sug-
gested that the status of ApoE �4 made a difference
in the changes of SRT total immediate recall from
baseline such that a significant increasing time trend
occurred among the ApoE �4 negative patients with
no significant changes among ApoE �4 positive
patients. Controlling for education, smoking his-
tory was unrelated to SRT total immediate recall
and was excluded from the final model. Controlling
for the effect of ApoE �4 and other baseline vari-
ables, there was no effect of �UPSIT, nor �UPSIT
by time interaction, on SRT total immediate recall
(Table 3), indicating that response to atropine chal-
lenge was unrelated to SRT total immediate recall
over time or the change in SRT total immediate
recall from baseline to weeks 26 and 52. In con-
trast, SRT delayed recall did not change over time,
with lower scores in older patients and ApoE �4 pos-
itives compared to negatives. Baseline UPSIT and
�UPSIT, however, were unrelated to SRT delayed
recall over time. Similar results were obtained with
the secondary cognitive function measure, Everyday

Cognition (ECOG), which had higher scores in less
educated females and ApoE �4 positives compared
to negatives.

Improvement measured by CIBIC-plus scores at
26 or 52 weeks was positively associated with being
ApoE �4 positive, baseline age and UPSIT score,
while being unrelated to �UPSIT. There was no
�UPSIT by time interaction on CIBIC-plus scores,
indicating that �UPSIT was unrelated to CIBIC-
plus over time. In exploratory analyses, there were
no associations between �UPSIT and WAIS-R Digit
Symbol scores over time (52 weeks).

FAQ scores (secondary measure) were unrelated to
ApoE �4 status, baseline age, education and UPSIT
score, while being lower in males than females
(p = 0.014), and lower in past smokers than non-
smokers (p < 0.05), controlling for other baseline
factors. There was no time trend in FAQ scores nor
�UPSIT by time interaction on FAQ scores. A sig-
nificant association of �UPSIT with FAQ scores
(B = –0.053, p = 0.033, in the model for square-root
of FAQ controlling for baseline age, sex, education,
smoking status, UPSIT score and time) indicated that
�UPSIT had a non-linear association with lower FAQ
over time.

Change in UPSIT scores from 0 to 8 weeks

Within-subject change in UPSIT scores from base-
line to 8 weeks was not significantly different from
zero, and was not associated with cognitive measures
at weeks 26 and 52, nor with the change on the ADAS-
Cog or SRT total immediate recall from baseline to
26 weeks and from baseline to 52 weeks.

Somatic side effects

TESS scores, defined by the sum score of 26 items
that cover possible physical side effects, decreased
over time from 2.19 (SD 2.12) at baseline to 1.59 (SD
1.37) at 26 weeks and 1.47 (SD 1.80) at 52 weeks.
There were no adverse effects of intranasal atropine
reported or observed in any patient.

Participants with improvement in CDR

After excluding the ten participants with improve-
ment in CDR, we did not find an interaction of
�UPSIT by time nor effect of �UPSIT on ADAS-
Cog, while the associations between ADAS-Cog and
the other variables in Table 3 remained similar. For
the other cognitive outcomes, the findings of no
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association with �UPSIT were unchanged while
FAQ score became unrelated to �UPSIT. Odor
identification test scores decreased with atropine
challenge among the ten participants with CDR
improvement (�UPSIT mean = –1.06, SD = 3.01,
p < 0.005), but not among the other 89 MCI patients
(�UPSIT mean = 0.30, SD = 8.04). The difference
between these groups, however, was not significant
(p = 0.077).

Initial statistical power analysis for the sample size
of 100 participants was based on calculated minimum
detectable effect size with 80% power at signifi-
cance level of alpha = 0.05 for a two-sided test. The
observed detectable correlation between outcome
and predictor, r = 0.2757 was moderate. Preliminary
analysis of the final sample gave r1 = 0.2986 for cor-
relation between ADAS-Cog change over 26 weeks
and the predictor (UPSIT change due to atropine
nasal challenge) in 82 patients and r2 = 0.0983 for
correlation between ADAS-Cog change over 52
weeks and the predictor in 76 patients. The power
of detecting r1 and r2 at alpha = 0.05 was 78.7%
and 12.5%, respectively. Therefore, based on the
results obtained, we did not have sufficient power to
detect a small effect size that is needed for clinical
relevance.

DISCUSSION

The decrease in odor identification test scores
with atropine challenge was not associated consis-
tently with improved cognitive performance during
the 52-week open treatment trial with donepezil, with
the sole significant finding of an increase in UPSIT
with atropine nasal challenge being associated with
decrease in ADAS-Cog scores at baseline and attenu-
ated improvement over 26 weeks. The latter finding is
not consistent with the associations postulated in the
hypotheses. The association was not found in analy-
ses excluding patients with improved CDR. Overall,
the negative findings in this sample of 100 partic-
ipants with MCI do not replicate other findings in
much smaller samples [20]. The evaluation of olfac-
tory function with atropine challenge, and the change
in odor identification during the first 8 weeks, can-
not be recommended for potential clinical use in
predicting improvement in memory with CheI treat-
ment. The presence of the apolipoprotein E �4 allele
affected some cognitive measures but did not alter the
lack of association between change in odor identifi-
cation test scores and cognitive outcomes.

Biomarkers for AD based on neuroimaging and
cerebrospinal fluid (CSF) biomarkers were not
obtained in this sample. One possible explanation for
the negative findings is that several participants with
MCI may not have had AD neuropathology and con-
sequently would have been less likely to respond to
CheI treatment. Cognitive scores generally improved
to a small degree during the study and more patients
showed improvement in CDR than worsening to
dementia during the one-year study, lending support
to this possibility. As noted, the statistical power was
limited based on the detectable correlations that were
observed.

There were other limitations to this study. While
the associations of olfactory impairment on cognitive
changes with open CheI treatment could be exam-
ined, the cognitive effects of cholinesterase inhibitors
could not be assessed objectively in the absence of a
placebo comparison group. Further, in the absence
of a placebo comparison group, practice effects may
have contributed to the results obtained, especially
in the first 8 weeks [29]. The “Mecca” position may
be uncomfortable for some participants, but it was
used successfully without significant difficulty in
another study that involved intranasal administration
of atropine in older adults [19]. In our study, most
patients did not experience significant difficulty with
this procedure. We could not quantify the degree to
which the atropine dose crossed the cribriform plate,
but the significant decline in olfactory test perfor-
mance in patients indirectly suggests that atropine
did cross the cribriform plate.

Odor identification impairment is not specific to
AD and occurs in Parkinson’s disease, dementia due
to Lewy bodies, schizophrenia, and other conditions
[30]. In patients with Lewy body dementia, the asso-
ciation between improvement with CheI treatment
and impaired odor identification has not been studied
in a clinical trial [31]. In a small sample of patients
with mild AD, a CSF Cholinergic index, defined as
the ratio of CSF choline acetyltransferase to acetyl-
cholinesterase, was shown to increase markedly in
patients treated with the cholinesterase inhibitor
galantamine compared to placebo [32]. Replication
in larger samples is needed, with the caveat that
there is limited clinical practical utility to the use of
CSF assessment with lumbar puncture as a biological
indicator of the therapeutic effect of cholinesterase
inhibitors in AD.

Prior efforts to establish efficacy of cholinesterase
inhibitors in MCI were unsuccessful [27, 28], and
this may be related to the heterogeneity in MCI with
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only some patients having AD neuropathology. In
the future, targeting patients with MCI who have
established AD biomarkers may be a more successful
approach, both to evaluate the efficacy of treatments
in MCI and to assess the utility of olfactory or other
predictors of treatment response.
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