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Background: Late-life depression (LLD) is a risk factor for cognitive decline in older
adults, and odor identification (Ol) deficits are an early indicator of cognitive decline
with LLD. However, neuropsychiatric symptoms (NPSs) are common in LLD and are
associated with Ol deficits. In subjects with LLD, when Ol deficits forecast cognitive
decline, whether and how NPS affects the relationship between Ol and cognition still
must be further explored.

Objective: To comprehensively explore the potential effects of various NPSs on the
relationship between Ol and cognition in participants with LLD.

Methods: There were 167 patients with LLD and 105 normal elderly (NE) participants.
The odor identification test (Sniffin’ Sticks), cognitive function assessments (global
cognition, memory, executive function, attention, language, visual space), and an
NPS assessment (the neuropsychiatric inventory questionnaire) were performed on the
subjects. In patients with LLD, the relationship among Ol, cognition and NPSs was
examined using correlation analysis and moderation analysis.

Results: In patients with LLD, Ol was positively correlated with cognition (global
cognition, memory, executive function, attention, language) and negatively associated
with NPSs (agitation and aberrant motor behavior). In NE group, Ol was correlated with
executive function. Moderation analysis showed that there was an interactive effect of
agitation and cognitive impairment (language deficit or attention deficit) on Ol in patients
with LLD.

Conclusion: The coexistence of agitation and language or attention deficit was
associated with worse Ol in subjects with LLD. Agitation should be considered since
Ol predicts cognitive decline in patients with LLD.

Keywords: late-life depression, neuropsychiatric symptoms, agitation, odor identification, cognition, Alzheimer’s
disease

Frontiers in Psychiatry | www.frontiersin.org

1 March 2022 | Volume 13 | Article 839012


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2022.839012
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2022.839012&domain=pdf&date_stamp=2022-03-08
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:ningjeny@126.com
https://doi.org/10.3389/fpsyt.2022.839012
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.839012/full

Zhang et al.

Neuropsychiatric Symptoms, Cognition, and Olfaction

INTRODUCTION

The current prevalence of late-life depression (LLD) is 20%
among older adults in China (1). Subjects with LLD have a
variety of cognitive deficits, such as deficits memory function,
executive function and visuospatial function (2). Previous studies
have shown that subjects with LLD were more likely than
normal older adults to develop major neurocognitive disorders
(3), and a follow-up study suggested that an increased risk of
all-cause mortality was affiliated with cognitive impairment and
neuropsychiatric symptoms (NPSs) with LLD (4). Therefore,
to intervene in a timely manner and enhance quality of life,
screening for subjects with LLD who are at high risk for
developing dementia in the early stage is essential.

Odor identification (OI) has been regarded as an early marker
of preclinical major neurocognitive disorders (5, 6). A review of
studies has shown that many brain regions in the olfactory circuit
play an important role in cognitive processes, and that damage
to these brain regions could lead to simultaneous impairment
of cognition and olfactory function (7). The predictive power
of OI deficits for developing dementia has been proved in
normal elderly individuals (8) and individuals with subjective
cognitive decline (SCD) (9), mild cognitive impairment (MCI)
(10). Interestingly, our previous studies suggested that OI deficits
might also act as a promising predictor of the development of
major neurocognitive disorder in subjects with LLD, who with
impaired OI not only exhibited poorer cognitive function, but
also had more functional and structural impairments in brain
regions (11, 12).

However, there is growing evidence showing that olfactory
impairment is also associated with other NPSs, which are
very common in elderly individuals and might increase the
risk of major neurocognitive disorders (13-15). A previous
systematic review suggested that 35 to 85% of MCI subjects
worldwide have NPSs (16), and the incidence of NPSs is as
high as 90% at different stages of AD (17). Moreover, it has
been reported that various types of NPSs are associated with
olfactory dysfunction, such as agitation, apathy, anxiety and
loss of appetite (18, 19). Our previous study suggested that,
for elderly individuals, depression moderates the relationship
between cognitive impairment and OI (11). In addition, OI
dysfunction occurs in many neuropsychiatric diseases, including
frontotemporal dementia (20), schizophrenia (21), bipolar
disorders (22), autism spectrum disorder (23). Furthermore,
behavioral and psychological symptoms in AD, such as agitation,
anxiety, and irritability (24), would change upon exposure to
fragrance (25).

Overall, there are many joint processing stages among OI
dysfunction, cognitive impairment and NPS, and it remains
unclear whether and how other NPSs might influence the
relationship between OI and cognitive impairment with LLD.
Therefore, the aim of this study was to thoroughly explore the
potential effects of various NPSs on the relationship between OI
and cognition in subjects with LLD. The present results clarify
the confounding effects of which NPSs should be considered
when applying OI dysfunction to predict the decline of cognitive
function with LLD, and to provide a more comprehensive and

novel method to understand how OI, cognition and NPS interact
with each other.

MATERIALS AND METHODS

Subjects

This study included 167 patients with LLD who came from
the Affiliated Brain Hospital of Guangzhou Medical University
and 105 normal elderly (NE) adults from the community
center. All of the subjects signed informed consent forms after
learning about the research content. This study was approved
by the ethics committee of the Affiliated Brain Hospital of
Guangzhou Medical University. The inclusion criteria for the
participants with LLD were as follows: (1) age > 55 years
old; (2) meeting the criteria for major depressive disorder in
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV); and (3) diagnosed by a clinical
psychiatrist. NE participants had normal cognitive function and
no history of depression. The exclusion criteria for LLD and
NE were as follows: (1) meeting any other diagnostic criteria
from the DSM-IV; (2) having hypothyroidism, vitamin B12
deficiency, folic acid deficiency, or syphilis infection; (3) having
a history of drug or alcohol abuse; (4) having a neurological
disease, such as stroke, white matter injuries, Parkinson’s disease,
brain tumor, and hydrocephalus; (5) a history of traumatic
brain injury; and (6) any condition significantly influencing
olfaction, such as sinusitis, nasal polyps, intranasal tumors,
congenital or acquired anosmia. All of the subjects were
diagnosed by two neuropsychiatrists, one neuropsychologist, and
one psychiatrist.

Neuropsychological Assessments

The neuropsychological assessments included the following:
(1) global cognition: Mini-Mental State Examination (MMSE);
(2) memory: Auditory Verbal Learning Test (AVLT) (Sum
of N1, N2, N3, N4 and N5 scores); (3) executive function:
Trail Making Test (TMT) A and B; (4) attention: Digital Span
Test (DST); (5) language ability: animal Verbal Fluency Test
(VFT); and (6) visual space skill: Clock Drawing Test (CDT).
Because the TMT-A and TMT-B are tested under a time limit,
less time shows better capability, and assessing this capability
uses the inverse of the scores. NPSs were evaluated using the
neuropsychiatric inventory questionnaire (NPI). The total score
of the NPI is the sum of the scores for 12 items: delusions,
hallucinations, agitation, dysphoria, anxiety, euphoria, apathy,
disinhibition, irritability, aberrant motor behavior, nighttime
behavioral disturbances, and appetite. The score for each
symptom is the product of frequency and severity. Depressive
symptoms were assessed by the Hamilton Depression Rating
Scale-17 (HAMD-17).

Olfactory Assessments

The Sniffin’ Sticks Screen 16 test evaluates OI (26), and
16 pens had different odors. Subjects smelled one pen, they
smelled the next pen after 20s, and they smelled each pen
~3-4s. After smelling a pen, the subjects were given four
options to define the odor they had just smelled. To avoid the
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effects of eating on olfactory function, subjects were forbidden
to eat any food (including water) for 30 min. The subjects
completed an investigation of whether there was a history
of impairment of olfactory function. One the day of the
neuropsychological assessments, the subjects were given the
OI test.

Statistical Analyses

SPSS software, version 25.0 (IBM, Chicago, Illinois, USA) was
used for all analyses, and statistical significance was defined
as p < 0.05. Continuous variables are represented as the
means =+ standard deviations, and categorical variables are
represented as percentages and numbers. One-way analysis
of variance (ANOVA) was used to compare demographic
and clinical variables between the LLD and NE groups for
the continuous variables. The chi-square (x?) test was used

to compare demographic and clinical variables between the
LLD and NE groups for the categorical variables. Partial
correlations were used to analyze the associations among O],
cognitive scores and NPI scores, adjusted for sex, and years
of education.

To detect the interaction effect, PROCESS software (27)
was used to analyze regressions. The model entered predictor
variables (each item’s cognitive score) and the interaction term
(each item’s NPI score) at the same time. OI served as an outcome
variable, and age was a control variable in the model. Regression
equations were constructed to perform simple slope analysis.
The relationship between the predictor variable and the outcome
variable was explored at high (+1 SD) and low (—1 SD) levels
of the interacting variable. Confidence intervals determined the
significance of the results explored by PROCESS software. Zero
was not in the significant interval.

TABLE 1 | Demographic data, clinical information, cognitive and olfactory function.

NE (n = 105) LLD (=167) F/x? P
Female gender 65 (61.9%) 134 (80.2%) 11.037 0.001*
Age 67.3+6.5 67472 —0.006 0.996
Years of education 11.3+35 8.8+ 3.7 5.5628 <0.001*
ol 11.1+23 9.8+28 3.708 <0.001*
Former smoker 19 (18.1%) 19 (11.4%) 2.421 0.120
Hypertension 37 (35.2%) 53 (831.7%) 0.357 0.550
Diabetes 13 (15.1%) 23 (13.8%) 0.109 0.742
HAMD 23+30 88+7.1 —8.975 <0.001*
Early-onset/Late-onset - 36/131 - -
Onset of depression - 79 (47.3%) - -
Cognitive function
MMSE 26.9+26 228 +53 7.160 <0.001*
AVLT N1-N5 total 28.8 £12.3 17.0+5.9 6.028 <0.001*
TMTA-Time 47.2+15.8 67.2 +£30.5 —6.170 <0.001*
TMTB-Time 59.8 + 23.1 87.5+37.8 —6.638 <0.001*
VFT 163+ 441 12.7 £ 3.9 4.935 <0.001*
CDT 39+04 3.3+0.8 6.202 <0.001*
DST 10.1+£2.0 9.0+24 3.795 <0.001*
Neuropsychiatric symptoms
NPI total 3.8+6.6 17.6 £16.0 —8.391 <0.001*
Delusions 0 03+14 —2.319 0.021*
Hallucinations 0 0.2+11 —1.885 0.061
Agitation 0.3 £ 1.1 1.4+25 —4.098 <0.001*
Dysphoria 04+16 3.8+4.2 —8.136 <0.001*
Anxiety 0.8 £2.1 3.9+39 -7.518 <0.001*
Euphoria 0 0+0.2 —-0.792 0.429
Apathy 0.2+0.8 1.4+3.0 -3.979 <0.001*
Disinhibition 0 02+12 —1.408 0.160
Irritability 05+1.3 11+23 —2.763 0.006*
Aberrant Motor Behavior 0 04+16 —2.150 0.032*
Nighttime Behavioral Disturbances 1.6+3.0 40+4.2 —5.044 <0.001*
Appetite 0.1+06 11+28 —3.449 0.001*

Age, sex, and year of education were included as covariates when comparing the cognitive scores and Ol between the NE group and LLD group. NE, normal elderly; LLD, late-life
depression; Ol, odor identification; HAMD, Hamilton Depression Rating Scale; MMSE, Mini-Mental State Examination; AVLT, Auditory Verbal Learning; TMT, Trail-Making Test; VFT,
Verbal Fluency Test; CDT, Clock Drawing Test; DST, Digital Span Test; NPI, neuropsychiatric inventory questionnaire; *p < 0.05.
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TABLE 2 | Correlations between Ol and cognition, Ol and NPI.

All subjects NE LLD
r P r P r P
MMSE 0.311 <0.001* —0.142 0.155 0.369 <0.001*
AVLT N1-N5 total 0.316 <0.001* 0.107 0.280 0.351 <0.001*
1/TMTA-Time 0.246 <0.001* 0.231 0.020* 0.184 0.025*
1/TMTB-Time 0.245 <0.001* 0.212 0.034* 0.195 0.019*
VFT 0.205 0.001* —0.025 0.803 0.288 <0.001*
CDT 0.136 0.031* 0.030 0.764 0.125 0.129
DST 0.181 0.001* 0.051 0.615 0.220 0.007*
Delusions —0.056 0.358 —0.031 0.695
Hallucinations —0.089 0.147 —0.084 0.289
Agitation -0.182 0.003* —0.200 0.010*
Dysphoria —0.144 0.018* -0.076 0.333
Anxiety —0.121 0.047* —0.067 0.393
Euphoria 0.060 0.325 0.097 0.220
Apathy —0.142 0.020* -0.132 0.093
Disinhibition 0.011 0.860 0.063 0.428
Irritability —0.024 0.695 —0.001 0.989
Aberrant motor behavior —0.162 0.008* —0.165 0.035*
Nighttime behavioral disturbances 0.071 0.249 0.146 0.064
Appetite —0.063 0.307 —0.038 0.633
NPI -0.133 0.029* —0.079 0.317

NE, normal elderly; LLD, late-life depression; Ol, odor identification; MMSE, Mini-Mental State Examination; AVLT, Auditory Verbal Learning; TMT, Trail-Making Test; VFT, Verbal Fluency
Test; CDT, Clock Drawing Test; DST, Digital Span Test; NP, neuropsychiatric inventory questionnaire; "p < 0.05.

RESULTS

Demographic Data

The demographic data of the NE and LLD groups are listed in
Table 1. There were no significant differences in age, smoking
history, hypertension history, or diabetes history between the NE
and LLD groups (p > 0.05). The NE group had a significantly
lower percentage of women, more years of education, higher OI
scores and cognitive scores and lower NPI scores than the LLD
group (p < 0.05) (see Table 1).

Correlation Analyses

OI was associated (all p values < 0.05) with all cognitive
scores in all subjects, including MMSE (r = 0.31), AVLT
N1-N5 total (r = 0.32), 1/TMTA-Time (r = 0.25), 1/TMTB-
Time (r = 0.25), VFT (r = 0.21), CDT (r = 0.14), and DST
(r = 0.18). Furthermore, OI was correlated with NPI scores,
including agitation (r = —0.18), dysphoria (r = —0.14), anxiety
(r = —0.12), apathy (r = —0.14), and aberrant motor behavior
(r = —0.16). In the NE group, OI was correlated with 1/TMTA-
Time (r = 0.23) and 1/TMTB-Time (r = 0.21). In the LLD
group, OI was correlated with MMSE (r = 0.37), AVLT N1-
N5 total (r = 0.35), 1/TMTA-Time (r = 0.18), 1/TMTB-Time
(r = 0.20), VFT (r = 0.29), and DST (r = 0.22); OI was
associated with NPI scores, including agitation (r = —0.20)
and aberrant motor behavior (r = —0.17) (see Table 2;
Figure 1).

Testing the Hypothesized Interaction
Considering the significant associations between OI and two NPI
symptoms (agitation and aberrant motor behavior) in LLD, we
further analyzed the interactive effects of these two NPI items
and cognitive impairment on OI. In the NE group, OI was not
related to NPI symptoms, so the interaction analysis could not
be performed.

In the LLD group, when VFT served as a predictor variable,
OI was significantly correlated with age (B = —0.091, 95% CI
[—0.150, —0.032], p < 0.05), VFT (B = 0.177, 95% CI [0.069,
0.285], p < 0.05), and agitation (B = —0.210, 95% CI [—0.386,
—0.035], p < 0.05). Additionally, there was an interaction
between VFT and agitation (B = 0.054, 95% CI [0.012, 0.096],
p < 0.05) on OI (R? = 0.197; p < 0.05) (see Table 3). Follow-
up simple slope analysis revealed that the positive association
between VFT and OI became significantly stronger as agitation
increased from low (—1 SD; B = 0.108, 95% CI [—0.014, 0.229],
p > 0.05) to high (+1 SD; B = 0.305, 95% CI [0.159, 0.450], p <
0.05) values (see Figure 2).

In the LLD group, when DST served as a predictor variable,
OI was significantly correlated with age (B = —0.092, 95% CI
[—0.149, —0.034], p < 0.05), DST (B = 0.242, 95% CI [0.067,
0.417], p < 0.05), and agitation (B = —0.193, 95% CI [—0.374,
—0.011], p < 0.05). Additionally, there was an interaction
between DST and agitation (B = 0.085, 95% CI [0.010, 0.160],
p < 0.05) on OI (R? = 0.168; p < 0.05) (see Table 3). Follow-
up simple slopes analysis revealed that the positive association
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FIGURE 1 | Correlations among Ol, cognitive scores and NPI scores. In the NE group, Ol was correlated with 1/TMTA (- = 0.231, p = 0.020) and 1/TMTB (r = 0.212,
p = 0.034). In the LLD group, Ol was correlated with MMSE (r = 0.369, p < 0.001), AVLT N1-N5 total (- = 0.351, p < 0.001), 1/TMTA (r = 0.184, p = 0.025),
1/TMTB (r = 0.195, p = 0.019), VFT (r = 0.288, p < 0.001), and DST (r = 0.220, p = 0.007); Ol was correlated with NPI scores, including agitation (- = —0.200,
p = 0.010) and aberrant motor behavior (- = —0.165, p = 0.035). LLD, late-life depression; NE, normal elderly; MMSE, Mini-Mental State Examination; AVLT, Auditory
Verbal Learning; TMT, Trail-Making Test; VFT, Verbal Fluency Test; DST, Digital Span Test.

TABLE 3 | Multiple linear regression analysis of the potential impact factors on Ol with LLD.

Variable B SE t P 95%ClI
Model 1

Age —0.091 0.030 —3.058 0.003 (—0.150, —0.032)
VFT 0.177 0.055 3.240 0.002 (0.069, 0.285)
Agitation -0.210 0.089 —2.371 0.019 (—0.386, —0.035)
VFT*Agitation 0.054 0.021 2.552 0.012 (0.012, 0.096)
Model 2

Age —0.092 0.029 —3.121 0.002 (—0.149, —0.034)
DST 0.242 0.089 2.730 0.007 (0.067, 0.417)
Agitation —0.193 0.092 —2.097 0.038 (—0.374, —0.011)
DST*Agitation 0.085 0.038 2.234 0.027 (0.010, 0.160)

VFT, Verbal Fluency Test; DST, Digital Span Test.
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FIGURE 2 | The moderating effect of agitation and VFT on Ol with LLD. (A) The interactive model among agitation, VFT and Ol. There is an interactive effect of
VFT*Agitation (8 = 0.054, p = 0.012) on Ol. (B) When agitation increased from low (—1 SD; B = 0.108) to high (+1 SD; B = 0.305) values, the positive association
between VFT and Ol became significantly stronger by follow-up simple slope analysis. LLD, late-life depression; VFT, Verbal Fluency Test; Ol, odor identification.

between DST and OI became significantly stronger as agitation
increased from low (—1 SD; B = 0.134, 95% CI [—0.059, 0.327],
p > 0.05) to high (+1 SD; B = 0.440, 95% CI [0.183, 0.696], p <
0.05) values (see Figure 3).

When other cognitive scores (MMSE, AVLT N1-N5, 1/TMTA-
Time, 1/TMTB-Time) were used as predictor variables in the
LLD group, there were no significant correlations between
cognitive scores and agitation, and the interaction terms between
cognitive scores and each of agitation symptoms were not
associated with OI, including MMSE*agitation (p = 0.113),
AVLT N1-N5*agitation (p = 0.584), 1/TMTA-Time *agitation
(p = 0.222), 1/TMTB-Time (p = 0.789) and 1/TMTB-Time

*agitation (p = 0.006). Furthermore, no significant interactive
effect was found in aberrant motor behavior regarding the
associations between OI deficits and cognitive impairment.

DISCUSSION

The present study comprehensively analyzed the interactive
effects of NPSs and cognitive impairment on OI in patients
with LLD and mainly found three results. First, in different
cognitive domains, global cognition, memory, executive
function, language, and attention performance were positively
associated with OI scores in patients with LLD. Second, OI
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FIGURE 3 | The interactive effect of agitation and DST on Ol with LLD. (A) The interactive model among agitation, DST and Ol. There is an interactive effect of
DST*Agitation (8 = 0.085, p = 0.027) on Ol. (B) When agitation increased from low (—1 SD; B = 0.134) to high (+1 SD; B = 0.440) values, the positive association
between DST and Ol became significantly stronger by follow-up simple slopes analysis. DST, Digital Span Test; Ol, odor identification; LLD, late-life depression.

scores were negatively correlated with NPI scores, including
agitation and aberrant motor behavior in patients with LLD.
Third, the complication by agitation of cognitive impairment
(language or attention deficit) would lead to worse OI, suggesting
a relationship between OI and cognitive function changes as
agitation increases or decreases in patients with LLD.

Consistent with our previous research in elderly individuals
(11, 12, 28), there is a positive correlation between OI and
cognitive performance. OI deficits could serve as a marker of
cognitive impairment (8, 10) because the olfactory pathway
and cognitive circuit share many brain areas (7). Murphy

provided a hypothesis about how olfactory deficits interact with
cognitive impairment: if a patient with olfactory dysfunction
wants to remember or identify an odor, the olfactory and brain
areas with cognitive function will be hyperactive. In one’s life,
neurodegeneration leads to structural abnormalities of the brain
with cognitive impairment and accelerates the transition to AD
(29). For patients with LLD, our previous study suggested that OI
deficits could serve as a promising predictor of developing major
neurocognitive disorder, and neuroimaging showed that OI
deficits and cognitive function had additive effects on the super
synchronization of the hippocampus or fusiform gyrus (12).

Frontiers in Psychiatry | www.frontiersin.org 7

March 2022 | Volume 13 | Article 839012


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhang et al.

Neuropsychiatric Symptoms, Cognition, and Olfaction

However, whether NPSs, which are very common in patients with
LLD, might influence the relationship between OI deficits and
cognitive impairment remains unknown.

The current study suggested that OI scores were negatively
correlated with NPSs in patients with LLD, including agitation,
apathy and aberrant motor behavior. In addition, agitation
and cognitive impairment (language deficit or attention deficit)
showed an interactive effect on OI in NPSs, consistent
with previous research that olfactory dysfunction, cognitive
impairment and agitation are strongly associated with each
other. Regarding to the relationships between agitation and O],
previous studies have indicated that numerous brain regions
related to agitation also participate in the olfactory circuit,
such as the hippocampus, amygdala, insula, orbitofrontal cortex
and habenula nucleus (30, 31). Most studies found that the
application of olfactory stimulation using essential oils, such as
lavender or lemon, could improve the symptoms of agitation
(32-34). With respect to the relationships between agitation
and cognitive function, previous studies have shown that
language, attention and other aspects of cognitive function
are improved when agitation symptoms are alleviated (35,
36). Additionally, agitation was associated with structural and
functional abnormalities of specific areas of the gray and
white matter in subjects with cognitive impairment (37). The
structure of the olfactory network and limbic system in brain
regions could shed light on the relationship among agitation,
OI and cognitive function and could explained their deficits
in conjunction with different neuropsychiatric diseases. A large
number of these regions have been regarded as providing
the neural basis for neuropsychiatric symptoms, olfactory
processing and cognitive processing, including the amygdala,
insula, hippocampus, orbitofrontal cortex and anterior cingulate
cortex. Thus, the present results are an essential supplement to
our previous study showing that there is a moderating effect
between depression and cognitive impairment (global cognition,
memory and language) on OI (28). This finding suggests that
we should comprehensively evaluate agitation and exclude its
confounding effects when applying OI to predict cognitive
decline (language and attention) in patients with LLD.

Apart from agitation, the present study also suggested that
aberrant motor behavior had a significant effect on OI. In line
with a previous study showing that OI dysfunction was connected
to frontotemporal dementia with changes in behavior and
personality (38), our results suggested that OI was associated with
aberrant motor behavior in patients with LLD. The mechanism
remains unclear and must be further explored. Overall, although
aberrant motor behavior was associated with OI in patients with
LLD, it did not exhibit an interactive effect, such as with agitation.
Therefore, it is not necessary to exclude the possible confounding
effects of aberrant motor behavior when OI predicts cognitive
decline in patients with LLD.

In this study, years of education was not set as a moderator
because most of the studies supported that education was not
a factor affecting OI. According to a review study by James,
the relationship between education level and olfactory function
is currently debated and must be further explored (39). Some
studies have shown that there is no relationship between OI

and years of education (40). But the study has shown that
economic status and educational level were significantly related
to OI, reflecting that the degree of exposure to foreign substances
leads to differences in familiarity with smells or their names
(41). Simplifying testing or using a more world-wide approach
to testing is the solution to this problem (42). Overall, the
relationship between OI and education level needs to be explored
comprehensively in future study.

There are several limitations to our study. First, the current
study is a cross-sectional study; whether alterations in NPS may
affect OI performance and whether NPS have a mixed effect
when using OI predict cognitive decline in patients with LLD
needs to be further demonstrated in follow-up studies. Second,
the current study only analyzed behavior, but the underlying
mechanism of the mediating effect of NPS on cognition and Ol is
still unclear. We look forwards to future neuroimaging studies
to find the mechanism to better understand their relationship.
Third, the current study did not rule out the effects of drugs
that patients with LLD took many different antidepressants.
Fourth, although patients with Parkinson’s disease was excluded,
depression and olfactory dysfunction can be early symptoms of
Parkinson’s disease without motor symptoms, which could have
been a potential confounding factor in the present study.

Overall, the coexistence of agitation and language or attention
deficit was associated with worse OI in patients with LLD, and
research exploring the relationship between OI and cognitive
function should consider as an analysis of agitation and regulate
its mixed effects. The present results provide a multilevel and
comprehensive understanding of how NPS, cognition and OI
influence each other, and they could be helpful for the realistic
use of OT in clinical practice.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the Ethics Committees of the Affiliated
Brain Hospital of Guangzhou Medical University. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

All authors contributed to the writing and revision of the
manuscript. All authors have read and approved of the
final manuscript.

FUNDING

This study was supported by a grant from the National Natural
Science Foundation of China (Nos. 81701341, 82101508, and

Frontiers in Psychiatry | www.frontiersin.org

March 2022 | Volume 13 | Article 839012


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhang et al.

Neuropsychiatric Symptoms, Cognition, and Olfaction

82171533), Guangzhou Municipal Psychiatric Diseases Clinical
Transformation Laboratory (No: 201805010009), Key Laboratory
for Innovation Platform Plan, the Science and Technology
Program of Guangzhou, China, Science and Technology Plan
Project of Guangdong Province (No. 2019B030316001), and
National Key Research and Development Program of China
(No. 2016YFC0906300).

REFERENCES

10.

11.

12.

13.

14.

15.

. Lafaille-Magnan

. Tang T, Jiang J, Tang X. Prevalence of depressive symptoms among older

adults in mainland China: A systematic review and meta-analysis. ] Affect
Disord. (2021) 293:379-90. doi: 10.1016/j.jad.2021.06.050

. Reinlieb M, Ercoli LM, Siddarth P, St Cyr N, Lavretsky H. The patterns of

cognitive and functional impairment in amnestic and non-amnestic mild
cognitive impairment in geriatric depression. Am ] Geriatr Psychiatry. (2014)
22:1487-95. doi: 10.1016/j.jagp.2013.10.010

. Kaup AR, Byers AL, Falvey C, Simonsick EM, Satterfield S, Ayonayon HN,

et al. Trajectories of depressive symptoms in older adults and risk of dementia.
JAMA Psychiatry. (2016) 73:525-31. doi: 10.1001/jamapsychiatry.2016.0004

. Cai W, Mueller C, Shetty H, Perera G, Stewart R. Predictors of mortality in

people with late-life depression: a retrospective cohort study. J Affect Disord.
(2020) 266:695-701. doi: 10.1016/j.jad.2020.01.021

. Laske C, Sohrabi HR, Frost SM, Lopez-de-Ipina K, Garrard P, Buscema M,

et al. Innovative diagnostic tools for early detection of Alzheimer’s disease.
Alzheimer’s Dement. (2015) 11:561-78. doi: 10.1016/j.jalz.2014.06.004

M-E, Poirier ], P, Tremblay-Mercier J,
Frenette J, Rosa-Neto P, et al. Odor identification as a biomarker
of preclinical AD in older adults at risk. Neurology. (2017)
89:327-35. doi: 10.1212/WNL.0000000000004159

Etienne

. Marine N, Boriana A. Olfactory markers of depression and
Alzheimer’s  disease.  Neurosci  Biobehav ~ Rev. (2014)  45:262-
70. doi: 10.1016/j.neubiorev.2014.06.016

. Growdon ME, Schultz AP, Dagley AS, Amariglio RE, Hedden
T, Rentz DM, et al. Odor identification and Alzheimer disease
biomarkers in  clinically normal elderly.  Neurology. (2015)

84:2153-60. doi: 10.1212/WNL.0000000000001614

. Wang Q, Chen B, Zhong X, Zhou H, Zhang M, Mai N, et al. Olfactory

Dysfunction Is Already Present with Subjective Cognitive Decline and
Deepens with Disease Severity in the Alzheimer’s Disease Spectrum. J
Alzheimers Dis. (2021) 79:585-95. doi: 10.3233/JAD-201168

Roberts RO, Christianson TJH, Kremers WK, Mielke MM, Machulda MM,
Vassilaki M, et al. Association between olfactory dysfunction and amnestic
mild cognitive impairment and Alzheimer disease dementia. JAMA Neurol.
(2016) 73:93-101. doi: 10.1001/jamaneurol.2015.2952

Chen B, Zhong X, Mai N, Peng Q, Wu Z, Ouyang C, et al. Cognitive
impairment and structural abnormalities in late life depression with
olfactory identification impairment: an Alzheimer’s disease-like pattern. Int
J Neuropsychopharmacol. (2018) 21:640-8. doi: 10.1093/ijnp/pyy016

Chen B, Zhong X, Zhang M, Mai N, Wu Z, Chen X, et al. The additive
effect of late-life depression and olfactory dysfunction on the risk of dementia
was mediated by hypersynchronization of the hippocampus/fusiform gyrus.
Transl Psychiatry. (2021) 11:172. doi: 10.1038/s41398-021-01291-0

Pink AAJI, Geda YE, Roberts RO, Christianson TJ, Pankratz VS, Sochor O,
et al. From prevalent MCI to incident dementia as predicted by baseline
neuropsychiatric symptoms: the mayo clinic study of aging. J Neurol Sci.
(2013) 333(Suppl.1):e345-6. doi: 10.1016/j.jns.2013.07.1273

Tascone LDS, Bottino CMdC. Neurobiology of neuropsychiatric symptoms in
Alzheimer’s disease: a critical review with a focus on neuroimaging. Dement
Neuropsychol. (2013) 7:236-43. doi: 10.1590/51980-57642013DN70300002
Apostolova LG, Di L], Duffy EL, Brook J, Elashoff D, Tseng C-H, et al.
Risk factors for behavioral abnormalities in mild cognitive impairment
and mild Alzheimer’s disease. Dement Geriatr Cogn Disord. (2014) 37:315-
26. doi: 10.1159/000351009

ACKNOWLEDGMENTS

We thank Weiru Zhang, Yinling Liu and Hengyue Wang,
Cong Ouyang for assisting in collecting the data. We thank
the Department of Geriatric Psychiatry and the Department of
Neurology of the Affiliated Brain Hospital of Guangzhou Medical
University for its support.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Miwa

. Seligman

Monastero R, Mangialasche F, Camarda C, Ercolani S, Camarda R.
A systematic review of neuropsychiatric symptoms in mild cognitive
impairment. J Alzheimer’s Dis. (2009) 18:11-30. doi: 10.3233/JAD-2009-1120
Tanaka H, Hashimoto M, Fukuhara R, Ishikawa T, Yatabe Y, Kaneda K, et al.
Relationship between dementia severity and behavioural and psychological
symptoms in early-onset alzheimer’s disease. Psychogeriatrics. (2015) 15:242—
7.doi: 10.1111/psyg.12108

T, Furukawa M, Tsukatani
L], Reiter ER. Impact of olfactory
life and disability. Arch  Otolaryngol
127:497-503. doi: 10.1001/archotol.127.5.497

SC, Kamath V, Giovannetti T, Arnold SE, Moberg
PJ. Olfaction and apathy in Alzheimers disease, mild cognitive
impairment, and healthy older adults. Aging Ment Health. (2013)
17:564-70. doi: 10.1080/13607863.2013.768208

Kamath V, Chaney G-AS, DeRight ], Onyike CU. A meta-analysis of
neuropsychological, social cognitive, and olfactory functioning in the

T, Costanzo RM, DiNardo
impairment on quality of
Head Neck Surg. (2001)

behavioral and language variants of frontotemporal dementia. Psychol Med.
(2019) 49:2669-80. doi: 10.1017/50033291718003604

Li Z-T, Li S-B, Wen J-E Zhang X-Y, Hummel T, Zou L-Q. Early-onset
schizophrenia showed similar but more severe olfactory identification
impairment than adult-onset schizophrenia. Front Psychiatry. (2020)
11:626. doi: 10.3389/fpsyt.2020.00626

Li S-B, Li Z-T, Lyu Z-H, Zhang X-Y, Zou L-Q. Odour identification
impairment is a trait but not a disease-specific marker for bipolar
disorders: comparisons of bipolar disorder with different episodes, major
depressive disorder and schizophrenia. Aust N Z ] Psychiatry. (2021)
4867421998774. doi: 10.1177/0004867421998774

Sweigert JR, St John T, Begay KK, Davis GE, Munson J, Shankland E,
et al. Characterizing olfactory function in children with autism spectrum
disorder and children with sensory processing dysfunction. Brain Sci. (2020)
10:362. doi: 10.3390/brainscil 0060362

Takahashi Y, Shindo S, Kanbayashi T, Takeshima M, Imanishi A,
Mishima K. Examination of the influence of cedar fragrance on cognitive
function and behavioral and psychological symptoms of dementia in
Alzheimer type dementia. Neuropsychopharmacol Rep. (2020) 40:10-
5. doi: 10.1002/npr2.12096

Press-Sandler O, Freud T, Volkov I, Peleg R, Press Y. Aromatherapy for
the treatment of patients with behavioral and psychological symptoms of
dementia: a descriptive analysis of RCTs. ] Alternat Complement Med (New
York, NY). (2016) 22:422-8. doi: 10.1089/acm.2015.0186

Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G. ’Sniffin’ sticks’
olfactory performance assessed by the combined testing of odor identification,
odor discrimination and olfactory threshold. Chem Senses. (1997) 22:39-
52. doi: 10.1093/chemse/22.1.39

Hayes A. Introduction to mediation, moderation, and conditional
process analysis. /] Educ Measure. (2013) 51:335-7. doi: 10.1111/jedm.
12050

Chen B, Zhong X, Mai N, Peng Q, Zhang M, Chen X, et al. Interactive effect
of depression and cognitive impairment on olfactory identification in elderly
people. ] Alzheimer’s Dis. (2018) 66:1645-55. doi: 10.3233/JAD-180760
Murphy C. Olfactory and other sensory impairments in Alzheimer disease.
Nat Rev Neurol. (2019) 15:11-24. doi: 10.1038/s41582-018-0097-5

Behrman S, Chouliaras L, Ebmeier KP. Considering the senses in
the diagnosis and management of dementia. Maturitas. (2014) 77:305-
10. doi: 10.1016/j.maturitas.2014.01.003

Frontiers in Psychiatry | www.frontiersin.org

March 2022 | Volume 13 | Article 839012


https://doi.org/10.1016/j.jad.2021.06.050
https://doi.org/10.1016/j.jagp.2013.10.010
https://doi.org/10.1001/jamapsychiatry.2016.0004
https://doi.org/10.1016/j.jad.2020.01.021
https://doi.org/10.1016/j.jalz.2014.06.004
https://doi.org/10.1212/WNL.0000000000004159
https://doi.org/10.1016/j.neubiorev.2014.06.016
https://doi.org/10.1212/WNL.0000000000001614
https://doi.org/10.3233/JAD-201168
https://doi.org/10.1001/jamaneurol.2015.2952
https://doi.org/10.1093/ijnp/pyy016
https://doi.org/10.1038/s41398-021-01291-0
https://doi.org/10.1016/j.jns.2013.07.1273
https://doi.org/10.1590/S1980-57642013DN70300002
https://doi.org/10.1159/000351009
https://doi.org/10.3233/JAD-2009-1120
https://doi.org/10.1111/psyg.12108
https://doi.org/10.1001/archotol.127.5.497
https://doi.org/10.1080/13607863.2013.768208
https://doi.org/10.1017/S0033291718003604
https://doi.org/10.3389/fpsyt.2020.00626
https://doi.org/10.1177/0004867421998774
https://doi.org/10.3390/brainsci10060362
https://doi.org/10.1002/npr2.12096
https://doi.org/10.1089/acm.2015.0186
https://doi.org/10.1093/chemse/22.1.39
https://doi.org/10.1111/jedm.12050
https://doi.org/10.3233/JAD-180760
https://doi.org/10.1038/s41582-018-0097-5
https://doi.org/10.1016/j.maturitas.2014.01.003
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhang et al.

Neuropsychiatric Symptoms, Cognition, and Olfaction

31.

32.

33.

34.

35.

36.

37.

38.

Saito N, Yamano E, Ishii A, Tanaka M, Nakamura J, Watanabe Y. Involvement
of the olfactory system in the induction of anti-fatigue effects by odorants.
PLoS One. (2018) 13:¢0195263. doi: 10.1371/journal.pone.0195263

Snow LA, Hovanec L, Brandt J. A controlled trial of aromatherapy for
agitation in nursing home patients with dementia. J Altern Complement Med
(New York, NY). (2004) 10:431-7. doi: 10.1089/1075553041323696

van der Ploeg ES, Eppingstall B, O’Connor DW. The study protocol
of a blinded randomised-controlled cross-over trial of lavender oil as a
treatment of behavioural symptoms in dementia. BMC Geriatr. (2010)
10:49. doi: 10.1186/1471-2318-10-49

Sakamoto Y, Ebihara S, Ebihara T, Tomita N, Toba K, Freeman §, et al. Fall
prevention using olfactory stimulation with lavender odor in elderly nursing
home residents: a randomized controlled trial. ] Am Geriatr Soc. (2012)
60:1005-11. doi: 10.1111/j.1532-5415.2012.03977.x

van der Ploeg ES, Eppingstall B, Camp CJ, Runci SJ, Taffe ], O’Connor DW.
A randomized crossover trial to study the effect of personalized, one-to-
one interaction using Montessori-based activities on agitation, affect, and
engagement in nursing home residents with Dementia. Int Psychogeriatr.
(2013) 25:565-75. doi: 10.1017/S1041610212002128

Balzotti A, Filograsso M, Altamura C, Fairfield B, Bellomo A, Daddato F, et al.
Comparison of the efficacy of gesture-verbal treatment and doll therapy for
managing neuropsychiatric symptoms in older patients with dementia. Int J
Geriatr Psychiatry. (2019) 34:1308-15. doi: 10.1002/gps.4961

Makovac E, Serra L, Spano B, Giulietti G, Torso M, Cercignani M, et al.
Different patterns of correlation between grey and white matter integrity
account for behavioral and psychological symptoms in Alzheimer’s
disease. ] Alzheimers Dis. (2016) 50:591-604. doi: 10.3233/JAD-1
50612

Carnemolla SE, Hsieh JW, Sipione R, Landis BN, Kumfor F, Piguet O,
et al. Olfactory dysfunction in frontotemporal dementia and psychiatric
disorders: a systematic review. Neurosci Biobehav Rev. (2020) 118:588-
611. doi: 10.1016/j.neubiorev.2020.08.002

39. James J, Tsvik AM, Chung SY, Usseglio J, Gudis DA, Overdevest
JB. Association between social determinants of health and olfactory
function: a scoping review. Int Forum Allergy Rhinol. (2021) 11:1472-
93. doi: 10.1002/alr.22822

Szajer ], Murphy C. Education level predicts retrospective metamemory
accuracy in healthy aging and Alzheimer’s disease. ] Clin Exp Neuropsychol.
(2013) 35:971-82. doi: 10.1080/13803395.2013.844771

Fornazieri MA, Doty RL, Bezerra TFP, de Rezende Pinna E, Costa FO, Voegels
RL, et al. Relationship of socioeconomic status to olfactory function. Physiol
Behav. (2019) 198:84-9. doi: 10.1016/j.physbeh.2018.10.011

Cha H, Kim S, Son Y. Associations between cognitive function, depression,
and olfactory function in elderly people with dementia in Korea. Front Aging
Neurosci. (2022) 13:799897. doi: 10.3389/fnagi.2021.799897

40.

41.

42.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhang, Chen, Zhong, Zhang, Wang, Wu, Hou, Zhou, Chen, Liu,
Yang, Lin, Hummel and Ning. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org

10

March 2022 | Volume 13 | Article 839012


https://doi.org/10.1371/journal.pone.0195263
https://doi.org/10.1089/1075553041323696
https://doi.org/10.1186/1471-2318-10-49
https://doi.org/10.1111/j.1532-5415.2012.03977.x
https://doi.org/10.1017/S1041610212002128
https://doi.org/10.1002/gps.4961
https://doi.org/10.3233/JAD-150612
https://doi.org/10.1016/j.neubiorev.2020.08.002
https://doi.org/10.1002/alr.22822
https://doi.org/10.1080/13803395.2013.844771
https://doi.org/10.1016/j.physbeh.2018.10.011
https://doi.org/10.3389/fnagi.2021.799897
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Interactive Effects of Agitation and Cognitive Impairment on Odor Identification in Patients With Late-Life Depression
	Introduction
	Materials and Methods
	Subjects
	Neuropsychological Assessments
	Olfactory Assessments
	Statistical Analyses

	Results
	Demographic Data
	Correlation Analyses
	Testing the Hypothesized Interaction

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


