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Abstract
Background and Objectives
Odor identification deficits are associated with transition to dementia, whereas intact odor
identification and global cognition test performance may identify lack of transition. The pur-
pose of this study was to examine intact odor identification and global cognition as prognostic
indicators of lack of transition to dementia in a biracial (Black and White) cohort.

Methods
In a community-dwelling sample of older adults from the Health, Aging, and Body Compo-
sition study, odor identification was measured using the Brief Smell Identification Test (BSIT),
and global cognition was measured using the Teng Modified Mini-Mental State Examination
(3MS). Survival analyses for dementia transition over 4 and 8 years of follow-up used Cox
proportional hazards models.

Results
A total of 2,240 participants had an average age of 75.5 years (SD 2.8). Approximately 52.7%
were female individuals. Approximately 36.7% were Black and 63.3% were White individuals.
Impaired odor identification (hazard ratio [HR] 2.29, 95% CI 1.79–2.94, p < 0.001) and global
cognition (HR 3.31, 95% CI 2.26–4.84, p < 0.001) were each independently associated with
transition to dementia (n = 281). Odor identification remained robustly associated with
transition to dementia for Black (HR 2.02, 95% CI 1.36–3.00, p < 0.001, n = 821) and White
participants (HR 2.45, 95% CI 1.77–3.38, p < 0.001, n = 1,419), whereas global cognition was
associated with transition among Black participants only (HR 5.06, 95% CI 3.18–8.07, p <
0.001). ApoE genotype was consistently associated with transition among White participants
only (HR 1.75, 95% CI 1.20–2.54, p < 0.01). Among participants with intact performance on
both odor identification (BSIT ≥9/12 correct) and global cognition (3MS ≥ 78/100 correct),
8.8% transitioned to dementia over 8 years. Intact performance on both measures had high
positive predictive value for identifying individuals who did not transition to dementia over 4
years (0.98 for ages 70–75 years with only 2.3% transitioning, 0.94 for ages 76–82 years with
only 5.8% transitioning).

Discussion
Odor identification testing paired with a global cognitive screening test identified individuals at
low risk of transition to dementia in a biracial community cohort with a pronounced effect in
the eighth decade of life. Identification of such individuals can reduce the need for extensive
investigation to establish a diagnosis. Odor identification deficits showed utility in both Black
and White participants, unlike the race-dependent utility of a global cognitive test and ApoE
genotype.
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Introduction
During the course of Alzheimer disease (AD), neuropathol-
ogy develops early in the regions responsible for olfactory
processing. Neurofibrillary tangles and volume loss are ob-
served within the olfactory epithelium, olfactory bulb, piri-
form cortex, entorhinal cortex, and hippocampus.1 Such
pathology is clinically manifest through impaired performance
on tests of olfactory functioning, chiefly tests of odor identi-
fication.2 Several longitudinal studies have shown that im-
paired odor identification ability is associated with an
increased likelihood of cognitive decline3 and conversion to
dementia.4-6 Similarly, impairment on brief cognitive screen-
ing tests is also associated with an increased likelihood of
conversion to dementia.7 Conversely, the negative predictive
value of smell tests is high for clinical AD dementia because
for this diagnosis, zero odor identification errors are virtually
nonexistent.8-10

The question that remains is if both odor identification ability
and brief cognitive test performance are intact, how strongly
does this combination indicate the lack of likelihood of con-
version to dementia during long-term follow-up? If intact
odor identification and intact brief cognitive test performance
are associated with cognitive stability over long-term follow-
up, this approach can be used to inform patients about their
likely prognosis and prevent unnecessary extensive in-
vestigation for the diagnosis of dementia and to rapidly screen
in or screen out participants for the prevention and treatment
trials of cognitive-enhancing therapies.

As previously reported, in the Washington Heights/Inwood
Columbia Aging Project (WHICAP) community-based co-
hort, 749 older adults aged 70–83 years were followed up for
4 years. Participants with intact olfactory and cognitive
ability transitioned to dementia at a low rate (3.4% com-
pared with 14.6% for the full sample), with no transitions in
the youngest 70–75 years and in the 81–83 years age group
quartiles.11 This supports the notion that odor identification
tests used in conjunction with brief cognitive screening tests
offer strong negative predictive value for conversion to de-
mentia. This finding, however, requires replication and ex-
tension in other diverse cohorts because of the known
influence of social determinants of health and structural
racism on differential predictive value of measures and access
to participation in clinical research. Indeed, despite greater
risk of AD, Black and Hispanic/Latino populations are un-
derrepresented in observational research and randomized
clinical trials for AD.12,13

The Health, Aging, and Body Composition (Health ABC)
study involved 3,075 participants aged 70–79 years at base-
line. This biracial cohort was followed up for more than a
decade. Studies published on the use of the Brief Smell
Identification Test (BSIT) from the Health ABC cohort have
focused on association with dementia and cognitive decline in
Black and White participants6 and on mortality as an out-
come.14 In the Health ABC database, we evaluated whether
intact performance on both a cognitive and an olfaction
screening test were associated with lack of conversion to de-
mentia. We hypothesized that intact performance on these
measures will each independently be associated with lower
frequency of conversion to dementia during follow-up com-
pared with the rest of the sample, with intact performance on
both measures being associated with the lowest frequency of
conversion. We additionally hypothesized that this effect will
be manifest in both Black and White participants and will
remain robust after adjusting for covariates. We also explored
the impact of ApoE e4 genotype on the effects of brief ol-
factory and cognitive tests because of the known association
of ApoE e4 with olfactory impairment15,16 and racial differ-
ences in ApoE e4 risk of dementia.17,18

Methods
Participants
Health ABC is a longitudinal cohort study consisting of 3,075
men and women who were aged 70–79 years at baseline, with
45% of the women and 33% of the men identifying as Black;
comparison of health characteristics over time of White and
Black participants was a primary goal of the study. Race was
self-identified by participants. Participants were recruited in
1997–1998 from a random sample of Medicare-eligible adults
living within zip codes in Pittsburgh, PA, and Memphis, TN.
To be eligible at baseline, participants were required to walk
¼ mile and climb up 10 steps without difficulty. In addition,
participants must have reported no difficulties in activities of
daily living, been free from life-threatening illnesses, and
planned to remain in the study area for at least 3 years.

Standard Protocol Approvals, Registrations,
and Patient Consents
All participants signed informed consent forms, and the study
was approved by the institutional review boards at both sites.

Sample Selection
The BSIT was administered only in year 3, which was used as
a baseline to establish the utility of odor identification ability
over the course of 8 years through year 11. We excluded

Glossary
3MS = Modified Mini-Mental State Examination; AD = Alzheimer disease; BSIT = Brief Smell Identification Test; Health
ABC = Health, Aging, and Body Composition; HR = hazard ratio; MMSE = Mini-Mental State Examination; WHICAP =
Washington Heights/Inwood Columbia Aging Project.
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participants who were missing either the year 3 BSIT (n =
538) or the year 3 Modified Mini-Mental State Examination
(3MS) (n = 539), which led to a total of 541 excluded par-
ticipants. Next, 7 participants were excluded because they met
criteria for dementia at year 3, and a subsequent 211 partici-
pants who had no follow-up after year 3 were excluded. Fi-
nally, 76 participants were excluded because of anosmia
(BSIT ≤3/12; olfactory performance at or below statistical
chance). The final sample comprised 2,240 participants
(Figure 1).

Measures
Olfaction was measured during year 3 with the 12-item BSIT
(Sensonics International, Haddon Heights, NJ).19 The par-
ticipant scratches an odorant strip containing a microcapsule,
sniffs the emanated odor, and identifies the odor from 4
choices. The BSIT score ranges from 0 to 12 with 0 indicating
all odors incorrectly identified and 12 indicating all 12 odors
correctly identified. “Intact” BSIT performance was defined as
scores 9–12, and “impaired” BSIT performance was defined as
scores 0–8. There is no consensus in the field on the op-
timal BSIT cutoff. This cutoff was selected because it has
been previously used in another community cohort of older
adults.11

Global cognition was measured using the Teng 3MS.20 The
3MS is an expanded version of the original Folstein Mini-
Mental State Examination (MMSE) and includes tests of
orientation, attention, registration, verbal recall, calculation,
and visuospatial ability. The 3MSwas collected during years 1,
3, 5, 7, 9, 10, and 11. Scores range from 1 to 100, with higher
scores indicating better cognitive performance. “Intact” 3MS
performance was defined as scores 78–100, and “impaired”

3MS performance was defined as scores 1–77 as previously
reported in other publications from this cohort.21

To be classified as having developed dementia, participants
must have had either (1) dementia diagnosis from adjudicated
hospital records or (2) records of prescribed antidementia
medication (galantamine, rivastigmine, memantine, donepe-
zil, or tacrine) from hospital records or study records. To
identify and exclude individuals who had already developed
dementia by year 3, the same definition was used. This de-
mentia definition is based on definitions used in previous
Health ABC publications,6,22,23 except that cognitive decline
on the 3MS alone was not categorized as dementia because
such decline is not specific to dementia and is insufficient to
make the diagnosis in the absence of functional impairment.
Furthermore, this approach is consistent with the criteria used
for similar measures published from the WHICAP study, and
it avoids the confound of using the 3MS both as a variable of
interest (year 3 performance) and as an outcome measure (if
used to define dementia).11

Statistical Analyses
Distributions and group differences in demographic and
clinical variables were examined by χ2 and 2-sample t tests as
appropriate. Survival analyses for dementia transition be-
tween year 3 and year 11 were conducted using Cox pro-
portional hazards models.

The primary outcome was time until dementia from year 3.
The censoring time was determined as the years from year 3
to the last observed year or year 11. The proportional hazard
assumption was checked using statistical tests based on the
correlation between time and scaled Schoenfeld residuals.

Figure 1 Flowchart of Participant Selection

3MS = Modified Mini-Mental State Examination; BSIT = Brief
Smell Identification Test; Health ABC = Health, Aging, and
Body Composition.
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The proportional hazard assumption is supported by a
nonsignificant relationship between residuals and time (p >
0.05). All model assumptions were met. Variables of primary
interest were the BSIT and 3MS, each dichotomized by their
respective cutoffs. A secondary variable of interest was the
ApoE genotype. Because we tested 3 variables of interest
sequentially, we did not perform multiple comparison

corrections. Models were first adjusted for demographics
(age, sex, education, and site) and then for expanded cova-
riates evaluated in prior publications from the Health ABC
cohort including medical comorbidities (age, sex, education,
site, race, literacy [defined as at or above ninth grade reading
level on the Rapid Estimate of Adult Literacy in Medicine],
depressive symptoms [Center for Epidemiologic Studies–
Depression scale], ApoE genotype, smoking status [never,
former, current], current alcohol consumption, body mass
index, walking speed [m/sec over 20 m], history of diabetes,
hypertension, transient ischemic attack, cerebrovascular ac-
cident, head injury, and self-reported smell problems)
(identified by a single question as part of the BSIT). We
performed the same analyses, stratified by race. Mortality
was examined as a competing risk by modeling the sub-
distribution hazard function of a specific cause as recom-
mended when estimating incidence or predicting prognosis
in the presence of competing risks.24 The analysis was per-
formed using the comp.risk function with proportional
hazard models and Cox censoring models as implemented in
timereg R package.25

All survival analyses modeled transition to dementia.
Prediction of lack of transition to dementia was examined
by contingency table and binary diagnostic tests with fixed
time points of 4 years and 8 years of follow-up. In these
analyses, for the predictors of BSIT, 3MS, and their com-
binations, we assessed sensitivity, specificity, positive
predictive value, and negative predictive value for identi-
fying lack of transition to dementia. Analyses were con-
ducted using R version 4.0.1.

Results
Baseline Demographics
Participant demographic and clinical characteristics at year 3
are summarized in Table 1. The average age of the 2,240
participants in the analytic sample was 75.5 (SD 2.8) years.
Approximately 47.3% of the sample was male individuals, and
52.7% was female individuals. Black participants comprised
36.7% of the sample, whereas White participants constituted
63.3%. The mean BSIT at year 3 was 9.4 (SD 2.0). Approx-
imately 29.2% of participants fell within the “impaired” range
(<9), and 70.8% fell within the “intact” range (≥9). BSIT
scores were significantly lower in Black participants (mean
9.0, SD 2.1) than in White participants (mean 9.6, SD 1.9).
Approximately 34.5% of Black participants fell within the
“impaired” range (<9) compared with 26.1% of White par-
ticipants. The mean 3MS at year 3 was 90.6 (SD 7.8). Ap-
proximately 7.0% of participants fell within the “impaired”
range (<78), whereas 93.0% were within the “intact” range
(≥78). 3MS scores were significantly lower in Black partici-
pants (mean 86.3, SD 9.2) than in White participants (mean
93.1, SD 5.6). Approximately 16.3% of Black participants fell
within the “impaired range” (<78) compared with 1.6% of
White participants. Compared with participants with intact

Table 1 Clinical and Demographic Characteristics of
Health ABC Participants

Variable

All
participants
(n = 2,240)

Black
participants
(n = 821)

White
participants
(n = 1,419)

Agea 75.5 (2.8) 75.3 (2.8) 75.6 (2.8)

Sexb

Male 1,057 (47.2) 329 (40.1) 728 (51.3)

Female 1,183 (52.8) 492 (59.9) 691 (48.7)

Educationb 13.3 (3.1) 11.9 (3.4) 14.0 (2.5)

Siteb

Memphis 1,089 (48.6) 373 (45.4) 716 (50.5)

Pittsburgh 1,151 (51.4) 448 (54.6) 703 (49.5)

CES-Db 4.6 (5.3) 4.6 (5.2) 4.6 (5.3)

3MSa 90.6 (7.8) 86.3 (9.2) 93.1 (5.6)

BSITa 9.4 (2.0) 9.0 (2.1) 9.6 (1.9)

APOE genotypeb

APOE E4 not
present

1,509 (71.5) 473 (62.4) 1,036 (76.6)

APOE E4 present 601 (28.5) 285 (37.6) 316 (23.4)

Missing 130 63 67

Diabetesb

No 1,923 (86.0) 649 (79.2) 1,274 (89.8)

Yes 313 (14.0) 170 (20.8) 143 (10.1)

Hypertensionb

No 1,100 (49.1) 298 (36.3) 802 (56.5)

Yes 1,123 (50.1) 515 (62.7) 608 (42.8)

Alcohol usec 1.9 (1.0) 1.6 (0.9) 2.1 (1.0)

Smoking

Never smoker 1,031 (46.1) 394 (48.0) 637 (45.0)

Current smoker 184 (8.2) 111 (13.5) 73 (5.2)

Former smoker 1,022 (45.7) 315 (38.4) 707 (49.9)

Abbreviations: 3MS = Modified Mini-Mental State Examination; BSIT = Brief
Smell Identification Test; CES-D = Center for Epidemiologic Studies–
Depression scale; Health ABC = Health, Aging, and Body Composition.
All values expressed as mean (SD) or n (%).
a Variable collected at year 3.
b Variable collected at year 1.
c Average quantity of drinks per week.
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BSIT performance, participants with impaired BSIT per-
formance were more likely to be older, male, Black, en-
rolled at Pittsburgh, have a history of diabetes, current
smokers, report a subjective history of smell/taste prob-
lems, and have lower performance on the 3MS (all p values
< 0.05).

Proportions Transitioning to Dementia
Across 4 years of follow-up between year 3 and year 7, 131
participants (5.8%) converted to dementia (Table 2). During
the 4 years of follow-up, participants who had both intact
BSIT and 3MS exhibited a conversion rate of 3.8%, with the
younger half of the sample (70–75 years) converting at only
2.3% (20/861) (Table 3). By contrast, impairment on both
the BSIT and 3MS was associated with a conversion rate of
25.0% in the 70–75 years age range and 24.7% across the
entire sample (Table 3).

Across 8 years of follow-up between year 3 and year 11, 281
participants (12.5%) converted to dementia. Participants who
had intact performance on both BSIT and 3MS had a low
likelihood of conversion to dementia over 8 years of follow-up
(8.8%), with the younger half of the sample (age 70–75 years)
converting at a rate of 5.9%. Impairment on both the BSIT
and 3MSwas associated with a conversion rate of 36.1% in the
70–75 years age range and 36.5% across the entire sample.
Across 8 years of follow-up, there were 73 new cases between
years 3 and 5, 58 new cases between years 5 and 7, 80 new
cases between years 7 and 9, and 70 new cases between years 9
and 11.

To rule out the possibility that small sample size of certain
strata was responsible for the differences in dementia transi-
tion between strata in Table 3, we conducted 3 complemen-
tary permutation analyses that provided the null distribution
of each cell when the BSIT and 3MS are not correlated with
dementia transition. In all scenarios, the high dementia tran-
sition rate in the “both impaired” group and low dementia
transition rate in the “both intact” group were beyond the
random quantity generated by random permutations and in
turn unlikely due to the cell size (eTables 1–3 and eFigures
1–3, links.lww.com/WNL/C965).

Association With Lack of Transition to
Dementia: Sensitivity, Specificity, and
Predictive Values
To determine the clinical utility of the measures for identi-
fying lack of transition to dementia, sensitivity, specificity,
accuracy, positive predictive value, and negative predictive
value were determined across 4 years of follow-up at year 7
(Table 4). The BSIT and 3MS were evaluated both alone at
their respective cutoffs and jointly in the forms of “both im-
paired” (vs all other combinations) and “both intact” (vs all
other combinations). For identifying lack of transition to
dementia, the sensitivity of these measures was greater than
their specificity (0.72 vs 0.50 for BSIT Intact; 0.94 vs 0.23 for
3MS Intact). Similarly, the positive predictive value was
greater than the negative predictive value (0.96 vs 0.10 for
BSIT intact; 0.95 vs 0.19 for 3MS intact). When performance
on these measures was evaluated jointly, the “both intact” (vs
all other combinations) category yielded a more balanced
distribution of sensitivity vs specificity (0.69 vs 0.56), with a
similar positive predictive value vs negative predictive value
distribution (0.96 vs 0.10).

Association With Transition to Dementia:
Survival Analyses
Survival analyses for dementia transition between year 3 and
year 11 are summarized in Table 5. In the BSIT-only model,
demographically adjusted, low BSIT performance was as-
sociated with transition to dementia (hazard ratio [HR]
2.29, 95% CI 1.79–2.94, p < 0.001). In the fully adjusted
model, older age, ApoE e4 genotype, history of diabetes,
history of hypertension, and body mass index were also as-
sociated with transition to dementia (all p values < 0.05). In
the 3MS-only model, demographically adjusted, low 3MS
performance was associated with transition to dementia (HR
3.31, 95% CI 2.26–4.84, p < 0.001). As in the previous
model, older age, ApoE e4 genotype, history of diabetes,
history of hypertension, and body mass index were also as-
sociated with transition to dementia in the fully adjusted
model (all p values < 0.05).

In the models examining BSIT and 3MS concurrently, both
measures were independently and significantly associated

Table 2 Frequency Table of Incident Dementia Defined by 2 Criteria Across 8 Years

Year 5 Year 7 Year 9 Year 11

HD HM SM HD HM SM HD HM SM HD HM SM

Total developed by each individual criterion 65 22 8 36 14 22 58 25 22 38 11 32

Incidence of new dementia cases 73 58 80 70

Total developed across combined criteriaa 73 131 211 281

Abbreviations: HD = hospital records indicating dementia diagnosis; HM = hospital records indicating prescription of dementia medication; SM = study
records indicating prescription of dementia medication.
a To be classified as having developed dementia, participants must meet criteria for either dementia diagnosis or medication. There were 292 total unique
dementia transition cases across 8 years of follow-up between year 3 and year 11; 218 participants developed dementia by the year 3 analytic baseline or had
no follow-up after year 3 and were excluded from the analyses.
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with transition to dementia in the demographically adjusted
model (BSIT: HR 2.17, 95% CI 1.69–2.80, p < 0.001; 3MS:
HR 2.94, 95% CI 2.01–4.30, p < 0.001) (Figure 2). In the fully
adjusted model, the BSIT (HR 2.19, 95% CI 1.63–2.94,
p< 0.001) and the 3MS (HR 2.75, 95%CI 1.67–4.52, p = 0.001)
remained significantly associated with transition to dementia.
Older age, ApoE e4 genotype, and a history of diabetes were
also associated with transition to dementia (all p < 0.05).

To test for interactions, a BSIT × 3MS interaction term was
added to the BSIT and 3MS models, although this was not
associated with transition to dementia (p = 0.666). Similarly,
when ApoE and a BSIT × ApoE interaction term were added
to the BSIT model, the interaction was also not associated
with transition (p = 0.499).

Two hundred twenty-nine participants died across 11 years of
follow-up. To determine whether death was a competing risk,
mortality was examined as a variable alongside the main var-
iables of interest in competing risk regression models. Mea-
sures within the BSIT-only (BSIT: HR 2.22, 95% CI
1.73–2.87, z = 6.16, p < 0.0001), 3MS-only (3MS: HR 2.98,
95% CI 2.13–4.16, z = 6.38, p < 0.0001), and BSIT plus

3MS models (BSIT: HR 2.08, 95% CI 1.60–2.72, z = −5.39,
p < 0.0001; 3MS: HR 2.60, 95% CI 1.83–3.66, z = 5.45, p <
0.0001) remained significantly associated with transition to
dementia after accounting for the competing risk of mortality.
Across all fully adjusted models, the following covariates were
not associated with transition to dementia (all p values >
0.05): education, race, literacy, current alcohol consumption,
depressive symptoms, walking speed, transient ischemic at-
tack, cerebrovascular accident, head injury, and subjective
smell problems.

AssociationWithTransition toDementiabyRace
To clarify the effect of each variable within each race group,
models were rerun with Black participants only (n = 821) and
with White participants only (n = 1,419). Both BSIT-only
models remain unchanged compared with the models with all
participants. However, in the 3MS-only models, the 3MS was
significantly associated with transition to dementia for the
Black participants though not for the White participants. This
was the case for both the demographically (Black, HR 5.06,
95% CI 3.18–8.07, p < 0.001; White, HR 1.12, 95% CI
0.39–3.23, p = 0.837) and fully adjusted models (Black, HR
4.91, 95% CI 2.71–8.86, p < 0.001; White, HR 0.61, 95% CI

Table 3 Baseline Olfactory and Cognitive Scores and Association With Transition to Dementia in Health ABC Study
Participants (Year 3–Year 11)

Age Baseline measure

4-y follow-up (year 3–7) 8-y follow-up (year 3–11)

Transition to dementia Transition to dementia

No Yes No Yes

n % n % N % n %

70–75 BSIT intact/3MS impaired 31 83.8% 6 16.2% 26 70.3% 11 29.7%

3MS intact/BSIT impaired 261 93.9% 17 6.1% 240 86.3% 38 13.7%

Both impaired 27 75.0% 9 25.0% 23 63.9% 13 36.1%

Both intact 841 97.7% 20 2.3% 810 94.1% 51 5.9%

All 1,160 95.7% 52 4.3% 1,099 90.7% 113 9.3%

76–82 BSIT intact/3MS impaired 32 91.4% 3 8.6% 27 77.1% 8 22.9%

3MS intact/BSIT impaired 264 91.0% 26 9.0% 231 79.7% 59 20.3%

Both impaired 37 75.5% 12 24.5% 31 63.3% 18 36.7%

Both intact 616 94.2% 38 5.8% 571 87.3% 83 12.7%

All 949 92.3% 79 7.7% 860 83.7% 168 16.3%

All BSIT intact/3MS impaired 63 87.5% 9 12.5% 53 73.6% 19 26.4%

3MS intact/BSIT impaired 525 92.4% 43 7.6% 471 82.9% 97 17.1%

Both impaired 64 75.3% 21 24.7% 54 63.5% 31 36.5%

Both intact 1,457 96.2% 58 3.8% 1,381 91.2% 134 8.8%

All 2,109 94.2% 131 5.8% 1,959 87.5% 281 12.5%

Abbreviations: 3MS = Modified Mini-Mental State Examination; BSIT = Brief Smell Identification Test; Health ABC = Health, Aging, and Body Composition.
BSIT cutoffs: 3–8 impaired, 9–12 intact; 3MS cutoffs: 0–77 impaired, 78–100 intact.
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0.14–2.69, p = 0.513). Notably, ApoE was significantly asso-
ciated with transition to dementia in the fully adjusted 3MS
model for White participants (HR 1.75, 95% CI 1.20–2.54,
p = 0.004) though not for Black participants (HR 1.45, 95%
CI 0.90–2.34, p = 0.125).

This pattern continued in the models examining BSIT and
3MS concurrently, where 3MS was associated with transi-
tion for Black participants (HR 4.69, 95% CI 2.93–7.49, p <
0.001) but not White participants (HR 1.03, 95% CI
0.36–2.96, p = 0.993). The BSIT remained significantly
associated with transition for both Black participants (HR
1.79, 95% CI 1.19–2.69, p = 0.005) and White participants
(HR 2.45, 95% CI 1.77–3.38, p < 0.001). These effects were
consistent across the demographically and fully adjusted
models. ApoE e4 genotype was significantly associated with
transition to dementia in the fully adjusted model for White
participants (HR 1.69, 95% CI 1.15–2.46, p = 0.007)
though not for Black participants (HR 1.44, 95% CI
0.89–2.32, p = 0.140).

The BSIT × 3MS interaction was tested in Black participants
and remained not significantly associated with transition to
dementia (p = 0.761). We did not run the BSIT × 3MS
interaction models in White participants due to instability of
the model fit from small sample sizes in select categories. The
BSIT × ApoE interaction was also tested, though this in-
teraction remained not significantly associated with transition

to dementia for both Black participants (p = 0.210) andWhite
participants (p = 0.621).

Discussion
Odor identification and brief global cognitive screening per-
formance were found to be associated with dementia in-
cidence over both 4 and 8 years of follow-up. The lowest risk
of dementia was found for participants with intact perfor-
mance on both the BSIT and 3MS. Intact performance on
bothmeasures has high positive predictive value (0.98 for ages
70–75 years, 0.94 for ages 76–82 years) for identifying indi-
viduals who will not transition to dementia. The measures
performed better at predicting outcomes at 4 years of follow-
up than at 8 years, likely owing to the development of new
deficits or intervening medical comorbidities across longer
intervals.

These results are very similar to those obtained in the in-
dependent WHICAP cohort, average age 80 years, where
combined intact BSIT and global cognition measured by the
Blessed Orientation Memory Concentration Test were as-
sociated with 3.4% conversion to dementia over 4 years of
follow-up with no conversions in the 70–75 years age group.
The consistency of the findings in different cohorts with large
White (Health ABC and WHICAP), Black (Health ABC and
WHICAP), and Latino (WHICAP) representation can be

Table 4 Evaluation of Odor Identification and Global Cognition for Identifying Lack of Transition to Dementia Over 4
Years of Follow-up

Age Baseline measure Sensitivity Specificity Accuracy PPV NPV

70–75 BSIT intact 0.75 (0.73–0.78) 0.50 (0.36–0.64) 0.74 (0.72–0.77) 0.97 (0.96–0.98) 0.08 (0.06–0.12)

3MS intact 0.95 (0.94–0.96) 0.29 (0.17–0.43) 0.92 (0.91–0.94) 0.97 (0.96–0.98) 0.21 (0.12–0.32)

Both impaired 0.98 (0.97–0.99) 0.173 (0.66–1) 0.72 (0.69–0.75) 0.96 (0.95–0.97) 0.25 (0.12–0.42)

Both intact 0.73 (0.70–0.75) 0.62 (0.47–0.75) 0.72 (0.69–0.75) 0.98 (0.96–0.99) 0.09 (0.06–0.13)

76–82 BSIT intact 0.68 (0.65–0.71) 0.48 (0.37–0.60) 0.67 (0.64–0.70) 0.94 (0.92–0.96) 0.11 (0.08–0.15)

3MS intact 0.93 (0.90–0.94) 0.19 (0.11–0.29) 0.87 (0.85–0.89) 0.93 (0.91–0.95) 0.18 (0.10–0.28)

Both impaired 0.96 (0.95–0.97) 0.15 (0.08–0.25) 0.90 (0.88–0.92) 0.93 (0.91–0.95) 0.25 (0.13–0.39)

Both intact 0.65 (0.62–0.68) 0.52 (0.40–0.63) 0.64 (0.61–0.67) 0.94 (0.92–0.96) 0.11 (0.08–0.15)

All BSIT intact 0.72 (0.70–0.74) 0.50 (0.40–0.59) 0.71 (0.69–0.73) 0.96 (0.95–0.97) 0.10 (0.08–0.12)

3MS intact 0.94 (0.93–0.95) 0.23 (0.16–0.31) 0.90 (0.89–0.91) 0.95 (0.94–0.96) 0.19 (0.13–0.26)

Both impaired 0.97 (0.96–0.98) 0.16 (0.10–0.24) 0.92 (0.91–0.93) 0.95 (0.94–0.96) 0.25 (0.16–0.35)

Both intact 0.69 (0.67–0.71) 0.56 (0.47–0.64) 0.68 (0.66–0.70) 0.96 (0.95–0.97) 0.10 (0.08–0.13)

Abbreviations: 3MS =ModifiedMini-Mental State Examination; BSIT = Brief Smell Identification Test; 3MS cutoffs = 0–77 impaired, 78–100 intact; 3MS intact =
3MS intact vs 3MS impaired, irrespective of BSIT status; Both impaired = reverse coded, such that values are for “all other combinations” vs “both BSIT and 3MS
scores in impaired range”; Both intact = “both BSIT and 3MS scores in intact range” vs “all other combinations”; BSIT cutoffs = 3–8 impaired, 9–12 intact; BSIT
intact = BSIT intact vs BSIT impaired, irrespective of 3MS status; NPV = negative predictive value; PPV = positive predictive value.
Binary diagnostic tests for identifying lack of transition to dementia using measures of odor identification and global cognition. Each property is presented
with 95% CIs in parentheses. Accuracy = number of all correct predictions relative to the number of all predictions (i.e., [true positives + true negatives]/[true
positives + true negatives + false positives + false negatives]).
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translated broadly to clinical settings. The 2 instruments
found in Health ABC to be associated with lack of transition
to dementia are simple, quick to complete (<20 minutes
combined), and can be taught to research and clinical per-
sonnel of all levels. The clearly defined cutoffs (<9 for BSIT,
<78 for 3MS) also aid in ease of interpretability of an indi-
vidual’s risk level. It is likely that the original Folstein MMSE,
which is widely used and was the basis for the development of
the 3MS, will show similar effects.

Impaired odor identification, impaired global cognition, and
ApoE e4 genotype were each independently associated with
increased transition to dementia in survival models comprising
the full sample. When the sample was subdivided by race, a
more nuanced pattern emerged. Odor identification was ro-
bustly associated with transition, unlike the global cognitive
screen and ApoE genotype, which were influenced by race.
Impaired odor identification was associated with transition to
dementia in both White and Black participants, while global
cognition was associated with transition for Black but not
White participants. The inconsistent findings for the global
cognitive screener may have been driven partly by the dis-
tinctive distributions of scores for this measure across these
groups, where scores among Black participants fell within the
“impaired” range if they were 1 SD below the mean, though
scores amongWhite participants fell within the impaired range
only if they were approximately 3 SDs below the mean. These
comparisonsmust be interpreted in the established context that
cognitive screeners tend to disadvantage Black individuals,
contributing to misdiagnosis most frequently in the form of
false positives for the diagnosis of dementia.26 Collectively,
these findings suggest that odor identification deficits are less
influenced by race than cognitive measures, and this improves
its practical relevance across broad diverse populations.

Impaired odor identification and ApoE genotype each con-
tributed independent value for modeling association with

transition to dementia. Odor identification deficits are linked
with extent of tau pathology,27,28 more than with β-amyloid,27,29

while ApoE e4 confers greater risk for amyloid plaque accu-
mulation.30 The presence of both biomarker abnormalities is
associated with worse cognitive trajectories, which may explain
the findings of complementary value from both impaired BSIT
performance and ApoE e4 genotype.31 Furthermore, patients
with AD who are ApoE e4 carriers tend to exhibit cortical at-
rophy primarily in medial temporal areas (which themselves are
linked to olfactory functioning), whereas patients with AD who
are noncarriers display greater atrophy of frontoparietal areas
(which have less pronounced roles in olfaction).32

ApoE e4 is more of a risk factor of AD in White individuals
than in Black individuals.17,18,33,34 The odor identification/
ApoE interaction was not significant for participants in this

Table 5 Survival Analyses for Dementia Transition Between Year 3 and Year 11 Using Cox Proportional Hazards Models

Models

Demographically adjusted HR (95% CI)a Fully adjusted HR (95% CI)b

All Black White All Black White

1. BSIT only 2.29 (1.79–2.94)*** 2.02 (1.36–3.00)*** 2.45 (1.77–3.38)*** 2.25 (1.68–3.01)*** 1.94 (1.18–3.19)** 2.31 (1.59–3.34)***

2. 3MS only 3.31 (2.26–4.84)*** 5.06 (3.18–8.07)*** 1.12 (0.39–3.23) 2.97 (1.81–4.87)*** 4.91 (2.71–8.86)*** 0.61 (0.14–2.69)

3. BSIT and 3MS

BSIT 2.17 (1.69–2.80)*** 1.79 (1.19–2.69)** 2.45 (1.77–3.38)*** 2.19 (1.63–2.94)*** 1.83 (1.10–3.04)* 2.31 (1.59–3.34)***

3MS 2.94 (2.01–4.30)*** 4.69 (2.93–7.49)*** 1.03 (0.36–2.96) 2.75 (1.67–4.52)*** 4.74 (2.61–8.60)*** 0.61 (0.14–2.68)

Abbreviations: 3MS = Modified Mini-Mental State Examination; BSIT = Brief Smell Identification Test; HR = hazard ratio.
Survival analyses of the association between transition to dementia and impairment onmeasures of odor identification and global cognition. (1) BSIT only in
the model (no 3MS in the model), (2) 3MS only in the model (no BSIT in the model), and (3) Both BSIT and 3MS in the model concurrently.
a Adjusted for: age, sex, education, and site.
b Adjusted for: age, sex, education, site race, literacy (defined as at or above ninth grade reading level on the Rapid Estimate of Adult Literacy in Medicine),
depressive symptoms (Center for Epidemiologic Studies–Depression scale), ApoE genotype, smoking status (never, former, and current), current alcohol
consumption, bodymass index, walking speed (m/sec over 20m), history of diabetes, hypertension, transient ischemic attack, cerebrovascular accident, head
injury, and smell problems.
*p < 0.05, **p < 0.01, and ***p < 0.001.

Figure 2 Survival Function for Dementia Transition Over 8
Years of Follow-up

3MS = Modified Mini-Mental State Examination; BSIT = Brief Smell Identifi-
cation Test.
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sample. This type of interaction has been found in some prior
studies examining odor identification as a predictor of cog-
nitive decline,3,35 though null findings have also been
reported.4,36 The studies reporting an interaction between
odor identification and ApoE on cognitive decline, that is, the
Swedish National Study on Aging and Care in Kungsholmen
33 and the Betula Study35 were both conducted in Sweden
and were comprised predominantly by individuals identifying
asWhite/European. The studies reporting no interaction, that
is, the WHICAP 111 and the Rush Memory and Aging Pro-
ject36 were conducted in the United States and included a
higher proportion of individuals identifying as Black and or
Hispanic. However, this difference in racial identification
proportions between the studies does not necessarily serve as
a proxy for ancestry because the average African American
genome is 24.0% European, and 3.5% of European Americans
have 1% or more African ancestry.37

Results of our current study align with the previous Health
ABC findings of BSIT being associated with dementia in-
cidence, though our design differs from prior Health ABC
olfaction/mortality/dementia studies6,22,23 in several cru-
cial ways. First, we considered the added value of odor
identification performance to a global cognitive screening
measure compared with either measure in isolation. Second,
our definition of dementia required participants to have
either (1) hospital records indicating dementia diagnosis or
(2) prescription records of dementia medications. This
definition is different from the definition previously used,
where a 1.5 SD decline on the 3MS was a diagnostic crite-
rion for dementia. Using a global cognitive screener as a
single criterion is problematic because a report from the
Canadian Study on Health and Aging determined that
measured impairment on the 3MS has a low false-negative
rate (0.64%) but has an exceedingly high false-positive rate
for detecting dementia (71%) with less than one-third of
those impaired on the 3MS actually having dementia.21 By
using a stricter definition than prior Health ABC studies, we
reduced the chances that participants are misclassified by
exhibiting mild cognitive impairment alone or by exhibiting
temporary fluctuations in cognitive performance due to a va-
riety of possible nondementing causes. Third, we excluded
anosmic participants, who had a level of smell performance
below even what is common for individuals in moderate stages
of dementia. This approach excluded individuals who could
have had congenital anosmia or low odor identification per-
formance due to causes unrelated to dementia.

There are several limitations to this study. The Health ABC
study did not distinguish between subtypes of dementia, and
no plasma, CSF, or neuroimaging biomarkers were studied.
Dementia was not diagnosed clinically, and dementia etio-
logic subtypes could not be identified. Instead, we used
multiple criteria that have been established for large epide-
miologic datasets, which nonetheless may have misdiagnosed
some participants. We additionally used dementia diagnosis
carried forward, such that we could not account accurately

for possible reversion in dementia status. For example, if a
participant had records in year 7 indicating dementia medica-
tions, though at year 9 they had records omitting any mention
of dementia medications, this was not considered to constitute
reversion because omission or discontinuation of a medication
may have occurred for reasons other than reversion to cogni-
tively normal status. Because participants in the Health ABC
study lived within large urban area zip codes, results may not
generalize to rural populations. Last, because of sample size,
select strata formed by age group, BSIT, and 3MS categories
are sparse, thereby limiting our ability to detect interactions and
precisely estimate dementia incidence for each category. While
it would have been advantageous to have larger sample sizes in
each stratum, the random permutation analyses suggest it is
unlikely the results are due to sampling error.

In conclusion, odor identification testing paired with global
cognitive testing identified individuals at low risk of transi-
tion to dementia in a biracial community cohort. In this
study, the utility of odor identification deficits is in-
dependent of race, unlike a brief cognitive screener (3MS)
and ApoE e4 genotype. The extremely low conversion rate
for intact BSIT combined with intact global cognitive per-
formance across 2 large independent cohorts suggests that
these measures have the potential to be used in tandem for
brief, cost-effective “umbrella” screening (screening out or
screening in, as needed) of participants for a broad range of
dementia prevention and therapeutic trials. Clinically,
identification of such individuals can also obviate the need
for extensive investigation to establish a diagnosis, for ex-
ample, intact olfaction and cognition can lead to a decision
that biomarker-based diagnostic workup will be conducted
only if there is persistent cognitive or functional decline on
long-term follow-up.
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35. Olofsson JK, Rönnlund M, Nordin S, Nyberg L, Nilsson LG, Larsson M. Odor
identification deficit as a predictor of five-year global cognitive change: interactive
effects with age and ApoE-e4. Behav Genet. 2009;39(5):496-503. doi:10.1007/
s10519-009-9289-5

36. Dintica CS, Marseglia A, Rizzuto D, et al. Impaired olfaction is associated with
cognitive decline and neurodegeneration in the brain. Neurology. 2019;92(7):
e700-e709. doi:10.1212/wnl.0000000000006919

37. Bryc K, Durand EY, Macpherson JM, Reich D, Mountain JL. The genetic ancestry of
African Americans, Latinos, and European Americans across the United States. Am J
Hum Genet. 2015;96(1):37-53. doi:10.1016/j.ajhg.2014.11.010

Appendix Authors

Name Location Contribution

Jeffrey N.
Motter, PhD

Department of Psychiatry,
Columbia University, New
York, NY; Division of
Geriatric Psychiatry, New
York State Psychiatric
Institute, New York, NY

Drafting/revision of the
article for content,
including medical writing
for content; study concept
or design; and analysis or
interpretation of data

Jongwoo Choi,
MS

Division of Mental Health
Data Science, New York
State Psychiatric Institute,
New York, NY

Analysis or interpretation
of data

Seonjoo Lee,
PhD

Department of Psychiatry,
Columbia University;
Division of Mental Health
Data Science, New York
State Psychiatric Institute;
Department of Biostatistics,
Columbia University,
New York, NY

Drafting/revision of the
article for content,
including medical writing
for content; study concept
or design; and analysis or
interpretation of data

Terry E.
Goldberg, PhD

Department of Psychiatry,
Columbia University, New
York, NY; Division of
Geriatric Psychiatry, New
York State Psychiatric
Institute, New York, NY

Study concept or design;
analysis or interpretation
of data

Steven Albert Department of Behavioral
and Community Health
Sciences, Graduate School
of Public Health, University
of Pittsburgh, PA

Drafting/revision of the
article for content,
including medical writing
for content; major role in
the acquisition of data

Davangere P.
Devanand, MD

Department of Psychiatry,
Columbia University, New
York, NY; Division of
Geriatric Psychiatry, New
York State Psychiatric
Institute, New York, NY

Drafting/revision of the
article for content,
including medical writing
for content; study concept
or design; and analysis or
interpretation of data

Neurology.org/N Neurology | Volume 101, Number 10 | September 5, 2023 e1055

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n

