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Background: Olfactory dysfunction and cognitive impairment (CI) have been associated with Type 2 diabetes (T2DM), but the
mechanisms underlying this association are broadly unknown. This systematic review tends to investigate the relationship
between the onset of olfactory dysfunction and CI in patients with T2DM and to explore the potential role of olfactory
dysfunction as an early diagnosis biomarker of CI.
Methods: We conducted a systematic review consulting PubMed and Scopus. The articles considered eligible included patients
with T2DM and cognitive and olfactory test.
Results: The search identified a total of 145 articles, of which 13 were finally selected. The majority of these studies discovered a
correlation between olfactory dysfunction and CI in individuals with T2DM. Additionally, other biomarkers such as functional
magnetic resonance imaging demonstrated changes in brain regions associated with the sense of smell in T2DM patients.
Conclusions: Olfactory dysfunction could be a biomarker for early diagnosis of CI in T2DM. However, these alterations are highly
heterogeneous and more studies that include neuroimaging need to be conducted.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a public healthcare
problem and one of the most frequent diseases worldwide,
especially in older patients. The prevalence of the disease is
estimated to grow to 4.4% in 2030, compared to 2.8% in

2000 [1]. Expanding the knowledge about T2DM comorbid-
ities and management has become more necessary in this
scenario of growing prevalence. One important comorbidity
in patients with T2DM is cognitive impairment, which can
be present in 45% of patients [2]; recent research has shown
that patients with T2DM have a two to four times greater
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risk of developing cognitive impairment compared to patients
with a healthy metabolic situation [3]. A rapid deterioration of
cognitive status could negatively impact the disease prognosis,
causing difficulties in medication management, worse thera-
peutic adherence, and poorer compliance with dietary mea-
sures. Currently, there are no available treatments capable of
slowing or preventing the progression to dementia; therefore,
the development of biomarkers for early diagnosis of cognitive
impairment is needed in order to provide prompt diagnosis
and improve the prognosis.

T2DM carries many microvascular complications, like
neuropathy, nephropathy, and retinopathy; these complica-
tions can cause severe and irreversible organ damage;
therefore, they are subjected to a regular screening. Other
symptoms such as olfactory dysfunction are not so well
characterized but could also be relevant: Recent research
shows that olfactory dysfunction presents 1.58 times more
frequently in patients with T2DM [4].

On the other hand, olfactory dysfunction is well known
to be one of the earliest manifestations of Alzheimer’s dis-
ease (AD) and mild cognitive impairment (MCI) [5–10].
Also, the presence of impaired olfactory discrimination can
predict the progression of MCI to dementia [11, 12].
Eighty-five percent to 90% of patients with AD show olfactory
dysfunction, even in early stages of the disease [13]; the
presence of olfactory dysfunction can discriminate between
AD and cognitively healthy controls with a sensitivity and
specificity of 85% [14].

The precise mechanisms underlying olfactory dysfunction
in patients with AD are broadly unknown. Recent research
shows that olfactory dysfunction is associated with increasing
amyloid-β and tau deposit in the olfactory bulb as Braak stages
increase [15] and is also associated with a deposit in other
brain areas involved in olfaction, such as the piriform cortex
and the anterior olfactory nucleus [16–18]. In healthy brains,
the olfactory system neurotransmission implies acetylcholine,
glutamate, and γ-aminobutyric acid (GABA). A decrease in
any of these neurotransmitters, especially acetylcholine
(cholinergic dysfunction is well documented in AD) [19],
could play a role in olfactory dysfunction [20].

Patients with AD may experience accelerated olfactory
nerve damage when accompanied by T2DM microvascular
damage, compared to nondiabetic AD patients. Addition-
ally, given that AD can present with olfactory dysfunction,
the hypothesis that patients with T2DM and olfactory dys-
function could carry a higher risk of cognitive impairment
is to be considered. The relationship between other comor-
bidities of T2DM (neuropathy, nephropathy, or retinopathy)
and olfactory dysfunction has also been studied [21–24].
However, although many studies show a clear association
between olfactory dysfunction and cognitive impairment,
whether the former could serve as a potential biomarker
for the latter is still unknown [25].

Developing olfactory dysfunction as a reliable and acces-
sible early diagnosis biomarker for cognitive impairment in
patients with T2DM could have important benefits. Olfac-
tory tests are considered optimal for dementia screening
because they are simple, effective, and non–time-consuming,
typically taking less than 5min, making them well suited for

clinical environments [25–27]. Based on this, the current
systematic review seeks to examine the connection between
olfaction and cognitive decline in individuals with T2DM.
This endeavor is aimed at uncovering the potential utility
of olfactory dysfunction as an early diagnostic marker for
cognitive impairment within this specific patient cohort.

2. Materials and Methods

In order to conduct this systematic review, we followed Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) methodology [28].

2.1. Search Strategy. PubMed and Scopus databases were
consulted. The keywords used were “diabetes,” “Alzheimer,”
“cognitive impairment,” “cognition,” “anosmia,” “olfactory
dysfunction,” “olfactory impairment,” and “olfaction” and
the Boolean operators “AND/OR.” No date restrictions were
considered (supporting information (available here)).

After excluding duplicate articles and screening by title
and abstract, an initial selection was made. The final selec-
tion comprised articles which made reference to olfactory
dysfunction, cognitive impairment, and diabetes.

2.2. Quality Evaluation. The quality of each observational
study was evaluated using the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) recom-
mendations. These recommendations propose a 22-item
verification list to evaluate the data contained in the article
[29]. Each verified item accounts for 1 point, and a final
score over a maximum of 22 points was calculated for each
article and presented in Table 1.

2.3. Eligibility and Selection Criteria. In order to be included,
the articles needed to fulfill all of the following requirements:
(1) at least one group of patients with T2DM, (2) cognitive
exploration with at least one validated cognitive test, and
(3) at least one validated olfactory test was conducted. Both
prospective and cross-sectional studies were included.

We excluded articles that (1) did not fulfill the aims of
our study, (2) did not evaluate cognitive and olfactory func-
tion simultaneously, and (3) were conducted in animals.

2.4. Data Recollection and Analysis. The selection process is
presented in Figure 1. We identified 145 articles in the data-
base search. After eliminating duplicate records, 124 articles
were examined, finally selecting 13 for the systematic review.
The selection was made after title and abstract review, and a
detailed reading of the complete text was performed when
required.

3. Results

3.1. Study Designs. Results of the systematic review are sum-
marized in Table 1 and presented in a chronological order.
We present the main author of the study, publication year,
type of study, cognitive and neuropsychological tests, olfac-
tory tests, imaging tests when conducted, results, and con-
clusions of each study. Publications dates range from 2014
to 2023. The age range of the participants is between 47
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and 72 years old. Most of the studies originate from China
and Japan. Six articles analyzed patients with T2DM alone
and did not compare with a control group [25, 30–33], and
eight articles compared patients with T2DM with a control
group [22, 34–40]; among these eight, two articles per-
formed a subgroup analysis in patients with obesity [34]
and peripheral neuropathy (PN) [22]. Eleven studies had a
cross-sectional design [22, 30–35, 37–40], and two had a
longitudinal and prospective design [25, 36].

3.2. Cognition. All of the studies performed at least one cog-
nitive screening test; six used Mini-Mental State Examina-
tion (MMSE) [25, 30–32, 36, 40], two used Montreal
Cognitive Assessment (MoCA) [33, 37], and five used both
[22, 34, 35, 38, 39]. In addition to this, six studies included
neuropsychological tests related to anxiety and/or depres-
sion [25, 30, 34, 35, 37, 39]. Six studies found cognitive dif-
ferences between patients with T2DM and healthy controls
through the various cognitive and neuropsychological mea-
sures; patients in the control group scored higher in cogni-
tive tests [22, 36–40]. On the other hand, two studies did
not find these differences [34, 35]. In one of these last two
studies, a subgroup analysis was performed in patients with
T2DM with and without obesity, showing that obese
patients with T2DM showed poorer performances in MMSE
test than nonobese patients with T2DM [34].

3.3. Olfaction. All of the studies included an olfactory test.
Three included Open-Essence (OE) test [25, 30, 37], three
included the Connecticut Chemosensory Clinical Research

Center (CCCRC) test [31, 32, 40], three included OLFACT
test [22, 34, 35], two included the Chinese Smell Identifica-
tion Test (CSIT) [38, 39], and one included alcohol sniff
test [33].

These different tests have distinct methodologies and
scoring systems. The OE test uses 12 cards with different
smells, requiring participants to identify each odor from
two options; a perfect score of 12 indicates accurate identifi-
cation, while lower scores suggest olfactory dysfunction [25,
27]. The CCCRC test involves presenting eight butanol dilu-
tions, where the final score reflects the highest correctly
identified concentration and indicates the degree of olfactory
impairment [31]. Additionally, the OLFACT test includes a
threshold component with binary dilutions of n-butanol,
scoring from 1 to 13.5, and identification/memory tasks where
participants identify and recall 20 odors, with a 10-min break
between tasks [34].

All of the studies (eight) that included a control group
in their design concluded that patients with T2DM per-
formed significantly poorer in olfactory tests than healthy
controls [22, 34–40].

Four studies compared patients with T2DM with and
without cognitive impairment, and all of them described
significantly reduced scores in olfactory tests performed by
patients with T2DM and cognitive impairment when com-
pared to patients with T2DM without cognitive impairment
[25, 30, 31, 33]. One study also found that this score was
significantly lower in patients with dementia compared to
patients with MCI [30]. The same author described in a lon-
gitudinal trial published afterwards that patients with lower

Records identified after database
search (n = 145)
PubMed (n = 45)
Scopus (n = l00)

Duplicate records
(n = 21)

Examined records
(n = 124)

Records included in the review
(n = 13)In

cl
ud

ed
Se

le
ct

io
n

Id
en

tif
ic

at
io

n

Records excluded by title and abstract
(n = 104)

Articles excluded after full-text analysis and
reasons (n = 7):

1. Not fulfilling the aims of the study (n = 2)
2. No simultaneous assessment of cognition
and olfaction (n = 3)
3. Conducted in animals (n = 2)

Full text articles assessed for eligibility
(n = 20)

Figure 1: Flowchart of the search strategy.
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OE scores at the beginning of the study had a higher proba-
bility of progressing to dementia after 3 years of follow-up
than those who showed normal scores at baseline [25].

Eight studies found a positive correlation between olfac-
tory scores and MMSE and other cognitive test scores in
patients with T2DM [25, 30–32, 34, 35, 38, 39]. One of these
studies described this positive correlation between olfaction
and MMSE score when comparing obese patients with
T2DM and nonobese patients with T2DM [34], and another
study described the same correlation when comparing
patients with T2DM and PN and patients with T2DM with-
out PN [22]. One study determined that this positive corre-
lation could also be applicable to the control group [40],
whereas another study defended that the results obtained
in patients with T2DM were not applicable to the control
group [35].

The short blessed test (SBT) was used as a cognitive mea-
sure in a study, and it showed lower scores in patients with
lower scores in olfactory tests [36]. Another study found a
negative correlation between SBT scores with trail making
test A (TMT-A) scores in all patients, while only a positive
correlation with MoCA and a negative correlation with trail
making test B (TMT-B) scores in patients with T2DM [37].

3.4. Neuroimaging. Six studies included neuroimaging tests
[22, 34–36, 38–40], and seven did not [25, 30–33, 37, 40].
Among the studies that performed neuroimaging tests, four
performed functional magnetic resonance imaging (fMRI)
applying a resting-state and odor-induced activation para-
digm and measuring activation and functional connectivity
and structural MRI [22, 33, 34, 39]. Two studies only per-
formed structural MRI [36, 38]. Among these, five per-
formed 3-T MRI [22, 34, 35, 38, 39] and one performed
1.5-T MRI [36].

All of the studies [22, 34, 35, 39] that performed resting-
state and odor-induced fMRI with functional connectivity
analysis found statistically significant differences between
the study groups, although these differences were highly het-
erogeneous. Zhang et al. reported a decreased activation of
the left hippocampus and left parahippocampus in patients
with T2DM compared to the control group, as well as a sig-
nificantly decreased functional connectivity with the right
middle and inferior orbitofrontal cortex in patients with
T2DM compared with the control group [35]. A latter study
by the same authors showed that patients with T2DM pre-
sented a decreased activation of the left hippocampus com-
pared to the control group, being this disruption more
significant in obese patients with T2DM than in nonobese
patients with T2DM; this study as well concluded that obese
patients with T2DM showed disrupted functional connectiv-
ity between the left hippocampus and right insula, when
compared to nonobese patients with T2DM and the control
group [34]. Ni et al. found that patients with T2DM and PN
showed decreased activation of the left frontal lobe and
decreased functional connectivity with the right insula when
compared to T2DM patients without PN and the control
group [22]. Lastly, Luo et al. performed MRI with arterial
spin labeling (ASL) analysis and observed a significant
decrease of cerebral blood flow (CBF) to the right orbital

part of the inferior frontal gyrus, right insula, and bilateral
olfactory cortex in patients with T2DM compared to the
control group, as well as CBF connectivity alterations in
patients with T2DM: CBF connectivity between the right
orbital part of the inferior frontal gyrus and the left temporal
pole of the middle temporal gyrus was decreased, and CBF
connectivity was increased between the right medial orbital
part of the superior frontal gyrus and the right orbital part
of the superior frontal gyrus, as well as between the right
olfactory cortex and the bilateral caudate and the left puta-
men [39].

The two studies that only performed structural MRI did
not find significant differences in the cortical thickness of
olfactory-related areas, regardless of the imaging quality
(1.5 or 3T) [36, 38]. One of the studies observed no differ-
ences in transverse T2 relaxation time between patients with
T2DM, pre-T2DM, and controls [36].

Two studies analyzed the relationship between neuroim-
aging tests, cognitive tests, and olfactory tests and several
clinical variables [19, 38]. The first study concluded that
higher CSIT scores showed a positive correlation with corti-
cal thickness in the left parahippocampal gyrus, left insula,
and right insula in patients with T2DM; left parahippocam-
pal gyrus thickness correlated to higher scores in auditory
verbal learning test (AVLT), MoCA, symbol digit modalities
test (SMDT), digit span test-backward (DST-backward), and
verbal fluency test (VFT); and left insular thickness corre-
lated to MoCA and DST-backward test scores [38]. The
second study found that duration of T2DM negatively corre-
lated with blood flow changes in the right orbital part of the
inferior frontal gyrus, right insula, and right olfactory cortex;
changes in CBF connectivity to the right orbital part of the
inferior frontal gyrus showed a positive correlation with scores
in Self-Rating Depression Scale (SDS), changes in the right
insula showed a negative correlation with maximum blood
glucose, and changes in the right olfactory cortex showed a
negative correlation with average blood glucose [39].

3.5. Other Measurements. Two studies tested a combination
of biomarkers for early detection of cognitive impairment,
including olfaction test scores, which were useful for
improving diagnostic accuracy in patients with T2DM [31,
32]. Both considered the age of patients, ApoE4 ε4 gene sta-
tus, and glycogen synthase kinase-3β activity (tGSK-3β/
pS9GSK-3β ratio); Liu et al. also analyzed plasma Aβ1-42/
Aβ1-40 levels [32].

There were several studies that included variables related
to cognitive and neuropsychological tests. Sanke et al. found
a positive correlation between MMSE test and diastolic
blood pressure, educational level, OE test score, total choles-
terol, LDL cholesterol, and folic acid and a negative correla-
tion with age, HbA1c, aspartate aminotransferase (AST),
serum adiponectin, and urinary albumin excretion [30].
Zhang et al. described in another study that higher levels
of peptide C correlated with better scores in cognitive tests
[35]. Yulug et al. found a correlation between HbA1c levels
and the score in letter fluency test (LFT) [36]. Gong et al.
described a correlation between scores in cognitive tests
and age, educational level, severity, and duration of T2DM
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[33]. A latter study by Sanke et al. observed, after 3 years of
follow-up, that risk factors associated with progression to
probable dementia were a low educational level, lower
MMSE and OE scores at baseline, higher serum total protein
levels, higher leptin, and higher urinary albumin excretion
[25]. Midorikawa et al. found a significant correlation
between balance capability and all of the cognitive tests they
performed except Quick Inventory of Depressive Symptom-
atology (QIDS) and Self-Rating Anxiety Scale (SAS), both in
patients with T2DM and healthy controls, and also a corre-
lation with TMT-A in healthy controls. They also described
a correlation between knee extension strength and SAS in the
whole cohort [37]. Lastly, Ni et al. studied patients with T2DM
and NP and found an association with nerve conduction
velocities and cognitive function in patients with T2DM [22].

Three studies found an association between olfactory
function and other variables. One found a positive correla-
tion between higher scores in olfaction tests and higher pep-
tide C levels [35]. Another study found an association
between random glucose levels and olfactory threshold and
an association between HbA1c levels and olfactory discrim-
ination, olfactory identification, and olfactory threshold
[36]. The last study described that olfaction influences nerve
conduction velocities assessed with electromyography and
executive function [22].

4. Discussion

The aim of this systematic review was to investigate the
relationship between olfactory dysfunction and cognitive
impairment in patients with T2DM. The 13 studies we ana-
lyzed concluded that olfactory dysfunction was related to a
worse cognitive function in T2DM patients [22, 25, 30–40].

Some studies reported that cognitive function declines
50% faster in T2DM patients than it does in normal cogni-
tive aging population [41]. Six of the studies included in this
review are aimed in this direction: They reported lower cog-
nitive scores in patients with T2DM than in the control
group [22, 36–40]. These cognitive differences were even
more pronounced in obese patients with T2DM than in
nonobese patients with T2DM [34]. Obesity has also been
described as a risk factor to develop AD [42].

All of the studies that described these cognitive
differences described as well worse olfactory performances
[22, 36–40], which suggests that cognitive impairment was
previously present or that it was not preceded by olfactory
dysfunction. Nevertheless, there is conflicting evidence at this
point: None of the studies by Zhang et al. described measur-
able differences in cognitive scores comparing patients with
T2DM and controls, but they did find differences in olfactory
scores [34, 35]. Moreover, cross-sectional studies are limited
by their inability to establish causal relationships.

Considering both approaches, cognitive and olfactory
scores, most of the studies found a positive correlation
between olfactory dysfunction and cognitive scores in
patients with T2DM. The main cognitive test used was
MMSE [25, 30–32, 34, 35, 38, 39]. Gao et al. maintain that
these results would be applicable to patients with T2DM
and to community-dwelling elderly as the control group as

well [40], which showed higher cognitive scores at baseline.
This difference could be of interest for studying the associa-
tion between olfactory dysfunction and cognitive impair-
ment in the general population [7, 9, 10].

The underlying mechanism that links olfactory dysfunc-
tion and cognitive impairment in patients with T2DM is
unclear [25]. Insulin receptors are widely expressed across
the whole brain, especially in brain areas related to olfaction:
olfactory epithelium, olfactory bulb, and hippocampus [43,
44]. Insulin levels in brain tissue could yield an important
role both for olfactory and for cognitive functions [45]. In
fact, there are several studies that report an improvement
of cognitive function after administering intranasal insulin
in healthy patients [46] and in patients with T2DM [47]
and an association between olfactory dysfunction and insu-
lin resistance [48, 49].

Nonetheless, determining whether olfactory dysfunction
appears before or after cognitive impairment remains an
unsolved question. Our systematic review includes 11
cross-sectional studies [22, 30–35, 37–40] and only two lon-
gitudinal and prospective studies [25, 36]. This calls for cau-
tion when drawing conclusions and makes this question
harder to solve. Although the study by Sanke et al. described
that olfactory dysfunction precedes cognitive impairment,
extrapolating the same probable progression is not possible:
Olfactory dysfunction could not be a cause, but a conse-
quence of cognitive deterioration. Some authors also pro-
pose that olfactory dysfunction could be another clinical
expression of diabetic neuropathy [49].

In any case, olfactory evaluation using validated tests like
OE [27], CCCRC [50], or CSIT [51] could be a useful tool
for early detection of cognitive impairment in patients with
T2DM. Although these tests are widely available and have
a low cost, thus being optimal for this evaluation, they are
subjective measurements requiring patient collaboration.

On the other hand, neuroimaging tests such as MRI and
fMRI are noninvasive tests able to describe cerebral struc-
tures related to olfaction, their structure, and functioning.
Several alterations have been described in patients with
T2DM via the use of diffusion tensor imaging (DTI); these
alterations have already been described in this review, and
they include fractional anisotropy reduction in the left olfac-
tory cortex, among others [52]. Six of the studies included in
this systematic review included neuroimaging tests [22,
34–36, 38–40], but only the four studies that performed
fMRI with activation and functional connectivity analysis
found significant differences in olfaction between patients
with T2DM and controls [22, 33, 34, 39]. These differences
were very heterogeneous; therefore, more studies are needed
to concrete and precisely define these alterations via neuro-
imaging tests. These limitations add to the limited accessibil-
ity of fMRI, hampering the use of fMRI as a tool for early
detection of cognitive impairment, at least for the moment.

The results of this systematic review suggest that there is
a relationship between olfactory dysfunction and cognitive
impairment in patients with T2DM. Validated olfactory tests
to detect olfactory dysfunction are a simple, affordable, and
efficient tool that could serve as biomarkers for early detec-
tion of cognitive impairment or even predicting progression
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to dementia, allowing early treatments. Similarly, neuroim-
aging tests for early detection of cognitive impairment could
be an interesting tool in the future, although they present
limited availability and accessibility. Neuroimaging could
constitute a valuable tool for describing structural alterations
in brain areas related to olfaction and cognitive impairment.
Nonetheless, whether olfactory dysfunction is a cause or a
consequence of this cognitive impairment is yet to be deter-
mined. More studies with a longitudinal and prospective
design are needed to study the temporal progression of both
clinical events: If olfactory dysfunction starts before cogni-
tive impairment, we could be facing a new therapeutic target
to which investigatory efforts could be directed, given the
absence of available pharmacotherapy to slow progression
to dementia.
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