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Abstract

Background The relationship between negative affective states and subjective memory is assumed to be
bidirectional. Most studies have focused on the effect of negative affective symptoms on subjective memory
functioning, whereas the influence of memory functioning on mood is less studied. Therefore, the present study
aims to explore the predictive value of perceived memory performance and objective cognitive abilities on negative
affective states such as depression, anxiety, and stress.

Methods A total of 76 older adults participated in the cross-sectional study (mean age=71.5 years (SD=4.58),

21 males and 55 females), recruited by convenience and snowball sampling methods. We used the Multifactorial
Memory Questionnaire and Cognitive Failures Questionnaire to assess subjective memory functioning, the Montreal
Cognitive Assessment to measure objective cognitive performance, and the Depression, Anxiety, Stress-21 Scale to
examine negative affective state and stress exposure.

Results The hierarchical regression models revealed that education (p=0.033, and p=0.044, respectively), cognitive
failures (CFQ) (p <0.001), objective cognitive performance (MOCA) (p=0.019, and p=0.024, respectively), and
internal strategy use (p=0.015) had a significant predictive value on depression. Education (p=0.037) and cognitive
failures (p <0.001) also showed predictive value on anxiety and stress. Furthermore, objective cognitive performance
significantly (p=0.045) predicted perceived stress level. In addition, satisfaction with memory was identified as a
marginally significant predictor of depression (p=0.078) and stress (p=0.096).

Conclusion Our results showed that self-perceived memory functioning, memory concerns, and objective memory
performance have a predictive value on negative affective symptoms. Thus, objective cognitive abilities and concerns
about memory have a significant impact on mental health and well-being. Furthermore, our findings emphasize the
importance of assessing negative affective states and perceived health status when evaluating both subjective and
objective cognitive performance.
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Introduction

Aging is often associated with the increasing level of
memory complaints, and with the self-perceived decline
of memory functions, while the objectively assessed cog-
nitive abilities appear to be intact. This phenomenon
refers to subjective memory complaints (SMCs), and
tends to increase in numbers and severity with age [1-4].
Subjective memory complaints refer to the self-experi-
enced worsening of memory functioning compared to
previous levels of performance, with normal objective
cognition [5]. Normal ageing is related to mild to moder-
ate cognitive deterioration, primarily in prefrontal-guided
functions such as memory and executive functions. How-
ever, with normal ageing, many of the cognitive functions
remain intact until late life. In contrast, pathological age-
ing, such as Alzheimer’s disease, globally affects brain
functions, particularly the medial temporal lobe, result-
ing in impairment in several domains, disturbing every-
day life [6, 7].

SMCs are primarily relevant in older adults and tend
to increase in numbers and severity with age [6], but the
prevalence of subjective cognitive complaints showed
mixed results in the literature. Based on Rohr et al. [8],
one-quarter of individuals aged over 60 report self-per-
ceived memory decline. In comparison, Brigola et al. [9]
found that approximately 50% of people aged 50 to 59
experience SMC, as do 63% of people aged 80 to 100.
Previous studies have also revealed that individuals with
higher educational levels are more satisfied with their
memory and are more inclined to use external memory
aids [10-12]. They are more likely to perceive memory
problems, suggesting that subjects with higher educa-
tion are more sensitive to cognitive decline [13]. These
complaints can be present in individuals with cognitive
impairment, such as mild cognitive impairment (MCI)
or Alzheimer’s disease (AD), as well as in people with
no objective cognitive deterioration [14]. Specifically,
a recent meta-analysis found that 25% of older adults,
who are cognitively healthy but report subjective cog-
nitive complaints, have a twofold risk of progressing to
dementia in the next five years [15]. In addition, depres-
sion, anxiety, and stress were also found to increase the
risk of developing memory concerns [16], therefore,
revealing the links between SMCs, cognitive and affective
states is essential. Despite that there are several differ-
ent approaches to the assessment of subjective memory,
less is known about the predictive value of self-perceived
memory on negative affective states. Consequently, the
aim of the present study is to examine how self-perceived

and objective cognitive performance are associated with
negative affective states.

Although the relationship between the self-perceived
memory functioning and objectively measured cognitive
abilities is widely studied, studies showed mixed results.
Some of them demonstrated a significant relationship
between subjective and objective memory performance
[17-20]. Indeed, there is also evidence that older adults
reporting SMCs tend to experience greater objective cog-
nitive decline and have a high risk of developing patho-
logical cognitive impairments [5, 21-23]. On the other
hand, another line of research failed to reveal any associa-
tion between SMCs and objective cognitive performance
[24-26]. The contradictory results may be attributed to
the characteristics of the studied population (e.g., age,
gender, educational attainment, clinical sample) [27, 28]
or methodological variations between the studies, affect-
ing both subjective and objective memory results [5, 29].

Depression is a common mental disorder in older
adults although its prevalence differs across various stud-
ies, ranging from 8.2 to 63% [30]. According to com-
munity-based studies the main risk factors for late life
depression are comorbid physical illness, disability, cog-
nitive and functional impairment, increased mortality,
decreased social contacts, and previous history of depres-
sion [31]. Moreover, stressful life events predict risk for
depression and anxiety by disturbing brain mechanisms
(e.g., hormones), depleting cognitive capacity, leading to
alterations in health behaviour and making individuals
vulnerable [32, 33]. Depression, anxiety, and stress can
also increase the risk of developing memory concerns
[16]. Previous studies revealed that subjective memory
evaluation relates to negative affective state rather than
cognitive abilities, with no cognitive decline [24, 26, 34].
However, it is still debated whether memory concerns
about cognitive decline can cause anxiety and depres-
sion, or the negative affective state has an influence on
subjective memory functioning [35-37]. For example, a
recent study by Giannouli and Tsolaki [38] demonstrated
that negative affect had an impact on financial capacity
(e.g., knowledge of personal assets, financial decision-
making) in older adults, even without depression. On
the one hand, complaints of declining memory are often
reported among individuals with depressive and anxious
symptoms [24, 34, 39, 40]. Studies investigating cognitive
functions in patients with depression revealed difficul-
ties in effortful processing, such as sustained attention
[41] or the inhibition of emotionally negative distraction
[42]. Moreover, verbal learning, executive functions, and
memory (e.g., working memory, episodic memory) are
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commonly impaired domains [43, 44]. There are sev-
eral explanations for the cognitive deterioration. Firstly,
the resource allocation theory supposes that rumina-
tive thinking associated with depression consumes the
individual’s limited cognitive resources, reducing the
resources available to carry out other cognitive tasks
[44, 45]. Secondly, neuroimaging studies found an over-
lap in neurocircuits involving cognitive processing and
emotional regulation. For instance, Frodl et al. [46, 47]
demonstrated structural abnormalities in the hippocam-
pus and amygdala in the first diagnosed episode of major
depressive disorder. A meta-analysis by MacKinnon et al.
[48] showed significant decreases in hippocampal vol-
umes in patients with multiple illness episodes or whose
depression was of more than two years duration. In line
with these results, Varghese et al. [43] also revealed that
individuals with multiple episodes exhibit greater cogni-
tive impairment than individuals with a single episode.
Thirdly, according to the social signal transduction the-
ory of depression, the upregulation of proinflammatory
cytokines in response to stressful life events can lead to
depressive symptoms [49]. Simultaneously, increased
inflammation is a contributing factor to neurodegenera-
tion and memory impairments, which are often associ-
ated with depression and the ageing process [50].

Some studies also assumed that anxiety and depres-
sion precede subjective memory complaints; thus, both
depression and anxiety can be risk factors of cogni-
tive decline [51, 52]. Airaksinen et al. [53] revealed that
individuals with a higher risk of developing depression
showed overactivity in brain regions related to work-
ing memory and episodic memory. On the other hand,
the perception of memory problems can also lead to
symptoms of depression and anxiety [54—56]. Studies
focusing on older adults found that lower ratings of sub-
jective memory functioning and higher levels of depres-
sion, anxiety, or stress could exacerbate memory-related
concerns [16, 54, 57]. The possible explanation of the
relationship between affective symptoms and subjec-
tive memory complaints appeared to be driven by the
fear of dementia [58]. ‘Anticipatory dementia’ is a spe-
cific type of health anxiety that is defined by the concern
among middle-aged persons or older adults that subjec-
tive memory complaints are indicative of future demen-
tia [55, 59]. Thus, negative symptoms may be a reflection
of subjective memory complaints with an underlying
fear that changes in memory functions and perceptions
of memory problems are indicating dementia [54, 58].
Moreover, this is a bidirectional relationship because pre-
cipitating worry about dementia can lead to higher levels
of depression, anxiety, and stress [16].

Although the link between mood and subjective mem-
ory is assumed to be reciprocal [16], most of the previous
studies have focused on the effect of negative affective
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symptoms on subjective memory functioning and mem-
ory complaints, and it is less studied how memory func-
tioning influences mood. Therefore, the present study
aims to explore the predictive value of perceived memory
performance and objective cognitive abilities on negative
affective states such as depression, anxiety, and stress. We
hypothesise that subjective memory performance and
objective cognitive abilities influence negative affective
state and stress level.

Methods
Participants
In this cross-sectional study we recruited 80 older adults
from senior centres using convenience and snowball
sampling methods. Based on Steinberg et al. [16], the
inclusion criteria were as follows: age 65 or older and no
acute or serious medical condition that could affect cog-
nitive functioning. After excluding four individuals from
the sample due to mental and behavioural disorders, the
final sample consisted of 76 participants. The mean age
of the sample was 71.5 years (SD = 4.58), range: 65—-80
years, 21 males and 55 females. The average education of
the participants was 13.8 years (SD = 3.02; range = 8-20
years). 67.1% (51 participants) of the sample were mar-
ried, and 32.9% (25 participants) were single. 85.52% of
the sample (65 individuals) have one or more medical
problems, 17.10% (13 individuals) have none. Appendix
1. represents the medical condition of the sample, based
on The International Statistical Classification of Diseases
and Related Health Problems 11th Revision (ICD-11)
[60]. Following Steinberg et al. [16], after reviewing medi-
cal conditions, we revealed a multitude of age-related ill-
nesses, controlled by treatment and not exclusionary.
Before the experiment, all participants provided
informed consent. The study was conducted in accor-
dance with the Declaration of Helsinki, and the protocol
was approved by the United Ethical Review Committee
for Research in Psychology, Hungary (EPKEB; Reference
number: 2024-068, 03/07/2024).

Tasks

Multifactorial Memory Questionnaire (MMQ)

We used MMQ to assess different aspects of self-per-
ceived memory functioning and SMCs [61]. The Hun-
garian version of the questionnaire contains 57 items,
but only 55 items are used for calculating the scale score
and consist of four subscales [10]. The Satisfaction sub-
scale composed of 18 items indicating the respondent’s
satisfaction with their memory functioning. Twenty-two
items in the Ability subscale evaluate the most prevalent
memory issues throughout the preceding two weeks.
Seven items of the External Strategy subscale, such as
“make a list” and “use a timer or alarm,” assess how fre-
quently external compensatory techniques are used in
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daily life. Finally, ten items on the Internal Strategy sub-
scale, such as “create an image” or “create a rhyme”, evalu-
ate the frequency of internal strategies. These latter two
subscales simply show how frequently different memory
aids are used but do not assess why they are used [10,
61]. Respondents have to indicate each item on a 5-point
Likert scale their agreement with the statements or the
perceived problems with memory and the frequency of
memory aids. Higher scores on MMQ subscales are asso-
ciated with higher satisfaction with memory functioning,
better memory abilities, and a more frequent use of strat-
egies [10, 61]. Cronbach alphas of the subscales ranged
from 0.751 to 0.924 (Satisfaction: 0.924, Ability: 0.891,
External Strategy: 0.787, Internal Strategy: 0.755), indi-
cating adequate and high internal consistency.

Cognitive Failure Questionnaire (CFQ)

CFQ is also used to measure the frequency of everyday
cognitive lapses (such as “fail to notice signposts on the
road” or “forget appointments”) in the last six months
[62, 63]. The questionnaire consists of 25 items, and the
respondents have to grade each sentence on a 5-point
Likert scale from 0 to 4. Higher points indicate a higher
prevalence of cognitive failures [62, 63]. Internal consis-
tency of CFQ was high with Cronbach’s alpha: 0.894.

Montreal Cognitive Assessment (MoCA)

We used MoCA for evaluating objective memory perfor-
mance. It is a 10-minute cognitive screening tool devel-
oped to assess cognitive impairment, particularly for
detecting MCI. It’'s a 30-point scale that assesses vari-
ous cognitive domains such as memory, working mem-
ory, visuospatial skills, language, executive functions,
sustained attention, abstract thinking, and orientation.
According to the Hungarian version of MoCA, a score of
24 out of 30 is considered to be [64, 65].

Depression Anxiety and Stress Scale-21 (DASS-21)

DASS-21 is a short version of a 42-item self-report ques-
tionnaire designed to measure the negative emotional
states of depression, anxiety, and stress. The question-
naire contains 21 items; each item of the three scales is
rated on a 4-point Likert scale from 0 to 3. Participants
must indicate how the statements applied to them over
the past week. Depression, anxiety, and stress scores are
measured by summarizing the scores of the related items.
The validation studies classified the resulting ratings as:
“normal, mild, moderate, severe, and extremely severe”
[66, 67]. The internal consistency of DASS-21 subscales
was adequate (Anxiety: Cronbach’s alpha: 0.781; Stress:
Cronbach’s alpha: 0.785) and high (Depression: Cron-
bach’s alpha: 0.836).
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Procedures

Participants were recruited from senior and day care cen-
tres affiliated with the university. Those who applied for
the study arranged a separate appointment for data col-
lection. Data were collected in a quiet room in the senior
centres or the participant’s home. Before testing, each
participant received detailed instruction about the aim
and procedure of the study and signed the informed con-
sent. Data collection took approximately an hour.

Statistical analysis

In the first step of the statistical analysis, Spearman’s cor-
relations were used to assess the relationship between
subjective memory functioning (CFQ, MMQ) and age,
education, gender, the presence of depression, anxiety,
and stress (DASS-21), as well as cognitive status (MoCA).
The primary variables were education, subjective mem-
ory (CFQ, MMQ) and objective cognitive performance
(MOCA), as well as the DASS-21 scales. The secondary
variables were demographic variables and comorbidities.

In the second step, hierarchical regression models were
built using the Enter method, with the outcome variables
(dependent variables) being the DASS-21 subscales. The
predictors were the significantly correlated variables
(education, CFQ, MMQ subscales, and MoCA) with
these subjective scales. (The correlations are shown in
Appendix 2). To examine the effect of subjective mem-
ory functioning and cognitive status on negative affec-
tive states, hierarchical linear regression was used. Due
to the inconsistent results obtained in subjective memory
studies [5, 29] and the differing nature of the two subjec-
tive memory questionnaires, we analysed the CFQ and
MMQ subscales in separate models. Although both mea-
sure subjective memory functioning, the MMQ test was
designed specifically for older adults, whereas the CFQ
questionnaire is appropriate for individuals of all ages.
The MMQ focuses on assessing memory functioning
and compensatory strategies, while the CFQ emphasises
broader cognitive abilities, such as memory, attention
and executive functions [61, 62].

Hierarchical regression models were applied to mea-
sure constructs both by individual predictors and by the
combined contribution of sequentially added sets of pre-
dictors [68]. The baseline models included depression,
anxiety, and stress as dependent variables separately. At
the first level, average education, the second level, the
scores of subjective memory tests (CFQ, MMQ), and at
the third level, the score of the cognitive status (MoCA)
were submitted as predictors. For each model, the level
of autocorrelation was calculated by Durbin-Watson
(DW) tests, and the multicollinearity for the predictors
was assessed by the variation inflation index (VIF). We
considered VIF as satisfactory below 3 [69], and recog-
nized DW values as satisfactory between 1.5 and 2.5. We
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Table 1 Descriptive statistics of the sample (N=76)

Mean Median Standard Minimum Maxi-
deviation mum
CFQ 266 25 121 0 58
MMQ_Satisfaction 50.3 505 144 20 72
MMQ_Ability 606 61 103 37 80
MMQ_Int.Str. 7.37 7 5.56 0 24
MMQ_Ext. Str. 12.5 12 6.76 0 28
DASS-21_Depres- 358 3 3.66 0 17
sion
DASS-21_Anxiety 3.71 3 3.56 0 16
DASS-21_Stress 518 5 3.81 0 16
MOCA 239 24 342 15 30

Note. MMQ - Int. Str.= Multifactorial Memory Questionnaire Internal Strategy
subscale, MMQ -Ext-. = Str. Multifactorial Memory Questionnaire External
Strategy subscale, MoCA=Montreal Cognitive Assessment total score

conducted statistical analysis in Jamovi (version 2.2.5)
[70]. Because no a-priori sample size calculation was
applied, in order to reveal the sensitivity of our analyses
on the present sample size, post-hoc sensitivity analysis
was implemented using G*Power 3.1.9.4 [71].

Results

Descriptive statistics and correlations

Table 1. shows the means, medians, and standard devi-
ations for each variable, along with the minimum to
maximum range across the whole sample. The correla-
tion between negative affective state, subjective memory
functioning, cognitive status, and demographic variables
demonstrated in Appendix 2. In order to shed more light
on the nature of subjective memory functioning, we also
examined the association between CFQ, MMQ sub-
scales, demographic variables, and cognitive status. See
in Appendix 3.

Hierarchical linear regression models

The effect of subjective memory functioning on depression
DASS-21 Depression subscale and Cognitive Failure
Questionnaire The model had three levels: the first
contained education, the second was the CFQ score, and
the third was the MoCA total score as predictors. The
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dependent variable was the DASS-21 Depression sub-
scale. The Durbin-Watson test revealed the lack of auto-
correlation (Model 1: 1.84, Model 2: 2.12, and Model 3:
2.15). In Model 1, the predictor explained 17.5% of the
variance (Rzadj:16.4%; F(1, 74)=15.7, p<0.001), Model
2 explained 32.8% of the variance (RZW:BO.I%; F(2,
73)=17.8, p<0.001) and Model 3 explained 37.8% of the
variance (Rzadj:BS.Z%; F(3, 72)=14.6, p<0.001). The dif-
ferences between Model 1 and Model 2 (AR?=15.3%,
F(1,73)=16.68, p <0.001, Cohen’s f*=0.227) were signifi-
cant as well as between Model 2 and Model 3 (AR? =4.9%,
F(1,72)=5.75, p=0.016, Cohen’s {>=0.080). In the final
model, Education (p = -0.240), CEQ score ( =0.420), and
MoCA total score (p = -0.263) had a significant predic-
tive value on depression. Entering the MoCA total score
in the model weakened the effect of education, which still
remained significant but had no impact on the effect of
CFQ. The results are seen in Table 2.

DASS-21 Depression subscale and Multifactorial
Memory Questionnaire The model had three levels: the
first contained education, the second was MMQ subscales
scores, and the third was the MoCA total score as pre-
dictors. The outcome variable was the DASS-21 Depres-
sion subscale. The Durbin-Watson test revealed the lack
of autocorrelation (Model 1: 1.84, Model 2: 2.11, and
Model 3: 2.15). In Model 1, the predictor explained 17.5%
of the variance (Rzudj:16.4%; F(1, 74)=15.7, p<0.001),
Model 2 explained 38% of the variance (Rzudj: 34.5%; F(4,
71)=10.9, p<0.001) and Model 3 explained 42.3% of the
variance (Rzadj:BS.Z%; E(5, 70)=10.3, p<0.001). The dif-
ferences between Model 1 and Model 2 (AR?=20.51%,
F(3,71)=7.82, p<0.001, Cohen’s f*=0.330) were sig-
nificant as were those between Model 2 and Model 3
(AR?=4.37%, F(1,70) =5.30, p=0.024, Cohen’s f=0.074).
MMQ Internal Strategy (p=0.275) and MoCA total score
(B = -0.249) had significant predictive value on depres-
sion, while education (B = -0.196) and MMQ Satisfaction
(B = -0.235) showed a trend for predictive value. Entering
the MoCA total score in the model weakened the effect of

Table 2 Results of the hierarchical linear regression model where the outcome variable is the DASS-21 depression subscale

B SE t p B VIF
Model 1 Intercept 10.53 1.79 5.86 <0.001
Education —-0.506 0.128 -3.96 <0.001 -0403 1.00
Model 2 Intercept 6.735 1.87 3.58 0.001
Education -0.459 0.11 -3.94 <0.001 -0.379 1.01
CFQ 0.119 0.02 4.08 <0.001 0.394 1.01
Model 3 Intercept 10.910 2.52 433 <0.001
Education -0.290 0.13 -2.18 0.033 -0.240 140
CFQ 0.127 0.02 447 <0.001 0.420 1.02
MoCA -0.2821 0.11 -2.40 0.019 -0.263 139

Note. CFQ= Cognitive Failure Questionnaire, MoCA= Montreal Cognitive Assessment total score
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Table 3 Results of the hierarchical linear regression model where the outcome variable is the DASS-21 depression subscale

B SE t p B VIF
Model 1 Intercept 10.532 1.79 5.86 <0.001
Education —0.506 0.128 -3.96 <0.001 -0418 1.00
Model 2 Intercept 11.909 346 343 <0.001
Education -0.400 0.11 -3.59 0.001 -0.331 1.1
MMQ -S -0.045 0.03 -1.34 0.185 -0.178 2.03
MMQ - A -0.031 0.05 -0.62 0.535 -0.089 2.35
MMQ - Int. Str. 0.189 0.07 253 0.013 0.287 147
Model 3 Intercept 16.299 3.86 4212 <0.001
Education -0.237 0.13 -1.75 0.084 -0.196 1.53
MMQ -S -0.059 0.03 -1.786 0.078 -0.235 211
MMQ - A -0.023 0.04 -0.466 0.643 -0.065 2.36
MMQ - Int. Str. 0.181 0.07 2504 0.015 0.275 147
MoCA -0.266 0.11 -2.30 0.024 -0.249 143

Note. MMQ - S= Multifactorial Memory Questionnaire Satisfaction subscale, MMQ - A = Multifactorial Memory Questionnaire Ability subscale, MMQ - Int. Str.=
Multifactorial Memory Questionnaire Internal Strategy subscale, MoCA = Montreal Cognitive Assessment total score

Table 4 Results of the hierarchical linear regression model where the outcome variable is the DASS-21 anxiety subscale

B SE t p

Model 1 Intercept 9.792 1.78 548 <0.001

Education —0442 0.127 -3.49 0.002 -0.376 1.00
Model 2 Intercept 5.664 1.82 31 0.003

Education -0.391 0.11 -3.46 0.001 -0.332 1.01

CFQ 0.129 0.02 4.58 <0.001 0.440 1.01
Model 3 Intercept 8.534 249 342 0.001

Education -0.275 0.13 -2.09 0.040 -0.234 140

CFQ 0.135 0.02 4.80 <0.001 0.458 1.02

MoCA -0.193 0.11 -1.67 0.100 -0.186 1.39

Note. CFQ= Cogpnitive Failure Questionnaire, MoCA= Montreal Cognitive Assessment total score

education but improved the effect of MMQ Satisfaction
subscales. The results are presented in Table 3.

The effect of subjective memory functioning on anxiety

DASS-21 Anxiety Subscale and Cognitive Failure
Questionnaire The hierarchical linear regression model
had three levels: the first contained education, the sec-
ond was CFQ score, and the third was MoCA total score
as predictors. The dependent variable was the DASS-21
Anxiety subscale. The Durbin-Watson test revealed the
lack of autocorrelation (Model 1: 1.92, Model 2: 2.23, and
Model 3: 2.20). In Model 1, the predictor explained 14.1%
of the variance (Rzadj:12.9%; F(1, 74)=12.2, p<0.001),
Model 2 explained 33.3% of the variance (Rzadj:31.4%;
F(2, 73)=18.2, p<0.001) and Model 3 explained 35.7%
of the variance (Rzadj:BB.l%; F(3, 72)=13.3, p<0.001).
Model 1 and Model 2 showed significant differences
(AR?=19.015%, F(1,73)=20.95, p<0.001, Cohen’s
2=0.287), and a trend was found between Model 2 and
Model 3 (AR?=2.48%, F(1,72)=2.77, p=0.100, Cohen’s
£2=0.037). Education (B = -0.234) and CFQ score
(B=0.458) had a significant predictive value on anxiety.,

MoCA total score (B = -0.214) had no predictive value on
anxiety. The results are seen in Table 4.

DASS-21 Anxiety subscale and Multifactorial Mem-
ory Questionnaire The model had three levels: the
first contained education, the second was MMQ sub-
scales scores, and the third was the MoCA total score
as predictors. The outcome variable was the DASS-21
Depression subscale. The Durbin-Watson test revealed
the lack of autocorrelation (Model 1: 1.92, Model 2: 2.06,
and Model 3: 2.05). In Model 1, the predictor explained
14.1% of the variance (R2adj:12‘9%; F(1, 74)=12.15,
p=0.002), Model 2 explained 26.2% of the variance
(R?,4=22%; F(4, 71)=6.30, p<0.001) and Model 3
explained 27.4% of the variance (R’,;=22.3%; F(5,
70)=5.29, p<0.001). The differences between Model
1 and Model 2 (AR?>=12.09%, F(3,75)=3.71, p=0.013,
Cohen’s f*=0.116) were significant. There were no sig-
nificant differences between Model 2 and Model 3
(AR?=1.25%, F(1,70) = 1.20, p=0.27, Cohen’s f>=0.003).
Education (p = -0.267) showed predictive value on anxi-
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Table 5 Results of the hierarchical linear regression model where the outcome variable is the DASS-21 anxiety subscale

B SE t p B VIF
Model 1 Intercept 9.792 178 548 <0.001
Education —0442 0.127 -3.49 < 0.001 -0.376 1.00
Model 2 Intercept 13.070 3.68 3.550 0.001
Education -0.399 0.12 -3.159 0.002 -0.339 1.1
MMQ - S 0.006 0.03 0.175 0.086 0.254 2.03
MMQ - A -0.082 0.05 -1.528 0.131 -0.238 2.35
MMQ - Int. Str. 0.115 0.07 1462 0.148 0.180 147
Model 3 Intercept 15.352 4.22 363 <0.001
Education -0.315 0.14 -2129 0.037 -0.267 1.53
MMQ - S -0.001 0.03 -0.033 0.974 -0.004 211
MMQ - A -0.078 0.05 -1.442 0.154 -0.225 2.36
MMQ - Int. Str. 0.111 0.07 1411 0.163 0.174 147
MoCA -0.138 0.12 -1.096 0.227 -0.133 143

Note. MMQ - S= Multifactorial Memory Questionnaire Satisfaction subscale, MMQ - A = Multifactorial Memory Questionnaire Ability subscale, MMQ - Int. Str. =
Multifactorial Memory Questionnaire Internal Strategy subscale, MoCA = Montreal Cognitive Assessment total score

Table 6 Results of the hierarchical linear regression model where the outcome variable is the DASS-21 stress subscale

B SE t P B VIF

Model 1 Intercept 11.566 1.91 6.03 <0.001
Education -0.64 0.136 -3.41 < 0.001 -0.368 1.00

Model 2 Intercept 7.267 1.97 3.68 <0.001
Education -0411 0.12 -3.36 0.001 -0.326 1.01
CFQ 0.113 0.03 4.40 <0.001 0.408 1.01

Model 3 Intercept 11.292 2.66 4.24 <0.001
Education -0.249 0.14 -1.77 0.082 -0.197 140
CFQ 0.142 0.03 4.74 <0.001 0452 1.02
MoCA -0.271 0.12 -2.19 0.032 -0.243 1.39

Note. CFQ= Cognitive Failure Questionnaire, MoCA = Montreal Cognitive Assessment total score

ety. Entering the MoCA total score into the model weak-
ened the effect of education and MMQ Internal Strategy.
The results are seen in Table 5.

The effect of subjective memory functioning on stress level

DASS-21 Stress subscale and Cognitive Failure Ques-
tionnaire The hierarchical linear regression model had
three levels: the first contained education, the second was
CFQ score, and the third was MoCA total score as pre-
dictors. The dependent variable was the DASS-21 Stress
subscale. The Durbin-Watson test revealed the lack of
autocorrelation (Model 1: 1.73, Model 2: 1.92, and Model
3:1.92). In Model 1, the predictor explained 13.6% of the
variance (R’,;=12.4%; F(1, 74)=11.6, p=0.001), Model
2 explained 31.7.8% of the variance (R’,;=29.8%; F(2,
73)=16.9, p<0.001) and Model 3 explained 36% of the
variance (Rzadj: 33.3%; F(3, 72)=13.5, p<0.001). The dif-
ferences between Model 1 and Model 2 (AR?=18.14%,
F(1,7)=19.39, p<0.001, Cohen’s f*=0.265) were signifi-
cant, as were the differences between Model 2 and Model
3 (AR?=4.25%, F(1,72) =4.78, p = 0.032, Cohen’s f* = 0.023).
CFQ score (f=0.452), education (p = -0.197) and MoCA
total score (B = -0.243) had a significant predictive value
on stress. Entering the MoCA total score in the model

weakened the effect of education but had no impact on
the effect of CFQ. The results are seen in Table 6.

DASS-21 Stress subscale and Multifactorial Memory
Questionnaire The hierarchical linear regression model
had three levels: the first contained education, the sec-
ond was MMQ subscales scores, and the third was the
MoCA total score as predictors. The outcome variable
was the DASS-21 Stress subscale. The Durbin-Watson
test revealed the lack of autocorrelation (Model 1: 1.73,
Model 2: 1.90, and Model 3: 1.91). In Model 1, the pre-
dictor explained 13.6% of the variance (Rzad]: 124%; F(1,
74)=9.17, p=0.001), Model 2 explained 34,8% of the
variance (Rzadj:30.2%; F(5, 70)=7.248, p<0.001) and
Model 3 explained 38.6% of the variance (Rzadj:33.2%;
E(6, 69)=7.21, p<0.001). The differences between Model
1 and Model 2 (AR?=21.26%, F(4,70)=5.71, p<0.001,
Cohen’s f=0.325) were significant. Model 2 and Model
3 also demonstrated significant differences (AR*=3.72%,
F(1,69) =4.18, p=0.045, Cohen’s *=0.061). MoCA total
score ( = -0.230) showed a significant predictive value
on stress. MMQ Satisfaction demonstrated a trend for
predictive value (B = -0.232). Entering MMQ subscales in
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Table 7 Results of the hierarchical linear regression model where the outcome variable is the DASS-21 stress subscale

B SE t p B VIF
Model 1 Intercept 11.566 191 6.03 <0.001
Education —-0464 0.135 -3.41 0.001 -0.368 1.00
Model 2 Intercept 14.813 3.74 3.95 <0.001
Education -0.378 0.12 -291 0.005 -0.300 1.14
MMQ - S -0.047 0.03 -1.30 0.196 -0.180 2.05
MMQ - A -0.055 0.05 -1.01 0315 -0.149 2.35
MMQ - Int. Str. 0.021 0.06 035 0.727 0.037 1.26
MMQ - Ext. Str. 0.146 0.08 0.70 0.092 0213 1.69
Model 3 Intercept 19.023 420 452 <0.001
Education -0.222 0.14 -1.50 0.176 -0.133 1.55
MMQ - S -0.061 0.03 -1.68 0.096 -0.232 212
MMQ- A -0.047 0.05 -0.87 0.383 -0.127 236
MMQ - Int. Str. 0.138 0.08 1.64 0.105 0.201 1.26
MMQ - Ext. Str. 0.023 0.05 039 0.696 0.041 1.69
MoCA -0.2456 0.12 -2.04 0.045 -0.230 143

Note. MMQ - S= Multifactorial Memory Questionnaire Satisfaction subscale, MMQ - A= Multifactorial Memory Questionnaire Ability subscale, MMQ - Int. Str. =
Multifactorial Memory Questionnaire Internal Strategy subscale, MMQ - Ext. Str. = Multifactorial Memory Questionnaire External Strategy subscale, MoCA = Montreal

Cognitive Assessment total score

the model weakened the effect of education. Furthermore,
entering the MoCA total score into the model eliminated
the effect of education and weakened the effect of MMQ
Internal and External Strategy, but improved the effect of
MMAQ Satisfaction subscale. The results are presented in
Table 7.

Post-hoc sensitivity analysis indicated that final models
with the present sample size were able to detect effects
of Cohen’s f* = 0.151-0.196 (7* = 0.131-0.163) with 80%
power. This suggests that our analyses were sensitive
enough to detect at least medium to large effects, that is,
small to medium effects might have remained undetected
[72].

Discussion

The aim of the current study was to examine the predic-
tive value of subjective and objective memory perfor-
mance on negative affective states in older adults. We
found that CFQ correlated positively with depression,
anxiety, and stress, and both CFQ and MoCA had a sig-
nificant predictive value on the levels of depression, and
stress. Our analysis also revealed that MMQ Satisfaction
and MMQ Ability subscales demonstrated significant
negative correlation with depression, anxiety, and stress.
Positive association was found between MMQ Inter-
nal Strategy and depression, anxiety, and stress, and the
MMQ External Strategy subscale also showed positive
correlation with stress. The hierarchical linear regres-
sion models revealed that MMQ Internal Strategy and
MoCA had a significant predictive value on depression
and stress, but not on anxiety. While entering MoCA into
the models improved the predictive value of MMQ Sat-
isfaction on the levels of depression and stress, it weak-
ened the predictive value of MMQ Internal and External

Strategy in the case of stress and anxiety. Furthermore,
the MoCA total score and education showed significant
negative correlation with depression, anxiety, and stress.
However, entering the MoCA total score into the hierar-
chical regression model weakened the effect of education
on a negative affective state and eliminated the predictive
value of education on stress.

We revealed that self-perceived memory performance
and objective memory performance have a predictive
value on negative affective states. Individuals who are
more satisfied with their memory have better objective
memory performance, fewer SMCs, and a lower level of
depression, anxiety, and stress. These findings are in line
with previous studies that found that perception of mem-
ory functioning has a crucial role in psychological well-
being [54]. Higher levels of SMCs are associated with
more depressive symptoms and higher stress exposure
[54, 55, 73]. Studies investigating the association between
memory concerns and negative affective state assumed
that this relationship are based on the worry about cog-
nitive decline [54, 55, 58, 59], which is one of the great-
est concerns associated with aging. Particularly, when
perceiving one’s memory functioning as poorer com-
pared to their peers. Based on Mogle et al. [73] results,
age-anchored and self-anchored comparison activates
social threat (e.g. dementia, loss of independence, per-
sonal and environmental reality, or individuals’ identity)
mechanism but may not be related to actual performance
deterioration. They also found that better ratings of sub-
jective memory were associated with higher levels of life
satisfaction and fewer depressive symptoms [73]. Consis-
tent with these results, Norman et al. [58] also revealed
that fear of Alzheimer’s disease was the strongest predic-
tor of SMCs, even after accounting for age and education.
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In their study, nearly half of their sample reported being
very concerned or somewhat concerned about devel-
oping AD. The authors also assumed that one aspect
of fear of AD may be related to thoughts of uncontrol-
lability associated with perceived disease-related mem-
ory changes [58]. Another possible explanation for the
worry of dementia could be the negative socio-cultural
framework associated with AD patients and their family
members regarding the cognitive, emotional, and behav-
ioural implications of the disease (for a review, see Gian-
nouli [74]). The bidirectional nature of the relationship
between negative symptoms and SMCs indicates that a
higher level of anxiety, including fear of dementia, may
enhance the awareness of age-related memory changes
that may result in SMCs [58, 75]. A study by Verhaeghen
et al. [76] also demonstrated that higher perceptions of
memory problems may lead to increased memory-related
anxiety, which may further lead to an increase in per-
ceived seriousness of memory problems. Indeed, Begum
et al. [77] found that when individuals were asked to rank
a list of health-related symptoms in terms of their per-
ceived level of importance, participants who ranked sub-
jective cognitive symptoms as highly important also had
higher levels of depressive symptoms. Tandem with these
findings, longitudinal studies demonstrated that subjec-
tive cognitive complaints at baseline were associated
with depressive symptoms in subjects without cognitive
decline over time, including a greater risk of develop-
ing depression after a 2 and 10-years follow-up period
[78-80].

Negative cognitive biases are also common in depres-
sion [81, 82] and patients with depression tend to under-
estimate their performance. There is evidence that
negative symptoms negatively affect self-perceived cog-
nition in bipolar disorder and major depressive disor-
der [83]. Negatively formed self-perception could be an
explanation for why patients with major depressive dis-
order commonly complain about their cognitive func-
tions in everyday life. In contrast, their performance on
objective cognitive tasks is not severely impaired [42].
Another possible explanation of the discrepancy between
objective performance and subjective evaluation of cog-
nitive functions in depressed patients is the absence of
motivation. They might be motivated to participate in
cognitive testing in a laboratory setting, but they have dif-
ficulty finding motivation in everyday life. Furthermore,
patients’ complaints may influence family members’
impressions and, therefore, do not necessarily reflect the
patient’s objective everyday performance [42].

Our data showed that the frequency of internal strat-
egy use was associated with depression, anxiety, and
stress. Moreover, internal strategy use had a predictive
value on depression and stress. These results are in tune
with previous literature showing that individuals with
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more negative symptoms and higher levels of stress expo-
sure tend to utilize more internal and external memory
aids. These findings may be explained by the fact that
negative affect was associated with increased self-mon-
itoring and error awareness [84], and these traits might
also lead to greater reported SMCs and more frequent
use of internal strategies [10]. Additionally, it is feasible
that higher level of anxiety can cause a false impression
about memory capacities and lead to higher vulnerability
and poorer coping mechanisms under stressful circum-
stances [58, 85]. Therefore, they might feel the need to
use more compensatory strategies. Consistent with these
findings, older adults tend to use more memory strate-
gies to improve everyday memory [86], particularly in
higher level of SMCs and poorer objective memory per-
formance [85]. In line with these results, fewer memory
concerns and better cognitive functioning leads to using
compensatory strategies less frequently [85, 87]. This
observation may explain our results that entering MoCA
into the regression model weakened the predictive value
of the frequency of external and internal strategy use. Lin
et al. [85] also revealed that a lower level of depression
and increased quality of life were associated with less
investment in strategies due to satisfaction with memory
functioning.

Finally, a negative correlation was found between edu-
cation and negative affective state, and education has a
significant predictive value on negative symptoms as well.
However, entering the MoCA total score into the hierar-
chical regression model weakened the effect of education
on depression and anxiety, and eliminated the predictive
value of education on stress. This result is consistent with
previous studies indicating that individuals with a higher
level of education are more perceptive of the quality of
their cognitive performance as well as of the potential
signs of cognitive decline [10, 13, 63].

Our study has some limitations that should be noted.
The main limitation of the study is its relatively small
sample size, which leads to the lack of power, and makes
it difficult to detect subtle relations and effects. The sec-
ond limitation is the cross-sectional approach of the
study, which prevents us from examining the tempo-
ral ordering of these relationships and their long-term
effects. Future studies should focus on the long-term
relationship between negative symptoms and subjective
memory functioning. Furthermore, we cannot rule out
the possible impact of the individual’s biased self-per-
ception and the potential influence of comorbid disease
and medication. In addition, a major drawback of the lin-
ear regression models is that although they are suitable
to measure the additive effect of predictors, these are
direct effects only; therefore, more complex relationships
between variables might remain undetected [68].
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Conclusion

In conclusion, we found that subjective cognition and
objective memory performance have a predictive value
on negative affective states such as depression, anxiety,
and stress. Our results highlight that the deterioration
of cognitive functions and the underestimation of one’s
own abilities could be a risk factor for late-life depres-
sion, increased symptoms of anxiety and a higher level of
perceived stress. These findings underpin the importance
of considering both subjective and objective cognition
when addressing depression in older adults. It could be
important for treatment approaches for older adults to
prevent or treat the development of negative perceptions
of their own ability and related distress, which can exac-
erbate SMCs, decrease objective memory performance,
and negatively impact affective state.

Appendix 1

Medical condition of the sample (N = 76)

Medical condition Frequency/number Percentage
Disease of circulatory system 46 60.5%
Endocrine, nutrition, and 11 14.5%
metabolic disease

Diseases of the musculoskel- 4 5.3%

etal system and connective
tissue

1.3%
1.3%

Neuroplasm 1
Diseases of the skin and 1
subcutaneous tissue

Diseases of the genitouri- 1 1.3%
nary system

Diseases of the eye and 1 1.3%

adnexa

Appendix 2

Correlation between negative affective state, subjective
memory functioning, cognitive status, and demographic
variables

DASS-21 Depression subscale showed a significant
moderate negative correlation with education, MMQ
Satisfaction subscale, MMQ Ability subscale, and MoCA
total score. The CFQ and MMQ Internal Strategy sub-
scale also demonstrated a significant, moderate positive
association with depression. We failed to find a correla-
tion between depression and age and the MMQ External
Strategy subscale.

We revealed a moderate negative correlation between
the DASS-21 Anxiety subscale and education, MMQ Sat-
isfaction, and MMQ Ability subscales. The MoCA total
score also demonstrated a significantly weak negative
association with anxiety. A significant moderate positive
correlation was present between anxiety and CFQ, and
the MMQ Internal Strategy subscale was also correlated
positively with the Anxiety subscale. There was no corre-
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lation between anxiety, age, and the MMQ External Strat-
egy subscale.

We found a significant moderate negative association
between the DASS-21 Stress subscale and MMQ Satis-
faction, MMQ Ability subscales, and MoCA total score
also showed a significant negative correlation with stress.
Education also demonstrated a weak negative correlation
with stress. CFQ, MMQ Internal Strategy were correlated
positively with the Stress subscale. No correlation was
found between stress and age and MMQ External Strat-
egy subscale. Results are presented in Table 2.

Correlation between mood, demographic variables, subjective
memory complaints, cognitive status

DASS-21 DASS-21 DASS-21

Depression Anxiety Stress
Age -0.056 -0.101 -0.083
Education -0.446%** -0.370%* -0.373%**
CFQ 0.460%** 0.446%** 0.437%%*
MMQ Satisfaction -0497*%* -0.375%** -0.468***
MMQ Ability -0.397%%* -0.365%* -0.392%%*
MMQ External Strategy 0.016 0.019 0.130
MMQ Internal Strategy 0.448%** 0.313%** 0.400%**
MoCA total score -0.422%** -0.238* -0.305*%

df 78, CFQ Cognitive Failure Questionnaire, MoCA Montreal Cognitive
Assessment, DASS-21 Depression, Anxiety, Stress Scale-21, MMQ Multifactorial
Memory Questionnaire, External Str. External Strategy subscale, Internal Str.
Internal Strategy subscale

Note. *p < 0.05, p** < 0.01, p*** < 0.001

Appendix 3
Correlation between subjective, objective memory and
demographic variables

Significant weak negative correlation was present
between CFQ and age (r(74) = -0.286, p = 0.012), although
age did not correlate with any of the MMQ subscales
(MMQ Satisfaction: r(74) = 0.173, p = 0.136, MMQ Abil-
ity: r(74) = 0.135, p = 0.246, MMQ Internal Strategy: r(74)
=0.033, p = 0.777, MMQ External Strategy: r(74) = 0.024,
p = 0.837). Gender did not show any significant correla-
tion with CFQ (r(74) = -0.028, p = 0.809) and MMQ sub-
scales (MMQ Satisfaction: r(74) = 0.051, p = 0.662, MMQ
Ability: r(74) = 0.171, p = 0.139, MMQ Internal Strategy:
r(74) = -0.040, p = 0.729, MMQ External Strategy: r(74) =
0.085, p = 0.467). A weak negative correlation were found
between education and MMQ Internal Strategy (r(74) =
-0.229, p = 0.047). We failed to find association between
education and CFQ (r(74) = -0.073, p = 0.528) and MMQ
subscales (MMQ Satisfaction: r(74) = 0.141, p = 0.225,
MMQ Ability: r(74) = -0.007, p = 0.955, MMQ External
Strategy: r(74) = 0.037, p = 0.748).

MoCA did not correlated with CFQ (r(74) = 0.048, p
= 0.678) and none of the MMQ subscales (MMQ Satis-
faction: r(74) = -0.039, p = 0.741, MMQ Ability: r(74) =
-0.041, p = 0.725, MMQ Internal Strategy: r(74) = -0.135,
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p = 0.3245, MMQ External Strategy: r(74) = 0.084, p =
0.473).

Abbreviations

SMC Subjective Memory Complaints

MClI Mild Cognitive Impairment

AD Alzheimer’s Disease

ICSD-11 International Statistical Classification of Diseases and Related
Health Problems 11th Revision

MMQ Multifactorial Memory Questionnaire

CFQ Cognitive Failure Questionnaire

MoCA Montreal Cognitive Assessment

DASS-21 Depression. Anxiety and Stress Scale-21

DW Durbin Watson test

VIF Variation Inflation Index
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