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The spontaneous retrieval deficit (SRD) hypothesis argues that individuals in the preclinical stages

of Alzheimer’s disease (AD) are particularly impaired in spontaneous retrieval, which manifests

in reduced mind-wandering. Our main purpose was to provide novel evidence to support the SRD
hypothesis by investigating, for the first time, the relationship between mind-wandering and
periodontitis, the latter being the risk factor for AD. The second objective was to address the lack

of deeper understanding of the relationship between oral health and specific cognitive abilities by
investigating whether periodontitis would be primarily associated with memory. Sixty community-
dwelling dementia-free older adults completed neuropsychological tests that focused on various
cognitive abilities and a computerised task, during which mind-wandering was evaluated. Periodontal
health was assessed subjectively, and through an oral examination by a qualified dentist that focused
on visible periodontitis-related changes in gingival tissues and the number of periodontitis bacteria.
In line with our predictions, objective and subjective symptoms of poorer periodontal health were
associated with less mind-wandering, providing further support for the SRD hypothesis. Again in line
with predictions, poorer periodontal health was associated with worse episodic memory, with no
relationship between periodontitis and the measure targeting various cognitive abilities, from which
memory was excluded.

Alzheimer’s disease (AD) is a major cause of dementia and one of the leading causes of death in the elderly age
group'. Cerebral pathological changes associated with the disease can precede clinical symptoms by up to 20
years. Given the lack of an effective cure, research has progressively focused on identifying people at risk of
developing AD among which early intervention can delay and even prevent the emergence of clinical syndrome™*.

Recently, a novel hypothesis has been formulated that argues that spontaneous (i.e., unintentional and effort-
less) retrieval processes, which are relatively well preserved in healthy ageing®~’, will be significantly compromised
during the prodromal and early stages of AD®. The spontaneous retrieval deficit (SRD) hypothesis is highly
counterintuitive because it challenges current theories of cognitive ageing®!’, which predict that both typical
and atypical ageing predominantly impair performance in difficult cognitive tasks dependent on deliberate and
strategic processes. However, the hypothesis is based on the results of neuroimaging studies showing that, during
the etiology of AD, the neurological structures of the default mode network (DMN) tend to degenerate much
earlier than other parts of the central nervous system (see® for a review of evidence).

The first signs of neuropathological changes within AD tend to occur in the posterior parts of the cortex,
with the anterior and dorsolateral prefrontal cortex remaining relatively intact'"'?, resulting in disproportion-
ate temporoparietal atrophy in the early stages of the disease'*!*. The pathology involves the accumulation of
tau-positive neurofibrillary tangles in the structures of the medial temporal lobe, spreading from the entorhinal
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cortex to the hippocampus'?, and the formation of p-amyloid plaques in the medial prefrontal and posteromedial
cortices, especially in the posterior cingulate cortex and adjacent areas'®!”. These neuropathological processes,
especially p-amyloid accumulation, may progress for decades before the onset of dementia?.

Importantly, the posterior cingulate cortex, the medial temporal lobe, and the medial prefrontal cortex form
the key hubs of DMN'®. DMN activity has traditionally been associated with mind-wandering, which involves
spontaneous shifts of attention from the external world to one’s inner thoughts**?!. Links between mind-wan-
dering and increased DMN activity have also been demonstrated in several fMRI studies (see® for a review of
evidence). Mind-wandering shares similar characteristics with several other phenomena of spontaneous cogni-
tions such as, for example, involuntary autobiographical memories?** or those aspects of prospective memory
that involve effortlessly remembering previously intended actions in response to a particular target event®*?.
What these phenomena share with mind-wandering episodes is that thoughts and memories come to mind
spontaneously and effortlessly, without any deliberate intention to think about them.

Spontaneous retrieval, when measured during simple cognitive tasks, can provide a promising alternative to
the neuropsychological tests of episodic memory currently used to detect an increased risk of AD. Since spon-
taneous retrieval is not affected by deliberate strategies to enhance recall and, during examination, participants
are not aware of what exactly is being measured, such tasks may have a particular advantage for testing highly
functioning dementia-free older adults. In such groups, high education and well-developed learning strategies
can mask very early signs of cognitive change in standard neuropsychological tests.

A few recent behavioural studies support the SRD hypothesis by showing the deficit of spontaneous retrieval
in amnestic Mild Cognitive Impairment (aMCI), which is the prodromal stage of AD, and in early stages of
AD?*-?_ Amnestic MCI manifests itself in subjective and objective memory deficits, as evidenced by neuropsy-
chological tests that measure episodic memory, without the loss of functional independence characteristic of
AD?. Behavioural evidence of spontaneous retrieval deficits in the prodromal and early stages of AD has been
found in prospective memory****! and mind-wandering?*?*** (details of behavioural evidence from prospective
memory studies in®). In mind-wandering studies, thought probes are used alongside very easy cognitive tasks,
e.g., deciding whether lines presented on the computer screen are horizontal or vertical, or whether presented
pictures show natural or man-made objects. In each probe, participants are asked whether they had any thought
at the time they were stopped, and if so, whether it was related to the ongoing task, and if it was spontaneous or
deliberate. Participants with aMCI reported significantly less mind-wandering, as measured by the number of
spontaneous task-unrelated thoughts, than healthy older adults®*%. At the same time, the aMCI groups did not
outperform healthy older adults on ongoing tasks, and they continued to mind-wander less after controlling
for the ongoing task performance. Studies involving the aMCI groups also suggested that the type of thoughts
analysed, i.e., whether related to environmental stimuli or not, and whether oriented toward the past, present,
or future, can matter for how strongly the spontaneous retrieval deficit manifests itself*>*°.

The primary objective of our study was to provide more evidence to support the SRD hypothesis by investigat-
ing, for the first time, the relationship between mind-wandering and one of the factors that appears to increase the
risk of cognitive decline and AD, namely periodontitis (see meta-analyses of longitudinal studies on periodontitis
as a risk factor for AD***). We expected that cognitively healthy older adults (i.e., without cognitive deficits
related to dementia or other diseases), but with poorer periodontal health, would show reduced spontaneous
retrieval, that is, less mind-wandering. Although the relationship between mind-wandering and periodontitis has
not been investigated for far, the results of only two studies on periodontal health and prospective memory can
be interpreted in terms of the link between periodontitis and spontaneous retrieval deficits***. In both studies,
poorer periodontal health was associated with poorer event-based prospective memory, but not with the other
type of prospective memory (time-based)*. The analyses of prospective memory mechanisms***” suggest that
performance in event-based tasks can be based on spontaneous retrieval of intended actions, whereas time-based
tasks require strategic and effortful retrieval.

Several pathophysiological mechanisms could explain the negative impact of poor oral health on cognitive
function and its role in the development of AD. For example, Dominy et al.*® have identified Porphyromonas
gingivalis, an organism associated with chronic periodontitis, in the brain of patients with Alzheimer’s disease,
and suggested that this microorganism may play a vital role in the disease pathway. A widespread view is that the
relationship between AD progression and infection with periodontitis bacteria may occur through the inflam-
matory pathway, where people with periodontitis are systemically affected by chronic oral inflammation®*-4!.
According to the most established model of Kamer et. al.**~*, periodontitis pathogens or pro-inflammatory
cytokines produced in the immune response to infection can enter the central nervous system (through systemic
circulation or through the neural pathways) where they may trigger an immune reaction of glia cells. The model
holds that chronic inflammation within the brain stimulates glia cells to produce p-amyloid, tau-fibre and pro-
inflammatory molecules that, by inducing autoimmune reaction, cause neurodegeneration. Claims about the
triggering role of peripheral gum inflammation in AD etiology are supported by numerous studies that show a
significant relationship between AD and the level of periodontitis antibodies*****. Diet and nutrition could also
explain the link. Older people with tooth loss, particularly edentulism, could suffer from impaired masticatory
function and consequently poor nutritional status*.

A straightforward argument can also be presented for the opposite direction of causality behind the link
between oral health and cognitive function, i.e., how cognitive decline could negatively impact oral health
through behavioural changes such as reduced attention to oral hygiene or inadequate use of dental health services.
However, a recent large-scale longitudinal study*” shows that the relations between oral health and cognitive
function are indeed bidirectional.

The second goal of our study was to investigate whether periodontitis is primarily associated with memory
ability. It has recently been suggested***® that existing studies on the relationship between oral health and cogni-
tive function provide little insight into the nature of cognitive difficulties that are associated with poor periodontal
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health. This is due to the fact that many of these studies used brief screening measures of general cognitive
function rather than comprehensive tests that target specific cognitive abilities. The distinction between specific
cognitive abilities is critical to inform the mechanisms underlying the association between oral health and cogni-
tion. For example, individuals in early stages of AD show deficits primarily in episodic memory, while individuals
in early stages of other types of dementia (i.e., cardio-vascular, frontal-temporal, or lewy bodies) show deficits
mainly within other cognitive domains*->!. Therefore, if episodic memory is primarily related to periodontal
health, this may suggest that we need to look for explanations that associate periodontitis with AD, rather than
other types of dementia. A recent systematic review of Nangle et al.*® suggests that memory is in fact one of few
cognitive abilities that may be specifically related to periodontal health.

To achieve these goals, we performed a neuropsychological assessment that targeted various cognitive abilities
in a group of 60 dementia-free community-dwelling older adults. The assessment included, among other tests,
a comprehensive episodic memory test (California Verbal Learning Test)*2. Periodontal health was subjectively
evaluated with the list of symptoms, and then objectively through an oral examination conducted by a qualified
dentist in a specialist dental clinic. The objective evaluation involved calculating: (1) the community periodontal
index of treatment needs (CPITN), and (2) the number and type of periodontitis pathogens present within the
periodontium. Mind-wandering was evaluated during a very easy Man-made/Natural Task>%. Participants were
repeatedly stopped to report whether they had any thought at the time they were stopped and, if so, if it was
related to the Man-made/Natural Task, and whether it was spontaneous or deliberate.

In line with the SRD hypothesis, we expected that poorer periodontal health would be associated with less
mind-wandering, that is, less spontaneous, task-unrelated thoughts. Based on the results of a systematic review
on how oral health can be related to specific cognitive abilities in older adults®®, and data suggesting that peri-
odontitis increases the risk of AD rather than the risk of other types of dementia***, we expected that poorer
periodontal health would be associated with a lower performance on the episodic memory test, rather than
on the measure targeting various cognitive abilities (Addenbrooke’s Cognitive Examination III), from which
memory was excluded.

The novelty of our approach was twofold. First, it provided a new way of testing the SRD hypothesis, by going
beyond the spontaneous retrieval deficits in aMCI and early stages of AD, and measuring spontaneous retrieval
in cognitively healthy older adults in relation to the risk factor for AD. Second, it addressed the concern of a
lack of deeper insight into the relationship between oral health and cognitive function, by investigating links
between oral health and the specific cognitive domain (memory) and the specific cognitive process (spontane-
ous retrieval).

Results

The alpha level adopted to determine the significance of the results was set at 0.05. Pearson’s coefficients were
used to measure correlations between periodontitis status and mind-wandering, and then periodontitis status
and tests targeting episodic memory and other cognitive abilities. The strength of the correlations was interpreted
according to Cohen’s criteria (0.1 =small; 0.3 =moderate; 0.5 :large)53. The correlations and t-test results were
controlled for multiple comparisons using the Benjamini-Hochberg procedure® (False Discovery Rate =0.25).
Only those correlations and t-test results that remained significant after the correction are reported, except for
tables that present all correlations. When significant associations were established, hierarchical multiple regres-
sion models were performed to adjust for background factors that included age, years of education, and MMSE
scores.

Periodontitis status and mind-wandering: testing the SRD hypothesis. There have been 261
valid sextants in the sample, with 10% of sextants with CPITN 1, 24% with CPITN 2, 46% with CPITN 3, 20%
with CPITN 4, and only one sextant with CPITN 0, excluded from the analyses. Periodontitis pathogens were
detected in the entire sample with Capnocytophaga gingivalis in 93% of the participants, Tannerella forsythia in
86%, Treponema denticola in 75%, Peptostrep. (Micromonas) micros in 71%, Porphyromonas gingivalis in 50%,
and Fusobacterium nucleatum in 41%. Three pathogens were very rare in the sample, thus reducing the number
of participants for correlation analyses to 12 or less (Eubacterium nodatum detected in 20% of the participants,
Aggregatibacter actinomycetemcomitans 18%, and Prevotella intermedia 13%). Therefore, these three pathogens
were excluded from the analyses (see Table 1 for the means of all CPITN indices, the number of periodontitis
pathogens, and the number of subjectively evaluated periodontitis symptoms).

Based on the participants’ responses to whether they had any thought in a thought probe, and if so, if it was
related to the experience of doing the Man-made/Natural Task, and whether it was spontaneous or deliberate,
we calculated the number of spontaneous task-unrelated thoughts (the amount of mind-wandering). In line with
the literature, these thoughts were further divided into: (a) picture-related vs. picture-unrelated (i.e., whether
related to pictures presented as part of the Man-made/Natural Task or not), (b) present versus past versus future
oriented (see Table 1 for the mean number of each type of spontaneous task-unrelated thoughts).

Table 2 shows zero-order correlations between periodontitis status and mind-wandering measures. In line
with our predictions, periodontitis status, measured objectively and subjectively, was significantly related to
several types of spontaneous task-unrelated thoughts during the Man-made/Natural Task, and for each of these
types of thoughts, poorer periodontal health was related to fewer mind-wandering, and better periodontal health
was related to more mind-wandering. For objective measures of periodontitis status, there has been a moderate
positive correlation between the number of sextants with CPITN 1 (the more sextants with CPITN 1, the bet-
ter periodontal health) and the number of spontaneous, task-unrelated thoughts that were picture-unrelated
and present-oriented. This type of spontaneous task-unrelated thoughts was also negatively related to the mean
CPITN, which was the sum of CPITN codes divided by the number of valid sextants (small correlation), and the
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Variable Mean SD
Age 72.517 4.152
Education (years) 16.083 2.757
Mind-wandering: spontaneous task-unrelated thoughts

Picture-related: present 6.333 5.190
Past 5.017 5.000
Future 1.783 2.471
Picture-unrelated: present 0.417 0.979
Past 0.017 0.129
Future 0.217 0.865
Geriatric depression scale 15 2.467 2.281
MMSE 28.117 1.519
Addenbrooke’s Cognitive Examination-III

Attention 17.400 0.785
Fluency 11.850 1.938
Visuospatial functions 15.750 0.541
Language 25.783 0.454
Total (excluding memory) 70.783 2.484
California Verabal Learning Test

Trial 5: free recall 11.150 2.385
Trial 5: intrusion errors 0.267 1.205
Trials 1-5: free recall 47.717 10.064
Trials 1-5: intrusion errors 1.333 2.398
Short delay free recall 9.33 3.317
Short delay free recall intrusion errors 0.25 0.541
Long delay free recall 9.90 3.203
Long delay free recall intrusion errors 0.57 1.267

Community periodontal index of treatment needs (CPITN) scores

Sum of sextants with CPITN 1! 43 810

Sum of sextants with CPITN 2 1.03 1.235
Sum of sextants with CPTIN 3 2.02 1.479
Sum of sextants with CPTIN 4 0.85 1.162
Mean CPITN? 2.781 0.618
Highest CPITN? 342 0.671
The number of periodontitis symptoms evaluated subjectively 3.950 2.727
The number of periodontitis pathogens

Porphyromonas gingivalis 900,595,5 | 2,310,386
Treponema denticola 204,062 439,252,2
Tannerella forsythia 125,645,2 | 283,586,5
Peptostrep. (Micromonas) micros 6108,333 13,017,13
Fusobacterium nucleatum 4891,167 14,331,26
Capnocytophaga gingivalis 32,865,33 | 45,195,72

Table 1. Summary of mean results for demographic variables, mind-wandering, neuropsychological tests, and
oral examinations. ! There was only one sextant rated CPITN 0 across all participants, so sextans with code 0
are not included. 2Sum of CPITN codes divided by number of valid sextants. *The highest CPITN code among
valid sextants.

highest CPITN code among valid sextants (correlation close to moderate). For the subjective measure of oral
health, the number of periodontitis symptoms reported by the participants was negatively associated with the
number of spontaneous task-unrelated thoughts that were picture-related and oriented either toward the future
(moderate correlation) or past (small correlation).

Table 3 shows the results of hierarchical regression analyses predicting mind-wandering from background
variables (age, years of education, and MMSE scores) and CPITN scores. The amount of mind-wandering, as
measured by the number of spontaneous, task-unrelated thoughts that were picture-unrelated and present-
oriented, remained positively associated with the number of CPITN 1 sextants ($=0.348; p <0.05), and negatively
associated with the mean CPITN (8=-0.201; p<0.05) and the highest CPTN (8 =-10.282; p <0.05; Table 3).
For each of these measures of periodontitis status, the addition of the periodontitis status score as a second step
in the regression model contributed uniquely and significantly (see Table 3). Table 3 also shows the results of
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Mind-wandering: spontaneous task-unrelated thoughts

Picture-related Picture-unrelated

Present ‘ Past ‘ Future | Present ‘ Past ‘ Future
Community periodontal index of treatment needs (CPITN) scores
Sum of sextants with CPITN 1! .078 .027 -.045 324 -.07 |.081
Sum of sextants with CPITN 2 -.137 —-.11 —-.053 —-.138 —.11 | -.134
Sum of sextants with CPTIN 3 194 0 117 -.052 087 |.13
Sum of sextants with CPTIN 4 028 -.026 —-.088 -.168 243 | -.085
Mean CPITN? 105 .009 -.03 -.277* | .152 | -.086
Highest CPITN? .037 -.083 —.047 -.294¢ | 114 | -1
The number of periodontitis symptoms evaluated subjectively | .056 —-.261*% | -.351* | —.036 002 | -.11

Table 2. Testing the relationship between poorer periodontal health and fewer mind-wandering with zero-
order correlations between community periodontal index of treatment needs (CPITN) scores and mind-
wandering measures. Values that remained statistical significant after Benjamini-Hochberg correction in bold.
'The higher the number of sextans with CPITN 1 to 2, the better the gingival health; the higher the number of
sextans with CPITN 3 to 4, the poorer the gingival health. 2Sum of CPITN codes divided by number of valid
sextants; a higher score indicates poorer gingival health. *The highest CPITN code among valid sextants; a
higher score indicates poorer gingival health. *p <0.05, **p <0.01.

Mind-
wandering
picture- Mind-wandering Mind-wandering Mind-wandering Mind-wandering
unrelated about picture-unrelated picture-unrelated picture-related picture-related
present? about present? about present? about past® about future!
AR? B AR? B AR? B AR? B AR? B
Step 1 079 Step 1 079 Step 1 079 Step 1 280+ A11
Age .083 Age .083 Age .083 Age -.011 -.227
Education —.138 | Education -.138 Education —-.138 Education 207 -.080
MMSE .265 MMSE .265 MMSE .265 MMSE .388* 194
Step 2 .106* Step 2 .081* Step 2 .079* Step 2 .035 .097*
Age 139 Age 142 Age .076 Age —-.003 -.213
Education —.203 | Education -.150 Education —-.149 Education -.139 -.096
MMSE .196 MMSE 252 MMSE 242 MMSE .385%** .148
CPITN 1 sextants .348* Mean CPITN —-.292* | Highest CPITN —.282* | Sum of symptoms -.190 -.316*
Total R? .184* Total R? .159* Total R? 157* Total R* 3150 .208*

Table 3. Hierarchical multiple regression analyses predicting mind-wandering from age, education, MMSE
scores and CPITN scores!. ! Analyses include only those mind-wandering measures that were significantly
related with CPITN scores. 2Spontaneous task-unrelated thoughts that were picture-unrelated and present-
oriented. *Spontaneous task-unrelated thoughts that were picture-related and past-oriented. *Spontaneous
task-unrelated thoughts that were picture-related and past-oriented. p <0.05, **p<0.01, ***p <0.001.

hierarchical regression analyses that predict mind-wandering from background variables (age, years of educa-
tion, and MMSE scores) and the number of periodontitis symptoms chosen by the participant on the list of
symptoms. The number of symptoms remained negatively associated with the amount of mind-wandering that
was picture-related and future-oriented (f=-0.316; p<0.05), and this number contributed significantly when
added as a second step in the regression model (Table 3). However, the number of symptoms was no longer a
significant predictor of mind-wandering that was picture-related and oriented toward past.

The correlation analyses did not show significant associations between mind-wandering measures and the
number of each type of periodontitis pathogen (p,>0.144). However, since the number of pathogens, as a measure
of periodontal health, met the criteria under which the dichotomised indicator performs as well as or better than
the original continuous indicator®>®, for each pathogen we a posteriori assigned participants to two groups:
one group with a high number of bacteria (above the median for the sample) and the other group with a low
number of bacteria (below the median for the sample). The groups were then compared on mind-wandering
measures. Significant group differences were found for Tannerella forsythia, which was one of the most common
pathogens in our sample. In line with our predictions, individuals with a high number of bacteria showed less
mind-wandering that was picture-related and past-oriented (M =3.60, SD =4.02) than those with a low number of
bacteria (M =6.43, SD=5.53) (t=—1.754; p <0.05; d=0.453). Similarly, individuals with a high number of bacteria
showed less mind-wandering that was picture-related and future-oriented (M =1.23, SD = 1.59) than those with
alow number of bacteria (M =2.33, SD=3.04) (t=-2.271; p <0.05; d=0.586). The cutoff number of Tannerella
forsythia for group assignment was 15,500, and the groups did not differ in age, education, or gender (p,>0.170).
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Periodontitis status and episodic memory. The periodontitis status measures were not significantly
associated with performance in Addenbrooke’s Cognitive Examination III (ACE-III) (see Table 4), neither with
performance in several subtests that evaluated attention, fluency, visuospatial abilities and language, nor with
the total ACE-III score, from which the memory subtest was excluded (CPITN scores: p,>0.080; number of
symptoms subjectively: p,>0.152; number of pathogens p,>0.100). This pattern was in line with our predictions.

There was a significant correlation between one measure of periodontitis status (the number of CPITN 1
sextants) and another test measuring general cognitive function, namely MMSE (r=0.261; p <0.05; Table 4).
However, it did not contradict our predictions since MMSE includes episodic memory tasks. Furthermore, the
relationship between the CPITN 1 sextants and MMSE did not remain significant after adjustment for age and
education in a two-step hierarchical regression analysis, with MMSE as a dependent variable and the CPITN 1
sextants as a predictor.

The CPITN scores and the California verbal learning test (CVLT). Four significant correlations were found
between the number of sextants with CPITN 4, which are the sextans most severely affected by periodontitis,
and the CVLT indices (see Table 4). In line with our predictions, these relationships were negative for recall
measures, and positive for the number of intrusion errors. Furthermore, and also in line with our predictions,
the mean CPITN was positively associated with the number of intrusion errors from five learning trials, and
negatively associated with long delay free recall. Except for a moderate correlation between the CPITN 4 sextants
and the number of intrusion errors in the fifth trial, all of these correlations were small.

Table 5 shows the results of hierarchical regression analyses predicting episodic memory performance from
background variables (age, years of education, and MMSE scores) and CPITN scores. For all but one of the CVLT
indices that were significantly associated with the CPITN 4 sextants in the correlation analyses, the number of
CPITN 4 sextants remained a significant predictor: free recall in the fifth trial, 8=0.254; p < 0.05; intrusions in the
fifth trial, =0.428; p <0.001; intrusions in trials 1-5, $=0.276; p <0.05. Adding the number of CPITN 4 sextants
as a second step in the regression model contributed significantly for all these episodic memory measures (see
Table 5). In contrast, mean CPTIN was no longer related to episodic memory, for any of the two CVLT indices
that were significantly associated with it in the correlation analyses.

Periodontitis symptoms, subjectively evaluated, and CVLT. 'The number of symptoms chosen by the participant
on the list of symptoms was not significantly associated with any of the episodic memory test indices (p,>0.072).

The number of periodontitis pathogens and CVLT.  Seven significant associations were found between the num-
ber of different types of pathogen and CVLT indices (see Table 6). In line with our predictions, these relation-
ships were negative for recall measures, and positive for the number of intrusion errors. Most of the correlations

CPITN

Sum of sextants with:

CPITN1 |CPITN2 | CPITN3 |CPITN4 | Mean CPITN' | Highest CPITN?
MMSE .261* —-.047 -.001 -.028 -.100 —-.082
Addenbrooke’s cognitive examination (ACE-III)
Attention .096 .021 .023 .03 .042 129
Fluency .15 -.069 .06 .088 .067 .166
Visuospatial functions .058 -.063 -.101 236 .07 152
Language 121 .104 .081 194 -.013 134
Total (excluding memory) 182 —.042 .047 165 .079 228
California verbal learning test (CVLT)
Trial 5: free recall .168 .056 .038 -.279*% -.17 -.135
Trial 5: intrusion errors -.103 —-.063 -.136 440*** 228 112
Trials 1-5: free recall 215 .106 .022 -.256* —-.234 -.145
Trials 1-5: intrusion errors -.128 -.135 -.097 .268* .280* .197
Short delay free recall 185 .101 -.025 -.185 -.24 -.14
Short delay free recall intrusion errors | —.174 267 .143 -.074 —-.058 —-.058
Long delay free recall 252 151 .000 -.109 —-.264* -.13
Long delay free recall intrusion errors -.062 -.11 -.159 .105 184 .196

Table 4. Testing the relationship between poorer periodontal health and poorer episodic memory with
zero-order correlations between the Community Periodontal Index of Treatment Needs (CPITN) scores and
neuropsychological tests. Values that remained statistical significant after Benjamini-Hochberg correction

in bold. 'Sum of CPITN divided by number of valid sextants. “Highest CPITN among valid sextants; For the
number of sextants CPITN 1-2, higher score indicates better gingival health; For the rest of CPITN indices,
higher score indicates poorer gingival health; For the CVLT recall, higher score indicates better memory; For
the CVLT intrusion errors, higher score indicates worse memory. *p <.05, **p <.01, ***p <.001.
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CVLT Trial 5: Free CVLT Trial 5: Intrusion | CVLT Trials 1-5: Free | CVLT Trials 1-5: CVLT Long delay free | CVLT Trials 1-5:
recall errors recall Intrusion errors recall Intrusion errors
AR? f AR? [ AR? B AR? B AR? f AR* |
Step 1 .165* .043 294%%% .027 Step 1 .220** .027
Age —-.014 124 —-.163 .146 Age —-.109 .146
Education -.121 135 -.177 .004 Education .031 ,004
MMSE .398** —-.094 4694+ —-.049 MMSE A424%* —-.049
Step 2 .062* 1744%% 043 073* Step 2 .040 062
Age —-.009 115 —-.159 .140 Age —-.067 .094
Education -.066 .042 —-.131 -.056 Education .023 .014
MMSE .386** -.074 459+ -.036 MMSE A415%* —-.038
CPITN 4 —.254* 4284+ -.213 .276* Mean CPITN —-.206 .256
Total R? 227%* 217 3374 .100 Total R? .260%* .089
Table 5. Hierarchical multiple regression analyses predicting California Verbal Learning Test (CVLT) scores
from age, education, MMSE scores and the Community Periodontal Index of Treatment Needs (CPITN)
scores’. *p<0.05, **p<0.01, **p<0.001. * Analyses include only those episodic memory measures that were
significantly related to CPITN scores.
Number of pathogens from specie:
Porphyromonas Peptostrep. Fusobacterium Capnocytophaga
gingivalis Treponema denticola | Tannerella forsythia | (Micromonas) micros | nucleatum gingivalis
MMSE -0.223 -0.134 —-0.158 0.069 —-0.058 0.061
Addenbrooke’s cognitive examination (ACE-1III)
Attention -0.202 -0.015 -0.206 0.018 -0.115 -0.057
Fluency -0.125 —0.099 —-0.091 0.090 —-0.105 —0.045
Visuospatial functions 0.088 0.034 0.146 0.139 0.025 0.115
Language -0.070 —-0.008 0.042 0.126 -0.051 -0.215
Total (excluding ~0.155 -0.076 -0.096 0.129 -0.122 ~0.067
memory)
California verbal learning test (CVLT)
Trial 5: free recall -0.055 —-0.305* -0.21 -0.193 -0.168 0.052
Trial 5: intrusion errors | 0.135 —-0.069 0.484*** 0.340** 0.765** —-0.059
Trials 1-5: free recall —-0.092 -0.238 -0.265* -0.232 -0.193 0.051
Zﬁzlrssl'sz ntrusion 1 499 0.090 0214 0.306* 0.300* 0.163
Short delay free recall —-0.260* -0.192 -0.242 -0.062 -0.18 0.091
f:gﬁsﬁazriffs recall | 169 0.198 -0.123 -0.021 0.014 ~0.084
Long delay free recall -0.155 -0.213 -0.159 -0.024 -0.126 0.028
f&fﬁs‘fgﬁ rfrrs;recau -0.016 -0.007 -0.042 -0.011 -0.092 -0.043

Table 6. Testing the relationship between poorer periodontal health and poorer episodic memory with zero-

order correlations between the number of detected pathogens per specie and neuropsychological tests. Values

that remained statistical significant after Benjamini-Hochberg correction in bold. For the CVLT recall, higher
score indicates better memory; For the CVLT intrusion errors, higher score indicates worse memory. *p <.05,

*p<.01, *p<.001.

were moderate, except for one small correlation between free recall in trials 1-5 and Tannerella forsythia and one
large correlation between the fifth trial intrusions and the number of Fusobacterium nucleatum.

Table 7 shows the results of hierarchical regression analyses predicting episodic memory performance from
background variables (age, years of education, and MMSE scores) and the number of bacteria. Three pathogens
remained significantly associated with the fifth trial intrusions: Tannerella forsythia, 3 =0.475; p <0.001; Peptos-
trep. (Micromonas) micros, $=0.329; p <0.05; Fusobacterium nucleatum, 3 =0.755; p <0.001, and the addition of
the number of these pathogens as a second step in the regression model contributed significantly (see Table 7).
Two pathogens remained significantly related to intrusions in trials 1-5: Peptostrep. (Micromonas) micros,
B=0.300; p <0.05; Fusobacterium nucleatum, 3=0.294; p <0.05, and adding the number of these pathogens as a
second step in the regression model contributed significantly (see Table 7). One of the two recall measures that
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CVLT Trial CVLT Trials CVLT Trials

CVLT Trial 5: CVLT Trial 5: CVLT Trials 1-5: 5: Intrusion 1-5: Intrusion CVLT Trial 5: 1-5: Intrusion

Free recall Intrusion errors | Free recall errors errors Intrusion errors | errors

AR? B AR? B AR? B AR | B AR? | B AR? B AR? | B
Step 1 165 Step 1 .043 294 Step 1 .043 .027 Step 1 .043 .027
Age -.014 Age 124 —.163 Age 124 146 Age 124 146
Educa- _121 | Pduca- 135 _.177 | Bduca- 135 004 | Educa- 135 004
tion tion tion tion
MMSE .398*** | MMSE -.094 .469*** | MMSE -.094 —.049 | MMSE —-.094 —-.049
Step 2 .073* Step 2 2174 .032 Step 2 .103* .085* Step 2 5674 .086*
Age .003 Age .069 —.142 Age .059 .087 Age .108 .140
Educa- _.157 | Bduca- 147 _1s2 | Bduea- 102 026 | Educa- 102 -.009
tion tion tion tion
MMSE .369*** | MMSE —-.034 446*** | MMSE —-.130 —.081 | MMSE —-.051 -.032
Td? -276% | T A75%%* -.182 Pm* .329* .300* Fn® .755*** .294*
Total R? | .238** Total R .260** 3260 Total R? | .146 113 Total R? | .610*** 113

Table 7. Hierarchical multiple regression analyses predicting California Verbal Learning Test (CVLT) scores
from age, education, MMSE score and the number of pathogens'. ! Analyses include only those episodic
memory measures that were significantly related to the number of pathogens. ?Treponema denticola.
*Tannerella forsythia. *Peptostrep. (Micromonas) micros. *Fusobacterium nucleatum. *p <0.05, **p <0.01,
0 <0.001.

were significantly associated with the number of pathogens in the correlation analyses, namely the recall in the
fifth trial, remained significantly related to the pathogens (Treponema denticola, f=-0.276; p <0.05).

Discussion

A novel SRD hypothesis argues that individuals in the preclinical stages of AD are particularly impaired in tasks
based on spontaneous retrieval, and thus these tasks are sensitive to very early signs of cognitive decline. Our
first objective was to provide more evidence to support the SRD hypothesis by showing, for the first time, the
relationship between poorer periodontal health, which is considered a risk factor for AD, and reduced spontane-
ous retrieval, as measured by fewer mind-wandering. Our second objective was to provide evidence that poorer
periodontal health is particularly associated with worse episodic memory. Therefore, we expected to show the
relationship between periodontitis and performance on the comprehensive episodic memory test, rather than
the association between periodontitis and the measure of general cognitive function from which memory was
excluded. We confirmed the expected relationships.

The spontaneous retrieval deficit hypothesis: relationship between periodontitis and mind-wan-
dering. We found several significant associations between measures of mind-wandering and periodontitis,
across subjective and objective indices of oral health, and all were in the expected direction. Importantly, all but
one of these associations remained significant after adjustment for age, education, and general cognitive function
(as measured by MMSE scores). The latter finding, together with the fact that quite a few relationships between
periodontitis and the California Verbal Learning Test were no longer significant after adjustment for MMSE scores,
supports our argument about the advantage of mind-wandering as an early marker of cognitive decline. Specifi-
cally, compared to cognitive processes captured by neuropsychological tests, including the episodic memory test
that we used, mind-wandering is less dependent on general cognitive function.

Although correlation analyses did not show significant associations between the number of periodontitis
pathogens and mind-wandering, due to median-split we did find fewer mind-wandering, picture-related and
oriented either toward the past or future, in the group with an elevated number of Tannarella forsythia, which
was one of the most common pathogens in our sample. Given the exploratory nature of these findings, they
should be interpreted with caution. However, it should be noted that they are in agreement with the results of
the correlation analyses between mind-wandering and other periodontitis measures. They are also in line with
previous studies in which individuals with aMCI had spontaneous retrieval deficits primarily within the same
two types of mind-wandering: stimulus-related thoughts that were oriented either toward the past or future**.

Taken together, our findings significantly expand previous data on reduced mind-wandering in aMCI and
early stages of AD, and provide novel evidence to support the SRD hypothesis by showing the relationship
between spontaneous retrieval and the risk factor of AD, namely periodontitis.

Relationship between periodontitis and episodic memory. We found many significant associations
between episodic memory indices and periodontitis status, objectively measured by both CPITN and pathogens,
and a substantial part of them remained significant after adjustment for age, education, and general cognitive
function. All associations were in the expected direction, and they were stronger for the number of pathogens
than CPITN. At the same time, no relationship was found between periodontitis and the tests measuring spe-
cific cognitive abilities, other than memory, or a general index of cognitive function (Addenbrooke’s Cognitive
Examination III) from which memory was excluded. These findings unequivocally support the claim that peri-
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odontal health is particularly related to episodic memory, and may help to gain a clearer understanding of the
association between oral health and dementia.

A particular link between periodontitis and memory suggests that periodontal health may be primarily
related to an elevated risk of Alzheimer’s type dementia, the early stages of which, unlike other types of dementia,
manifest with memory impairment*->!. This conclusion is supported by the results of biomolecular studies that
have shown associations between periodontitis and specifically AD, e.g., the presence of periodontitis pathogens
within brain tissue from individuals with AD in post-mortem assessment*’; the presence of periodontitis bacte-
ria’s DNA in cerebrospinal fluid from individuals with probable AD*; a decreased ability to learn and memorise
following intracellular accumulation of B-amyloid after chronic exposure to the periodontitis pathogen that
was demonstrated in the animal model®®, and increased production of -amyloid and tau protein in mice’ brain,
which is AD-specific pathology, after chronic oral exposure to periodontitis pathogen®.

Our results thus expand the accumulating data that suggest that periodontitis is primarily related to the
elevated risk of AD, by showing its relationship with episodic memory in general and spontaneous retrieval
in particular. It has important implications for research on early identification of AD risk, as well as clinical
practise. The data suggest that the presence and severity of periodontitis should be considered when project-
ing the probability of progression to AD in preclinical groups or when developing questionnaires and clinical
inventories designed to assess such risk. Regarding clinical practise, they show the importance of taking special
care of gingival health in individuals with an elevated likelihood of progression to AD as a means of reducing
the risk of progression.

Limitations and future directions. Despite encouraging findings, the present study has some limitations
that will need to be addressed in future research, such as weak to moderate associations between periodontitis
status and mind-wandering, and periodontitis status and episodic memory. Furthermore, these associations
were found only for some measures of mind-wandering and episodic memory. The lack of stronger associations
may be due to the characteristics of the sample that consisted of high functioning, well educated, and commu-
nity-dwelling older adults with a restricted range of periodontal health indices. Since participants were able to
take care of their dental health, the sample did not include many of those with highly developed periodontal
disease. This explanation is in line with the results of previous studies suggesting that the relationship between
oral health and cognitive function is stronger for groups with a lower overall, and of a wider range, oral health
status (e.g., residents of nursing homes), compared to high functioning, community-dwelling older adults**.
To ensure a greater variance in periodontitis status, future studies on the relationship between periodontitis
and specific memory processes can recruit both high functioning community-dwelling adults and residents of
nursing homes.

It should be noted that the pattern of our results suggests that mind-wandering is more consistently associ-
ated with CPITN scores and subjective evaluation of periodontal symptoms, while episodic memory is more
consistently associated with the number of pathogens and CPITN scores, with the majority of the associations
found with the number of sextants most severely affected by the disease (CPITN 4). It may be due to the fact that
the three measures of oral health applied in our study provide somewhat different types of information on oral
health status. The number of bacteria represents the current scale of infection with certain types of periodontitis
pathogens, while CPITN describes the visible changes in the structure of the gums caused by periodontitis over
the years. These changes are caused by the gingivitis infection, but can remain observable even after the gingivitis
infection is treated or decreased®'. Therefore, it is possible to have a low number of periodontitis bacteria due to
the applied gingivitis treatment and, at the same time, to have visible moderate changes in gum structure caused
by periodontitis over the years. Similarly, the chosen symptoms show what kind of periodontitis symptoms the
participant has experienced during the course of the disease, even if they do not have gingivitis or an elevated
number of bacteria at the time of examination, due to the previously applied treatment. This reasoning is sup-
ported by our additional analyses in which a significant relationship with the number of bacteria was found for
the number of CPITN 4 sextants, but not for the other three CPITN codes or the number of symptoms. Therefore,
the pattern of relationships may suggest that mind-wandering is more related to cumulative, but not very severe,
changes caused by well-managed disease over the years, while episodic memory is more related to the most severe
changes in the gums caused by poorly managed periodontitis. Future studies may address this issue more directly.

Finally, since our investigation was a single-assessment cross-sectional study, further longitudinal examina-
tion is needed to be able to unequivocally determine the causality and directionality behind the relationships
that we demonstrated. Of particular interest would be the use of prospective longitudinal studies to investigate
how simple tasks relying on spontaneous retrieval will compare with standard neuropsychological tests cur-
rently used, in terms of early detection of MCI and prediction of conversion rates to AD. Future studies may
also investigate the relationship between deficits in spontaneous cognitions and biological markers of AD (e.g.,
amyloid plaques or the ApoE4 gene).

Method

Participants. A total of 60 participants (M, =72.52; SD=4.15; 86% women) who lived independently in
the community, with varying periodontal treatment needs were recruited. To ensure sufficient power, we per-
formed the a priori power analysis on GPOWER 3.1%% Since there were no published studies on the relationship
between periodontal health and spontaneous retrieval, as measured by mind-wandering, the calculation of the
effect size was based on the relationship found by Manchery et al.* (r=-0.51) between periodontal health and
an event-based prospective memory task. According to theoretical explanations of prospective memory**,
performance on event-based prospective memory tasks, in contrast to performance on the other type of pro-
spective memory tasks (time-based), can be based on spontaneous retrieval of intended actions. With an alpha
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level of 0.05 and a minimum power of 0.95, 39 participants were necessary to find a statistically significant effect
for a zero-order correlation. However, Manchery et al.** found the relationship between objectively measured
periodontal health and prospective memory among older adults living in a retirement village, and suggested that
this link may be weaker among older adults who live independently in the community, among which oral health
is generally much better, so the range of oral health indexes is relatively restricted. Therefore, to avoid the risk
of not having enough power to capture the relationship between oral health and mind-wandering, we recruited
more participants than the calculations indicated were necessary.

The participants were members of senior social clubs or volunteers in the community, and they all received
150 PLN (approximately 34 USD) for their participation. The study was carried out in accordance with the Dec-
laration of Helsinki and was approved by the Bioethics Research Committee at Jagiellonian University (Opinion
number: 1072.6120.76.2022). Participants provided their informed written consent to take part in the study. For
all participants, inclusion criteria were: (a) no head/brain injuries, (b) no history of cerebrovascular disease, (c)
no current dependence on alcohol or substances, (d) no medical, neurological, or psychiatric disorders resulting
in cognitive dysfunctions, (e) age more than 65 years, (f) not meeting the criteria of the Diagnostic and Statistical
Manual of Mental Disorders’ (DSM-5) for dementia®, (g) preserved general cognitive function as confirmed by
a normal score on the Mini-Mental State Examination (MMSE)®* (normality cut-off score: 24)**—MMSE scores
in the sample ranged from 25 to 30, (h) maintained activities of daily living as confirmed by a maximum score
on the Instrumental Activities of Daily Living (IADL) subscale of the Nurses’ Observation Scale for Geriatric
Patients (NOSGER)®%%” (i) absence of severe depression, as confirmed by a score below 10 on the Geriatric
Depression Scale 15 . Fluency in Polish and adequate vision and hearing were also required. Inclusion criteria
were evaluated in the initial interview screening.

Measures.  Neuropsychological evaluation. A Polish version of the Mini-Mental State Examination® was
used in the initial screening for dementia. To measure episodic memory, a Polish version® of the California
verbal learning test (CVLT)* was used. During CVLT, the experimenter reads a list of 16 nouns aloud over five
learning trials. After each trial, the participant is asked to recall as many words as possible. After the fifth trial, a
distractor list, with new 16 words, is presented. Free recall of the original list is tested immediately (short delay),
and again after 20 min (long delay). We calculated four free recall measures for which a higher score indicated
better performance: (a) the number of words recalled after the fifth trial, (b) the number of words recalled across
all five trials, (c) the number of words recalled after the short delay, and (d) the number of words recalled after
the long delay. Furthermore, the number of intrusion errors (recalling words that were not present on the origi-
nal list) was calculated after the fifth trial, for all five trials together, after the short delay and the long delay, with
a higher score indicating poorer performance. Attention, executive functions, language and visuospatial abilities
were tested with Addenbrooke’s Cognitive Examination II1 (ACE-III)”. There were three tasks in the attention
subscale (maximum score—18), two verbal fluency tasks in the executive function subscale (max. 14), seven
tasks in the language subscale (max. 26), and five tasks in the visuospatial abilities subscale (max. 16). For all
these subscales, a higher score indicated better performance. ACE-III also included five memory tasks, but the
memory subscale was excluded from the total ACE-III score.

Oral health evaluation. An eight-item list of warning signs of periodontal disease was developed. The list of
symptoms was based on”' and symptoms published by the Centres for Disease Control and Prevention of the
United States’”. Participants were asked to confirm or deny experiencing any of the symptoms on the list (YES/
NO answer). The list included: (a) swollen gums, (b) redness of the gums, (c) bleeding gums during brushing
or spontaneously, (d) exposure of tooth necks, (e) migration of teeth, (f) loosening of teeth, (g) sore gums while
brushing, (h) unpleasant smell from the mouth, (i) unpleasant taste in the mouth, (j) recurrent gingivitis, and (k)
hypersensitivity of teeth to extreme temperatures.

To capture possible associations between gingival health and cognitive functioning rather than diagnose
participants with periodontitis, we measured the number and severity of symptoms of periodontal disease. Two
types of oral examination were performed in one specialist dental clinic by the same single examiner who was
a qualified dentist and had no access to the data about the participants collected during the neuropsychological
evaluation session. As the first type of oral examination, gingival health was evaluated using the community
periodontal index of treatment needs (CPITN) recommended by the WHO??. The index could range from 0
to 4, with: 0 for healthy periodontium, 1 for gingival bleeding on probing (gingivitis infection), 2 for the pres-
ence of subgingival calculus (i.e., 0-2 indicated no symptoms of periodontitis), 3 for the presence of at least one
pathological gingival pocket 4-5 mm (symptom of periodontitis), and 4 for at least one pathological gingival
pocket 6 mm or more (symptom of severe periodontitis) indicating the need for complex treatment”. The index
was calculated for each tooth sextant as the tooth score with the highest CPITN. Sextants with less than 2 teeth
were excluded from the calculations. We analysed CPITN scores at various levels. First, we analysed the number
of sextants with each CPITN code per participant. Since CPITN codes 3 to 4 indicate the presence of pathologi-
cal gingival pockets, i.e., sextants considered to be severely affected by the disease’, the higher the number of
sextans with these CPITN codes, the poorer the gingival health. In contrast, CPITN codes 0-2 indicate a lack
of pathological gingival pockets, and therefore, the higher the number of sextans with these CPTN codes, the
better the gingival health. Second, for each participant, we calculated the mean CPITN score (i.e., the sum of
CPITN codes divided by the number of valid sextants), and the highest CPITN score. For both indices, a higher
score indicated poorer gingival health.

As the second type of oral examination, the number and type of periodontitis pathogens present within the
periodontium were examined with PET plus (MIP Pharma®, Germany). During the examination procedure, the
dentist placed, for 20 s, a special sterile dental filter in the periodontal pockets, or in the area of the periodontium,
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if the participant was healthy. One pooled sample per participant was collected from four sextants with the
deepest pathological gingival pockets. If pocket depths did not exceed 3 mm in the individual (which was the
case only for 4 participants), the sample was taken from four different sextants with the deepest pockets within
the normal limit (i.e., <3 mm). If there were fewer than four sextants present, the sample was taken four times
from the available sextants. After that, the filter was secured in a special transport sample, and then sent to the
MIP Pharma® specialistic biomolecular laboratory in Germany by ordinary mail. In the laboratory, the sample
was analysed using the real-time polymerase chain reaction (PCR) method to isolate the DNA of bacteria. The
test was designed to detect nine types of periodontitis bacteria: Aggregatibacter actinomycetencomitans, Porphy-
romonas gingivalis, Treponema denticola, Tannerella forsythia, Prevotella intermedia, Peptostreptococcus micros,
Fusobacterium nucleatum, Eubacterium nodatum, and Capnocytophaga gingivalis, which are the most prevalent
periodontitis pathogens”®~7°. We analysed the number of detected pathogens for each participant, separately for
each type of bacteria.

Mind-wandering evaluation. Participants completed a computer-based Man-made/Natural Task, which
was originally developed by Maillet and Schacter®, and then modified and used to test the SRD hypothesis by
Wereszczynski and Niedzwieriska®. The task consisted of a 242-slide presentation of pictures showing natural
objects (e.g., flower) and man-made objects (e.g., car). Below each picture was a caption corresponding to it.
Participants were asked to decide whether the object depicted was artificial or natural. Each stimulus was pre-
sented for 4 s, followed by a blank screen for 4 s. Every 6-10 stimulus slides, the task stopped and thought probe
questions appeared on the screen. Participants were asked to describe their thought content the moment before
the question appeared on the screen by choosing one of the following answers: (1) I didn’t have any thoughts;
(2) I had a thought triggered by one of the pictures I saw; (3) I had a thought unrelated to the task or any of the
pictures I saw; (4) I was thinking how I feel about doing this task. It is important to note that the last category
(task-related thoughts) would predominantly include so called task-related interference>®, i.e., concerns about
task performance (e.g., Oh no! I've chosen wrong answer!) or opinions about the task itself (e.g., This task is very
easy). Such thoughts may sometimes include references to the pictures, but only to the pictures as parts of the
task, and they will still be expressing, for example, concerns about the task performance (e.g., The tree is natural
but I have chosen that it’s man-made!) or opinions about the task itself (e.g., Pictures take too long to change). In
contrast, thoughts from the second category (picture-related thoughts) would be direct associations with the
pictures, without any reference to the task, e.g., My friend is a mechanic after seeing the picture of a car.

If participants had stimuli-related thoughts, they were additionally asked which picture had triggered the
thought. The participants were then asked whether the thought they had was spontaneous or deliberate. Finally,
they were asked if the thought they had was about the past, present, or future. The categories of thoughts and
the thought probing procedure were adapted from Maillet and Schacter® and Wereszczyniski and NiedZwieriska?
(see also®®?! for similar thought probing).

The presentation of the stimuli and the response collection were controlled by Inquisit 5 software running on
a 14" foldable notebook. Pictures measured on average 600 px (height) x 600 px (width) at a viewing distance of
60 cm, and were presented on a white background in the centre of the screen. They were generated in random
order, which was then the same for each participant. Since older Polish adults may not be very familiar with
using the computer, all participants gave their answers orally, rather than typing them into the computer, and
the experimenter manually recorded the responses of the participants.

Stimuli-pictures were obtained from the same base as used by Maillet and Schacter®, that is, the Bank of
Standardised Stimuli®>®. The base consists of stimuli that were assessed on different dimensions by a large
number of participants, as part of normalisation studies. One of these dimensions was familiarity, measured by
the question: “Rate the level to which you are familiar with the object” on a 5-point scale (1 =very unfamiliar;
5=very familiar). For the study by Wereszczyniski and Niedzwieniska®, 300 pictures with the highest familiarity
scores and 300 pictures with the lowest familiarity scores were chosen from the base, and then piloted among
older Polish adults to obtain those that would be most familiar and most unfamiliar for a Polish sample. Since
Wereszczynski and Niedzwieniska® showed that mind-wandering was much more likely when older adults were
exposed to highly familiar pictures, compared to when they were exposed to highly unfamiliar pictures, a total
of 242 pictures with the highest mean familiarity (M =4.16; SD =0.34) were selected for the final set in the pre-
sent study. Due to the predominance of pictures showing man-made objects among the pictures rated as most
familiar, pictures with natural objects accounted for 1/3 of the stimuli.

As should be with a cognitive task, during which mind-wandering is evaluated, the performance of the par-
ticipants on the Man-made/Natural Task, as measured by the percentage of correct answers out of all answers
provided, was at ceiling (M =96.45, SD=2.19). The performance was not associated with any of the mind-
wandering measures (p,>0.223).

Procedure. Participants were individually tested in two psychological evaluation sessions (each approxi-
mately 1 h long) on separate days, and in one dental examination session (approximately 0.5 h long) which took
place between psychological evaluation sessions. The screening interview, NOSGER-IADL, MMSE, ACE-III,
and the Geriatric Depression Scale 15 were administered at the first psychological evaluation session. The Man-
made/Natural Task and CVLT were completed in the second.

At the beginning of the second psychological evaluation session, participants completed short-delay CVLT
tasks. They were then briefly introduced to the Man-made/Natural Task. The procedure of administering the
task was the same as in Wereszczyriski and Niedzwieniska?’, and its description is based on their paper. Partici-
pants were asked to press ‘S’ on the keyboard if the object on the screen was man-made, and to press ‘N’ if it
was natural. They were also informed that we are interested in what types of thoughts people experience while
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performing such tasks. Therefore, the slide presentation would occasionally stop, at which point they would be
prompted to report their thoughts at the exact moment they were stopped. Participants were briefly informed
about the thoughts they might experience during the task and what options they would have to categorise them,
i.e., no thoughts, picture-triggered off-task thoughts, picture-unrelated off-task thoughts, and thoughts about the
experience of performing the task. This was followed by training, during which participants were given examples
of thoughts of various categories and asked what category they would choose. If they made the wrong choice, it
was explained why it should be a different category. The exemplary thoughts were, among others: I used to work
as a bus driver after seeing the picture of a bus; I have a doctor appointment tomorrow, with no picture related
to this fact; I wonder if I have chosen the right answer. The training continued until the participant was able to
correctly categorise all types of thoughts. The participants were then explained the difference between sponta-
neous thoughts (thoughts that pop into mind without your intention) and deliberate thoughts (something you
deliberately chose to think about). Finally, participants were briefly informed about the types of off-task thinking
they could experience, i.e., that it could be related to something that: (a) was happening in the present, at any
point in the course of the task (e.g., I love my family); (b) had happened in the past, before starting the task (e.g.,
I went to Spain last year); (c) would happen in the future, after completing the task (e.g., I am going to eat deli-
cious supper today). This was followed by a short practise with two 10-slide trials and two thought probes. After
practising, participants completed the long-delay CVLT tasks and the Man-made/Natural Task.

Data availability
The data used to support the findings of this study are available from the corresponding author upon request.

Received: 14 February 2023; Accepted: 12 July 2023
Published online: 18 July 2023

References

1. Winblad, B. et al. Neurology commission paper on defeating Alzheimer’s disease and other dementias: a priority for European
science and society. Thelancet. Com 15, 455-532 (2016).

2. Jansen, W. J. et al. Prevalence of cerebral amyloid pathology in persons without dementia: A meta-analysis. . Am. Med. Assoc. 313,
1924-1938 (2015).

3. Sperling, R., Mormino, E. & Johnson, K. The evolution of preclinical Alzheimer’s disease: Implications for prevention trials. Neuron
84, 608-622 (2014).

4. Sperling, R. et al. Toward defining the preclinical stages of Alzheimer’s disease: Recommendations from the National Institute
on Aging-Alzheimer’s association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimer’s Dement. 7, 280-292
(2011).

5. Maillet, D. & Schacter, D. When the mind wanders: Distinguishing stimulus-dependent from stimulus-independent thoughts
during incidental encoding in young and older adults. Psychol. Aging 31, 370-379 (2016).

6. Jordao, M., Ferreira-Santos, E, Pinho, M. S. & St Jacques, P. L. Meta-analysis of aging effects in mind wandering: Methodological
and sociodemographic factors. Psychol. Aging 34, 531-544 (2019).

7. Warden, E. A,, Plimpton, B. & Kvavilashvili, L. Absence of age effects on spontaneous past and future thinking in daily life. Psychol.
Res. 83, 727-746 (2019).

8. Kvavilashvili, L., Niedzwienska, A., Gilbert, S. J. & Markostamou, I. Deficits in spontaneous cognition as an early marker of Alz-
heimer’s disease. Trends Cogn. Sci. 24, 285-301 (2020).

9. Maillet, D. & Schacter, D. L. From mind wandering to involuntary retrieval: Age-related differences in spontaneous cognitive
processes. Neuropsychologia 80, 142-156 (2016).

10. Luo, L. & Craik, E. I. Aging and memory: A cognitive approach. Can. J. Psychiatry 53, 346-353 (2008).

11. Nelson, P. T. et al. Correlation of alzheimer disease neuropathologic changes with cognitive status: A review of the literature. J.
Neuropathol. Exp. Neurol. 71, 362-381 (2012).

12. Salat, D. H., Kaye, J. A. & Janowsky, J. S. Selective preservation and degeneration within the prefrontal cortex in aging and Alzheimer
disease. Arch. Neurol. 58, 1403-1408 (2001).

13. Frisoni, G. B, Fox, N. C,, Jack, C. R., Scheltens, P. & Thompson, P. M. The clinical use of structural MRI in Alzheimer disease. Nat.
Rev. Neurol. 6, 67-77 (2010).

14. Harper, L. et al. Patterns of atrophy in pathologically confirmed dementias: A voxelwise analysis. J. Neurol. Neurosurg. Psychiatry
88, 908-916 (2017).

15. Braak, H. & Braak, E. Neuropathological stageing of Alzheimer-related changes. Acta Neuropathol. 82, 239-259 (1991).

16. Buckner, R. L. et al. Molecular, structural, and functional characterization of Alzheimer’s disease: Evidence for a relationship
between default activity, amyloid, and memory. J. Neurosci. 25, 7709-7717 (2005).

17. Palmqyist, S. et al. Earliest accumulation of -amyloid occurs within the default-mode network and concurrently affects brain
connectivity. Nat. Commun. 8, 1214 (2017).

18. Raichle, M. E. The brain’s default mode network. Annu. Rev. Neurosci. 38, 433-447 (2015).

19. Buckner, R. L., Andrews-Hanna, J. R. & Schacter, D. L. The brain’s default network: Anatomy, function, and relevance to disease.
Ann. N. Y. Acad. Sci. 1124, 1-38 (2008).

20. Christoff, K., Irving, Z. C,, Fox, K. C. R, Spreng, R. N. & Andrews-Hanna, J. R. Mind-wandering as spontaneous thought: A
dynamic framework. Nat. Rev. Neurosci. 17, 718-731 (2016).

21. Smallwood, J. & Schooler, J. W. The science of mind wandering: Empirically navigating the stream of consciousness. Annu. Rev.
Psychol. 66, 487-518 (2015).

22. Schlagman, S. & Kvavilashvili, L. Involuntary autobiographical memories in and outside the laboratory: How different are they
from voluntary autobiographical memories?. Mem. Cogn. 36, 920-932 (2008).

23. Rasmussen, A. S., Ramsgaard, S. B. & Berntsen, D. Frequency and functions of involuntary and voluntary autobiographical
memories across the day. Psychol. Conscious. Theory Res. Pract. 2, 185-205 (2015).

24. Gilbert, S. J., Hadjipavlou, N. & Raoelison, M. Automaticity and control in prospective memory: A computational model. PLoS
One 8, €59852 (2013).

25. Scullin, M. K., McDaniel, M. A. & Shelton, J. T. The dynamic multiprocess framework: Evidence from prospective memory with
contextual variability. Cogn. Psychol. 67, 55-71 (2013).

26. Gyurkovics, M., Balota, D. A. & Jonathan, J. D. Mind-wandering in healthy aging and early stage Alzheimer’s disease. Neuropsy-
chology 31, 89-101 (2018).

Scientific Reports |

(2023) 13:11555 | https://doi.org/10.1038/541598-023-38674-w nature portfolio



www.nature.com/scientificreports/

27.

28.

29.

30.

Niedzwienska, A., Kvavilashvili, L., Ashaye, K. & Neckar, J. Spontaneous retrieval deficits in amnestic mild cognitive impairment:
A case of focal event-based prospective memory. Neuropsychology 31, 735-749 (2017).

Niedzwieniska, A. & Kvavilashvili, L. Reduced mind-wandering in mild cognitive impairment: Testing the spontaneous retrieval
deficit hypothesis. Neuropsychology 32, 711-723 (2018).

Wereszczynski, M. & Niedzwienska, A. Deficits in spontaneous and stimulus-dependent retrieval as an early sign of abnormal
aging. Sci. Rep. 12, 1-11 (2022).

Zhou, T. et al. Deficits in retrospective and prospective components underlying prospective memory tasks in amnestic mild cogni-
tive impairment. Behav. Brain Funct. 8, 1-9 (2012).

31. Hernandez Cardenache, R., Burguera, L., Acevedo, A., Curiel, R. & Loewenstein, D. A. Evaluating different aspects of prospective
memory in amnestic and nonamnestic mild cognitive impairment. ISRN Neurol 2014, 1-7 (2014).

32. Asher, S, Stephen, R, Mintyl4, P,, Suominen, A. L. & Solomon, A. Periodontal health, cognitive decline, and dementia: A systematic
review and meta-analysis of longitudinal studies. . Am. Geriatr. Soc. https://doi.org/10.1111/jgs.17978 (2022).

33. Tonsekar, P. P, Jiang, S. S. & Yue, G. Periodontal disease, tooth loss and dementia: Is there a link? A systematic review. Gerodontol-
ogy 34, 151-163 (2017).

34. Manchery, N. et al. Event-based but not time-based prospective memory is related to oral health in late adulthood. Gerontology
67, 112-120 (2021).

35. Bergdahl, M., Habib, R., Bergdahl, J., Nyberg, L. & Nilsson, L. G. Natural teeth and cognitive function in humans. Scand. J. Psychol.
48, 557-565 (2007).

36. McDaniel, M. A. & Einstein, G. O. Strategic and automatic processes in prospective memory retrieval: A multiprocess framework.
Appl. Cogn. Psychol. Off. J. Soc. Appl. Res. Mem. Cogn. 14, 127-144 (2000).

37. McDaniel, M. A. & Einstein, G. O. Prospective memory: An overview and synthesis of an emerging field (Sage Publications Inc.,
2007).

38. Dominy, S. S. et al. Porphyromonas gingivalis in Alzheimer’s disease brains: Evidence for disease causation and treatment with
small-molecule inhibitors. Sci. Adv. 5, 1-22 (2019).

39. Guray, A. N. Alzheimer’s disease and periodontitis. Rev. Assoc. Med. Bras. 60, 173-180 (2014).

40. McGeer, P. L. & McGeer, E. G. Inflammation, autotoxicity and Alzheimer disease. Neurobiol. Aging 22, 799-809 (2001).

41. Kamer, A. R., Morse, D. E.,, Holm-Pedersen, P., Mortensen, E. L. & Avlund, K. Periodontal inflammation in relation to cognitive
function in an older adult Danish population. J. Alzheimer’ Dis. 28, 613-624 (2012).

42. Kamer, A. R. et al. Alzheimer’s disease and peripheral infections: The possible contribution from periodontal infections. Model
Hypothesis. ]. Alzheimer’s Dis. 13, 437-449 (2008).

43. Kamer, A. R. et al. TNF-a and antibodies to periodontal bacteria discriminate between Alzheimer’s disease patients and normal
subjects. J. Neuroimmunol. 216, 92-97 (2009).

44. Noble, J. M. et al. Serum IgG antibody levels to periodontal microbiota are associated with incident Alzheimer disease. PLoS ONE
9,1-14 (2014).

45. Sparks Stein, P. et al. Serum antibodies to periodontal pathogens are a risk factor for Alzheimer’s disease. Alzheimer’s Dement 8,
196-203 (2012).

46. Sheiham, A. et al. The relationship among dental status, nutrient intake, and nutritional status in older people. J. Dent. Res. 80,
408-413 (2001).

47. Kang, J. et al. Bidirectional relations between cognitive function and oral health in ageing persons: A longitudinal cohort study.
Age Ageing 49, 793-799 (2020).

48. Nangle, M. R. et al. Oral health and cognitive function in older adults: A systematic review. Gerontology 65, 659-672 (2019).

49. Roman, G. C. Vascular dementia: distinguishing characteristics, treatment, and prevention. J. Am. Geriatr. Soc. 51, 296-304 (2003).

50. Lindau, M. et al. First symptoms—Frontotemporal dementia versus Alzheimer’s disease. Dement. Geriatr. Cogn. Disord. 11, 286-293
(2000).

51. Auning, E. et al. Early and presenting symptoms of dementia with Lewy bodies. Dement. Geriatr. Cogn. Disord. 32, 202-208 (2011).

52. Delis, D. C., Kramer, J. H., Kaplan, E. & Ober, B. A. California verbal learning test-second edition (Psychological Corporation, 2000).
https://doi.org/10.1037/t15072-000.

53. Cohen, J. Statistical power analysis for the behavioral sciences (Academic Press, 1977).

54. Benjamini, Y. & Hochberg, Y. Controlling the false discovery rate : A Practical and powerful approach to multiple testing author
('s): Yoav Benjamini and Yosef Hochberg Source. . R. Stat. Soc. Series B 57, 289-300 (1995).

55. DeCoster, J., Iselin, A. M. R. & Gallucci, M. A conceptual and empirical examination of justifications for dichotomization. Psychol.
Methods 14, 349-366 (2009).

56. DeCoster, J., Gallucci, M. & Iselin, A.-M.R. Best practices for using median splits, artificial categorization, and their continuous
alternatives. J. Exp. Psychopathol. 2, 197-209 (2011).

57. Poole, S., Singhrao, S. K., Kesavalu, L., Curtis, M. A. & Crean, S. J. Determining the presence of periodontopathic virulence factors
in short-term postmortem Alzheimer’s disease brain tissue. J. Alzheimer’s Dis. 36, 665-677 (2013).

58. Wu, Z. et al. Cathepsin B plays a critical role in inducing Alzheimer’s disease-like phenotypes following chronic systemic exposure
to lipopolysaccharide from Porphyromonas gingivalis in mice. Brain. Behav. Immun. 65, 350-361 (2017).

59. Ilievski, V. et al. Chronic oral application of a periodontal pathogen results in brain inflammation, neurodegeneration and amyloid
beta production in wild type mice. PLoS ONE 13, 1-24 (2018).

60. Zenthofer, A. et al. Oral health and apraxia among institutionalized elderly people—A pilot study. Acta Odontol. Scand. 73, 150-155
(2014).

61. Jarvensivu, A. Candida yeasts in chronic periodontitis tissues and subgingival microbial biofilms in vivo. Oral Dis. 10, 106-112
(2004).

62. Faul, F, Erdfelder, E., Lang, A.-G. & Buchner, A. G* Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. methods 39, 175-191 (2007).

63. American Psychiatric Association. Diagnostic and statistical manual of mental disorders 5th edn. (American Psychiatric Associa-
tion, 2013). https://doi.org/10.1176/appi.books.9780890425596.

64. Folstein, M. E, Folstein, S. E. & McHugh, P. R. Mini-mental state”: a practical method for grading the cognitive state of patients
for the clinician. J. Psychiatr. Res. 12, 189-198 (1975).

65. Measso, G. et al. The mini-mental state examination: Normative study of an Italian random sample. Dev. Neuropsychol. 9, 77-85
(1993).

66. Spiegel, R. ef al. A new behavioral assessment scale for geriatric out- and in-patients: the NOSGER (Nurses” observation scale for
geriatric patients). J. Am. Geriatr. Soc. 39, 339-347 (1991).

67. Wysokinski, M. & Fidecki, W. Zastosowanie skali NOSGER w praktyce pielegniarskiej. In Pielggniarska opieka nad osobami star-
szymi (ed. Kachaniuk, H. M.) 29-44 (Wydawnictwo Raabe, 2008).

68. Sheikh, J. I. & Yesavage, J. A. Geriatric depression scale (GDS): Recent evidence and development of a shorter version. Clin. Ger-
ontol. J. Aging Ment. Heal. 5, 165-173 (1986).

69. Lojek, E. & Stanczak, J. Podrecznik do kalifornijskiego testu uczenia sig jezykowego CVLT Deana C. Delisa, Joela H. Kramera, Edith
Kaplan i Beth A. Ober: polska normalizacja. (Pracownia Testéw Psychologicznych Polskiego Towarzystwa Psychologicznego, 2010).

Scientific Reports |  (2023) 13:11555 | https://doi.org/10.1038/s41598-023-38674-w nature portfolio


https://doi.org/10.1111/jgs.17978
https://doi.org/10.1037/t15072-000
https://doi.org/10.1176/appi.books.9780890425596

www.nature.com/scientificreports/

70. Hsieh, S., Schubert, S., Hoon, C., Mioshi, E. & Hodges, J. R. Validation of the Addenbrooke’s cognitive examination III in fronto-
temporal dementia and Alzheimer’s disease. Dement. Geriatr. Cogn. Disord. 36, 242-250 (2013).

71. Brunsvold, M. A, Prakash, N. & Thomas, W. O. Chief complaints of patients seeking treatment for periodontitis. J. Am. Dent.
Assoc. 130, 359-364 (1999).

72. Centers for Disease Control and Prevention. Periodontal Disease. https://www.cdc.gov/oralhealth/conditions/periodontal-disea
se.html.

73. Cutress, T. W, Ainamo, J. & Sardo-Infirri, ]. The community periodontal index of treatment needs (CPITN) procedure for popula-
tion groups and individuals. Int. Dent. J. 37, 222-233 (1987).

74. Dencheva, M. Research of periodontal status and treatment needs by CPITN in patients on haemodialysis and renal transplanted
patients. ] Imab 15, 3-5 (2009).

75. Franek, E. et al. Association between chronic periodontal disease and left ventricular hypertrophy in kidney transplant recipients.
Transplantation 80, 3-5 (2005).

76. Ciantar, M. et al. Capnocytophaga spp. in periodontitis patients manifesting diabetes mellitus. J. Periodontol. 76, 194-203 (2005).

77. Holt, S. C. & Ebersole, J. L. Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia: the ‘red complex] a prototype
polybacterial pathogenic consortium in periodontitis. Periodontology 38, 71-122 (2005).

78. Haffajee, A. D, Teles, R. P. & Socransky, S. S. Association of Eubacterium nodatum and Treponema denticola with human peri-
odontitis lesions. Oral Microbiol. Immunol. 21, 2690282 (2006).

79. Singhrao, S. K., Harding, A., Poole, S., Kesavalu, L. & Crean, S. J. Porphyromonas gingivalis periodontal infection and its putative
links with Alzheimer’s disease. Med. Inflamm. 2015, 234-243 (2015).

80. Jordano, M. L. & Touron, D. R. Priming performance-related concerns induces task-related mind-wandering. Conscious. Cogn.
55,126-135 (2017).

81. Plimpton, B., Patel, P. & Kvavilashvili, L. Role of triggers and dysphoria in mind-wandering about past, present and future: A
laboratory study Benjamin. Conscious. Cogn. 33, 261-276 (2015).

82. Brodeur, M. B., Guérard, K. & Bouras, M. Bank of standardized stimuli (BOSS) phase ii: 930 new normative photos. PLoS One 9,
€106953 (2014).

83. Brodeur, M. B, Dionne-Dostie, E., Montreuil, T. & Lepage, M. The bank of standardized stimuli (BOSS), a new set of 480 norma-
tive photos of objects to be used as visual stimuli in cognitive research. PLoS One 5, €10773 (2010).

Acknowledgements

The work was created as a result of the PRELUDIUM-19 research project (Project Number: 2020/37/N/
HS6/01584) financed by the National Science Centre, Poland. The publication was supported by a grant from
the Doctoral School in the Social Sciences under the Strategic Programme Excellence Initiative at Jagiellonian
University and by the Faculty of Philosophy of Jagiellonian University, Krakéw, Poland. The study was part of
a scientific project realised under the European Structural & Investment Funds, Programme: Knowledge Edu-
cation Growth, Grant Number: POWR.03.02.00-IP.08-00-DOK/17 by the National Centre for Research and
Development, Poland.

Author contributions

M.W. and A.N. designed the project and developed methodology. M.W. administrated the project, carried out
the study and performed data analyses. I.T. provided feedback on medical issues and administrated the medical
documentation of the study. A.S performed medical assessments and prepared database with oral health data.
M.W. and A.N. wrote the manuscript with input from all authors. All authors approved the submitted version.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:11555 | https://doi.org/10.1038/541598-023-38674-w nature portfolio


https://www.cdc.gov/oralhealth/conditions/periodontal-disease.html
https://www.cdc.gov/oralhealth/conditions/periodontal-disease.html
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Investigating the relationship between periodontitis and specific memory processes in the search for cognitive markers of Alzheimer’s disease risk
	Results
	Periodontitis status and mind-wandering: testing the SRD hypothesis. 
	Periodontitis status and episodic memory. 
	The CPITN scores and the California verbal learning test (CVLT). 
	Periodontitis symptoms, subjectively evaluated, and CVLT. 
	The number of periodontitis pathogens and CVLT. 


	Discussion
	The spontaneous retrieval deficit hypothesis: relationship between periodontitis and mind-wandering. 
	Relationship between periodontitis and episodic memory. 
	Limitations and future directions. 

	Method
	Participants. 
	Measures. 
	Neuropsychological evaluation. 
	Oral health evaluation. 
	Mind-wandering evaluation. 

	Procedure. 

	References
	Acknowledgements


