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ABSTRACT
Background Subjective memory is commonly considered
to be a unidimensional measure. However, theories of
performance-based memory suggest that subjective
memory could be divided into more than one dimension.
Objective To divide subjective memory into theoretically
related components of memory and explore the
relationship to disease.
Methods In this study, various aspects of self-reported
memory were studied with respect to demographics and
diseases in the third wave of the HUNT epidemiological
study in middle Norway. The study included all individuals
55 years of age or older, who responded to a nine-item
questionnaire on subjective memory and questionnaires on
health (n=18 633).
Results A principle component analysis of the memory
items resulted in two memory components; the criterion
used was an eigenvalue above 1, which accounted
for 54% of the total variance. The components were
interpreted as long-term memory (LTM; the first
component; 43% of the total variance) and short-term
memory (STM; the second component; 11% of the total
variance). Memory impairment was significantly related to
all diseases (except Bechterew’s disease), most strongly
to brain infarction, heart failure, diabetes, cancer, chronic
obstructive pulmonary disease and whiplash. For most
diseases, the STM component was more affected than the
LTM component; however, in cancer, the opposite pattern
was seen.
Conclusions Subjective memory impairment as
measured in HUNT contained two components, which were
differentially associated with diseases.

INTRODUCTION
Memory complaints are commonly reported
by elderly individuals, and the prevalence
increases with age, according to population-based1–3 and community-based studies.4 5
However, estimates of the prevalence and incidence of subjective memory impairment
(SMI) vary widely among studies, a fact that
may be due to the lack of a standard definition of SMI6 as well as a lack of standard
methods for assessing SMI.

Strengths and limitations of this study
►► The main strengths of this study are the population-

based sample and the availability of data on a broad
variety of essential health-related factors.
►► The main limitations are related to subjective
reports and sampling bias.

Another problem with assessing SMI is
that the relationship between self-reported
memory impairment and performance-based
measures of memory is far from clear, as
both positive4 5 7–10 and negative associations have been obtained.11 However, there
are many indications that SMI is related
to depression9 12; personality traits such as
neuroticism13 14; vascular factors such as
heart disease and stroke15 16; brain changes
such as white matter hyperintensities,17
brain metabolic dysfunction18 and structural changes19–21; and psychosocial stress.16
Research on the relationship between SMI
and development of Alzheimer’s disease
(AD) and dementia has demonstrated
mixed results, both positive 22–24 and negative associations.25 Recently, the Subjective
Cognitive Decline (SCD-I) Working Group
has suggested that memory-related features
increase the risk of developing preclinical
AD.26 These features include subjective
decline in memory, onset within last 5 years,
age >60 years, concerns of cognitive decline,
self-perceived worse performance compared
with others and confirmation of decline by
an informant. In summary, SMI seems to be
related to many different diseases, directly or
indirectly, but there is no clear understanding
of the relationship between SMI and disease.
Subjective memory is commonly conceptualised as a unidimensional entity, although
theories of performance-based memory
and empirical findings from neurocognitive research and clinical praxis show that

Almkvist O, et al. BMJ Open 2017;7:e013586. doi:10.1136/bmjopen-2016-013586

1

BMJ Open: first published as 10.1136/bmjopen-2016-013586 on 9 May 2017. Downloaded from http://bmjopen.bmj.com/ on 4 June 2018 by guest. Protected by copyright.

Selective impact of disease on shortterm and long-term components of selfreported memory: a population-based
HUNT study

Open Access

METHODS
Participants
The Nord-Trøndelag region in Norway has about 130
000 inhabitants. The third wave of the health survey
(HUNT3) was conducted from October 2006 to June
2008. All citizens aged ≥20 years (n=93 860) were
invited to participate and 51 352 individuals accepted
to participate (54.1%). Details of the HUNT3 survey
have been reported previously.2 In this study, all individuals aged ≥55 years who completed all items in the
Metamemory Questionnaire (MMQ) were investigated
(n=18 633). The demographic characteristics of these
individuals are presented in table 1.
Metamemory questionnaire
Nine items about memory were included in the HUNT3
MMQ (see APPENDIX in online supplementary material).
Table 1 Demographic characteristics
Age (mean±SD), years
 Range, years

66.8±8.4
55–97

Gender, frequency of females (%)

9761 (52.4)

Education, number and frequency (%)
 Basic

7029 (37.7)

 High school

6086 (32.7)

 College/university
 Missing

3332 (17.8)
2186 (11.7)

2

These items were originally designed for a study on
health and ageing in the four Nordic countries and were
intended to capture memory performance in a single
summed score.32 However, the items can also be evaluated as indexing different aspects of memory. Two items
are concerned with memory performance in general
(items 1 and 2); three are concerned with accessing previously acquired information (semantic memory; items 4,
5 and 8) and four are concerned with recent events or
ongoing activity (working and episodic memory; items 3,
6, 7 and 9).
The HUNT3 health questionnaire
The HUNT3 survey also included questions on 20
diseases/syndromes covering 10 types of disease
according to the manual of the International Classification of Diseases, 10th revision (ICD-10)33: neoplasms
(cancer), blood and blood-forming (kidney), endocrine
(diabetes), mental (depression), nervous (epilepsy),
sensory (cataract, glaucoma, macula degeneration),
circulatory (angina pectoris, heart infarction, heart
failure, other heart diseases, brain infarction), respiratory (asthma, chronic obstructive pulmonary disease
(COPD)), musculoskeletal (osteoarthritis, rheumatoid arthritis, fibromyalgia, Bechterew’s disease) and
external causes (whiplash). Three types of disease
were not included in the HUNT3 questionnaire: infectious, digestive and skin diseases. The questions were
expressed as follows: Have you had a heart infarction?
The responses were no (coded 0) or yes (coded 1). For a
detailed description of the health questionnaire, see the
website www.ntnu.edu/hunt/databank.
Depression in HUNT3
The Hospital Anxiety and Depression Scale (HADS) was
used to assess the degree of depression in participants.34
This method has high sensitivity and specificity in relation
to DSM-IV diagnosis.35 Depression was defined as a HADS
depression score ≥8.
Statistical analysis
A principal component analysis (PCA) was performed
on the nine SMI items using an eigenvalue >1 as the
criterion to decide the number of relevant factors
followed by varimax rotation to find a simple structure. The frequency of reported disease is presented as
a percentage. The possible influence of demographic
factors (seven age groups, gender and three levels of
education) as independent variables was analysed by
means of three-way multivariate analysis of variance
with memory (two components; repeated measure)
as the dependent variable. The relationships between
the components and the 20 diseases were analysed by
one-way MANOVA with memory (LTM and STM components) as the dependent variable and each disease as the
independent variable. The z-scores for LTM and STM
for each disease were used to visualise the profile of
memory across diseases.
Almkvist O, et al. BMJ Open 2017;7:e013586. doi:10.1136/bmjopen-2016-013586
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this is not the case.27–30 Rather, human memory consists
of several functional systems encompassing short-term
memory (STM; working memory) and long-term memory
(LTM), which is usually divided into declarative and
non-declarative memory. Declarative memory can be
further divided into episodic and semantic memory and
non-declarative memory can be divided into procedural
and perceptual memory. In addition, three processes
operate on these memory systems: encoding, maintaining/consolidating and retrieving. The same typology
could be used to conceptualise subjective memory similarly to the standard model of human memory.
Research on subjective memory analysed in terms
of current theories of memory, for instance, using the
different components of memory, is sparse, although
there are exceptions showing that subjective memory
contains several dimensions.31 In particular, it is interesting to investigate the relationship between aspects of
SMI and health and disease, since SMI in general has
been found to be associated with many diseases (see
above).
The purpose of this study was to differentiate SMI into
memory components, following theories of memory, and
to identify demographic and health-related factors associated with these components, using cross-sectional data
from a population-based study of health in the Nord-Trøndelag county in middle Norway.

Open Access

Item number

Component I

Component II

5. Remember dates 0.696
2. Changed memory 0.692

0.214
0.192

1. Memory
problems

0.666

0.319

4. Remember
names

0.639

0.146

8. Events years ago 0.572

0.205

3. Events minutes
ago

0.228

0.750

9. Keeping track

0.123

0.736

6. Planned activities 0.244
7. Events days ago 0.378

0.716
0.684

Loadings >0.500 are marked as bold.

RESULTS
Components of the HUNT3 memory questionnaire
PCA of the nine memory items resulted in two memory
components. The first component accounted for 43%
of the total variance and the second for 11.4%. On the
basis of orthogonally rotated component matrix and the
pattern of loadings between item and component, the
first component was interpreted as LTM. The items with
large loadings in this component concerned retrieval

of previously acquired factual knowledge. The second
component was interpreted as STM because items with
large loadings were related to current and recently
apprehended information (not previously acquired), see
table 2. This structure indicates that self-reported memory
was related to at least two aspects of memory. To check the
robustness of the statistical model, a maximum likelihood
(ML) analysis with oblique rotation was performed and
the results were essentially equivalent to the result with
PCA. ML analyses of subgroups based on age or education did not make a difference.
Figure 1 shows the frequency of complaints for the nine
items. The pattern of complaints was different for the two
components of SMI. The frequency was more pronounced
for items associated with the LTM component (items 1, 2,
4, 5 and 8), that is, information that has been stored. In
contrast, the frequency of complaints was relatively sparse
for items associated with the STM component (items 3,
6, 7 and 9), that is, information that has recently been
attended to or has recently existed in the mind.
Memory components and demographic characteristics
Regression-based scores were calculated for each component (LTM and STM). A three-way MANOVA was
performed on the LTM and STM components as within
factors, and demographic characteristics (age, gender
and education) as between factors. Age was divided into
seven groups (55–59, 60–64, 65–69, 70–74, 75–79, 80–84
and >85 years), and education was divided into three levels

Figure 1 Frequency of memory problems across nine items divided into two subgroups of memory: long-term memory and
short-term memory. No complaints refers to ‘no/never’ responses to the items in Metamemory Questionnaire.
Almkvist
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Table 2 Matrix showing loadings between memory items
and two orthogonally rotated components
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memory components in two of the age groups (70–74 and
75–79 years of age; p>0.1) was non-significant. The age
versus memory interaction is presented in figure 2.
The significant effect of gender was due to the fact
that, in general, females reported fewer complaints than
males. The significant interaction between memory and
gender was related to the finding that males reported
more STM than LTM complaints (t=5.70, df=8843,
p<0.001), whereas females reported more LTM than STM
complaints (t=5.46, df=9697, p<0.001).
The interaction between memory problems and level
of education demonstrated a differential pattern. Those
with a basic education had more STM than LTM problems (t=4.66, df=7040, p<0.001) and those with a high
level of education had more LTM than STM problems
(t=6.52, df=2161, p<0.001).
Among the three two-way interactions with demographic characteristics, age versus gender was significant
(F=3.12, df=6/16330, p<0.01, η2=0.001) due to increasing
difference in memory problems between men and women
with higher age. The age versus education was not significant (F<1.0, df=12/16330, p>0.1, η2 <0.001) nor gender
versus education (F<1.0, df=2/16330, p>0.1, η2=0.001).
None of the four three-way and the single four-way
interactions were significant (all p values >0.1).

Figure 2 The relationships between seven age groups and problems (component score) with long-term memory (LTM) and
short-term memory (STM).
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(basic: ≤9 years; high school: 10–12 years; and college/
university: ≥13 years). The memory components were
not significantly different (F<1.0, df=1/16330, p>0.1),
whereas two demographic characteristics were significant:
age (F=36.25, df=6/16330, p<0.001, η2=0.013) and gender
(F=115.22, df=1/16330, p<0.001, η2=0.007). Education
was marginally significant (F=2.94, df=2/16330, p=0.053,
η2 <0.001).
All three two-way interactions including the memory
components were significant: memory versus age
(F=14.54, df=6/16330, p<0.001, η2=0.005), memory
versus gender (F=13.72, df=1/16330, p<0.001, η2=0.001)
and memory versus education (F=13.22, df=2/16330,
p<0.001, η2=0.002). The memory versus age interaction
was the result of a differential pattern of LTM versus
STM results across the age groups as shown by a relatively
higher score on STM for the oldest group. The mean
values in the STM component were significantly poorer
than the LTM component in the youngest age group
(55–59: t=−5.61, df=4647, p<0.001) and the two oldest age
groups (80–84: t=2.81, df=1124, p<0.01; and ≥85: t=3.97,
df=389, p<0.001), whereas the pattern was the opposite
(LTM was affected more than STM) in two of the intervening age groups (60–64: t=3.74, df=4541, p<0.001; and
65–69: t=5.21, df=3349, p<0.001). The difference between
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p Value
ICD-10 code/disease

Frequency

Percent

Disease

Memory

Disease x Memory

Musculatory and skeletal
 Osteoarthritis

4722

26.8

<0.001

ns

ns

 Rheumatoid arthritis

926

5.2

<0.001

ns

ns

 Fibromyalgia

918

5.2

<0.001

ns

ns

 Bechterew's disease

363

1.6

ns

ns

ns

2684

15.3

<0.001

ns

ns

 Glaucoma

945

5.6

<0.01

ns

ns

 Macular degeneration

731

4.3

<0.001

ns

ns

 Asthma

2155

11.6

=0.004

ns

ns

 COPD

967

5.2

<0.001

=0.037

=0.020

1748

11.0

<0.001

ns

=0.028

1757

9.4

<0.001

=0.014

=0.002

1360

7.3

<0.001

=0.002

<0.001

 Angina pectoris

1387

7.4

<0.001

ns

ns

 Heart infarction

1180

6.3

<0.001

ns

ns

 Other heart diseases

1054

5.7

<0.001

ns

ns

 Brain infarction

880

4.7

<0.001

<0.001

<0.001

 Heart failure

419

2.2

<0.001

<0.001

<0.001

 Kidney

630

3.4

<0.001

ns

ns

 External lesions whiplash
 Nervous epilepsy

789
281

4.6
1.6

<0.001
=0.005

0.050
ns

ns
ns

Sensory
 Cataract

Respiratory

Mental
 Depression
Neoplasm
 Cancer
Endocrine
 Diabetes
Circulatory

Blood and blood forming organs

COPD, chronic obstructive pulmonary disease; ICD, International Classification of Diseases; ns, not significant.

Memory components and health
The 20 binary questions on diseases in the HUNT3 questionnaire showed that osteoarthritis, cataract and asthma
were the most common diseases, followed by heart and
brain diseases and depression, while epilepsy and Bechterew’s disease were least common. It should be noted
that there were no questions on dementia, although some
affected individuals may have participated in HUNT3.
The frequency of the 20 diseases/syndromes is reported
in table 3.
The effect of disease (yes or no) on memory components was analysed using one-way MANOVA with the two
memory components as dependent variables and the
disease as the independent variable. The outcomes of
these analyses are presented in table 3. All diseases except
Bechterew’s disease had a significant impact on memory
(all ps<0.01 or<0.001), although the effect size was rather
Almkvist
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low (η2≤0.028). The memory components were significantly and differentially affected in six diseases: stroke
(F=17.66, df=1/18629, p<0.008, η2=0.001), heart failure
(F=10.90, df=1/18629, p<0.001, η2=0.005), diabetes
(F=9.29, df=1/18629, p=0.001, η2 <0.001), cancer
(F=6.05, df=1/18628, p=0.014, η2 <0.001), COPD (F=4.34,
df=1/18624, p=0.037, η2 <0.001) and whiplash (F=3.84,
df=1/17152, p<0.05, η2 <0.001). The disease and memory
interaction was significant in the six diseases: depression (F=4.85, df=1/15280, p=0.028, η2 <0.001), stroke
(F=21.52, df=1/18629, p<0.001, η2=0.001), heart failure
(F=11.94, df=1/18629, p<0.001, η2 <0.001), diabetes
(F=12.75, df=1/18627, p<0.001, η2 <0.001), cancer
(F=9.19, df=1/18628, p=0.002, η2 <0.001) and COPD
(F=5.40, df=1/18624, p=0.020, η2 <0.001). The significant
interactions were associated with higher impairment in
STM than in LTM for six diseases: heart failure, stroke,
5
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Table 3 Frequency of diseases, the effect of disease on memory and the interaction of disease and memory
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COPD, diabetes, whiplash and depression, see figure 3.
The opposite pattern was seen with cancer; that is, there
was more impairment in LTM than in STM. Thus, the
memory components were differentially influenced by
the six diseases. Self-reported memory was most affected
by depression, followed by stroke and heart disease. The
effect of depression was 10 times greater than that of
the other diseases. For individuals without disease, there
was no significant difference between the two memory
components. Furthermore, the level of memory impairment was very close to z=0. In contrast, the level of
impairment was marked and there was a clear difference
between individuals with and without disease in both
memory components, see figure 3.
DISCUSSION
Main findings in context
There were four main results from this study. First, the
memory questionnaire in HUNT3 measured two independent components of self-reported memory problems.
SMI for the LTM was associated with previously acquired
information and seemed to be due to retrieval difficulties.
SMI for the STM component was associated with information that was currently being attended to or information
that had recently been attended to. The differentiation
of subjective memory into two components has not been
reported previously to our knowledge.
Although the finding that the memory questionnaire
in HUNT3 has two components is new, it is in agreement
with current conceptualisation of performance-based
memory.27 29 36 The STM component may be thought of
as related to attention and information that is in the mind
6

at the moment or recently was in mind. The LTM component, on the other hand, may be conceived of as related
to old knowledge or events that occurred long ago. The
questionnaire used in the HUNT3 survey covered two of
these memory systems: working memory and declarative
memory. Consequently, the dimensionality of SMI should
be investigated using methods other than the MMQ in
future research. Methodological problems may otherwise be seen to be causing inconsistent results on the
relationship between subjective and objective memory
measures.10 31 37
Second, the pattern of impairment differed according
to diseases. In depression, stroke, heart failure, diabetes
and COPD, the impairment was greater in STM than in
LTM, whereas the opposite pattern was seen in cancer.
This difference in the pattern of associations between
disease and components of subjective memory has not
been reported previously to our knowledge.
A third finding was that the frequency of SMI increased
with age for both LTM and STM. However, the pattern of
increased memory problems was different. STM impairment was most pronounced in the oldest and next oldest
age groups and was clearly more marked than LTM
impairment in participants with specific diseases. LTM
impairment was more pronounced than STM impairment in the earlier old age groups (60–80 years).
Finally, all diseases except Bechterew’s disease had a
significant impact on memory, see figure 2. The three
most pronounced effects were seen in association with
depression, heart failure and brain infarction, in that
order (i.e. in mental and cardiovascular diseases). The
three smallest effects were seen in association with
Almkvist O, et al. BMJ Open 2017;7:e013586. doi:10.1136/bmjopen-2016-013586
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Figure 3 Degree of self-reported problems (mean component score) in long-term memory (LTM) and short-term memory
(STM) components for individuals each of the 20 diseases. The six diseases with a significant effect on memory are indicated
by symbols for p value. *p<0.05; **p<0.01; ***p<0.001. Ang, angina pectoris; Ast, asthma; Bec, Becheterw's disease; BInf,
brain infarction; Can, cancer; Cat, cataract; COP, chroniv obstructive pulmonary disease; Dep, depression; DM, diabetes
mellitus; Epi, epilepsy; Fib, fribromyalgia; Gla, glaucoma; HeInf, heart infarction; HFai, heart failure; Kid, kidney; Mac, macular
degeneration; Ost, osteoarthritis; OtHe, other heart diseases; Reu, rheumatoid arthritis; Whi, whip lash.
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Implications for public health and clinical practice
It is commonly observed that both depression and
cardiovascular-related diseases are associated with poor
subjective memory15 16 39 and objective memory impairment.40 41 Our study has shown that depression, brain
infarction, heart failure and diabetes are linked with
SMI and that this impairment is primarily associated with
the STM component. This finding indicates that SMI is
predominantly associated with attention and concentration, as indicated by the STM component, rather than
with basic memory problems, as indicated by the LTM
component. A clinical consequence of this finding and
interpretation is that subjective memory problems have
to be differentiated in primary care because the STM
component and not the LTM component were associated
with disease.
Memory impairment and age
Most diseases, both physical and mental, become more
common with age, and the prevalence of memory impairment in general follows the same pattern. The typical
finding in population-based and clinical-based studies has
been that working memory seems particularly vulnerable
to ageing and disease, while semantic memory seems to
be better preserved with age. Another typical finding of
population-based and clinical-based studies is that many
diseases affect episodic memory and working memory,
while semantic memory can remain functioning relatively
well.42
Strengths and weaknesses of the study
The main strengths of this study are the number of
subjects included, the population-based sample and
the availability of data on a broad variety of essential
health-related factors. These points support the external
(generalisability to the general population) and internal
(memory and disease relationship) validity of the study.
Another strength is that different methods of factor
analysis resulted into a differentiation of the MMQ
content in two similar components of subjective memory.
A weakness concerns the fact that the data were
obtained from subjective reports, which are known to
be of varying reliability and validity, although there are
recent reports of a strong association between subjective
and objective memory.43 There may have been sampling
and/or survival biases in the available subjects: individuals
with non-registered dementia may have participated, and
Almkvist
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awareness of one's own condition is known to vary among
people with objective memory impairment. In addition,
some individuals with many diseases have died. These
factors could have obscured the true prevalence and associations between the studied factors, thus increasing the
uncertainty of the resulting generalisations.
Conclusions
SMI as measured by the MMQ was differentiated into
two components related to LTM and STM. Moreover,
the components were differentially associated with six
diseases, particularly depression and cardiovascular
diseases.
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