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Abstract
Objective We assessed the psychometric properties, established normative data for the German Multifactorial Memory 
Questionnaire (MMQ), and analyzed its association with neuropsychiatric factors across the life span to provide a validated 
metamemory assessment for a German-speaking population.
Methods The three MMQ scales (memory satisfaction, self-rated ability, and strategy application) were translated into Ger-
man, considering cultural, linguistic, and conceptual aspects. To validate the MMQ and assess associations with neuropsy-
chiatric factors, the Complainer Profile Identification, Geriatric Depression Scale, Beck Anxiety Inventory, Pittsburgh Sleep 
Quality Index, and Short-Form-Health Survey were applied in an online study in 336 healthy participants with follow-up 
after 8 months.
Results Psychometric evaluation of the German MMQ showed normal distribution of all scales and good to excellent validity, 
internal consistency, and retest reliability. We provide percentiles and normative data for z-score conversion. Importantly, 
even subclinically elevated scores in depressiveness and anxiety were associated with decreased memory satisfaction and 
self-rated ability. Furthermore, although the influence of age on the German MMQ scales was minimal, effects of neuropsy-
chiatric factors such as sleep quality, anxiety, and depressiveness on MMQ Satisfaction and Ability varied across the life span.
Conclusions Our study provides a validated German translation of the MMQ with normative data and reliability measures, 
including reliable change scores. We show the impact of neuropsychiatric factors on the MMQ scales across the life span 
and emphasize the relevance of a multifactorial approach to metamemory as a measure of individualized everyday function-
ality and the importance of including neuropsychiatric factors into both research and clinical assessments of metamemory.

Keywords Multifactorial Memory Questionnaire · MMQ · German normative data · Metamemory · Subjective memory 
impairment · Subjective cognitive decline

Introduction

Metamemory refers to the ability to monitor or make judg-
ments about one’s own memory processes [1–3] and is neu-
tral in its valence about the subjective judgment. In con-
trast, subjective memory impairment (SMI) or complaints 
specifically refer to a non-functional state of memory, and 
subjective cognitive decline (SCD) describes self-perceived 
worsening of cognition in general or memory specifically. 
Although these terms are frequently used interchangeably, 
distinctive elements of SMI have been associated with the 
affective component of worries or satisfaction and impact 
on everyday life [4, 5].
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SMI is frequently reported in many neurological disor-
ders, e.g., epilepsy [6], Parkinson’s disease [7], or multiple 
sclerosis [8], but can also increase with age [9]. In memory 
clinics, clinicians face the challenge that sometimes mem-
ory complaints cannot be objectified by standard neuropsy-
chological assessments, but still precede future cognitive 
decline. Indeed, research from large populations [10] and 
individuals with increased biomarker-based risk for Alz-
heimer’s disease [11, 12] indicates that subjective memory 
decline is associated with an increased risk for conversion to 
mild cognitive impairment and dementia even in cognitively 
unimpaired people [5, 13]. Furthermore, SMIs are associ-
ated with an Alzheimer’s disease-like gray matter atrophy 
pattern [14] and medial temporal lobe volume loss [11, 15]. 
Beside this potential for identifying cognitive decline earlier 
than standardized cognitive tests, SMI can also be a more 
individualized approach to assessing everyday impairment, 
especially in high-performing individuals lacking baseline 
assessments [16, 17].

To operationalize subjective memory, existing approaches 
vary regarding covered domains and time frames, adminis-
tration modes, and number and phrasing of items and answer 
scales [4]. Common methods include asking for a judgment 
of the extent of memory decline, e.g., Memory Complaint 
Questionnaire [18], memory complaint frequency, like in 
the Complainer Profile Identification [19], or rating how 
often memory-related tasks present a problem, e.g., Mem-
ory Functioning Questionnaire [20]. Some approaches also 
integrate strategy use and external judgment, such as the 
Subjective Memory Complaints scale [21]. Lastly, one-item 
binary assessments of the presence or absence of subjective 
complaints are frequently applied, but might lack sensitivity 
to identify people with high-risk profiles. In contrast, con-
tinuous measures enable evaluating metamemory changes 
over time and investigating associations between subjective 
judgments and other outcomes. However, many question-
naires lack psychometric assessment, normative data, and 
appropriate cultural adjustments [22] and approach metam-
emory as a singular factor.

The Multifactorial Memory Questionnaire—MMQ [17] 
offers a multifactorial approach to SMI or metamemory. It 
dissociates the scales Satisfaction, Ability, and Strategy, 
which allows to take differential confounding factors into 
account. Dissatisfaction, concerns, or worries about one’s 
own memory performance, are important predictors for the 
development of symptomatic Alzheimer’s disease [5, 10] 
and conversion to objective cognitive impairment [23], but 
are also associated with affective disorders like depression 
[24] and confounded by depressiveness [25]. In contrast, 
self-rated ability directly relates to everyday memory func-
tion, but is impacted by monitoring ability. Skewed judg-
ments may result from underlying brain pathologies or be 
biased by the degree of confrontation and self-reflection. 

Lastly, mnemonic strategies have a complex relationship 
to subjective memory ability and satisfaction. While they 
are frequently applied by high-performing individuals and 
trained in cognitive interventions [26–28], an increased use 
of everyday memory strategies is consistently associated 
with more memory complaints [29–31]. This highlights the 
potential confounding effect of strategy items in unifactorial 
questionnaires. Therefore, the additional application time 
of a multifactorial questionnaire differentiating memory 
satisfaction, subjective performance, and strategies use can 
bring significant value by ensuring accurate assessment and 
facilitating effective treatment planning.

Here, we present the German translation and normative 
data of the Multifactorial Memory Questionnaire (MMQ 
[17]) and (i) provide a culturally and linguistically appro-
priate transfer, (ii) assess its psychometric properties, and 
(iii) investigate the differential influence of neuropsychiatric 
factors including depressiveness, anxiety, sleep, and health-
related quality of life on its scales Satisfaction, Ability, and 
Strategy. Multifactorial metamemory questionnaires have 
numerous potential applications in research and clinical 
contexts, including monitoring of longitudinal changes, 
and evaluating the efficacy and contributing factors of reha-
bilitation and training interventions. Additionally, they can 
function as a standardized assessment of self-efficacy and 
compensatory mechanisms. However, since depressiveness, 
anxiety, physical and mental health, and sleep differentially 
affect memory across the life span [29, 32, 33], neuropsy-
chiatric symptoms need to be considered when evaluating 
metamemory.

Materials and methods

Participants and data acquisition

We recruited 439 healthy participants between April 2020 
and April 2021 using the online tool SoSci Survey [34]. 
Participants were invited through the hospital-based website, 
community clubs and organizations for senior citizens, and 
social media posts. Inclusion criteria were age ≥ 18 years 
and adequate German language proficiency. Exclusion 
criteria were a history of neurological or psychiatric dis-
orders, clinically relevant screening scores for mood, pain, 
and sleep disorders, substance abuse, as well as previous 
chemo- or radiation therapy or current medication suspected 
to interfere with cognition (for a detailed flowchart of the 
exclusion process of participants please see Fig. 1). Of the 
439 individuals who participated, 336 participants fulfilled 
the predetermined inclusion criteria for the baseline assess-
ment. Demographic information on the final sample is pre-
sented in Table 1 and Fig. 6 illustrates the age and gender 
distribution of the norm sample. For the retest assessment, 
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Fig. 1  Sample flowchart with 
exclusion criteria
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included participants were invited to participate again on 
average 8 months later (SD = 1.27 months), mirroring the 
interval of biannual or annual clinical visits. A total of 122 
participants responded and 94 participants were included 
who could be matched to their baseline assessment based 
on their participation ID.

To ensure data fidelity of the online study, we incorpo-
rated rigorous compliance measures in the study design and 
quality checks during data processing. These included the 
contextualization of the data collection as normative data 
for clinical evaluation, thorough physical and mental health-
related questionnaires, and previous warnings that these 
questionnaires are included, contact details of services who 
provide specific help and information in situations of psy-
chological distress, optional possibility to receive feedback 
on questionnaire scores with clinical relevance, possibility 
to self-declare untrue data, and double participation checks.

Translation process into German

Instructions, items, and rating scales were translated in 
an iterative approach considering linguistic and cultural 
conventions in German-speaking countries and the preci-
sion of the underlying constructs. To ensure this, the first 
transfer from English to German was done by two native 
German speakers (JH, SR) with high English proficiency. 
The resulting translation was proofread by a native English 
speaker with high German proficiency (Graham Cooper) 
and edited. This version was checked regarding grammar 
and spelling by a German linguist (Julia Heine). After inte-
grating these revisions, the second version was created. To 
ensure the precision of the underlying constructs, we then 
chose an automated back-translation of this second version 
into English using the AI-based software “DeepL”. The 
authors of the original MMQ scales (Angela Troyer, Jill 
Rich) checked this automated translation and their edits 
were integrated to create the final version of the German 

Table 1  Demographic information and clinical self-assessment scales

a Monthly net income

Mean SD Range

Age (years) 51.18 ±17.63 19–86
Geriatric Depression Scale (GDS) 1.84 ±2.34 0–11
Beck Anxiety Inventory (BAI) 5.47 ±5.12 0–25
Physical quality of life (SF-12) 39.99 ±3.47 20.73–48.44
Mental quality of life (SF-12) 44.54 ±5.62 22.79–53.61
Complainer Profile Identification (CPI) 1.96 ±0.56 1–4
 CPI attention 1.88 ±0.61 1–4
 CPI executive 2.01 ±0.64 1–4.33
 CPI memory 1.93 ±0.61 1–4

Category n Share of the 
sample (%)

Gender Female 231 69
Male 105 31

Education High school (12–13 years) 203 60
Upper secondary (11–12 years) 35 10
Secondary (10 years) 89 26
Lower secondary (8–9 years) 9 3

Current work status Full-time 175 52
Part-time 43 13
Unemployed 1 <1
Retired 97 29
Other 20 6

Household  incomea <1.000€ 11 3
1.000–<2.000€ 90 27
2.000–<3.000€ 123 23
3.000–<4.000€ 54 16
>4.000€ 58 17
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MMQ. For details on each item, see Supplementary infor-
mation 1.

Questionnaires

The Multifactorial Memory Questionnaire (MMQ) devel-
oped by Troyer & Rich [17] includes three scales: (1) Satis-
faction, encompassing 18 statements on the subjective over-
all appraisal of and worries associated with one’s memory; 
(2) Ability, which assesses the perception of one’s own 
day-to-day memory performance and includes 20 common 
memory mistakes that are rated regarding their frequency in 
the past 2 weeks; and (3) Strategy, comprising 19 practical 
memory strategies and aids which are rated analogously in 
terms of their frequency. Shaikh et al. [35] found that fac-
tor analyses supported that the latter scale can be further 
divided into internal (i.e., mental) and external (i.e., using 
auxiliary elements in the environment) memory strategies. 
Each MMQ item is scored on a 5-point Likert scale from 0 
to 4, after recoding inverted items. The resulting score for 
each scale is interpreted separately with low scores indicat-
ing low satisfaction, low self-rated ability (mistakes occur 
frequently), or infrequent use of strategies. The MMQ and its 
translation are freely available for researchers and clinicians 
for non-commercial use at the Baycrest website (https:// 
www. baycr est. org/ mmq).

To validate the German MMQ, we also applied the ques-
tionnaire Complainer Profile Identification (CPI), which 
assesses subjective complaints in the domains memory, 
attention, and executive functions [19]. It consists of 17 
items describing cognitive complaints, which are rated on 
a 5-point Likert scale regarding their frequency (“never” to 
“very often”). Affective symptoms were assessed using the 
Geriatric Depression Scale (GDS-15) [36, 37] for depressive 
symptoms and the Beck Anxiety Inventory (BAI) [38, 39] 
for symptoms of anxiety. Furthermore, we assessed sleep 
quality using the Pittsburgh Sleep Quality Index components 
subjective sleep quality, use of sleeping medication, and day-
time dysfunction (PSQI [40, 41]) and mental and physical 
health-related quality of life using the Short-Form-Health 
Survey (SF12) [42, 43]. Moreover, we acquired demographic 
information, including age, gender, language proficiency, 
medication, smoking habits, and potential alcohol and drug 
abuse (see Table 1 and Fig. 1).

Statistical analysis

Preprocessing and all analyses were performed using R, 
Version 3.6.1 [44]. Details on used packages and versions 
are available in the analysis script, which can be accessed 
at the Open Science Framework (https:// osf. io/ x6e8f). The 
level of statistical significance for all analyses was set at 
p < 0.05. The psychometric properties of the German MMQ 

scales were investigated regarding variability (distribution, 
skewness, and excess kurtosis), convergent validity assessed 
by correlations with the CPI scales on an individual level 
and considering intercorrelations using multiple regression 
analyses. Furthermore, we tested the MMQ scales’ internal 
consistency using Cronbach's alpha, retest reliability using 
Pearson’s product–moment correlation (r), and calculated 
reliable change scores for the MMQ scales by multiplying 
the standard error of the difference  (SEdiff), based on the 
standard errors of the measurement (SEM) at baseline and 
retest, by the z-score 1.96 (95% CI) [45, 46]. To assess corre-
lates of the MMQ scales, we assessed their associations with 
demographic and neuropsychiatric measures using Pearson’s 
product–moment correlation for approximately normally 
distributed variables (skewness <|2| and excess kurtosis <|4|) 
[47]. When comparing two groups, t test for independent 
samples was used, when homogeneity of variance could 
be assumed based on Levene’s test. For regression models, 
significant predictors on an individual level were entered 
simultaneously. Successive predictor reduction for identi-
fication of the most parsimonious model was conducted by 
excluding non-significant predictors. The three age groups 
for the analyses across the life span were identified based 
on age tertiles in the sample to ensure approximately equal 
group sizes (young (18–40 years) n = 113, middle-aged 
(41–60 years) n = 112, older adults (61–86 years) n = 111).

Results

Psychometric properties

Variability

Prior to computing percentiles, the shape of the distribution 
for each scale was analyzed to test for normal distribution. 
All skewness and excess kurtosis values were well within 
the range of − 1.0 to 1.0 for the three MMQ scales, indicat-
ing normal distribution (Satisfaction: skewness = − 0.92, 
kurtosis = 0.55; Ability: skewness = − 0.59, kurtosis = 0.48; 
Strategy: skewness = 0.13, kurtosis = 0.05; Fig. 2A). Further 
details of the distribution of each MMQ scale, including 
mean and standard deviation for the calculation of stand-
ardized norm scores like z-scores, are provided in Table 2.

Validity

To assess the validity of the German MMQ, we analyzed its 
associations with the scales memory, attention, and execu-
tive complaints of the CPI. As shown in Fig. 2B, less com-
plaints in all CPI domains were strongly associated with 
a higher MMQ Satisfaction and self-rated Ability and a 

https://www.baycrest.org/mmq
https://www.baycrest.org/mmq
https://osf.io/x6e8f
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medium-sized decrease in use of strategies in the MMQ. 
Detailed test statistics on the correlations of the MMQ scales 
with questionnaire measures can be found in Table 6.

Reliability

We found excellent internal consistency for the MMQ scales 
Satisfaction (α = 0.93, 95% CI [0.92, 0.94]) and Ability 
(α = 0.90, 95% CI [0.89, 0.92]) and good internal consist-
ency for the Strategy scale (α = 0.84, 95% CI [0.81, 0.86]). 
As reported in Table 2, we also found good test–retest reli-
ability for the scales Satisfaction and Ability and acceptable 
test–retest reliability for the MMQ Strategy scale after an 
average interval of 8 months (range: 3.30–9.13, SD = 1.27). 
Table 2 also provides reliable change scores for each scale 
(95% CI), i.e., the number of points that indicate a clinically 
significant change on the respective scale.

Normative data and correlates of metamemory

Demographic variables and questionnaire data

Age had a small, but significant association with MMQ Sat-
isfaction (r =  − 0.11, 95% CI [− 0.21,0.00], t(334) =  − 1.97, 
p = 0.0499) and Ability (r =  − 0.13, 95% CI [− 0.24, − 0.03], 

t(334) =  − 2.45, p = 0.015), but not with Strategy 
(t(334) =  − 1. 44, p = 0.150). Men and women did not dif-
fer with respect to memory satisfaction (t(334) = 1.28, 
p = 0.201) or self-rated ability (t(334) = 0.98, p = 0.328), 
but men scored on average 2.41 points more on the Strat-
egy scale than women (d =  0.24, t(334) =  − 2.07, p = 0.039). 
The level of education did not impact any of the three 
MMQ scales (Satisfaction: χ2(3) = 0.62, p = 0.892; Ability: 
χ2(3) = 0.50, p = 0.918; Strategy: F(3,332) = 0.90, p = 0.443). 
Considering the very small effect of age on Satisfaction 
and Ability, and the small effect of gender on Strategy, we 
decided to include all age groups into one normative sample 
in accordance with the original MMQ normative data by 
Troyer and Rich [17]. The normative data using percentile 
ranks for Satisfaction and Ability are presented in Table 3 
and for the Strategy scale in Table 4 with recommendations 
for interpretation provided in Table 5.

Based on the acquired questionnaire data (Fig. 3), we found 
that higher scores on MMQ scales Satisfaction and Ability 
were correlated with lower depressiveness (GDS), lower 
anxiety (BAI), less sleep problems (PSQI), and better mental 
health (SF-12), while the opposite pattern was observed for the 
Strategy scale. Physical health (SF-12) was not correlated with 
any of the collected measures. Detailed statistics on the cor-
relations can be found in Table 6. Interestingly, the effect that 

Fig. 2  a MMQ variability: 
rain cloud plots illustrating 
the normal distribution of 
MMQ scales. b MMQ validity: 
construct validity correlation 
matrix of MMQ scales showing 
significant Pearson correlation 
coefficients with CPI scales

Table 2  Distribution and retest information of the MMQ scales in the German normative group

a Reliable Change Index (RCI) * 1.96 (p < 0.05)

Baseline N Mean±SD SE mean Range

MMQ Satisfaction 336 54.26±11.67 0.64 15–72
MMQ Ability 336 58.21±10.04 0.55 22–80
MMQ Strategy 336 25.99±9.95 0.54 0–55
Internal 336 10.32±6.09 0.33 0–34
External 336 15.67±5.20 0.28 0–28

Retest (8 months) N Test–retest reliability [95% CI] SEdiff Reliable change  scorea

MMQ Satisfaction 94 0.84 [0.76, 0.89] 6.96 13.64
MMQ Ability 94 0.81 [0.72, 0.87] 6.39 12.52
MMQ Strategy 94 0.76 [0.66, 0.83] 6.96 13.63
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higher anxiety and depressiveness are associated with lower 
Satisfaction and Ability was already seen at subclinical levels 
of anxiety (BAI) and depressiveness (GDS) with a gradual 
decrease of Ability and Satisfaction scores from minimal to 
mild and moderate anxiety and depressiveness (Fig. 4). Impor-
tantly, this is not specific to clinically relevant severe levels. In 
fact, even participants with mild compared to no or minimal 
anxiety or depressiveness show significantly lower subjective 
memory ability (BAI: d = 0.47, t(311) = 3.42, p = 0.001; GDS: 
d = 0.87, t(328) = 4.31, p < 0.001) and memory satisfaction 

(BAI: d = 0.51, t(311) = 3.70, p < 0.001; GDS: d = 1.15, 
t(328) = 5.75, p < 0.001).

Neuropsychiatric correlates of memory satisfaction 
and self‑rated memory ability across the life span

Next, we calculated two regression models, using Satis-
faction and Ability as the respective outcome measures, to 
account for the intercorrelation between age and the signifi-
cant questionnaire measures. Here, we found that depres-
siveness, anxiety, and sleep problems remained significant 

Table 3  Percentiles for the 
MMQ scales Satisfaction and 
Ability (N = 336)
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predictors for memory satisfaction and self-rated abil-
ity, respectively, but mental health did not (Satisfaction: 
t(330) = 0.59, p = 0.556; Ability: t(330) = 1. 12, p = 0.263). 
Regression models using the significant predictors age, 
GDS score, BAI score, and PSQI score explained 36% of 
the variance in the Satisfaction score (F(4,331) = 47.32, 
p < 0.001) and 25% of the variance in the Ability score 
(F(4,331) = 27.97, p < 0.001). To address the question 
how these significant predictors affect the self-rated ability 
and memory satisfaction across the life span, we defined 
three age groups, i.e., young (18–40  years), middle-
aged (41–60 years), and older adults (61–86 years) and 

calculated separate regression models for each age group 
with the MMQ scales Ability and Satisfaction as outcome 
measures (Fig. 5). Interestingly, we observed a differen-
tial impact of the three factors on metamemory, although 
they did not differ between age groups (depressiveness: 
χ2(2) = 2.16, p = 0.340; anxiety: χ2(2) = 3.00, p = 0.223; 
sleep: χ2(2) = 2.11, p = 0.349): Depressiveness was associ-
ated with poorer memory satisfaction in all age groups, but 
relevant for self-rated ability only in older adults. Anxiety 
affected both memory satisfaction and self-rated ability, but 
only in young and older adults. Lastly, sleep problems were 
associated with memory satisfaction in middle-aged adults 

Table 4  Percentiles for the 
MMQ Strategy scales (N = 336)
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and self-rated memory ability in young and middle-aged 
adults.

Discussion

In this study, we assessed the German MMQ and its asso-
ciations with neuropsychiatric factors in a healthy norm 
sample. First, we translated the original items and instruc-
tions considering cultural, linguistic, and conceptual aspects. 
Second, we assessed the psychometric properties and built 
normative data for the application of the MMQ in Ger-
man speakers. The three scales Satisfaction, Ability, and 
Strategy exhibited a normal distribution, and we observed 
strong validity, internal consistency, and retest reliability in 
the German sample. In line with the original MMQ [17] 
and other translations of the MMQ [31], we found no or 
only small associations of age and gender with the MMQ 
scales. Furthermore, we found that neuropsychiatric factors 
such as anxiety, depressiveness, sleep problems, and mental, 
but not physical health, were associated with the German 
MMQ scores. Moreover, anxiety, depressiveness, and sleep 
problems differentially impacted memory satisfaction and 
self-rated ability across different age groups. Importantly, 
even subclinical levels of anxiety and depressiveness were 
associated with significantly reduced Satisfaction and Ability 
MMQ scores.

Concerning the psychometric properties of the German 
MMQ, the normal distribution of the three scales is advan-
tageous for statistical analyses and enables converting raw 
scores not only to percentiles, but also to norm scores, 
like z-scores [48]. In addition, we confirmed the German 
MMQ’s convergent validity in its associations with the 
CPI, a German questionnaire on subjective cognitive com-
plaints. Satisfaction and Ability showed large negative cor-
relations, while Strategy demonstrated medium-to-large 
positive associations with the CPI scales memory, atten-
tion, and executive complaints. Our findings indicate that 
higher memory satisfaction and self-reported ability are 
linked to fewer cognitive complaints, whereas using more 
memory strategies is correlated with more cognitive com-
plaints. Importantly, associations with the CPI attention 
and executive scales are reasonable considering the inclu-
sion of some CPI memory items in the attention scale, as 
well as the overall high item-total correlations and internal 
consistency of the CPI total score (α = 0.87) [19]. Further-
more, several MMQ items require metamemory judgments 
about everyday memory tasks and prospective memory, 
where attention and executive functions are essential [49].

Regarding reliability, we found good (Strategy) to 
excellent (Satisfaction and Ability) internal consistency. 
Especially for clinicians, using the reliability to calcu-
late confidence intervals is highly recommended (e.g., 
Crawford & Garthwaite, 2009). Furthermore, this find-
ing supports the three-scale design for the German MMQ, 

Fig. 3  Correlation matrix of 
the MMQ scales with age and 
neuropsychiatric self-report 
measures. Pearson correlation 
coefficients are portrayed for 
significant correlations and 
show that MMQ Satisfaction 
and Ability scores decrease 
minimally with increased age 
and increase with lower depres-
siveness (GDS), anxiety (BAI), 
and sleep problems (PSQI), and 
better mental health (SF-12), 
with reversed pattern for Strat-
egy scores
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although evidence suggests a potential division of the 
Strategy scale into internal and external strategies with 
factor analyses supporting both a 3- and 4-factor model of 
the MMQ [35, 50]. Thus, interpreting the Strategy scale as 
one or two scales is valid, depending on the user’s needs. 
We provide normative data for both interpretations. More-
over, we found acceptable (Strategy) to good (Satisfaction 
and Ability) retest reliability, even after an extended retest 
interval of 8 months. The derived reliable change scores 
can serve as valuable indicators of clinically relevant 
changes after an intervention period or during follow-up 
monitoring.

The multifactorial approach of the MMQ, which recog-
nizes each scale as a separate factor, is a key advantage, 
allowing for separate interpretation of three dimensions of 
metamemory [17]. Although the MMQ scales Satisfaction 
and Ability are strongly associated, they assess different 
aspects of metamemory, measuring the affective appraisal 
of memory vs. self-rated frequency of memory mistakes. 
The finding that increased use of memory strategies cor-
relates with lower self-rated ability and memory satisfac-
tion is in line with MMQ studies in other languages [29, 
31]. Although mnemonic strategies can be relevant in 
high-demand memory challenges and task-specific strategy 

use has been related to better performance [51], MMQ’s 
strategies are more applicable to everyday situations where 
healthy individuals typically do not require mnemonic tech-
niques. Thus, an above average strategy use may indicate 
a subjective need for everyday functioning. However, the 
Strategy score can also assist to plan and monitor cogni-
tive interventions in individuals who experience memory 
impairment and require compensatory strategy use for daily 
functioning [52].

In this study, we found minimal associations of the MMQ 
with demographic factors. Age had a small impact on Sat-
isfaction and Ability, while men scored slightly higher on 
the Strategy scale than women, with no effect of education 
on any MMQ scale. Given the small effect sizes, we did not 
divide the norm tables by age or gender, considering the ben-
efits of a larger norm sample. These findings on the small-
to-negligible impact of demographic variables, although in 
contrast to some findings in metamemory in general [9], are 
in line with other MMQ translations [31, 53, 54].

However, it is important to consider participant age 
when examining the varying influence of neuropsychiat-
ric factors. Our results show that even subclinical levels 
of anxiety and depressiveness affect Satisfaction and Abil-
ity scores and anxiety impacted young and older but not 

Fig. 4  MMQ Ability and Satisfaction scores across levels of anxiety 
and depressiveness. Increases of anxiety and depressiveness levels 
from minimal to mild already significantly decrease self-rated abil-
ity and satisfaction. Participants with severe levels, who are excluded 

from other analyses, are portrayed by the gray shading, and do not 
differ significantly in their Ability and Satisfaction scores in compari-
son to participants with moderate anxiety and depressiveness
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middle-aged adults, consistent with prior research on SMI 
and affective symptoms in elderly people [55, 56]. Moreo-
ver, depressiveness most strongly and robustly affected 
memory satisfaction, likely due to depression-associated 
worries, negative self-beliefs and aging stereotypes [19, 
57], and strong overlap of some Satisfaction items with 
affective symptoms (e.g., MMQ Satisfaction: “I feel 
unhappy when I think about my memory ability.”). Anxi-
ety might lower self-rated ability and memory satisfac-
tion through increased uncertainty intolerance and health 
monitoring [58]. Sleep problems may disproportionately 
impact Satisfaction and Ability in middle-aged adults due 
to increased time and cognitive demands by family and 
work responsibilities. This results in diminished sleep 
duration and greater functional impairment compared to 
older and frequently retired individuals [59], where total 
sleeping time was not associated with cognitive perfor-
mance [60]. These findings highlight that depressiveness, 
anxiety, and sleep quality should be assessed and con-
sidered along with participants’ age, even when clinical 

cutoffs are not met, and advocate for a multifactorial 
approach toward metamemory.

It is important to note that the multifactorial approach 
of the MMQ also has drawbacks, including extended 
assessment time and the lack of an integrated single 
metamemory score. A limiting factor in our study is the 
online assessment lacking an objective marker of cogni-
tive impairment. Despite a rigorous exclusion process to 
mitigate their impact, participants with cognitive impair-
ment may remain in the sample. Ongoing studies will scru-
tinize the German MMQ’s onsite validity and assess its 
sensitivity in different pathologies and predictive value 
for patients’ quality of life. Furthermore, participants 
with lower educational background and with an age above 
82 years are underrepresented in the current normative 
sample, warranting future studies with geriatric partici-
pants. Lastly, longer retest intervals, while common for 
follow-up visits, may have introduced bias, since not all 
participants could be reassessed.

Although subjective judgment about one’s own mem-
ory ability has repeatedly been shown to have small or 

Fig. 5  Predictors of self-rated memory ability and memory satisfac-
tion across the life span. Regression models are shown for the three 
age groups with their explained variance (R2) using the predictors 
sleep problems (PSQI), anxiety (BAI), and depressiveness (GDS). 
β represents the predictors’ standardized regression weights, i.e., a 
change of one standard deviation on the predictor scale results in a 

change of β points on the MMQ scale. Depressiveness was associ-
ated with lower Satisfaction scores in all age groups and lower Ability 
scores in older adults. Anxiety affected both scales, but only in young 
and older adults, while sleep problems resulted in lower memory 
satisfaction in middle-aged adults and self-rated memory ability in 
young and middle-aged adults
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no associations with objectified memory performance in 
standardized tests (e.g., Burmester et al. [61]), metamem-
ory offers a distinct advantage over standardized memory 
assessments through its reflection of individual challenges 
[17]. Furthermore, it is sensitive to declines in personal 
performance, even in high-performing and mildly affected 
patients, where comparison to normative data might fall 
short. Consequently, the MMQ holds considerable value 
for clinical diagnosis and cognitive rehabilitation, where 
the goal is to regain adequate functionality within an indi-
vidual’s environment [52, 62].

Taken together, our study indicates that the German 
MMQ scales show normal distribution, are valid and reli-
able, and provides normative data that can be useful to 
detect subjective memory impairment and monitor meta-
memory. Specifically, the MMQ scales Satisfaction and 
Ability sensitively reflect individual everyday memory 
problems, while the Strategy scale can be used to plan 
and monitor strategy applications and promote functional 
adaptation, for instance in cognitive interventions. The 
MMQ scales can be applied separately and easily inte-
grated into clinical and research settings, particularly 
by employing a tablet or computerized version with 

automated scoring. In addition, the reliable change scores 
provide helpful measures for follow-up and therapy evalu-
ation. This way, the German MMQ provides a sensitive 
assessment of metamemory as a personalized measures of 

Fig. 6  Histogram illustrating the age and gender distribution of the 
normative sample

Table 5  Interpretation of 
percentiles

Percentile (range) z (range) Interpretation Satisfaction Ability Strategy

Total Internal External

≥97.7 ≥2 Very high ≥71 ≥76 ≥48 ≥25 ≥26
93.3–97.6 1.5 to 1.9 High 70 73–75 43–47 21–24 24–25
84.1–93.2 1 to 1.4 Above average 66–69 69–72 36–42 17–20 22–23
16.0–84.0 − 0.9 to 0.9 Average 43–65 49–68 17–35 5–16 11–21
6.8–15.9 − 1.4 to − 1.0 Below average 33–42 42–48 12–16 3–4 9–10
2.4–6.7 − 1.9 to − 1.5 Low 27–32 37–41 8–11 1–2 6–8
≤2.3  ≤− 2 Very low ≤26 ≤36 ≤7 0 ≤5
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functionality in acute care hospital, rehabilitation settings, 
observational studies, and clinical trials.

Appendix

See Fig. 6, Tables 5 and 6.
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Acknowledgements We thank Graham Cooper, Julia Heine, Angela 
Troyer, and Jill Rich for their helpful input during the translation pro-
cess from English to German.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Data availability The analysis scripts used in this study are available 
on the Open Science Framework at https:// osf. io/ x6e8f and the associ-
ated data is available on the open access repository of the Humboldt-
Universität zu Berlin at https:// doi. org/https:// doi. org/ 10. 18452/ 26821.

Declarations 

Conflicts of interest The authors declare that they have no conflict of 
interest.

Ethical approval The study was approved by the ethics committee of 
the Department of Psychology, at Humboldt-Universität zu Berlin 
(application 2020–34) and conducted in accordance with the Declara-
tion of Helsinki.

Consent to participate All participants gave informed written consent.

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

References

 1. Metcalfe J, Dunlosky J (2008) 2.20 - Metamemory. In: Byrne JH 
(ed) Learning and memory: a comprehensive reference. Academic 
Press, Oxford, pp 349–362. https:// doi. org/ 10. 1016/ B978- 01237 
0509-9. 00159-5

 2. Nelson TO (2001) Metamemory, Psychology of. In: Smelser NJ, 
Baltes PB (eds) International encyclopedia of the social & behav-
ioral sciences. Pergamon, Oxford, pp 9733–9738. https:// doi. org/ 
10. 1016/ B0- 08- 043076- 7/ 01516-3

Ta
bl

e 
6 

 P
ea

rs
on

 c
or

re
la

tio
ns

 o
f M

M
Q

 sc
al

es
 w

ith
 q

ue
sti

on
na

ire
 d

at
a

Sa
tis

fa
ct

io
n

Ab
ili

ty
St

ra
te

gy

r
95

%
 C

I
t(3

34
)

p
r

95
%

 C
I

t(3
34

)
p

r
95

%
 C

I
t(3

34
)

p

C
PI

-m
em

or
y

−
 0.

67
[−

 0.
72

, −
 0.

60
]

−
 16

.3
4

<
0.

00
1

−
 0.

75
[−

 0.
80

, −
 0.

70
]

−
 20

.8
8

<
0.

00
1

0.
42

[0
.3

3,
 0

.5
0]

8.
43

<
0.

00
1

C
PI

-a
tte

nt
io

n
−

 0.
70

[−
 0.

75
, −

 0.
64

]
−

 18
.0

0
<

0.
00

1
−

 0.
74

[−
 0.

78
, −

 0.
68

]
−

 19
.9

3
<

0.
00

1
0.

42
[0

.3
2,

 0
.5

0]
8.

34
<

0.
00

1
C

PI
-e

xe
cu

tiv
e

−
 0.

62
[−

 0.
68

, −
 0.

55
]

−
 14

.4
6

<
0.

00
1

−
 0.

65
[−

 0.
71

, −
 0.

59
]

−
 15

.7
1

<
0.

00
1

0.
40

[0
.3

1,
 0

.4
9]

8.
03

<
0.

00
1

G
D

S
−

 0.
53

[−
 0.

61
, −

 0.
45

]
−

 11
.5

0
<

0.
00

1
−

 0.
36

[−
 0.

45
, −

 0.
27

]
−

 7.
14

<
0.

00
1

0.
25

[0
.1

4,
 0

.3
4]

4.
62

<
0.

00
1

BA
I

−
 0.

41
[−

 0.
49

, −
 0.

32
]

−
 8.

18
<

0.
00

1
−

 0.
39

[−
 0.

47
, −

 0.
29

]
−

 7.
62

<
0.

00
1

0.
27

[0
.1

7,
 0

.3
7]

5.
12

<
0.

00
1

PS
Q

I
−

 0.
44

[−
 0.

53
, −

 0.
35

]
−

 9.
03

<
0.

00
1

−
 0.

40
[−

 0.
49

, −
 0.

31
]

−
 8.

04
<

0.
00

1
0.

21
[0

.1
0,

 0
.3

1]
3.

83
<

0.
00

1
SF

-1
2,

 m
en

ta
l h

ea
lth

0.
36

[0
.2

7,
 0

.4
5]

7.
09

<
0.

00
1

0.
30

[0
.2

0,
 0

.3
9]

5.
70

<
0.

00
1

−
 0.

18
[−

 0.
28

, −
 0.

07
]

−
 3.

35
0.

00
1

SF
-1

2,
 p

hy
si

ca
l h

ea
lth

−
 0.

06
[−

 0.
17

, 0
.0

4]
−

 1.
18

0.
23

9
−

 0.
05

[−
 0.

15
, 0

.0
6]

−
 0.

86
0.

39
2

−
 0.

02
[−

 0.
13

, 0
.0

8]
−

 0.
44

0.
65

9

https://doi.org/10.1007/s00415-024-12402-4
https://osf.io/x6e8f
https://doi.org/
https://doi.org/10.18452/26821
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/B978-012370509-9.00159-5
https://doi.org/10.1016/B978-012370509-9.00159-5
https://doi.org/10.1016/B0-08-043076-7/01516-3
https://doi.org/10.1016/B0-08-043076-7/01516-3


 Journal of Neurology

 3. Smith JD (2009) The study of animal metacognition. Trends Cogn 
Sci 13(9):389–396. https:// doi. org/ 10. 1016/j. tics. 2009. 06. 009

 4. Abdulrab K, Heun R (2008) Subjective Memory Impairment. A 
review of its definitions indicates the need for a comprehensive set 
of standardised and validated criteria. Eur Psychiatry 23(5):321–
330. https:// doi. org/ 10. 1016/j. eurpsy. 2008. 02. 004

 5. Jessen F, Amariglio RE, van Boxtel M, Breteler M, Ceccaldi M, 
Chételat G et al (2014) A conceptual framework for research on 
subjective cognitive decline in preclinical Alzheimer’s disease. 
Alzheimers Dement 10(6):844–852. https:// doi. org/ 10. 1016/j. jalz. 
2014. 01. 001

 6. Lemesle B, Barbeau EJ, Rigal EM, Denuelle M, Valton L, Pariente 
J et al (2022) Hidden objective memory deficits behind subjec-
tive memory complaints in patients with temporal lobe epilepsy. 
Neurology 98(8):e818–e828. https:// doi. org/ 10. 1212/ WNL. 00000 
00000 013212

 7. Baschi R, Nicoletti A, Restivo V, Recca D, Zappia M, Monastero 
R (2018) Frequency and correlates of subjective memory com-
plaints in Parkinson’s disease with and without mild cognitive 
impairment: data from the Parkinson’s disease cognitive impair-
ment study. J Alzheimer’s Dis 63(3):1015–1024. https:// doi. org/ 
10. 3233/ JAD- 171172

 8. Glukhovsky L, Brandstadter R, Leavitt VM, Krieger S, Buyuk-
turkoglu K, Fabian M et al (2021) Hippocampal volume is more 
related to patient-reported memory than objective memory per-
formance in early multiple sclerosis. Mult Scler 27(4):568–578. 
https:// doi. org/ 10. 1177/ 13524 58520 922830

 9. Montejo P, Montenegro M, Fernández MA, Maestú F (2011) Sub-
jective memory complaints in the elderly: prevalence and influ-
ence of temporal orientation, depression and quality of life in a 
population-based study in the city of Madrid. Aging Ment Health 
15(1):85–96. https:// doi. org/ 10. 1080/ 13607 863. 2010. 501062

 10. Jessen F, Wiese B, Bachmann C, Eifflaender-Gorfer S, Haller 
F, Kölsch H et al (2010) Prediction of dementia by subjective 
memory impairment: effects of severity and temporal association 
with cognitive impairment. Arch Gen Psychiatry 67(4):414–422. 
https:// doi. org/ 10. 1001/ archg enpsy chiat ry. 2010. 30

 11. Buckley RF, Maruff P, Ames D, Bourgeat P, Martins RN, Masters 
CL et al (2016) Subjective memory decline predicts greater rates 
of clinical progression in preclinical Alzheimer’s disease. Alzhei-
mers Dement 12(7):796–804. https:// doi. org/ 10. 1016/j. jalz. 2015. 
12. 013

 12. Harten AC, Visser PJ, Pijnenburg YAL, Teunissen CE, Blanken-
stein MA, Scheltens P et al (2013) Cerebrospinal fluid Aβ42 is the 
best predictor of clinical progression in patients with subjective 
complaints. Alzheimer’s Dementia 9(5):481–487. https:// doi. org/ 
10. 1016/j. jalz. 2012. 08. 004

 13. Mitchell AJ, Beaumont H, Ferguson D, Yadegarfar M, Stubbs B 
(2014) Risk of dementia and mild cognitive impairment in older 
people with subjective memory complaints: meta-analysis. Acta 
Psychiatr Scand 130(6):439–451. https:// doi. org/ 10. 1111/ acps. 
12336

 14. Peter J, Scheef L, Abdulkadir A, Boecker H, Heneka M, Wagner 
M et al (2014) Gray matter atrophy pattern in elderly with subjec-
tive memory impairment. Alzheimer’s Dementia 10(1):99–108. 
https:// doi. org/ 10. 1016/j. jalz. 2013. 05. 1764

 15. Striepens N, Scheef L, Wind A, Popp J, Spottke A, Cooper-
Mahkorn D et al (2010) Volume loss of the medial temporal lobe 
structures in subjective memory impairment. DEM 29(1):75–81. 
https:// doi. org/ 10. 1159/ 00026 4630

 16. Collie A, Maruff P, Shafiq-Antonacci R, Smith M, Hallup M, 
Schofield PR et al (2001) Memory decline in healthy older people: 
implications for identifying mild cognitive impairment. Neurology 
56(11):1533–1538. https:// doi. org/ 10. 1212/ WNL. 56. 11. 1533

 17. Troyer AK, Rich JB (2002) Psychometric properties of a new 
metamemory questionnaire for older adults. J Gerontol B Psychol 

Sci Soc Sci 57(1):P19-27. https:// doi. org/ 10. 1093/ geronb/ 57.1. 
P19

 18. Crook TH, Feher EP, Larrabee GJ (1992) Assessment of memory 
complaint in age-associated memory impairment: the MAC-Q. Int 
Psychogeriatr 4(2):165–176. https:// doi. org/ 10. 1017/ S1041 61029 
20009 91

 19. Lubitz AF, Eid M, Niedeggen M (2018) Complainer Profile Iden-
tification (CPI): properties of a new questionnaire on subjective 
cognitive complaints. Aging Neuropsychol Cogn 25(1):99–121. 
https:// doi. org/ 10. 1080/ 13825 585. 2016. 12673 25

 20. Gilewski MJ, Zelinski EM, Schaie KW (1990) The Memory Func-
tioning Questionnaire for assessment of memory complaints in 
adulthood and old age. Psychol Aging 5:482–490. https:// doi. org/ 
10. 1037/ 0882- 7974.5. 4. 482

 21. Schmand B, Jonker C, Hooijer C, Lindeboom J (1996) Subjec-
tive memory complaints may announce dementia. Neurology 
46(1):121–125. https:// doi. org/ 10. 1212/ WNL. 46.1. 121

 22. Ibnidris A, Robinson JN, Stubbs M, Piumatti G, Govia I, Albanese 
E (2022) Evaluating measurement properties of subjective cogni-
tive decline self-reported outcome measures: a systematic review. 
Syst Rev 11(1):144. https:// doi. org/ 10. 1186/ s13643- 022- 02018-y

 23. Desai R, Whitfield T, Said G, John A, Saunders R, Marchant 
NL et al (2021) Affective symptoms and risk of progression to 
mild cognitive impairment or dementia in subjective cognitive 
decline: a systematic review and meta-analysis. Ageing Res Rev 
71:101419. https:// doi. org/ 10. 1016/j. arr. 2021. 101419

 24. Brown MJ, Hill NL, Haider MR (2022) Age and gender disparities 
in depression and subjective cognitive decline-related outcomes. 
Aging Ment Health 26(1):48–55. https:// doi. org/ 10. 1080/ 13607 
863. 2020. 18612 14

 25. Studer J, Donati A, Popp J, von Gunten A (2014) Subjective 
cognitive decline in patients with mild cognitive impairment and 
healthy older adults: association with personality traits. Geriatr 
Gerontol Int 14(3):589–595. https:// doi. org/ 10. 1111/ ggi. 12139

 26. Kinsella GJ, Ames D, Storey E, Ong B, Pike KE, Saling MM 
et al (2016) Strategies for improving memory: a randomized trial 
of memory groups for older people, including those with mild 
cognitive impairment. J Alzheimer’s Dis 49(1):31–43. https:// doi. 
org/ 10. 3233/ JAD- 150378

 27. Maurer-Karattup P, Neumann O, Danneil W, Thöne-Otto AIT 
(2022) Leitlinienbasierte Standards zur Struktur- und Prozess-
qualität neuropsychologischer Diagnostik und Therapie. Z Neu-
ropsychol 33(3):115–128. https:// doi. org/ 10. 1024/ 1016- 264X/ 
a0003 62

 28. Sherman DS, Mauser J, Nuno M, Sherzai D (2017) The efficacy 
of cognitive intervention in Mild Cognitive Impairment (MCI): 
a meta-analysis of outcomes on neuropsychological measures. 
Neuropsychol Rev 27(4):440–484. https:// doi. org/ 10. 1007/ 
s11065- 017- 9363-3

 29. Csábi E, Hallgató E, Volosin M (2023) The association between 
metamemory, subjective memory complaints, mood, and well-
being: the Hungarian validation of Multifactorial Memory 
Questionnaire. Cogn Research 8(1):15. https:// doi. org/ 10. 1186/ 
s41235- 023- 00469-y

 30. Karr JE (2022) Compensatory cognitive strategy use by young 
adults: a psychometric evaluation of self-report measures. Assess-
ment 29(3):441–454. https:// doi. org/ 10. 1177/ 10731 91120 981769

 31. van der Werf SP, Vos SH (2011) Memory worries and self-
reported daily forgetfulness: a psychometric evaluation of the 
Dutch translation of the multifactorial memory questionnaire. Clin 
Neuropsychol 25(2):244–268. https:// doi. org/ 10. 1080/ 13854 046. 
2010. 543290

 32. Ahn S, Mathiason MA, Yu F (2021) Longitudinal cogni-
tive profiles by anxiety and depressive symptoms in American 
older adults with subjective cognitive decline. J Nurs Scholarsh 
53(6):698–708. https:// doi. org/ 10. 1111/ jnu. 12692

https://doi.org/10.1016/j.tics.2009.06.009
https://doi.org/10.1016/j.eurpsy.2008.02.004
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1212/WNL.0000000000013212
https://doi.org/10.1212/WNL.0000000000013212
https://doi.org/10.3233/JAD-171172
https://doi.org/10.3233/JAD-171172
https://doi.org/10.1177/1352458520922830
https://doi.org/10.1080/13607863.2010.501062
https://doi.org/10.1001/archgenpsychiatry.2010.30
https://doi.org/10.1016/j.jalz.2015.12.013
https://doi.org/10.1016/j.jalz.2015.12.013
https://doi.org/10.1016/j.jalz.2012.08.004
https://doi.org/10.1016/j.jalz.2012.08.004
https://doi.org/10.1111/acps.12336
https://doi.org/10.1111/acps.12336
https://doi.org/10.1016/j.jalz.2013.05.1764
https://doi.org/10.1159/000264630
https://doi.org/10.1212/WNL.56.11.1533
https://doi.org/10.1093/geronb/57.1.P19
https://doi.org/10.1093/geronb/57.1.P19
https://doi.org/10.1017/S1041610292000991
https://doi.org/10.1017/S1041610292000991
https://doi.org/10.1080/13825585.2016.1267325
https://doi.org/10.1037/0882-7974.5.4.482
https://doi.org/10.1037/0882-7974.5.4.482
https://doi.org/10.1212/WNL.46.1.121
https://doi.org/10.1186/s13643-022-02018-y
https://doi.org/10.1016/j.arr.2021.101419
https://doi.org/10.1080/13607863.2020.1861214
https://doi.org/10.1080/13607863.2020.1861214
https://doi.org/10.1111/ggi.12139
https://doi.org/10.3233/JAD-150378
https://doi.org/10.3233/JAD-150378
https://doi.org/10.1024/1016-264X/a000362
https://doi.org/10.1024/1016-264X/a000362
https://doi.org/10.1007/s11065-017-9363-3
https://doi.org/10.1007/s11065-017-9363-3
https://doi.org/10.1186/s41235-023-00469-y
https://doi.org/10.1186/s41235-023-00469-y
https://doi.org/10.1177/1073191120981769
https://doi.org/10.1080/13854046.2010.543290
https://doi.org/10.1080/13854046.2010.543290
https://doi.org/10.1111/jnu.12692


Journal of Neurology 

 33. Zapater-Fajarí M, Crespo-Sanmiguel I, Pérez V, Hidalgo V, Salva-
dor A (2022) Subjective Memory Complaints in young and older 
healthy people: importance of anxiety, positivity, and cortisol 
indexes. Personality Individ Differ 197:111768. https:// doi. org/ 
10. 1016/j. paid. 2022. 111768

 34. Leiner DJ (2019) SoSci Survey. Available from: https:// www. sosci 
survey. de

 35. Shaikh KT, Tatham EL, Rich JB, Troyer AK (2021) Examining 
the factor structure of the Multifactorial Memory Questionnaire. 
Memory 29(2):255–260. https:// doi. org/ 10. 1080/ 09658 211. 2021. 
18749 95

 36. Lesher EL, Berryhill JS (1994) Validation of the geriatric 
depression scale-short form among inpatients. J Clin Psychol 
50(2):256–260. https:// doi. org/ 10. 1002/ 1097- 4679(199403) 50: 
2< 256:: AID- JCLP2 27050 0218>3. 0. CO;2-E

 37. Yesavage JA, Sheikh JI (1986) Geriatric Depression Scale 
(GDS): recent evidence and development of a shorter version. 
Clin Gerontol 5(1–2):165–173. https:// doi. org/ 10. 1300/ J018v 
05n01

 38. Margraf J, Ehlers A (2007) Beck Angst-Inventar – deutsche 
Bearbeitung. Frankfurt a. Main: Harcourt Test Service 

 39. Steer RA, Beck AT (1997) Beck Anxiety Inventory. In: Evaluat-
ing stress: A book of resources. Scarecrow Education, Lanham, 
MD, US, pp 23–40

 40. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ 
(1989) The Pittsburgh sleep quality index: a new instrument for 
psychiatric practice and research. Psychiatry Res 28(2):193–
213. https:// doi. org/ 10. 1016/ 0165- 1781(89) 90047-4

 41. Hinz A, Glaesmer H, Brähler E, Löffler M, Engel C, Enzenbach 
C et al (2017) Sleep quality in the general population: psycho-
metric properties of the Pittsburgh Sleep Quality Index, derived 
from a German community sample of 9284 people. Sleep Med 
30:57–63. https:// doi. org/ 10. 1016/j. sleep. 2016. 03. 008

 42. Hays RD, Sherbourne CD, Mazel RM (1995) User’s manual for 
the Medical Outcomes Study (MOS) core measures of health-
related quality of life. Rand Corporation, Santa Monica

 43. Wirtz MA, Morfeld M, Glaesmer H, Brähler E (2018) Normierung 
des SF-12 Version 2.0 zur Messung der gesundheitsbezogenen 
Lebensqualität in einer deutschen bevölkerungsrepräsentativen 
Stichprobe. Diagnostica 64(4):215–226. https:// doi. org/ 10. 1026/ 
0012- 1924/ a0002 05

 44. R Core Team (2016) R: A language and environment for statisti-
cal computing. R foundation for statistical computing. Vienna, 
Austria. Available from: https:// www.r- proje ct. org/

 45. Iverson GL (2011) Reliable change index. In: Kreutzer JS, DeLuca 
J, Caplan B (eds) Encyclopedia of clinical neuropsychology. 
Springer, New York, pp 2150–2153. https:// doi. org/ 10. 1007/ 978-
0- 387- 79948-3_ 1242

 46. Jacobson N, Truax P (1991) Clinical significance: a statisti-
cal approach to defining meaningful change in psychotherapy 
research. J Consult ClinPsychol 59:12–19

 47. Kim H-Y (2013) Statistical notes for clinical researchers: assessing 
normal distribution (2) using skewness and kurtosis. Restorative 
Dentistry Endodontics 38(1):52–54. https:// doi. org/ 10. 5395/ rde. 
2013. 38.1. 52

 48. Crawford JR, Garthwaite PH (2009) Percentiles please: the case 
for expressing neuropsychological test scores and accompany-
ing confidence limits as percentile ranks. Clin Neuropsychol 
23(2):193–204. https:// doi. org/ 10. 5395/ rde. 2013. 38.1. 52

 49. Dagenais E, Rouleau I, Tremblay A, Demers M, Roger É, Jobin C 
et al (2016) Role of executive functions in prospective memory in 
multiple sclerosis: impact of the strength of cue–action associa-
tion. J Clin Exp Neuropsychol 38(1):127–140. https:// doi. org/ 10. 
1080/ 13803 395. 2015. 10910 63

 50. Troyer AK, Leach L, Vandermorris S, Rich JB (2019) The meas-
urement of participant-reported memory across diverse popula-
tions and settings: a systematic review and meta-analysis of the 
Multifactorial Memory Questionnaire. Memory 27(7):931–942. 
https:// doi. org/ 10. 1080/ 09658 211. 2019. 16082 55

 51. Terao CM, Pishdadian S, Moscovitch M, Rosenbaum RS (2024) 
Ask how they did it: untangling the relationships between task-
specific strategy use, everyday strategy use, and associative mem-
ory. Available from: https:// osf. io/ y6awu

 52. Wilson BA (2008) Neuropsychological rehabilitation. Annu Rev 
Clin Psychol 4(1):141–162. https:// doi. org/ 10. 1146/ annur ev. clinp 
sy.4. 022007. 141212

 53. Fort I, Adoul L, Holl D, Kaddour J, Gana K (2004) Psychometric 
properties of the French version of the multifactorial memory 
questionnaire for adults and the elderly. Can J Aging 23(4):347–
357. https:// doi. org/ 10. 1353/ cja. 2005. 0020

 54. Raimo S, Trojano L, Siciliano M, Cuoco S, D’Iorio A, Santan-
gelo F et al (2016) Psychometric properties of the Italian ver-
sion of the multifactorial memory questionnaire for adults and 
the elderly. Neurol Sci 37(5):681–691. https:// doi. org/ 10. 1007/ 
s10072- 016- 2562-5

 55. Balash Y, Mordechovich M, Shabtai H, Giladi N, Gurevich T, 
Korczyn AD (2013) Subjective memory complaints in elders: 
depression, anxiety, or cognitive decline? Acta Neurol Scand 
127(5):344–350. https:// doi. org/ 10. 1111/ ane. 12038

 56. Chin J, Oh KJ, Seo SW, Na DL (2014) Are depressive symptoma-
tology and self-focused attention associated with subjective mem-
ory impairment in older adults? Int Psychogeriatr 26(4):573–580. 
https:// doi. org/ 10. 1017/ S1041 61021 30024 1X

 57. Sindi S, Juster R-P, Wan N, Nair NPV, Ying Kin N, Lupien SJ 
(2012) Depressive symptoms, cortisol, and cognition during 
human aging: the role of negative aging perceptions. Stress 
15(2):130–137. https:// doi. org/ 10. 3109/ 10253 890. 2011. 599047

 58. Rosen NO, Knäuper B, Sammut J (2007) Do individual differ-
ences in intolerance of uncertainty affect health monitoring? Psy-
chol Health 22(4):413–430. https:// doi. org/ 10. 1080/ 14768 32060 
09410 38

 59. Tsunoda K, Kitano N, Kai Y, Uchida K, Kuchiki T, Okura T et al 
(2015) Prospective study of physical activity and sleep in middle-
aged and older adults. Am J Prev Med 48(6):662–673. https:// doi. 
org/ 10. 1016/j. amepre. 2014. 12. 006

 60. Wilckens KA, Woo SG, Kirk AR, Erickson KI, Wheeler ME 
(2014) Role of sleep continuity and total sleep time in executive 
function across the adult lifespan. Psychol Aging 29(3):658–665. 
https:// doi. org/ 10. 1037/ a0037 234

 61. Burmester B, Leathem J, Merrick P (2016) Subjective cognitive 
complaints and objective cognitive function in aging: a system-
atic review and meta-analysis of recent cross-sectional findings. 
Neuropsychol Rev 26(4):376–393. https:// doi. org/ 10. 1007/ 
s11065- 016- 9332-2

 62. Ben-Yishay Y (1996) Reflections on the evolution of the therapeu-
tic milieu concept. Neuropsychol Rehabil 6(4):327–343. https:// 
doi. org/ 10. 1080/ 71375 5514

https://doi.org/10.1016/j.paid.2022.111768
https://doi.org/10.1016/j.paid.2022.111768
https://www.soscisurvey.de
https://www.soscisurvey.de
https://doi.org/10.1080/09658211.2021.1874995
https://doi.org/10.1080/09658211.2021.1874995
https://doi.org/10.1002/1097-4679(199403)50:2<256::AID-JCLP2270500218>3.0.CO;2-E
https://doi.org/10.1002/1097-4679(199403)50:2<256::AID-JCLP2270500218>3.0.CO;2-E
https://doi.org/10.1300/J018v05n01
https://doi.org/10.1300/J018v05n01
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/j.sleep.2016.03.008
https://doi.org/10.1026/0012-1924/a000205
https://doi.org/10.1026/0012-1924/a000205
https://www.r-project.org/
https://doi.org/10.1007/978-0-387-79948-3_1242
https://doi.org/10.1007/978-0-387-79948-3_1242
https://doi.org/10.5395/rde.2013.38.1.52
https://doi.org/10.5395/rde.2013.38.1.52
https://doi.org/10.5395/rde.2013.38.1.52
https://doi.org/10.1080/13803395.2015.1091063
https://doi.org/10.1080/13803395.2015.1091063
https://doi.org/10.1080/09658211.2019.1608255
https://osf.io/y6awu
https://doi.org/10.1146/annurev.clinpsy.4.022007.141212
https://doi.org/10.1146/annurev.clinpsy.4.022007.141212
https://doi.org/10.1353/cja.2005.0020
https://doi.org/10.1007/s10072-016-2562-5
https://doi.org/10.1007/s10072-016-2562-5
https://doi.org/10.1111/ane.12038
https://doi.org/10.1017/S104161021300241X
https://doi.org/10.3109/10253890.2011.599047
https://doi.org/10.1080/14768320600941038
https://doi.org/10.1080/14768320600941038
https://doi.org/10.1016/j.amepre.2014.12.006
https://doi.org/10.1016/j.amepre.2014.12.006
https://doi.org/10.1037/a0037234
https://doi.org/10.1007/s11065-016-9332-2
https://doi.org/10.1007/s11065-016-9332-2
https://doi.org/10.1080/713755514
https://doi.org/10.1080/713755514

	Neuropsychiatric symptoms and metamemory across the life span: psychometric properties of the German Multifactorial Memory Questionnaire (MMQ)
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Participants and data acquisition
	Translation process into German
	Questionnaires
	Statistical analysis

	Results
	Psychometric properties
	Variability
	Validity
	Reliability

	Normative data and correlates of metamemory
	Demographic variables and questionnaire data
	Neuropsychiatric correlates of memory satisfaction and self-rated memory ability across the life span


	Discussion
	Appendix
	Acknowledgements 
	References


