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ABSTRACT

Objectives: Evidence linking subjective concerns about cognition with poorer objective cognitive performance is
limited by reliance on unidimensional measures of self-perceptions of aging (SPA). We used the awareness of
age-related change (AARC) construct to assess self-perception of both positive and negative age-related
changes (AARC gains and losses). We tested whether AARC has greater utility in linking self-perceptions to
objective cognition compared to well-established measures of self-perceptions of cognition and aging. We
examined the associations of AARC with objective cognition, several psychological variables, and engagement
in cognitive training.

Design: Cross-sectional observational study.

Participants: The sample comprised 6056 cognitively healthy participants (mean [SD] age= 66.0 [7.0] years);
divided into subgroups representing middle, early old, and advanced old age.

Measurements: We used an online cognitive battery and measures of global AARC, AARC specific to the
cognitive domain, subjective cognitive change, attitudes toward own aging (ATOA), subjective age (SA),
depression, anxiety, self-rated health (SRH).

Results: Scores on the AARC measures showed stronger associations with objective cognition compared to
other measures of self-perceptions of cognition and aging. Higher AARC gains were associated with poorer
cognition in middle and early old age. Higher AARC losses and poorer cognition were associated across all
subgroups. Higher AARC losses were associated with greater depression and anxiety, more negative SPA,
poorer SRH, but not with engagement in cognitive training.

Conclusions: Assessing both positive and negative self-perceptions of cognition and aging is important when
linking self-perceptions to cognitive functioning. Objective cognition is one of the many variables – alongside
psychological variables – related to perceived cognitive losses.

Key words: subjective cognitive complaints, subjective aging, attitudes toward own aging, AARC, self-perceptions of aging, depression, anxiety,
perceived health

Global estimations suggest that 50 million people
are livingwith dementia (WorldHealthOrganization,

2020); a condition that creates a high social and
economic burden. It is, therefore, important to iden-
tify individuals with poorer cognition as they may
benefit the most from timely interventions aimed
at preventing pathological cognitive decline.
Self-perceptions of cognition and, more generally,
self-perceptions of aging (SPA) may help to identify
such individuals. Importantly, evidence on the
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association of self-reported cognitive limitations with
objective cognition is inconclusive. Whereas, some
studies found that self-reported cognitive limitations
are correlated with poorer cognition and often pre-
cede pathological cognitive decline (Amariglio et al.,
2012; Jessen et al., 2014), others found these associa-
tions to be either small or statistically irrelevant
(Burmester et al., 2016;Crumley et al., 2014;Hertzog
et al., 2018; Jonker et al., 2000).

These mixed results may be due to a lack of a
recognized conceptualization of self-reported cogni-
tive limitations (Rabin et al., 2015; Tandetnik et al.,
2015). Among the many existing concepts of self-
reported cognitive limitations, some (e.g. subjective
memory decline) are used to refer to those people
thought to have an early manifestation of dementia,
whereas others (e.g. functional memory decline) are
used to refer to memory complaints thought to be
potentially reversible due to their associations with
negative psychosocial factors (Blackburn et al.,
2014). Moreover, some concepts (e.g. subjective
cognitive decline) capture perceived decline in sev-
eral domains (Slot et al., 2018), whereas others (e.g.
subjective memory decline) focus solely on one
domain (Hertzog et al., 2018). In addition, some
studies assessed complaints about current cognitive
difficulties, whereas others assessed perceived cog-
nitive deterioration that occurred over time (Rabin
et al., 2015). Another reason for the inconsistent
evidence may be that individuals with specific psy-
chological characteristics, such as depression and
anxiety, can report cognitive decline that is not
objectively measurable (Hill et al., 2016; Siebert
et al., 2020). So far, most studies on the topic
have focused on subjective memory decline (e.g.
Hertzog et al., 2018), but individuals can experience
a decline in several cognitive domains (Smart and
Krawitz, 2015). It would, therefore, be sensible to
use measures that cover subjective difficulties across
several cognitive domains.

SPA, such as attitudes toward own aging
(ATOA) and subjective age (SA), are also related
to cognition. ATOA is commonly assessed with the
ATOA scale (Lawton, 1975), which captures affec-
tive and cognitive components of self-related aging
attitude. SA is frequently measured with a single-
item question asking individuals to report the age
they feel they are (Barrett, 2003). Generally, more
positive ATOA and/or feeling younger than one’s
chronological age are associated with better cogni-
tion (Seidler and Wolff, 2017), and consequently,
with a lower risk of dementia (Siebert et al., 2018).
This may be due to individuals with more positive
SPA being more engaged in preventive behaviors
and experiencing better mental and physical health
(Bryant et al., 2012; Hess, 2006). These specific

factors are protective against cognitive decline
(Anstey, 2013).

Despite research supporting connections between
more positive SPA and better cognition, existing
evidence relies on unidimensionalmeasures that treat
positive and negative self-perceptions as two ends of
the same spectrum (e.g. Barrett, 2003; Jorm and
Jacomb, 1989; Lawton, 1975). These may provide
an overly simplified picture. On one hand, with aging
individuals often experience complex comorbid-
ities, chronic health conditions, decline in some
cognitive abilities (e.g. memory), decreased func-
tional ability, and as a consequence of these losses,
mild depressive, and anxiety symptoms (Palsson
et al., 2001; Weyerer et al., 2013). On the other
hand, aging also involves gains including valuable
social relations, increased leisure time, and accumu-
lated knowledge and life experience (Carstensen
et al., 2011; Christensen, 2001; Steverink et al.,
2001). Both positive and negative changes can impact
on SPA. Moreover, many available measures (e.g.
Barrett, 2003; Lawton, 1975) capture only global
SPA, but not perceived age-related changes in cog-
nition. Therefore, when linking self-perceptions to
objective cognitive performance, it may be important
to assess the coexistence of perceived age-related
gains and losses in cognition.

The construct of awareness of age-related change
(AARC) captures individuals’ awareness that their
behavior, performance, and/or life experiences have
changed due to their increased age (Diehl andWahl,
2010). AARC is the first concept assessing the
coexistence of perceived gains and losses across
five life domains: health and physical functioning;
cognition; interpersonal relationships; socio–
cognitive and socio–emotional functioning; lifestyle.
AARC is assessed via self-administered question-
naires; items capturing perceived gains and losses
were derived from qualitative interviews and focus
groups in which middle-aged and older individuals
reported positive and negative aspects of aging
(Brothers et al., 2019; Miche et al., 2014; Wahl
et al., 2013). From both the 50-item (Brothers
et al., 2019) and shorter 10-item (AARC-10 SF;
Kaspar et al., 2019) versions of the AARC question-
naire, it is possible to obtain two global scores
representing AARC gains and losses across life
domains. In addition, the 50-item version of the
questionnaire makes it possible to obtain 10
domain-specific scores; 1 for gains and 1 for losses
in each of the 5 AARC life domains including the
cognitive domain (AARC-50 cognitive functioning
subscale; Brothers et al., 2019).

In contrast to some conceptualizations of
subjective cognitive decline that attribute cognitive
limitations to the development of brain pathology
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(Blackburn et al., 2014), AARC losses more broadly
capture any self-reported cognitive limitation that
individuals attribute to aging. Moreover, differently
from unidimensional measures of self-reported cog-
nitive limitations, AARC assumes that perceived
cognitive losses coexist with cognitive gains. This
is possible as AARC gains (in this paper referred to
as social cognitive gains) and losses relate to differ-
ent aspects of cognition: gains capture perceived
improvements in knowledge, wisdom, and/or reflex-
ivity, whereas losses capture perceived limitations in
processing speed, memory, and/or mental capacity.
Perceptions of social cognitive gains are quite
independent from perceptions of cognitive losses
(Sabatini et al., 2020b). As AARC captures self-
perceptions of cognition across several cognitive
domains (e.g. memory and processing speed), it
makes it possible to link self-perceptions of cogni-
tion to a wide range of objectively assessed cognitive
abilities.

Although the current study relies on cross-
sectional data, it adds important facets to previous
research as it explores for the first time the relation
between AARC and objective cognitive perfor-
mance. First, as the measures used in this study
make it possible to obtain both a global assessment
of AARC and an assessment of AARC specific to the
cognitive domain, this study tests whether an assess-
ment of social cognitive gains and AARC losses
specific to the cognitive domain is more strongly
related to objective cognitive functioning, compared
to a global assessment of AARC and to three
well-established unidimensional measures of
self-perceptions of cognition and aging (subjective
cognitive changes, ATOA, SA). Second, given its
large sample, this study robustly examines whether
the associations of perceived social cognitive gains
and cognitive losses with cognitive functioning vary
among midlife, early old age, and advanced old age.
Third, this study explores whether depression, anx-
iety, ATOA, SA, self-rated health (SRH), or level of
engagement in computerized cognitive training
explain variability in levels of AARC in cognition
across age subgroups. Psychological variables, such
as poor psychological health, are associated with
negative SPA (Sabatini et al., 2020a; Siebert et al.,
2020) and engagement in online cognitive training is
linked to more positive self-perceptions of cognition
(Sullivan et al., 2020).

We hypothesize that the assessment of perceived
social cognitive gains and cognitive losses will be
more strongly associated with cognitive functioning
compared to a global assessment of AARC gains and
losses, subjective cognitive change, ATOA, and SA.
Second, we hypothesize that more AARC gains and
fewer losses are associated with better cognitive
performance across all age-based subgroups. Third,

we hypothesize that more severe depression and/or
anxiety, negative ATOA, an older SA, poorer SRH,
or less engagement in computerized cognitive train-
ing are associated with fewer social cognitive gains
and more AARC losses in cognition. We expect
these associations to become stronger in older age
as older individuals tend to be more accurate when
self-evaluating their cognitive performance (Wang
et al., 2004). Moreover, due to negative age stereo-
types becoming increasingly salient with aging, it
may be that when individuals in advanced old age
experience cognitive decline, they are more likely to
perceive themselves in a negative way compared to
younger individuals (Meisner, 2012).

Method

Study design and participants
This study used secondary data collected from
the ongoing PROTECT study (https://www.
protectstudy.org.uk) in 2019 and 2020.
Participants were 6056 cognitively healthy UK
individuals aged 51.4–95.9 (age, M= 66.0 years,
SD= 7.0 years); of which 76.2% were women and
98.6% were White. Among study participants, 3111
were middle aged (51–65 years); 2473 were in early
old age (66–75 years), and 472 were in advanced old
age (≥ 76 years). Further information on study
design and participants is provided in Supplementary
text 1.

Measures

Indicators of self-perceptions of aging and
cognition
To assess perceived social cognitive gains and cog-
nitive losses, we used the AARC-50 cognitive func-
tioning subscale taken from the 50-item version of
the questionnaire (Brothers et al., 2019). Gains
items capture social cognition and wisdom, whereas
losses items capture perceived cognitive decline
(memory, processing speed, etc.). To assess global
perceptions of gains and losses across the five differ-
ent AARC life domains, the AARC-10 SF (Kaspar
et al., 2019) was used. For both the AARC-50
cognitive functioning subscale and the AARC-10
SF, participants rate how much each of the 10 items
(reported in Table 1) applies to them on a 5-point
scale (1= not at all; 5= very much). Scores can be
obtained for gains and losses by summing the five
items falling into the respective subscale. Higher
scores indicate higher gains and losses (range: 5–25).

The Informant Questionnaire on Cognitive
Decline in the Elderly short form was used
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(IQCODE-Self; Jorm and Jacomb, 1989) to assess
subjective cognitive change over the last 10 years. It
includes 16 items that are answered on a 5-point scale
(1=much improved; 5=much worse). The final
score is the mean of the item scores; higher scores
indicate subjective cognitive decline, whereas lower
scores indicate subjective cognitive improvement.

In order to test whether objective cognition is
more strongly associated with AARC gains and
losses compared to other measures of SPA, we
assessed ATOA and SA. We used the ATOA scale
(taken from the Philadelphia Geriatric Center
Morale Scale; Lawton, 1975) to assess ATOA.
Lower scores indicate more negative ATOA,
whereas higher scores indicate more positive
ATOA (range: 0–5). To assess SA, participants
were asked to write the age (in years) they feel
most of the time (Barrett, 2003). A positive value
indicates a younger SA, whereas a negative value
indicates an older SA. To assess SRH, participants
were asked to rate their health on a 4-point scale
(4=Excellent; 1= Poor) (Ware and Sherbourne,
1992).

Cognitive functioning
To assess cognitive functioning, we used the PRO-
TECTCognitive Test Battery (Corbett et al., 2015),
which was self-administered online and included
four tests: (1) Self-Ordered Search (SOS) assesses

spatial working memory (range: 0–20); (2) Gram-
matical Reasoning (GR) assesses verbal reasoning
(range: from 0-no upper limit); (3) Paired Associate
Learning (PAL) assesses visual episodic memory
(range: 0–16); (4) Digit Span (DS) assesses verbal
working memory (0–20). For each test, a score is
obtained by subtracting the number of errors from
the number of correct answers; a higher score in-
dicates better performance on the test. For GR, the
score has no upper limit as the number of trials
within the allocated time for the test varies depend-
ing on how rapidly participants respond during
the test.

Through the PROTECT platform, participants
have access to 12 online brain training games (vali-
dated by Owen et al., 2010) covering reasoning,
problem-solving,mathematics, attention, andmem-
ory. The number of times participants played any
brain training game between 2015 and 2019 was
used as an indicator of the frequency of engagement
in cognitive training. Further information on the
assessment of cognitive functioning is presented in
Supplementary text 2.

Mental health
The Patient Health Questionnaire – 9 (Kroenke
et al., 2001) was used to assess depression;
higher scores indicate greater depression (range:
9–36). The Generalized Anxiety Disorder – 7

Table 1. Items included in the AARC-50 cognitive functioning subscale and the AARC-10 SF

AARC-50 cognitive functioning subscale items
With my increasing age, I realize that : : :

AARC gains in cognition I have more experience and knowledge to evaluate things and people.
I have more foresight.
I gather more information before I make decisions.
I have become wiser.
I think things through more carefully.

AARC losses in cognition My mental capacity is declining.
I am slower in my thinking.
I have a harder time concentrating.
Learning new things takes more time and effort.
I am more forgetful.

AARC-10 SF items
AARC gains across life domains PHYS I pay more attention to my health.

COG I have more experience and knowledge to evaluate things and people.
INT I appreciate relationship and people much more.
SCSE I have a better sense of what is important for me.
LIFE I have more freedom to live my days the way I want.

AARC losses across life domains PHYS I have less energy.
COG My mental capacity is declining.
INT I feel more dependent on the help of others.
SCSE I find it harder to motivate myself.
LIFE I have to limit my activities.

PHY=Health and physical functioning; COG=Cognitive functioning; INT= Interpersonal relations; SCSE= Social–cognitive and social–
emotional functioning; LIFE=Lifestyle and engagement.
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(Spitzer et al., 2006) was used to assess anxiety; higher
scores indicate more severe anxiety (range: 7–28).

Information on the reliability of studymeasures is
presented in Supplementary text 3.

Demographic information
Demographic information included sex, employ-
ment status (employed; not employed), and educa-
tion level (secondary education; postsecondary
education; vocational qualification; undergraduate
degree; postgraduate degree; doctorate).

Data analysis

For SA, a proportional discrepancy score was calcu-
lated by subtracting participants’ SA from their
chronological age and dividing this difference score
by participants’ chronological age. We fitted path
analysis models to estimate the associations of par-
ticipants’ scores on the four objective cognitive tests
(outcomes) with their scores on an assessment of
perceived social cognitive gains and cognitive losses,
a global assessment of AARC gains and losses,
subjective cognitive change, ATOA, and SA. Path
analysis made it possible to explore within one
model the extent to which the coexistence of gains
and losses (predictors) explains variability in the
cognitive tests (outcomes). In the path analysis
models, scores on objective cognitive tests were
allowed to correlate. Sex, education, employment
status, depression, anxiety, and frequency of cogni-
tive training were included in the path analysis
models as covariates. We treated depression, anxi-
ety, and frequency of cognitive training as covariates
as they likely impact on AARC and on objective
cognition (Anstey, 2013). As the directions of all
these associations have not been empirically investi-
gated, we also tested a model excluding depression,
anxiety, and frequency of cognitive training from
covariates.

Partial coefficients of determination were not
reported in the output from the path analysis mod-
els. However, as regression coefficients obtained
with multiple linear regressions having gains and
losses as predictors of scores on the cognitive tests
led to similar results to those obtained with path
analysis models, we reported results for the multiple
regressions including information about the
coefficients of determination in Supplementary
Tables 3–5. To examine whether the strength of
the associations of perceived social cognitive gains
and cognitive losses (predictors) with cognitive per-
formance varies among age subgroups, we estimated
Pearson’s r correlation coefficients and three sepa-
rate path analysis models for individuals in middle

age, early old age, and advanced old age. The
Comparative Fit Index (CFI), the Tucker–Lewis
index (TLI), the Root Mean Square Error of
Approximation (RMSEA), and the Standardized
Root Mean Square Residual (SRMR) were used
to assess model fit. Values considered acceptable
were CFI and TLI >.90, RMSEA <.08 (90% CI: 0;
.08), and SRMR <.06 (Byrne, 2012).

To test whether more depression and/or anxiety,
more negative ATOA, an older SA, poorer SRH,
and frequency of cognitive training (predictors) are
associated with fewer perceived social cognitive
gains and more cognitive losses across age sub-
groups, we fitted simple and multiple regressions.
Standardized coefficients are reported to quantify
effects. Associations ≤ .09 were considered negligi-
ble, .10–.29 small, .30–.49 moderate, and ≥ .50
large (Cohen, 1988).

Results

Descriptive data
On average, participants perceived “a little bit” of
social cognitive gains and cognitive losses; “quite a
bit” of gains and “a little bit” of losses in the global
assessment of AARC; reported subjective cognitive
decline and mixed ATOA; felt 17% younger than
their chronological age; and had minimal levels of
depression and anxiety. Frequency of engagement
in cognitive training varied greatly among partici-
pants. A high proportion of participants perceived
their health as good (54.6%) or excellent (30.7%).
Characteristics for the overall study sample, sub-
samples, and participants excluded from analyses
are reported in Table 2.

Indicators of self-perceptions of aging and
cognition as predictors of cognitive
functioning
The associations of perceived social cognitive gains
and cognitive losses, global levels of AARC gains
and losses, subjective cognitive change, ATOA, and
SA with cognitive performance are reported in
Table 3 and Supplementary Table 1. Overall gains
and losses in cognition and global levels of AARC
gains and losses showed stronger associations with
cognitive performance compared to subjective cog-
nitive change, ATOA, and SA. However, the asso-
ciations of cognitive performance with perceived
social cognitive gains and cognitive losses and global
levels of AARC gains and losses were either small or
negligible. The global assessment of AARC gains
and losses explained slightly more variance in cog-
nitive functioning than the assessment of perceived
social cognitive gains and cognitive losses.
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Table 2. Descriptive statistics of demographic variables and main study variables for the study sample, study subsamples, and participants not included in the
study

VARIABLES

PARTICIPANTS NOT

INCLUDED IN THE

STUDY (n= 8826)
STUDY SAMPLE

(n= 6056)

PARTICIPANTS IN

MIDDLE AGE

(n= 3111)

PARTICIPANTS

IN EARLY OLD AGE

(n= 2473)

PARTICIPANTS

IN ADVANCED

OLD AGE

(n= 472)
...........................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Age (years), Mean (SD; range) 65.05 (7.23; 50.21, 103.49) 66.01 (6.98; 51.38, 95.93) 60.48 (3.53; 51, 65) 70.31 (2.73; 66, 75) 79.88 (3.52;
76, 95)

Sex (Women %) 6532 (75.1) 4615 (76.2) 2532 (81.4) 1789 (72.34) 294 (62.3)
Education level (%)
Secondary 1391 (16.0) 812 (13.4) 336 (10.8) 386 (15.6) 90 (19.1)
Postsecondary 1048 (12.0) 682 (11.3) 355 (11.4) 269 (10.9) 58 (12.3)
Vocational qualification 1763 (20.3) 1209. (20.0) 596 (19.2) 519 (20.6) 103 (21.8)
Undergraduate degree 2780 (32.0) 2062 (34.1) 1151. (37.0) 768 (31.1) 143 (30.3)
Postgraduate degree 1459 (16.8) 1506 (17.4) 580 (18.6) 431 (17.4) 45 (9.5)
Doctorate 260 (3.0) 235 (3.9) 93 (3.0) 109 (4.4) 33 (7.0)

Current employment (Employed %) 4233 (50.3) 4233 (50.3) 2046 (68.8) 418 (17.0) 32 (6.8)
AARC gains in cognition, Mean (SD) Not applicable Not applicable 13.88 (4.38) 13.26 (4.34) 13.11 (4.27)
AARC losses in cognition, Mean (SD) Not applicable Not applicable 9.68 (3.58) 10.30 (3.42) 11.83 (3.99)
AARC gains across life domains, Mean (SD) Not applicable Not applicable 17.77 (3.97) 17.56 (3.88) 17.27 (3.78)
AARC losses across life domains, Mean (SD) Not applicable Not applicable 9.28 (3.11) 10.07 (3.05) 11.97 (3.60)
Self-ordered search, Mean (SD) Not applicable Not applicable 8.12 (2.52) 7.50 (2.51) 6.71 (2.49)
Paired associate learning, Mean (SD) Not applicable Not applicable 4.87 (.91) 4.67 (.90) 4.31 (.89)
Grammatical reasoning, Mean (SD) Not applicable Not applicable 39.76 (10.35) 36.56 (9.56) 31.78 (9.33)
Digit span, Mean (SD) Not applicable Not applicable 7.76 (1.46) 7.57 (1.52) 7.17 (1.52)
Depression, Mean (SD) 11.81 (3.41) 11.81 (3.41) 11.71 (3.14) 11.07 (2.55) 11.17 (2.62)
Anxiety, Mean (SD) 8.67 (2.79) 8.67 (2.79) 8.68 (2.59) 8.16 (2.23) 8.00 (1.96)
Self-rated health (%)
Poor 89 (2.7) 89 (2.7) 65 (2.1) 49 (2.0) 6 (1.3)
Fair 453 (13.5) 453 (13.5) 396. (12.8) 305 (12.4) 64. (13.6)
Good 1774 (53.0) 1774 (53.0) 1663 (53.5) 1377. (55.8) 262 (55.6)
Excellent 1029 (30.8) 1029 (30.8) 982 (31.6) 737 (29.9) 139 (29.5)

Subjective cognitive change, Mean (SD) Not applicable Not applicable 3.08 (.22) 3.09 (.21) 3.13 (.26)
Attitudes toward own aging, Mean (SD) Not applicable Not applicable 2.61 (.77) 2.64 (.79) 2.59 (.93)
Subjective age, Mean (SD) Not applicable Not applicable .17 (.15) .17 (.14) .17 (.15)
Frequency of cognitive training; Mean

(SD; range)
Not applicable Not applicable 307.11 (759.60;

0, 11602)
474.51 (1125.03;

0, 13711)
617.98 (1446.27;

0, 15,942)
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Table 3. Path analysis model exploring AARC gains and losses in cognition, AARC gains and losses across life domains, subjective cognitive change, ATOA, and
SA as predictors of cognition in the overall study sample while controlling for sex, education, employment status, depression, anxiety, and frequency of
cognitive training

STANDARDIZED COEFFICIENT ß (95% CI); p-VALUE

PREDICTORS SELF-ORDERED SEARCH GRAMMATICAL REASONING PAIRED ASSOCIATE LEARNING DIGIT SPAN
...........................................................................................................................................................................................................................................................................................................................................................................................................................................................................

AARC gains in cognition − .06 (− .09, − .04); <.001 − .09 (− .11, − .07); <.001 − .02 (− .05, .00); .083 − .04 (− .07, − .02); .001
AARC losses in cognition − .05 (− .08, − .03); <.001 − .12 (− .14, − .09); <.001 − .08 (− .11, − .06); <.001 − .06 (− .09, − .04); .001
RMSEA (90% CI): .07 (.05, .09); CFI: .99; TLI: .53; SRMR: .01; R2: 19%

AARC gains across life domains − .04 (− .07, − .02); .002 − .04 (− .06, − .01); .002 − .02 (− .04, .01); .160 − .01 (− .03, .02); .648
AARC losses across life domains − .07 (− .10, − .04); <.001 − .12 (− .14, − .09); <.001 − .08 (− .11, − .05); <.001 − .09 (− .11, − .06); <.001
RMSEA (90% CI): .06 (.04, .09); CFI: .99; TLI: .62; SRMR: .01; R2: 21%

Subjective cognitive change .02 (− .01, .05); .129 − .00 (− .03, .02); .770 − .03 (− .06, − .00); .045 − .01 (− .04, .02); .447
RMSEA (90% CI): .00 (.00, .04); CFI: 1.0; TLI: 1.0; SRMR: .00; R2: 12%

Attitudes toward own aging .01 (− .01, .04); .409 .01 (− .02, .03); .519 − .00 (− .03, .03); .996 .00 (− .03, .03); .960
RMSEA (90% CI): .00 (.00, .00); CFI: 1.0; TLI: 1.0; SRMR: .00; R2: 11%

Subjective age .01 (− .02, .03); .665 .02 (− .00, .05); .070 .04 (.01, .06); .004 .03 (.00, .05); .030
RMSEA (90% CI): .00 (.00, .00); CFI: 1.0; TLI: 1.0; SRMR: .00; R2: 9%

RMSEA=Root mean square error of approximation; CFI=Comparative fit index; TLI=Tucker–Lewis index; SRMR= Standard root mean square residual; R2=R-squared/coefficient of
determination.
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Associations of perceived social cognitive gains
and cognitive losses with cognitive
performance across age subgroups
Estimates for correlations, path analysis models,
and multiple linear regressions exploring the asso-
ciations of perceived social cognitive gains and
cognitive losses with scores on cognitive tasks
across age subgroups are reported in Table 4 and
Supplementary Tables 2–5. Overall, higher social
cognitive gains were associated with poorer scores
on cognitive tests among participants in middle age
and early old age. Although higher social cognitive
gains were also related to poorer scores on cognitive
tasks in advanced old age; these associations were
not statistically significant. Higher AARC losses in
cognition were associated with poorer performance
on most cognitive tasks, especially on GR. These
associations were consistent across all age subgroups
but strongest in size in early old and advanced old
age. For both perceived social cognitive gains and
cognitive losses associations with scores on the cog-
nitive tasks were either negligible or small; even
though associations were slightly stronger in size
for AARC losses.

Associations of psychological variables and
frequency of cognitive training with perceived
social cognitive gains and cognitive losses
across age subgroups
Fewer social cognitive gains were associated with a
younger SA in early old age, whereas the associa-
tions of social cognitive gains with depression, anxi-
ety, ATOA, and SRH were either negligible or
nonsignificant; see Table 5. Among participants in
middle and early old age, more severe depression
and anxiety, more negative ATOA, an older SA, and
poorer SRH were associated with more AARC
losses in cognition. Among participants in advanced
old age, more severe depression and anxiety, an
older SA, and poorer SRH showed small to moder-
ate associations withmore AARC losses in cognition
(see Table 5). Higher engagement in computerized
cognitive training was associated with higher social
cognitive gains in middle age only and was not
associated with AARC losses in any subgroup.

Discussion

This was the first study to examine whether
the AARC-50 cognitive functioning subscale has
greater utility in linking SPA to objective cognition
compared to the AARC-10 SF and other
well-established measures of self-perceptions of
cognition and aging. This study was also the first

to explore whether the coexistence of perceived
social cognitive gains and cognitive losses is associ-
ated with objective cognitive functioning, a range of
psychological variables, or frequency of engagement
in cognitive training. Compared to unidimensional
measures of SPA, measures capturing the coexis-
tence of positive and negative age-related changes
were more strongly associated with cognitive
performance. However, the global assessment of
AARC – encompassing perceptions of age-related
changes across several life domains – is more
strongly associated with objective cognition than a
domain-specific assessment of AARC in cognition.
Unexpectedly, both perceived social cognitive gains
and cognitive losses were associated with poorer
cognitive performance. Higher AARC losses in cog-
nition, but not social cognitive gains, were related to
greater depression and anxiety, more negative SPA,
and poorer SRH suggesting that poorer cognitive
functioningmay be one of themany variables related
to perceptions of losses in cognition. AARC losses in
cognition and social cognitive gains respectively
showed nonsignificant and negligible associations
with engagement in cognitive training.

Our findings support the importance of assessing
the coexistence of perceived gains and losses when
relating self-perceptions of cognition and/or aging to
objective cognitive functioning. However, in con-
trast to our hypothesis, a global assessment of AARC
gains and losses may be more informative of objec-
tive cognition compared to a domain-specific assess-
ment of AARC in cognition. This may be due to the
global assessment of AARC capturing individuals’
perceptions of declines in their mental, physical,
and social functioning, alongside cognition, and
these are all domains related to objective cognitive
functioning (Anstey, 2013). Hence, study results
question the previously suggested additional value
of domain-specific measures of SPA in predicting
matched outcomes (Levy and Leifheit-Limson,
2009).

The higher social cognitive gains reported
by those with poorer objective cognition may be
due to these individuals making less accurate
appraisals of their cognitive performance. This
result is in contrast to research showing that
cognitively healthy people are generally accurate
appraisers of their performance on cognitive tests
(Clare et al., 2010). In our study, participants were
asked to report perceived cognitive abilities in gen-
eral, rather than evaluating their performance before
and/or after having completed a specific cognitive
test; this may explain the difference between our
findings and existing literature. However, as we
found that more AARC losses in cognition were
associated with worse performance on all cognitive
tests, this suggests that participants are at least
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Table 4. Path analysis model exploring AARC gains and losses in cognition as predictors of cognition in the three age subgroups while controlling for sex,
education, employment status, depression, anxiety, and frequency of cognitive training

PARTICIPANTS AGED 51–65

STANDARDIZED COEFFICIENT ß (95% CI); p-VALUE

PREDICTORS SELF-ORDERED SEARCH GRAMMATICAL REASONING PAIRED ASSOCIATE LEARNING DIGIT SPAN
..............................................................................................................................................................................................................................................................................................................................................................................................................................................................................

AARC gains in cognition − .08 (− .12, − .05); <.001 − .08 (− .11, − .04); <.001 − .05 (− .09, − .02); .004 − .05 (− .09, − .02); .004
AARC losses in cognition − .05 (− .08, − .01); .013 − .09 (− .12, − .05); <.001 − .04 (− .07, .00); .052 − .04 (− .08, − .00); .038
RMSEA (90% CI): .07 (.05, .11); CFI: .99; TLI: .40; SRMR: .01; R2: 16%

PARTICIPANTS AGED 66–75

SELF-ORDERED SEARCH GRAMMATICAL REASONING PAIRED ASSOCIATE LEARNING DIGIT SPAN

AARC gains in cognition − .05 (− .09, − .02); .007 − .13 (− .17, − .09); <.001 .00 (− .04, .04); .963 − .04 (− .08, − .00); .048
AARC losses in cognition − .02 (− .06, .02); .370 − .10 (− .14, − .06); <.001 − .09 (− .14, − .05); <.001 − .07 (− .11, − .03); .001
RMSEA (90% CI): .07 (.04, .11); CFI: .99; TLI: .35; SRMR: .01; R2: 17%

PARTICIPANTS AGED 76 AND OVER

SELF-ORDERED SEARCH GRAMMATICAL REASONING PAIRED ASSOCIATE LEARNING DIGIT SPAN

AARC gains in cognition − .04 (− .13, .05); .350 − .08 (− .17, .01); .066 − .00 (− .09, .09); .946 − .05 (− .14, .04); .268
AARC losses in cognition .02 (− .09, .12); .767 − .20 (− .30, − .10); <.001 − .10 (− .20, − .00); .049 − .05 (− .15, .05); .362
RMSEA (90% CI): .00 (.00, .12); CFI: 1.0; TLI: 1.0; SRMR: .00; R2: 27%

RMSEA=Root mean square error of approximation; CFI=Comparative fit index; TLI=Tucker–Lewis index; SRMR= Standard root mean square residual; R2=R-squared/coefficient of
determination.
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Table 5. Associations of psychological variables and frequency of cognitive training with AARC gains and losses in cognition across three age subgroups

PARTICIPANTS AGED 51–65

AARC GAINS IN COGNITION AARC LOSSES IN COGNITION

SIMPLE REGRESSIONS MULTIPLE REGRESSION SIMPLE REGRESSIONS MULTIPLE REGRESSION
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Predictors ß (95% CI); p-value R2 ß (95% CI); p-value ß (95% CI); p-value R2 ß (95% CI); p-value
Depression − .03 (− .06, .01); .154 .10% − .04 (− .08, .01); .137 .27 (.24, .31); <.001 7% .16 (.11, .20); <.001
Anxiety .01 (− .03, .04); .653 .01% .04 (− .01, .09); .078 .23 (.20, .26); <.001 5% .09 (.05, .14); <.001
Attitudes toward own aging .02 (− .02, .05); .296 0% .01 (− .03, .04); .808 − .15 (− .18, − .11); <.001 2% − .06 (− .09, − .02); <.001
Subjective age .07 (.03, .10); <.001 .10% .06 (.02, .10); .002 − .21 (− .24, − .17); <.001 4% − .14 (− .18, − .11); <.001
Self-rated health .05 (.02, .09); .004 .03% .03 (− .01, .07); .137 − .24 (− .27, − .20); <.001 6% − .12 (− .16, − .09); <.001
Frequency of cognitive training − .04 (− .08, − .01); .025 .01% − .02 (− .05, .02); .397 0%

PARTICIPANTS AGED 66–75

AARC GAINS IN COGNITION AARC LOSSES IN COGNITION

SIMPLE REGRESSIONS MULTIPLE REGRESSION SIMPLE REGRESSIONS MULTIPLE REGRESSION

Predictors ß (95% CI); p-value R2 ß (95% CI); p-value ß (95% CI); p-value R2 ß (95% CI); p-value
Depression .00 (− .04, .04); .897 0% − .02 (− .07, .03); .498 .28 (.24, .31); <.001 8% .20 (.15, .25); <.001
Anxiety .03 (− .01, .07); .096 .01% .06 (.01, .11); .022 .21 (.18, .25); <.001 5% .07 (.02, .11); .006
Attitudes toward own aging .06 (.03, .10); <.001 .04% .06 (.02, .10); .005 − .10 (− .14, − .06); <.001 1% − .03 (− .07, .00); .081
Subjective age .11 (.07, .15); <.001 .10% .11 (.07, .15); <.001 − .18 (− .21, − .14); <.001 3% − .12 (− .16, − .08); <.001
Self-rated health .03 (− .01, .07); .203 .01% − .01 (− .05, .04); .743 − .21 (− .25, − .17); <.001 4% − .11 (− .15, − .07); <.001
Frequency of cognitive training − .03 (− .07, .01); .188 .01% .02 (− .02, .06); .401 0%

PARTICIPANTS AGED 76 AND OVER

AARC GAINS IN COGNITION AARC LOSSES IN COGNITION

SIMPLE REGRESSIONS MULTIPLE REGRESSION SIMPLE REGRESSIONS MULTIPLE REGRESSION

Predictors ß (95% CI); p-value R2 ß (95% CI); p-value ß (95% CI); p-value R2 ß (95% CI); p-value
Depression − .04 (− .13, .05); .424 .01% − .12 (− .22, − .01); .034 .33 (.25, .41); <.001 11% .25 (.16, .35); <.001
Anxiety .01 (− .08, .10); .844 0% .06 (− .04, .17); .227 .32 (.24, .40); <.001 10% .18 (.09, .28); <.001
Attitudes toward own aging .03 (− .06, .12); .465 .01% .04 (− .05, .13); .429 − .06 (− .15, .03); .228 .03% − .01 (− .09, .07); .825
Subjective age .09 (.00, .18); .051 1% .08 (− .01, .17); .084 − .19 (− .27, − .10); <.001 4% − .16 (− .24, − .08); <.001
Self-rated health − .07 (− .16, .02); .117 1% − .11 (− .20, − .02); .019 − .12 (− .21, − .03); .010 1% − .04 (− .12, .05); .417
Frequency of cognitive training − .02 (− .12, .06); .541 .01% .01 (− .08, .10); .854 0%

ß= Standardized regression coefficient; Partial R2= Partial R-squared/coefficient of determination.
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somewhat accurate in their perceptions of their
cognitive abilities.

Alternatively, the higher social cognitive gains
reported by those with poorer objective cognition
may be due to these individuals paying more
attention to their cognitive gains as this may
facilitate acceptance of negative changes and
re-establishment of self-efficacy and positive emo-
tional states (Loidl and Leipold, 2019). However,
more social cognitive gains were fairly independent
from more positive SPA, mental, and physical
health. Hence, individuals perceiving more social
cognitive gains may not have a general tendency to
be more positive in their self-evaluations and may
only show this tendency when rating their cognition.
Finally, the counterintuitive association of higher
social cognitive gains with worse cognitive function-
ing may be due to the nature of items used to assess
AARC in the cognitive domain (Sabatini et al.,
2020b). Whereas, the losses items capture perceived
decline in cognitive domains, such as memory and
processing speed that can be compared to objective
performance in cognitive tasks assessing the same
domains, the gains items capture social cognition
and wisdom, which may not be suitable for compar-
ison with performance on objective cognitive tasks.

This study found that individuals perceiving high
cognitive losses may be experiencing poorer cogni-
tion across several domains. In line with interna-
tional evidence on the associations of AARC with
mental and physical health (Sabatini et al., 2020a,
2020c), associations of objective cognition with
AARC losses were stronger than associations with
gains. Among cognitive tests, AARC losses were
most strongly associated with GR. This finding
was consistent across all age subgroups but strongest
in advanced old age; supporting the greater accuracy
of older individuals in reporting cognitive difficulties
(Jessen et al., 2014). A recent study examining daily
within-person variability in AARC and cognitive
performance showed that AARC losses predict
within-person decreases in inductive reasoning on
the same day and decreases from day 1 to the next
(Zhu and Neupert, 2020). Despite the methodolog-
ical differences between this study and ours, both
found that among several cognitive domains AARC
is most strongly associated with reasoning. This may
be due to reasoning being vulnerable to age-related
decline (Christensen, 2001).

The small size of the associations of higher AARC
losses in cognition with poorer scores on objective
cognitive tasks may be due to perceived cognitive
losses reflecting individuals’ experience of a trajec-
tory of subtle cognitive decline that is not captured
with the cross-sectional assessment of objective
cognition (Caselli et al., 2014). Research shows
that, although SRH generally does not match with

objective measures of health, it can be a better
predictor of future levels of health than objective
measures of health (Idler and Benyamini, 1997).
Similarly, AARC losses in cognition may be more
strongly associated with objective cognition at the
longitudinal level than at the cross-sectional level.

Studies exploring the association of self-
perceptions of cognition with objective cognition
report mixed results (Burmester et al., 2016; Crum-
ley et al., 2014; Jessen et al., 2014; Jonker et al.,
2000). Our results are in line with those studies
reporting a statistically significant, but small associ-
ation between more negative self-perceptions of
cognition and poorer objective cognition (Amariglio
et al., 2012). This may be due to self-perceptions of
cognition being influenced by many psychosocial
factors including depressive symptoms and negative
ATOA (Segel-Karpas and Palgi, 2019; Siebert et al.,
2020). Indeed, in our study, higher levels of AARC
losses in cognition are associated with more severe
depression and anxiety, more negative ATOA, an
older SA, and poorer SRH.

We found that with increasing age depression and
anxiety are more strongly associated with AARC
losses in cognition, whereas poorer SRH and
negative ATOA are most strongly related to AARC
losses in middle age. These findings are aligned with
literature documenting the co-occurrence of depres-
sion, anxiety, poorer cognitive, and physical health in
older age (Anstey, 2013; Roehr et al., 2017), but are
inconsistent with research supporting the greater
self-relevance of ATOA in older age (Kornadt and
Rothermund, 2012). The association of more AARC
losses in cognition with and older SA is in line with
research reporting that those individuals with an older
SApaymore attention to age-related losses inmemory
compared to those who feel their age or younger than
their age (Segel-Karpas and Palgi, 2019).

Overall, the small associations of AARC losses in
cognition with objective cognition and the small to
moderate associations of AARC losses with more
negative scores on psychological variables suggest
that perceived cognitive losses may be somewhat
influenced not only by individuals’ objective cogni-
tive ability, but also by their interpretation of the
cognitive changes they experience. Theway in which
older individuals interpret their cognitive changes
may be shaped by their beliefs about age-related
changes in cognition and their current emotional
state (Brothers et al., 2020; Weiss and Kornadt,
2018). Our findings suggest that even though
individuals perceiving many cognitive losses may
benefit from cognitive interventions (e.g. compen-
satory cognitive training; Burton et al., 2011), they
may benefit more substantially from interventions
promoting psychological health (Siebert et al.,
2020).

Cognitive ability and perceived cognitive gains and losses 11
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Strengths and limitations

This study has several limitations. First, participants
were aged 51 and over, so they may not have been
old enough to perceive many cognitive losses.
Second, analyses are based on a selective group of
participants. Indeed, out of the 14,882 participants
that took part in the PROTECT annual assessment
between January and March 2019, 8826 were
excluded from study analyses as they did not
complete the AARC questionnaire, the objective
cognitive tasks, or they may have had mild cognitive
impairment or dementia. Even though there
may be a systematic bias in those who did not
complete study measures (e.g. less enthusiastic
to take part in the study), participants excluded
from study analyses had similar demographic
profiles and mental and physical health to the study
sample.

Third, similarly to most available studies on
AARC (Sabatini et al., 2020a), the study sample
included a majority of participants who were
women, well-educated, and who rated their health
as good or excellent, hence extrapolation of results
to a broader population should be considered with
caution. Fourth, analyses were based on cross-
sectional data; hence, causality for the associations
of perceived cognitive gains and losses with
cognitive functioning and psychological variables
cannot be inferred. Fifth, even though the AARC
questionnaire captures awareness of changes, we
explored it in association with current objective
cognition instead of cognitive change. Nonetheless,
we deemed the AARC questionnaires suitable to
assess current self-perceptions of cognition as it is
reasonable to assume that current self-perceptions
of cognition are on average more positive for
those who perceive more social cognitive gains
and more negative for those who perceive more
AARC losses.

Sixth, as cognitive tests were self-administered
online, those participants who are less familiar with
technology may perform more poorly compared
to when assessed by a researcher. However, in
PROTECT, all participants were familiar with the
online cognitive tests from previous assessments.
As participants level of engagement while undertak-
ing the cognitive tests was not assessed, some
critics suggest that it is possible participants could
have someone else undertake the cognitive tasks.
However, this seems unlikely given themotivation of
participants involved in the study. Seventh, even
though PROTECTparticipants are invited to repeat
the completion of the cognitive tests in three sessions
within a week and then the average score is calcu-
lated, numerous participants did not complete the
tests over three sessions. In order to optimize the

use of data across the cohort, we used only
data from the first session. Eighth, the cognitive
tests were completed on a separate day (within
2 months) to that on which participants answered
the AARC questionnaires. This is a limitation as
levels of perceived cognitive gains and losses can
vary on a daily basis (Zhu and Neupert, 2020).
However, cognitive functioning among individuals
without dementia is generally stable over 2 months
(e.g. Lövdén et al., 2004). Ninth, items assessing
perceived cognitive losses may overlap with symp-
toms of depression and anxiety (Jessen et al., 2007)
and those individuals who are more introspective
may score high on perceived cognitive losses,
depression, and anxiety (Roberts et al., 2009).
Tenth, this study only considered frequency of
engagement in computerized online cognitive
training available as part of the PROTECT study;
this is a limitation as individuals could have been
cognitively engaged in many other ways not
recorded in this study.

The large sample size and the use of valid mea-
sures assessing the coexistence of perceived gains
and losses across several domainsmade it possible to
advance knowledge on self-perceptions of cognition
by showing that across three age groups more per-
ceived gains and losses both in cognition and across
life domainsmay be associated with poorer cognitive
performance.

Conclusions

This study adds several contributions to existing
research. First, when examining the association of
SPA with objective cognition, it is important to
assess the coexistence of positive and negative
SPA across several life domains. Second, both
higher levels of perceived social cognitive gains
and cognitive losses may be indicative of poorer
cognitive functioning, even though associations
are either negligible or small and the reasons under-
lying the association of higher perceived social cog-
nitive gains and poorer cognitive functioning need to
be investigated with future research. Third, whereas
perceived social cognitive gains are minimally
related to psychological variables, AARC losses in
cognition are associated with more severe depres-
sion and anxiety, more negative ATOA, older SA,
and poorer SRH. Overall, poorer cognitive func-
tioning may be only one of the many variables
related to AARC losses in cognition.
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