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ABSTRACT ARTICLE HISTORY
Research studies exploring the association of cognitive complaints Received 16 December 2020
with objectively assessed cognitive decline report inconsistent Accepted 25 April 2021
results. However, many of these have methodological limitations. KEYWORDS

We investigated whether 1) more severe subjective cognitive Metacognition; cognitive
decline (SCD) and subjective memory decline (SMD) predict change change; self-perceptions of
in objectively assessed global cognition, remote memory, recent cognitive decline; prevention
memory, learning; 2) the predictive value of more severe SMD over of dementia

change in objectively assessed remote memory, recent memory,

and learning is stronger for individuals that report an SMD that

started within the past five years than for those that report an SMD

that started five or more years previously and/or stronger for those

that experienced SMD within the past two years than for those who

had not; and 3) greater depression and anxiety are associated with

more severe SCD and SMD. We used two-year longitudinal data

from the CFAS-Wales study (N = 1,531; mean (SD) age = 73.0 (6.0)

years). We fitted linear regression models. More severe SCD and

SMD did not predict change in objectively assessed global cogni-

tion, remote memory, and recent memory but predicted lower

scores in learning. The prediction of SMD over change in learning

was not stronger when individuals reported an SMD that started

within the past five years compared to when they reported an SMD

that started five or more years previously nor when individuals

reported an SMD that started within the past two years than

those who did not. Greater depression and anxiety were associated

with more severe SCD and SMD. More severe SMD may be useful for

predicting lower learning ability and for identifying individuals

experiencing depression and anxiety.

It is estimated that 50 million people are living with dementia (World Health
Organization, 2020). Given the negative impact that dementia has on the life of the
individual, the social system, and the economy (World Health Organization, 2020),
identifying strategies to prevent or delay cognitive decline and dementia is a global
priority (Anstey, 2013). Early detection of cognitive decline provides an opportunity to
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implement interventions aiming to prevent or delay progression (Rakesh et al., 2017).
Individuals who experience subtle cognitive decline may to some extent be aware of
the changes experienced (Clare et al., 2010; Montejo et al., 2012). Assessing self-evalua-
tions of cognitive decline may, therefore, be a way of identifying those individuals most
likely to experience actual early cognitive decline (Reisberg et al., 2008; Slot et al., 2018).
The term subjective cognitive decline (SCD) refers to the self-experienced worsening of
cognitive functioning in the context of scores on neuropsychological tests that lie
within normal limits (Jessen et al., 2014; Molinuevo et al., 2017; Tandetnik et al., 2015).
It has been estimated that one-quarter of individuals aged over 60 report SCD (Roehr
et al., 2020).

Research studies exploring the association of SCD with objectively assessed cognitive
decline report inconsistent results. On the one hand, some studies found that individuals
reporting SCD tend to experience greater objective cognitive decline and are more likely
to develop pathological cognitive impairment such as mild cognitive decline (MCI) and
dementia (Amariglio et al., 2012; Koppara et al., 2015; Peter et al., 2014; Reisberg et al.,
2008; Ronnlund et al., 2015). Self-evaluations of cognitive decline can even be a stronger
predictor of future levels of cognition than the assessment of current objective cognition
(Amariglio et al., 2012; Ronnlund et al., 2015). This may be due to objective cognitive tests
providing information about current cognitive ability only. In contrast, when individuals
rate their cognitive ability, they may take into consideration their previous levels of
cognitive ability and their own experience of trajectory of cognitive decline. In addition,
those older individuals who are highly educated and/or whose occupation was cogni-
tively demanding can perform within normal limits on many cognitive tests even though
they may experience early cognitive decline (Grgnkjeer et al., 2019; Palmer et al., 1998; Van
Oijen et al., 2007).

On the other hand, there are some studies that did not find an association between the
presence of SCD and poorer objectively assessed cognition (Buckley et al., 2013; Hertzog
et al,, 2018). Discrepancy in the results of existing research may be due to SCD not having
been measured in the same way across studies (Rabin et al., 2015; Tandetnik et al., 2015).
The strength of the association of SCD and objective cognition varies depending on
several characteristics of questionnaire items including format, phrasing, scaling, and
reference points (Molinuevo et al., 2017). Regarding reference points, accumulating
evidence suggests that SCD is most closely linked to objective cognitive performance
and to the presence of dementia biomarkers when individuals are asked to compare their
performance with that of their peers (Chapman et al., 2021; Perrotin, Mormino, Madison,
Hayenga & Jagust, 2012; Tandetnik et al., 2015).

Most studies on this topic assessed SCD by adopting a categorical approach (presence
versus absence of SCD) (Rabin et al., 2015), whereas few studies used a continuous
approach (Amariglio et al., 2012). The use of categorical approaches may result in bias
as there is no agreement regarding thresholds to determine when an individual has
“significant” SCD. Moreover, continuous approaches make better use of the data than
categorical approaches as they consider the whole range of scores. Continuous
approaches are, therefore, preferred when the intent is to quantify the frequency and
severity of SCD (Molinuevo et al.,, 2017). In sum, continuous approaches may make it
possible to more accurately assess the association of more severe SCD with objectively
assessed cognition.
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Many studies investigated the association of SCD with objective cognition by focusing
solely on the assessment of memory (Buckley et al, 2013; Hertzog et al., 2018); this
approach may be too restrictive as some individuals may perceive a decline in multiple
domains of their cognition. Indeed, compared to healthy controls without SCD, indivi-
duals with SCD show more decrements, not only in memory, but also in other cognitive
domains including attention and decision-making (Smart & Krawitz, 2015; Smart et al.,
2014). In addition, although some subtypes of MCl (e.g., amnestic MCl) and dementia (e.g.,
Alzheimer's disease) are characterized by a memory impairment, other subtypes of MCI
(e.g., non-amnestic MCl) and dementia (e.g., some cases of vascular dementia) are not
(Kramer et al., 2003; Pusswald et al., 2013; Scheltens et al., 2016; Smits et al., 2015). Hence,
it is sensible to assess perceived decline in global cognition and to explore it in association
with scores on neuropsychological tests that assess global cognition. This would make it
possible to investigate whether those who perceive a decline in multiple cognitive
domains are more likely to experience objective cognitive decline or a more severe
objective cognitive decline than those who perceive a decline only in one domain.

Finally, whereas some studies explored whether SCD predicts current cognitive func-
tioning, others explored the predictive role of SCD for future cognitive functioning (Jessen
et al,, 2014; Jonker et al,, 2000; Mendonca et al., 2016; Sabatini et al., 2021). Exploring
whether SCD predicts future objective cognitive decline may be the preferred approach,
especially with respect to testing the potential use of SCD to identify those individuals at
higher risk of cognitive decline. With the intention to more accurately identify individuals
with SCD who are at an increased risk of experiencing objective cognitive decline, the
Subjective Cognitive Decline-Initiative (SCD-I) working group was created and produced
the “SCD-Plus criteria” (See Jessen et al., 2014 for a complete list of the SCD-Plus criteria).
One of the SCD-Plus criteria states that those individuals who perceive a decline in their
memory are more likely to experience objective cognitive decline compared to those who
report a perceived decline in other cognitive domains. The first aim of the current study is
therefore to test whether among cognitively healthy individuals aged over 65 more
severe subjective decline in global cognition (in this paper referred to as SCD) and
subjective decline in memory (in this paper referred to as subjective memory decline;
SMD) are, respectively, predictors of the occurrence of more severe decline in objectively
assessed global cognition and memory.

Another SCD-Plus criterion states that those individuals who report an SMD that has
started within the last five years experience a greater cognitive decline compared to those
who report an SMD lasting for longer than five years. This is because when complaints
persist without progressing to objective impairment, it may be less likely that they reflect
underlying preclinical AD or other neurodegenerative dementias (Molinuevo et al., 2017).
As further examination of the “SCD-Plus criteria” is warranted (Jessen et al., 2014),
the second aim of this study is to test whether the predictive value of SMD over change
in objectively assessed memory is stronger: 1) for those individuals reporting an SMD that
has started within the past five years compared to those reporting an SMD that started
five or more years ago; and 2) for those individuals experiencing SMD within the past two
years compared to those who had not.

The small or non-significant associations of SCD and/or SMD with objectively assessed
cognitive decline reported in existing studies may be due to SCD and SMD being
influenced by psychosocial variables such as the presence of depression and anxiety
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(Chapman et al,, 2019; Crane et al,, 2007; Hill et al., 2016; Lubitz et al., 2018; Mendonca
et al., 2016; Montejo et al,, 2011; Schmidtke et al., 2008; Siebert et al., 2020; Yates et al.,
2015; Zlatar et al., 2018). Indeed, some studies found that individuals experiencing
symptoms of depression and/or anxiety often report SCD and SMD that is not objectively
measurable (Hill et al., 2016; Siebert et al., 2020). Depression and anxiety are risk factors for
cognitive decline (Anstey, 2013; Heser et al., 2013; Pietrzak et al., 2012; Rakesh et al., 2017;
De Vito et al,, 2019) and mood changes and the subsequent SCD may reflect early
neurodegenerative changes that precede cognitive decline (Anstey, 2013). However, the
associations of depression and anxiety with SCD and SMD may also be due to the
experience and perception of cognitive failures leading to clinical features of depression
and anxiety such as hopelessness and worry about the future (Abramson et al., 1989).
A third objective of this study is, therefore, to explore whether the presence of baseline
depression and anxiety are associated with baseline levels of SCD and SMD.

In summary, we hypothesized first that more severe baseline SCD and SMD predict
two-year change in global cognition and memory, and that baseline SMD is a stronger
predictor of two-year change in global cognition and memory compared to baseline SCD.
Second, we hypothesized that the predictive role of more severe baseline SMD over
objectively assessed two-year change in memory is stronger for individuals who have
been experiencing an SMD that started within the past five years compared to those who
had experienced an SMD that started five or more years ago and/or experienced an SMD
within the past two years compared to those who had not. Finally, we expect more severe
baseline depression and/or anxiety to be associated with more severe baseline SCD
and SMD.

Method
Study design and participants

This study is a longitudinal analysis of secondary data from the Cognitive Function &
Aging Study (CFAS-Wales Study; http://www.cfas.ac.uk/cfas-wales/). The CFAS-Wales
Study investigated the physical and cognitive health of people aged 65 and over and
the environmental factors that may influence activity and participation in community
life. The CFAS-Wales study obtained ethical approval from the NHS North Wales-West
Research Ethics Committee (REC Ref No: 10/WNo01/37; IRAS Project No: 40,092). In the
CFAS-Wales study, potential participants living in two areas of Wales and aged 65 and
over were randomly selected from general practice registers, stratified by age group to
ensure equal numbers in the 65 to 74 years and 75 years and over age groups.
Selected participants provided written informed consent to take part in the CFAS-
Wales study.

In the CFAS-Wales study, local interviewers were recruited from a range of back-
grounds (those working with older people in the voluntary, health-care, and social-care
sectors), and given identical training (overseen by one investigator) to deliver standar-
dized computer-assisted in-depth interviews. This training consisted of an intense week-
long course, with follow-up practice until each interviewer achieved the necessary quality
standards, with ongoing quality control. Baseline data were collected between 2011 and
2013 and follow-up data were collected between 2013 and 2015.
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To reduce the possibility of reverse causation, individuals identified as potentially
having cognitive impairment at baseline were excluded from the current analyses.
Hence, from the CFAS-Wales Study baseline sample (N = 3,593), 737 people were
excluded from analyses of the current study as they met study criteria for a dementia
diagnosis (Copeland et al., 1986) or had a Mini-Mental State Examination (Folstein et al.,
1975) score below 25 indicating cognitive impairment. The CFAS-Wales study used an
algorithmic approach to diagnosis of dementia to provide consistency across area and
time, eliminating the variability that has been shown with clinical diagnosis. A diagnosis of
dementia was indicated with a score of three or more on the Automated Geriatric
Examination for Computer Assisted Taxonomy designed for use with the Geriatric
Mental State Schedule (GMS-AGECAT). Change diagnoses of dementia made with the
AGECAT have been shown to be as reliable as those made by a range of clinicians and the
GMS-AGECAT has been validated against clinical diagnoses of dementia made according
to the criteria of the Diagnostic and Statistical Manual of Mental Disorders (DSM) llI
R (Matthews et al., 2013).

In addition, we excluded from the current analyses 580 participants as at baseline they
scored 1 standard deviation (SD) below the mean sample score on three or more
cognitive subtests of the Cambridge Cognitive Examination (CAMCOG; Huppert et al.,
1995; Williams et al., 2003) or on two subtests assessing the same cognitive domain (e.g.,
remote and recent memory), indicating possible MCI (Bondi et al., 2014). Moreover, 90
participants were excluded as they had missing data at baseline, resulting in a baseline
sample of 2,186 participants. Finally, 655 participants were excluded from the current
analyses as they had missing data on the variables of interest at follow-up. This resulted in
a sample of 1,531 participants for the current analyses.

Measures
Global cognition and memory - objective assessments

The CAMCOG (Huppert et al.,, 1995; Williams et al., 2003) was used to assess cognitive
functioning. The CAMCOG is a useful indicator of objective cognition as it can differentiate
between pathological cognitive impairment and age-related cognitive decline; even
among individuals with high pre-morbid ability (Hobson & Meara, 1998; Huppert et al.,
1995). It consists of 67 items organized in 10 subscales assessing orientation (with possible
scoring range 0-10), language comprehension (0-9), language expression (0-21), remote
memory (0-6), recent memory (0-4), learning (0-17), attention/calculation (0-9), praxis
(0-12), abstract thinking (0-8), and perception (0-10). The total score (0-106) is calculated
as the sum of subscale scores; higher scores indicate better cognitive functioning. In the
current study, we used the total score on the CAMCOG as an indicator of global cognition
and the scores on the subscales for remote memory, recent memory, and learning as
indicators of memory.

In the remote memory task individuals are asked to recall people who were well-known
in the past, but not much discussed in the present time (e.g., “What was Mae West famous
for?"; “What was Edmund Hilary famous for?"). Hence, the term “remote memory” used in
the current paper is reflective of the CAMCOG remote memory domain and not necessa-
rily reflective of remote memory as it is commonly used in the literature (e.g., to describe
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remote autobiographical or episodic memory). In the recent memory task, participants are
asked to remember the names of people who are often in the news (e.g., “What is the
name of the prime minister?"). The learning task requires participants to recall and
recognize verbal, non-verbal, and pictorial information learned both incidentally and
intentionally during the administration of the CAMCOG. The total score on the
CAMCOG has excellent internal consistency and test-retest reliability and the 10 subscales
have acceptable reliability (Huppert et al., 1996).

Global cognition and memory - subjective evaluations

Some items of the Geriatric Mental State Examination (GMSE; Copeland et al.,, 1986;
McWilliam et al., 1988), which is a standardized psychiatric interview for older people,
were used to assess cognitive difficulties. Each item is dichotomous indicating whether
the participant perceived or did not perceive a decline in the specific cognitive ability
depicted in the item. Eight items were used to assess SCD (see Supplementary Table S1 for
a full list of items). Seven items were used to assess SMD (see Supplementary Table S2 for
the full list of items). To calculate the severity of SCD and SMD, we summed the single
item scores to form a total score for SCD (0-8) and for SMD (0-7); higher scores indicate
higher levels of perceived decline either in global cognition or memory. In the current
sample Cronbach’s a was 0.57 for SCD and 0.61 for SMD. To assess the length of
experience of SMD, we used two single-item questions. The first one (“When did you
first notice this beginning?”) was asked after question “Do you have to make more effort to
remember things than you used to?” and therefore it was asked only to those individuals
who reported difficulty in remembering things. The item was analyzed as a dichotomous
variable indicating whether the participant experienced an SMD starting within the past
5 years (score of 2) or more than 5 years ago (score of 1). The second question (“Would you
say there has been a change in your memory over the last two years?”) was categorical and
asked to everyone. Response options 0 = no change; 1 = better; 2 = worse; 3 = much
worse.

Mood

Depression and anxiety were assessed with the Geriatric Mental State Automated
Geriatric Examination for Computer Assisted Taxonomy (AGECAT; Copeland et al., 1986),
which is a semi-structured standardized psychiatric interview validated against the DSM llI
R (American Psychiatric Association, 1980; Matthews et al., 2013). For both the depression
and the anxiety subscales scores can range from 0 to 2. A score of zero indicates no clinical
level of depression or anxiety; a score of one indicates mild depression or anxiety; and
a score of two indicates a case-level of depression or anxiety.

Covariates

The demographic variables age, sex, and education (number of years spent in full-time
education) were used as covariates, together with co-morbidity. To assess the presence
and number of health conditions, participants were asked to indicate whether they had
been diagnosed with any of the 20 listed health conditions (e.g., high/low blood pressure
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or cancer). Questions were mapped onto the Charlson Comorbidity Index (Charlson et al.,
2008, 1987); in line with the Charlson Comorbidity Index, a summary score (0-22) was
created by scoring each positive answer as one, except for cancer which was scored two
or three depending on whether it was past or present. Higher scores reflect higher levels
of illness.

Data-analytical design

To calculate participants’ two-year change in objective global cognition, we subtracted
the CAMCOG two-year follow-up score from the CAMCOG score at baseline. To calculate
participants’ two-year change in objective global cognition without memory, we sub-
tracted the CAMCOG two-year follow-up score without the three memory tasks from the
CAMCOG score at baseline without the three memory tasks. To calculate participants’
two-year change in remote memory, recent memory, and learning, we subtracted the
two-year follow-up score from the score at baseline on the respective subscales. Hence,
positive scores indicate objective cognitive decline.

To test our hypotheses that more severe SCD and SMD would have predicted greater
two-year change in global cognition and memory, we fitted linear regressions with either
baseline severity of SCD or SMD as the predictor and either two-year change in global
cognition (both global cognition and global cognition without memory tasks) or memory
(remote memory, recent memory, and learning) as the outcome. For each regression, we
tested a crude model and a second model where we adjusted for demographic char-
acteristics (age, sex, and education) and co-morbidity.

Moreover, as suggested by Clifton and Clifton (2019), for each regression, we also
tested a model with either baseline SMD or SCD as the predictor, two-year change in
global cognition, global cognition without memory, remote memory, recent memory, or
learning as the outcome, and baseline cognitive score on a specific task as a covariate.
However, these follow-up analyses were only conducted for variables that were significant
in the main analyses. Follow-up analyses were conducted using the linear regressions
outlined above to investigate an alternative CAMCOG global cognition score that
removed the memory items (remote memory, recent memory, and learning). We did
this in order to explore whether SMD predicts cognitive abilities that do not rely on
memory.

The hypothesis that the predictive role of more severe baseline SMD over greater
objectively assessed two-year change in memory is stronger among individuals reporting
an SMD that started within the past five years compared to those experiencing an SMD
that has lasted for five years or longer was tested in a subsample of participants who
reported SMD (N = 788). This is because this question was asked only to those participants
who reported experiencing some level of memory decline but was skipped for those who
did not report SMD. The hypothesis that the predictive role of more severe baseline SMD
over greater objectively assessed two-year change in memory is stronger among indivi-
duals who have been experiencing an SMD within the past two years compared to those
who had not was tested in the whole sample of participants. We fitted linear regression
models containing a term for the interaction between the predictors length of time
experiencing SMD (either within five years or within two years) and the severity of
baseline SMD.
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To test whether baseline depression and anxiety are associated with baseline levels of
SCD and SMD, we fit linear regression models with either baseline depression or anxiety as
the predictor variable and either baseline SCD or SMD as the outcome variable.

Standardized regression coefficients are reported to indicate the effect size. Coefficients
<0.09 were considered negligible, 0.10-0.29 small, 0.30-0.49 moderate, and >0.50 large
(Cohen, 1988). We conducted analyses using the STATA version 16 (StataCorp, 2017).

Results
Descriptive data

The sample comprised 1,531 participants, having a mean age of 73.0 years (SD = 6.0;
range: 65 to 97) and mean 12.3 years of education; 50.2% were women. At baseline, 690
(45.1%) participants perceived cognitive difficulties in at least one of the eight items
assessing SCD; 788 (51.5%) participants perceived cognitive difficulties in at least one of
the seven items assessing SMD; 500 (32.7%) participants perceived both SCD and SMD. Of
those who reported experiencing SMD (N = 788), 145 (18.4%) experienced an SMD that
started within five years. Out of the study sample, 1,129 (74.0%) perceived no change in
their memory over the last two years, 23 (1.5%) participants perceived an increase in their
memory ability over the last two years, 370 (24.3%) and 4 (0.3%) participants, respectively,
perceived that their memory got worse and much worse over the past two years. At
baseline participants’ mean (SD) score on the CAMCOG and on the CAMCOG without the
three subtasks assessing memory were 95.0 (4.1) and 72.2 (3.6), respectively, indicating
intact global cognition (De Koning et al., 1998). At baseline participants’ mean (SD) scores
on the remote memory, recent memory, and learning subscales of the CAMCOG were 4.9
(0.9), 3.9 (0.3), and 13.9 (1.5), respectively.

Participants’ two-year mean (SD; range) change in global cognition was 0.7 (4.6; range:
—14 to 24), in global cognition without the three tests assessing memory was 0.6 (3.9;
range: —20 to 19), in remote memory was 0.05 (0.83; —3 to 4), in recent memory was 0.02
(0.4; range: -2 to 3), and in learning was —0.1 (1.7; range: —8 to 8); hence, over two years
participants’ scores on global cognition, remote and recent memory slightly lowered
whereas scores on learning slightly increased. Most participants did not experience
depression at baseline (77.8% of participants) nor at follow-up (78.5% of participants).
Similarly, most participants did not experience anxiety at baseline (95.2% of participants)
nor at follow-up (96.6% of participants). Hence, over the study period the percentage of
depression and anxiety experienced by participants remained stable. More information
about descriptive statistics for the study sample can be found in (Table 1). We report
descriptive statistics for the 65 to 74 years and 75 years and over age groups. The two age
groups have similar demographic characteristics and scores in health-related measures
and in cognitive change.

The predictive role of severity of baseline SCD and SMD for two-year change in
cognition

Results from simple and multiple regressions with either severity of baseline SCD or SMD
as predictor of two-year change in cognition are reported in (Tables 2 and 3). More severe
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Table 3. Linear regression analyses with subjective memory decline as the predictor and two-year
change in global cognition, global cognition without memory, remote memory, recent memory, or
learning as the outcome: Unstandardized (B) and standardized (B) regression coefficients.

Baseline subjective memory decline as predictor of two-year change in global cognition

Model Predictor B SE 95% Cl p B 95% Cl  R*/Partial R*
Unadjusted Subjective memory decline 0.01 0.08 —-0.14t0 0.17 .85 0.01 -0.19to 0.22 0%
Adjusted  Subjective memory decline —0.01 0.08 -0.16t0 0.14 .86 —0.004 —0.05 to 0.04 0%

Baseline subjective memory decline as predictor of two-year change in global cognition without memory
Unadjusted Subjective memory decline —0.11 0.07 -0.24t00.02 .11  —0.04 -0.24to 0.02 0.2%
Adjusted Subjective memory decline -12 0.07 —-0.25t00.01 .07 -0.05 -0.10 to 0.004 0.2%

Baseline subjective memory decline as predictor of two-year change in remote memory
Unadjusted Subjective memory decline 0.001 0.01 -0.03t00.03 .91 0.003 —0.06 to 0.02 0%
Adjusted Subjective memory decline  0.01 0.01 —0.01t0 0.03 .25 0.03  —0.02 to 0.08 0.1%

Baseline subjective memory decline as predictor of two-year change in recent memory
Unadjusted Subjective memory decline 0.01 0.01 —-0.01to0 0.02 .51 0.03  —0.01to 0.03 0.1%
Adjusted Subjective memory decline —-0.02 0.02 —-0.06 to 0.02 .24 —-0.03 —0.08 to 0.02 0.1%

Baseline subjective memory decline as predictor of two-year change in learning
Unadjusted Subjective memory decline 0.11 0.03 0.06 to 0.17 <.001 0.06 0.05 to 0.15 1%
Adjusted  Subjective memory decline 0.10 0.03 0.04to 0.15 <.001 0.09 0.04 t0 0.14 1%

B = Unstandardized regression coefficient. SE = Standard error. 95% Cl = 95% Confidence interval. p = p-value.
3 = Standardized regression coefficient. R? = Coefficient of determination. Adjusted for age, sex, education, and co-
morbidity. Positive regression coefficients are indicative of worse scores across time.

baseline SCD was not a significant predictor of two-year change in global cognition,
global cognition without memory, remote memory, and recent memory. More severe
baseline SCD predicted two-year change in learning both before and after adjusting for
covariates. However, the amount of variance explained by the severity of the baseline SCD
over two-year change in learning was small.

More severe baseline SMD was not a significant predictor of two-year change in global
cognition, global cognition without memory, remote memory, and recent memory. More
severe baseline SMD predicted two-year change in learning both before and after
adjusting for covariates. Again, the amount of variance explained by the severity of the
baseline SMD for two-year change in learning was small. (Figure 1(a,bFigure 2) shows the
predictive value of baseline SCD and SMD, respectively, over a two-year change in
learning.

We also conducted linear regression analyses with either severity of baseline SCD or
SMD as the predictor, two-year change in learning as the outcome, and baseline learning
as a covariate (see Supplementary Table S3). The severity of the baseline SCD explained
a small, statistically significant, amount of the variance in two-year change in learning.
Similarly, the baseline SMD explained a small, statistically significant, amount of variance
in two-year change in learning.

Tests of interaction showed that the predictive role of baseline SMD over two-year
change in learning was not stronger when individuals reported an SMD that started
within the past five years compared to when they reported an SMD that started five or
more years previously (interaction p = .69) nor when individuals experienced an SMD over
the past two years compared to those who had not (interaction p =.97). In sum, the length
of time over which individuals have been experiencing SMD does not moderate the
association between the severity of the baseline SMD and two-year change in learning.
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Figure 1. a) Severity of baseline subjective cognitivedecline (SCD) as predictor of two-year change in
learning. Positive values areindicative of worse performance over time. R? = 0.04%. p = .01. b) Severity
of baseline subjectivememory decline (SMD) as predictor of two-year change in learning.
Positivevalues are indicative of worse performance over time. R? = 1%. p < .001. Notes: Positive
values are indicative of worse performance over time. R* = 0.04%. p = .01Notes: Positive values are
indicative of worse performance over time. R = 1%. p < .001

Associations of baseline depression and anxiety with severity of baseline SCD and
SMD

At baseline, individuals with case-level depression had more severe SCD than those with
mild level of depression (8 = 0.24; 95% Cl: 0.19 to 0.29; p < .001; R? = 6%) and those with
mild level of depression had more severe SCD compared to those without depression
(B =0.19; 95% Cl: 0.14 to 0.23; p < .001; R* = 3%). At baseline, individuals with case-level
anxiety had more severe SCD than those with mild level of anxiety (8 = 0.25; 95% Cl: 0.57
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Figure 2. a) Baseline mean level of subjective cognitive decline (SCD) across individuals with no
anxiety, mild anxiety, and case-level anxiety. Levels of SCD were significantly different between
individuals without anxiety and individuals with mild anxiety (p < .001) and between individuals
without anxiety and individuals with case-level of anxiety (p < .001). b) Baseline mean level of SCD
across individuals with no depression, mild depression, and case-level depression. Levels of SCD were
significantly different between individuals without depression and individuals with mild depression
(p < .001), between individuals with mild depression and individuals with case-level of depression (p <
.001), and between individuals without depression and individuals with case-level of depression (p <
.001). ¢) Baseline mean level of subjective memory decline (SMD) across individuals with no anxiety,
mild anxiety, and case-level anxiety. Levels of SMD were significantly different between individuals
without anxiety and individuals with mild anxiety (p < .001) and between individuals without anxiety
and individuals with case-level of anxiety (p < .001). d) Baseline mean level of SMD across individuals
with no depression, mild depression, and case-level depression. Levels of SMD were significantly
different between individuals without depression and individuals with mild depression (p < .001) and
between individuals without depression and individuals with case-level of depression (p < .001).
Levels of SCD were significantly different between individuals without anxiety and individuals with
mild anxiety (p < .001) and between individuals without anxiety and individuals with case-level of
anxiety (p < .001).Levels of SCD were significantly different between individuals without depression
and individuals with mild depression (p < .001), between individuals with mild depression and
individuals with case-level of depression (p < .001) and between individuals without depression
and individuals withtcase-level of depression (p < .001).Levels of SMD were significantly different
between individuals without anxiety and individuals with mild anxiety (p < .001) and between
individuals without anxiety and individuals with case-level of anxiety (p < .001).Levels of SMD were
significantly different between individuals without depression and individuals with mild depression (p
< .001) and between individuals without depression and individuals with case-level of depression (p
<.001).
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to 0.68; p < .001; R? = 6%) and those with mild level of anxiety had more severe SCD
compared to those without anxiety (B = 0.19; 95% Cl: 0.14 to 0.23; p < .001; R? = 4%).

At baseline, individuals with case-level depression had more severe SMD than those
with mild level of depression (B = 0.16; 95% Cl: 0.11 to 0.20; p < .001; R? = 2%) and those
with mild level of depression had more severe SMD compared to those without depres-
sion (8 = 0.17; 95% Cl: 0.12 to 0.22; p < .001; R* = 3%). Individuals with case-level anxiety
had more severe SMD than those with mild level of anxiety (8 = 0.16; 95% Cl: 0.11 to 0.20;
p <.001; R? = 2%) and those with mild level of anxiety had more severe SMD compared to
those without anxiety (8 = 0.10; 95% Cl: 0.05 to 0.15; p < .001; R? = 1%).

Discussion

This study tested, in a group of cognitively healthy individuals aged 65 and over, whether (1)
more severe baseline SCD and SMD predict greater two-year change in global cognition and
three aspects of memory (remote memory, recent memory, and learning) and whether the
predictive role of more severe baseline SMD over greater two-year change in global
cognition and/or memory is stronger than the predictive role of more severe baseline
SCD over greater two-year change in global cognition and/or memory; (2) the predictive
role of severity of baseline SMD over two-year change in learning is weaker for those
individuals who have been experiencing SMD for longer time compared to those who
have been experiencing SMD for less time; (3) more severe baseline depression and anxiety
are associated with more severe baseline SCD and SMD. Overall, we found that more severe
SCD and SMD predicted greater objective change only in learning (one aspect of memory).
The length of time over which individuals have been experiencing SMD did not moderate
the association between SMD and objective change in learning. More severe baseline
depression and anxiety are associated with more severe baseline SCD and SMD.

In the current study, we found marginal changes in global cognition, remote memory,
recent memory, but scores on learning ability increased (reflected by the negative change
scores) (Beigneux et al., 2007; Small, 2001). In line with our first hypothesis, more severe
baseline SMD predicted a larger two-year change in learning but not a two-year change in
either remote memory or recent memory. Hence, SMD may better predict a certain type of
memory change, such as learning new information, as opposed to others, as such recalling
semantic information from remote or recent memory. Indeed, whereas the remote memory
and recent memory tasks used in the current study rely on semantic memory, the learning
task assesses the ability to encode and temporarily store information. More severe baseline
SCD also predicted a broader two-year change in learning even though the amount of
variance explained by the severity of SCD over a two-year change in learning was very small.
Linear regression analyses with either severity of baseline SCD or SMD as the predictor, two-
year change in learning as the outcome, and baseline learning as covariate showed that
even after controlling for baseline learning, severity of baseline SCD or SMD remain
significant predictors of variance in two-year change in learning. Given the higher risk of
more extensive cognitive decline among those experiencing more severe SCD and SMD,
individuals reporting more extensive SCD and/or SMD may benefit from interventions such
as cognitive training programs (Buschkuehl et al., 2008; Clare & Woods, 2004; Corbett et al.,
2015), aiming to prevent or delay the progression of cognitive decline.
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Contrary to our first hypothesis, those individuals who reported more severe baseline
SCD and/or SMD did not experience a greater change in global cognition, remote
memory, and recent memory. Lack of support for an association between severity of
SCD and SMD and objectively assessed cognition has been reported in a previous
literature on the topic (Hertzog et al.,, 2018), suggesting that severity of SCD and SMD
may not be informative of future decline in global cognition. Alternatively, the lack of an
association for the severity of SCD and SMD with objectively assessed global cognition
may be due to scores on global cognition having been obtained from the sum of
participants’ performance in several cognitive subdomains. However, in older age, some
cognitive abilities (e.g., attention) tend to decline more than others (e.g., knowledge)
(Christensen, 2001; Deary et al., 2009; Lovdén et al., 2004; Park & Festini, 2017). Future
studies could explore the individual associations of severity of SCD and SMD with
objective scores on several cognitive subdomains. Some may argue that when calculating
a score for objective global cognition, memory tasks should be excluded as their inclusion
may lead to significant associations with severity of SCD and SMD that are not due to the
presence of complaints in other cognitive domains. However, in our study, the predictive
values of severity of SCD and SMD over global cognition remained the same regardless of
whether or not the score for objective global cognition included the memory tasks.

Contrary to our second hypothesis, we found that the predictive role of severity of SMD
over change in memory did not depend on the length of the perceived memory decline.
As some empirical studies showed that SMD can have a duration of up to 15 years prior to
progression to MCI (Prichep et al., 2006; Reisberg, 1986; Reisberg & Gauthier, 2008), the
length of experience of SMD may not be useful to identify those individuals at higher risk
of objective cognitive decline.

In line with our third hypothesis and with existing literature, we found that greater
depression and anxiety have cross-sectional associations with more severe SCD and SMD
(Heser et al., 2013). In older age SCD and SMD often coexist with the experience of poor
mood (Cargin et al, 2008). Indeed, perceived cognitive dysfunction (e.g., diminished
ability to think or concentrate) is a clinical symptom of, and a diagnostic criteria for,
both depression and anxiety (American Psychiatric Association, 2013; Nordhus, 2008;
Pietrzak et al., 2012). The associations of greater depression and anxiety with more severe
SCD and SMD are particularly relevant given the high proportion of older individuals
reporting SCD and SMD (Roehr et al., 2020) and the higher risk of objective physical and
cognitive decline that characterizes individuals with depression, anxiety, SCD, and/or SMD
(Bhalla et al., 2009; Bunce et al., 2014; Gallo et al., 2005; Ho et al., 2014; Jonker et al., 2000;
Mendoncga et al,, 2016; Szanto et al., 2012).

Even though our results support the cross-sectional association of depression and anxiety
with SCD and SMD, future longitudinal studies need to understand the direction of the
association of SCD or SMD with poor mood. This is an essential step in order to deliver
interventions that optimize the psychological health of individuals with SCD and/or SMD. On
the one hand, poor mood may precede SCD and SMD; indeed, both depression and anxiety
are risk factors for cognitive decline (Anstey, 2013; Heser et al., 2013; Pietrzak et al,, 2012;
Rakesh et al.,, 2017; Sachs-Ericsson et al., 2005; De Vito et al., 2019) and can reflect early
neurodegenerative changes that precede cognitive decline (Anstey, 2013). As a consequence,
targeting depressive and anxiety symptoms may help to decrease SCD and SMD. However, so
far only a few studies have explored the association of mood with SCD over time (e.g., Hill
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et al, 2020). In our study, the percentage of participants that were depressed and anxious did
not change from baseline to follow-up. Hence, it was not possible to explore whether and
how levels of depression and anxiety are related to perceived and objective cognitive change.

On the other hand, poorer cognition and the subsequent perception of cognitive
decline and fear of loss of function may predict symptoms of depression and anxiety
(Hill et al., 2016; Kessler et al., 2012; Mol et al., 2008). If this is the case, promoting the
acceptance of age-related cognitive changes (Hahn & Lachman, 2015; Huntley et al., 2017;
Sabatini et al.,, 2020, 20204, 2021), boosting positive effects, decreasing negative effects
(Crane et al., 2007), and consultation with health professionals (Hill et al., 2016) may all be
potential strategies to reduce SCD and SMD. Alternatively, SCD, SMD, depression and
anxiety may all be caused by other factors; for instance, they may both be the conse-
quence of cognitive decline and of neurodegenerative processes.

The association of depression and anxiety with more severe SCD and SMD that we
identified may also be due to all these variables being related to levels of introspection
(Roberts et al.,, 2009) and negative thoughts such as hopelessness, worry (Abramson et al,
1989), and anxiety about developing dementia (Kessler et al., 2012). Finally, the more severe
SCD and SMD experienced by those with higher levels of depression and anxiety may be due
to some of the items assessing severity of SCD overlapping with symptoms of depression and
anxiety (Hill et al., 2016; Jessen et al., 2007). Nonetheless, future efforts could be directed
toward understanding factors underlying the co-occurrence of depressive and anxiety symp-
toms with SCD and SMD.

As mentioned in the introduction of this paper, evidence in support of the association
of SCD and/or SMD with objective cognitive decline is mixed (Buckley et al., 2013; Hertzog
et al., 2018). Numerous studies have investigated the characteristics of those individuals
showing a mismatch between subjective perceptions and objectively assessed cognitive
decline (Blackburn et al., 2014). Evidence suggests that those individuals experiencing
symptoms of depression and anxiety, especially those whose symptoms are severe,
frequently perceive a cognitive decline that does not correspond to an objective assess-
ment of their cognitive performance (Hill et al., 2016; Jessen et al., 2007; Siebert et al.,
2020). Concepts such as functional memory decline (FMD) have specifically been devel-
oped to refer to perceived cognitive decline that is unlikely to be due to objective
cognitive decline (Schmidtke & Metternich, 2009; Schmidtke et al., 2008) but is more
likely due to a variety of psychosocial factors including poor mental health, distress, and
negative attitudes toward own aging (Sabatini et al., 2020b; Siebert et al., 2020).

Nonetheless, among individuals with SCD and/or SMD, it is difficult to tease apart those
who are at high and low risk of experiencing future cognitive decline, as low mood is both
a risk factor and a prodromal symptom of cognitive decline and dementia (Anstey, 2013;
Heser et al., 2013; Pietrzak et al., 2012; Rakesh et al., 2017; De Vito et al., 2019). The SCD-I
working group was created in order to define guidelines, the SCD-Plus criteria (Jessen et al.,
2014), that help to more accurately identify, among individuals with SCD, those at increased
risk of experiencing objective cognitive decline. The SCD-Plus criteria state that those
individuals who report a perceived decline in their memory (rather than other cognitive
domains), that has started within the last five years, are aged 60 years or over, experience
concerns (such as worry) associated with SCD, feel that their performance is worse com-
pared to their peers, have the APOE €4 genotype or biomarkers of AD, and/or their SCD is
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confirmed by an informant are more likely to experience objective cognitive decline
compared to those who do not report these characteristics.

Our study made it possible to test some of the SCD-Plus criteria. Overall, our findings
support the criterion stating that severity of SMD is a more accurate predictor of future
objective cognitive change than subjective complaints about a decline in any other
cognitive domain, but do not support the criterion stating that the predictive role of
severity of SCD over objectively assessed cognition is stronger when the cognitive
complaints have been present for less than five years. The lack of support for this criterion
may, however, be related to the limitations of our study.

Strengths and limitations

First, on average, participants’ scores on global cognition and the subscales of CAMCOG
assessing remote memory and recent memory were only slightly lower at follow-up com-
pared to the baseline score. The small cognitive change experienced by participants may be
due to a two-year follow-up period being insufficient to observe substantial change in
cognitive performance in a sample of cognitively healthy participants. In addition, the
administration of the same neuropsychological assessment both at baseline and at follow-
up may have given rise to a learning effect (Goldberg et al., 2015) and obscured any cognitive
decline experienced by participants. However, there is research suggesting that a practice
effect may be normal and expected in cognitively healthy older individuals, whereas it is not
present among individuals experiencing some sort of pathological cognitive decline (Duff
et al,, 2010, 2007).

The measures that were used in the CFAS-Wales study to assess the severity of SCD and
SMD are fairly crude and may not have accurately captured perceived changes in global
cognition and memory. For instance, items used in the CFAS-Wales study to assess SCD
and SMD did not ask participants to consider themselves in relation to their peers;
however, accumulating evidence suggests that SCD is most closely linked to objective
cognitive performance when SCD is assessed through comparison with others of the
same age (Tandetnik et al., 2015). The measures used in the current study may have
captured participants’ general disposition to complain. In addition, some of the items
used to assess the severity of SCD may have captured symptoms of depression rather than
perceived cognitive decline (Jessen et al., 2007). Moreover, recent evidence suggests that
there is a variability in the reports of SCD and SMD (Pearman, 2020; Vanderhill et al., 2010).
Assessing SCD and SMD is, however, difficult and there is little agreement regarding the
most reliable way of assessing SCD and SMD (Rabin et al., 2015; Tandetnik et al., 2015).

A further limitation of the present study is that the AGECAT algorithm used to
categorize the level of depression and anxiety may not be the most effective at classifying
people with less severe but more frequent depressive and anxiety symptoms, which are
quite common in older age (Buchtemann et al., 2012; Meeks et al., 2011; Nordhus, 2008).
As a consequence, the AGECAT algorithm may miss individuals with subclinical levels of
depression and/or anxiety. In addition, as symptoms of depression and anxiety assume
peculiar features in older people (Lenze & Wetherell, 2009; Morrison, 2008; Therrien &
Hunsley, 2012), the questions regarding depression and anxiety in the AGECAT may not
be sensitive enough to capture depression and anxiety in older people. Older people are
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generally reluctant to report depression and/or anxiety, as they tend to trivialize the
symptoms or to regard them as a normal part of the aging process (Morrison, 2008).

Despite the above limitations, the study has several strengths. First, the overall sample
size is large, and includes both community dwellers and people living in residential care.
Moreover, the study sample included people living in both urban and rural areas. We
consider these characteristics of study participants as a strength as they make the study
sample more representative of the older population in Wales.

Second, the use of the CAMCOG (Huppert et al.,, 1995) to assess cognition is a strength of
the current study as it is a well-established tool for use with older people, and covers a broad
range of cognitive domains. This made it possible to obtain separate scores for the memory
domains as well as a score for global cognitive performance, and, therefore, to examine
whether both memory and global cognition, respectively, are related to subjective memory
and cognitive change. Moreover, the CAMCOG was designed to detect mild degrees of
cognitive impairment, so it can differentiate between pathological cognitive impairment
and age-related cognitive decline (Hobson & Meara, 1998; Huppert et al, 1995). This is
important as those older adults with higher education or who have had a cognitively
stimulating job for most of their lives can perform well on objective cognitive tests even
when they are experiencing a subtle cognitive decline (Grgnkjzer et al., 2019; Palmer et al.,
1998; Van Qijen et al., 2007).

Third, another strength of this study is the assessment of both severity of SCD and SMD,
whereas the majority of existing studies have assessed either SCD or SMD but not both.
Assessing only SCD or SMD may leave a proportion of individuals with some sort of
cognitive complaints undetected. Indeed, in the current study, some participants reported
either SCD or SMD but not both. Fourth, unlike most previous evidence on the topic (Hill
etal., 2016), to assess SCD and SMD we used a continuous approach that allowed us capture
the severity of cognitive complaints (Molinuevo et al., 2017). Fifth, also unlike many existing
studies on the topic (Hill et al., 2016), the current study is based on longitudinal data, which
makes it possible to investigate the predictive value of SCD and SMD over objective change
in global cognition and memory. However, as only two time points were used in the current
study, it was not possible to determine whether the fluctuations that we found in SMD and
SCD scores are normal variation or indicative of a pattern. Thus, additional research using
more than two time points is needed to better clarify these longitudinal trajectories.

Conclusions

This study aimed to increase knowledge about the associations of SCD and SMD with
depression, anxiety, and objectively assessed two-year change in cognition and memory
by overcoming some of the limitations of existing studies on the topic. Results showed
that information about SCD and SMD does not help to predict future levels of global
cognition but helps to predict change in learning (one aspect of memory). Therefore,
future research could focus on SCD and SMD to identify individuals at higher risk of
objective decline in learning ability. However, the length of experience of SMD does not
help to predict future levels of learning ability. Finally, study results suggest that those
individuals with more severe SCD and SMD may be experiencing concurrent depression
and anxiety. Future studies should explore variables that underlie the associations of
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severity of SCD and SMD with depression and anxiety.
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