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Abstract

Background Subjective memory impairment, including short-term (STM) and long-term (LTM) memory complaints,
is common in older adults and may signal underlying cognitive decline. Good mental health (MH) and physical
activity (PA) have been associated with better cognitive functioning and reduced risk of memory problems, yet their
relationships with self-reported memory complaints remain ambiguous. Additionally, the impact of mid-adulthood
MH and PA on later-life memory complaints is not well understood. Few large-scale population-based studies have
examined these associations longitudinally.

Aim This population-based study has two primary aims: (a) to examine the concurrent associations between
self-reported MH, PA, and subjective memory complaints in older adults, and (b) to investigate the longitudinal
associations between mid-adulthood MH and PA and memory complaints 11 years later, with both analyses
controlling for demographic factors.

Methods This mixed cross-sectional and longitudinal study used data from the third (2006-2008) and the fourth
(2017-2019) waves of the HUNT Study in Norway. Subjective self-reported STM and LTM complaints were measured
by the nine-item Meta-Memory Questionnaire. The sample included 9,226 and 6,986 healthy participants from the
HUNT3 and HUNT4 waves, respectively, who completed the questionnaire and were aged 60 or above by HUNT4.
Independent t-tests, ANOVAs and linear regression analysis were used to examine group differences and associations
between PA, MH, and memory complaints.

Results While individuals with lower levels of PA had more STM complaints in both HUNT3 and HUNT4, these
associations did not hold after adjustment for sociodemographic and mental health-related variables. However,
male gender and MH problems — in particular depressive symptoms — were found to be related to LTM and STM
complaints, concurrently and in part longitudinally.

Conclusion Male gender and MH - particularly depressive symptoms—emerged as consistently associated with
both STM and LTM complaints in older adults, both concurrently and, to an extent, over time. Although PA initially
appeared related to memory complaints, this association weakened after accounting for MH and sociodemographic
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factors. These findings highlight MH as a key modifiable factor in addressing memory complaints in aging. Future
research should clarify the causal mechanisms linking depressive symptoms and subjective memory complaints.

Keywords Physical activity, Mental health, Subjective memory impairment, Short-term memory complaints, Long-
term memory complaints, Gender, Older adults, Longitudinal study, Trandelag health study (HUNT), Norway

Introduction

The remarkable reduction in mortality over the past
century has led to a rapid increase in the global popula-
tion, with the 21st century anticipated to be the “century
of aging” [1]. In Norway, this demographic shift is par-
ticularly notable, with a growing older adult population.
By 2060, the proportion of people aged 70 and older is
expected to rise from the current 11% to 19% [2, 3].

Aging brings physiological changes that can affect
health and daily functioning in activities of daily living
[4], including a reduced capacity to fight illness, increased
physical limitations, and cognitive decline. In an increas-
ingly complex world, the demands on cognitive functions
are growing, placing significant pressure on mental pro-
cesses that originally evolved to handle a much simpler
environment [5]. Memory is one of the most significantly
impacted cognitive functions during the aging process
[6], leading to challenges in carrying out daily activities,
planning and completing tasks, and maintaining effective
communication skills [7]. Although memory impairment
is common among older adults, only a small number of
individuals tend to openly express concerns about their
memory, unless prompted by their general physician [8].
This non-reporting may cause further difficulties in daily
functioning [9].

Memory impairment can be measured using both
objective and subjective methods. Objective memory
impairment refers to measurable deficits in memory per-
formance that can be identified through formal testing.
Subjective memory impairment (SMI) refers to individu-
als’ self-assessment and recognition of memory decline
[10]. However, definitions vary widely in terms of the
types of questions used to determine SMI and additional
features pertaining to memory complaints included in the
definition [11]. Subjective memory is multidimensional
[12-14]. It is composed of multiple functional systems,
including short-term memory complaints (STM, also
referred to as working memory) and long-term mem-
ory complaints (LTM). LTM is responsible for retaining
information over extended periods, whereas STM holds
information temporarily for immediate use [7, 15]. This
distinction is essential for understanding how individu-
als assess and experience memory challenges. LTM is
further divided into declarative memory, which encom-
passes episodic and semantic memory, and non-declara-
tive memory, which includes procedural and perceptual
memory. Additionally, three key processes—encoding,
maintenance/consolidation, and retrieval—operate on

these memory systems [15]. Episodic and working mem-
ory typically show the strongest age-related declines,
whereas STM shows relatively minimal change. In con-
trast, semantic memory often remains stable or even
improves with age [6].

Higher levels of SMI are associated with poorer ability
to plan and perform tasks and communication skills, dif-
ficulties in daily activities, working life, overall well-being,
and mortality risk [7, 9]. However, it is important to dis-
tinguish SMI from clinically diagnosed memory disor-
ders, which are not normative and represent more severe
cognitive impairments [6]. SMI is only weakly related to
objective memory impairment [16]. In a recent study,
subjective memory complaints were reported by 42% of
the sample, whereas objective memory impairment was
present in only one-quarter of these individuals [17]. This
indicates that most people with memory complaints do
not exhibit objective memory deficits. However, mem-
ory-related disorders contribute to the economic burden.
For instance, in Norway caring for the older adults needs
more than 25% of the municipal budget which is almost
3% of the GDP [18]. Studying SMI is crucial because
it can serve as an early indicator of cognitive decline,
enabling timely screening and intervention for condi-
tions ranging from mild cognitive impairment to severe
dementia. Understanding SMI helps identify individu-
als at risk before objective deficits appear and guides the
development of strategies to improve cognitive function,
daily functioning, quality of life, and mental well-being. It
also informs clinical decision-making and the allocation
of healthcare resources, even when memory performance
remains within normal limits [19].

Physical activity (PA) is one of the key behavioral strat-
egies known to enhance memory and cognitive function.
Regular PA has been shown to benefit brain health by
helping to maintain and improve memory performance,
and it is widely recognized as a modifiable risk factor for
dementia [5, 20, 21]. PA is defined as any bodily move-
ment produced by skeletal muscles that requires energy
(World Health Organization, 2022). However, existing
research leaves some knowledge gap regarding the rela-
tionship between PA and SMI. First, while several stud-
ies have demonstrated a positive correlation between PA
and memory performance [7, 22-25], others have not
observed such associations [20, 26]. Most of these inves-
tigations have relied on objective methods to measure PA
which have limitations such as small sample sizes and the
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alteration of participants’ natural environments or activi-
ties which may affect their levels of PA.

Second, the nature of the relationship between PA
in early life with SMI at old age is not fully established.
Youth who engage in regular PA tend to exhibit bet-
ter cognitive and academic performance [27]. It is pos-
sible that, much like early-life education, early-life PA
could contribute to building better “cognitive reserve”
with long-lasting benefits. Studies suggest that being
active over the life course lowers likelihood of cogni-
tive impairment in late life [28—31]. However, the effect
of PA on LTM and STM complaints are not explored. A
recent study [32] demonstrated that PA during early and
mid-adulthood independently predicted both higher
episodic memory levels and a slower rate of memory
decline in later life, through improvements in the cardio-
vascular system, particularly blood pressure control. To
our knowledge there are no epidemiological studies that
address the relationship between PA in mid-adulthood
and STM and LTM complaints in later life.

Furthermore, MH symptoms, including depression,
anxiety, and psychological distress, are strong corre-
lates of memory complaints and can also influence PA
patterns [5, 33—-37]. Some researchers suggest that sub-
jective memory complaints may serve as an early indica-
tor of dementia [33, 34, 36, 38, 39]. Subjective memory
complaints are linked to depression and anxiety in cross-
sectional studies, and longitudinal research shows they
can precede dementia [40]. SMI represents a preclini-
cal indicator of neurocognitive decline, supporting early
diagnostic stratification and intervention in mild cogni-
tive impairment, a transitional condition bridging healthy
aging and dementia. Notably, recent evidence highlights
PA and depression as modifiable risk factors for dementia
[21, 41]. However, longitudinal population-based studies
on the association between SMI, PA and MH symptoms
remain scarce.

Several demographic and health-related factors are
independently associated with both PA, MH, and SMI,
potentially biasing observed associations if not prop-
erly accounted for. Age is one of the strongest predic-
tors of SMI, with older adults reporting more frequent
memory complaints [42, 43]. Gender differences have
also been observed, with some studies suggesting that
women have higher rates of SMI despite performing
similarly or better than men on objective memory tests
[42, 44, 45]. Moreover, good quality education for all, as
well as cognitively stimulating activities in midlife also
protect cognition [21]. BMI and smoking behavior are
other important factors; smoking is known to negatively
affect both cardiovascular and cognitive health and may
confound the relationship between PA and memory out-
comes [21, 46—48]. Additionally, living situation—such as
living alone versus with others—can influence both MH
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and opportunities for engaging in PA [42]. Sleep quality,
particularly insomnia, is closely tied to memory function
and cognitive performance, and poor sleep is often asso-
ciated with both lower PA and higher SMI [49]. Neglect-
ing to control for these factors can result in misleading
conclusions about the role of PA and MH in memory
performance.

Given the identified gaps in the existing literature, the
aim of this study is to utilize data from the Trendelag
Health Study (HUNT) to explore (a) concurrent asso-
ciations between PA, MH and both subjective STM and
LTM complaints at two different time points; and (b) lon-
gitudinal associations between mid-adulthood PA and
MH and subjective memory complaints 11 years later.
We hypothesize positive associations in both cases.

Methods

The data for this mixed cross-sectional and longitudi-
nal study was collected from older, community-dwelling
adults in Trendelag county, Norway, as part of the third
and fourth wave of the Trogndelag Health Study (HUNT).
The population in Trendelag county is considered repre-
sentative of the Norwegian population [50]. The HUNT3
(2006—2008) and HUNT4 (2017-2019) study had a high
participation rate, with 56,042 participants (54.0%) from
North Trendelag and 107,711 participants (42.6%) from
South Trendelag, minimizing the risk of selection bias.
However, participation rates were slightly higher among
individuals aged 40—79 years and lower among those who
were unmarried or living in urban areas. The sample was
also ethnically homogeneous, which limits the generaliz-
ability of the findings to individuals from non-European
backgrounds [50]. Despite these limitations, the HUNT3
and HUNT4 cohorts provide a valuable resource for
studying health and cognitive outcomes in a large, repre-
sentative population of older adults in Norway.

Participants

In the HUNTS3 study, out of 93,860 eligible individuals
aged 20 or older who were invited to participate, 50,807
(54.1%) completed the questionnaire. Among these
respondents, 27,758 were female and 23,049 were male
[51]. In HUNT4, of 103,800 invitees, 56,042 took part by
returning the questionnaire. This included 30,574 women
and 25,468 men. During the transition from HUNT3 to
HUNT4, 7,763 individuals died or moved and 9,218 did
not participate in HUNT4. Finally, 33,818 individuals
were participants in both HUNT3 and HUNT4.

Our study focused exclusively on those aged 60
years or older by the time of HUNT4 (born in 1958 or
before) and who also participated in HUNT3. Although
age-related declines in cognitive functioning, includ-
ing memory, begin in early adulthood, memory decline
tends to accelerate around the age of 60, making this
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age group particularly relevant for the present analyses
[6]. The exclusion of participants with medical condi-
tions that restricted their PA was necessary to minimize
confounding that could potentially affect the results. To
identify these participants, we used the question, “Do
you suffer from longstanding (at least 1 year) illness or
injury of a physical or psychological nature that impairs
your functioning in your daily life?” with two possible
answers of “No” and “Yes” Additionally, the presence of
conditions such as angina (chest pain), asthma, arthritis
and spondylarthritis were criteria for exclusion. After
excluding participants based on these criteria, 9,226 indi-
viduals participated in the 2006—2008 wave (HUNT3),
6,986 participated in the 2017-2019 wave (HUNT4),
and 5,100 individuals participated in both waves. Indi-
viduals with missing data on the variables employed
in the analytic procedures were excluded casewise
(analysis-by-analysis).

Measures

Physical activity

We obtained data on PA through the self-reported
HUNT study questionnaire. The questions used to assess
PA has demonstrated strong reliability, with high corre-
lations and good to very good kappa statistics observed
between test and retest [52]. The first question assesses
how frequently participants took part in PA during a
typical week. They were given five response options: (1)
never, (2) less than once a week, (3) once a week, (4) 2—-3
times a week and (5) nearly every day. For our study, we
recoded PA frequency to the values indicating the num-
ber of occurrences per week (0, 0.5, 1, 2.5, 5). The sec-
ond question focuses on the average intensity of PA, with
three response options: (1) I take it easy, I don’t get out
of breath or break a sweat, (2) I push myself until I'm out
of breath and break into a sweat (3) I practically exhaust
myself. These responses remained without change as
reported in the questionnaire (1, 2 and 3 indicating light,
moderate and vigorous activity, respectively). Based on
the study by [53], the frequency and intensity measure-
ments were combined to create a single PA index. The
PA index scores, theoretically ranging from 0 to 15, were
divided into three categories using the 33rd and 67th per-
centiles as cutoff points: low (< 2.5), intermediate (2.5-
5.0) and high (> 5.0) levels of PA.

Subjective memory

Subjective memory impairment, including LTM and
STM complaints, was examined by using the Metamem-
ory Questionnaire (MMQ). MMQ was originally
designed for NORA-study of individuals aged 30-69
and + 70 [54]. The questionnaire consists of nine items
related to memory challenges. The first two concern
overall memory capacity: 1) Do you have problems with
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your memory? and 2) Has your memory changed since
you were younger?“. Response options were “No’, “Yes,
some” and “Yes, a lot” The next seven items assess spe-
cific memory functions. Four of them focus on recall-
ing recent events or activities: 3) Do you have trouble
remembering things that happened a few minutes ago?,
6) Do you have trouble remembering to do something
you have planned to do?, 7) Do you have trouble remem-
bering things that happened a few days ago?, and 9) Do
you have trouble keeping track of a conversation? Three
items are about remembering previous information: 4)
Do you have trouble remembering other people’s names?,
5) Do you have trouble remembering dates?, and 8) Do
you have trouble remembering things that happened
years ago? Response options were “never; “sometimes,’
or “often” for each of these questions. In line with earlier
studies using the MMQ, such as the studies by Moradi
et al. and Almkvist et al. [10, 15], it was determined that
items 1, 2, 4, 5, and 8 are indicative of LTM complaints,
while questions 3, 6, 7, and 9 are indicative of STM com-
plaints. Scoring was based on the methodology of Moradi
et al. [10]. For questions 1 and 2 we assigned a score of 0
for ‘No; 1 for “Yes, sometimes, and 2 for ‘Yes, a lot! For
questions 3-9, the assigned scores were 1 for “Never”, 2
for “Sometimes” and 3 for “Often” After summing the
scores, scores ranged 3—13 for LTM and 4-12 for STM
complaints. The scores of 3 for LTM and 4 for STM com-
plaints indicated no memory impairment, while scores
of 13 for LTM and 12 for STM complaints indicated the
highest level of memory problems.

Anxiety and depression symptoms

In the assessment of anxiety and depression, the Hospi-
tal Anxiety and Depression Scale (HADS) was used [55].
This scale has 14 items, with seven focusing on anxiety
and seven on depression. Each item has four response
options (0-3). Positively worded items are reverse coded
before summing the scale scores. Scale scores rang-
ing 0-7 on both the anxiety and depression scales were
defined as indicating the absence of anxiety or depres-
sion, while scale scores of 8 or higher suggested the pres-
ence of anxiety or depression, respectively [56, 57].

Confounding variables

In this study, adjustment for a range of potentially con-
founding variables were made to ensure the integrity and
validity of the findings. These variables included age, sex,
education, living with a spouse or partner, body mass
index (BMI), insomnia, anxiety, depression and smok-
ing habits. For the initial presentation, age was divided
into three categories: 60—69 years, 70—79 years, and 80
years or older, but the variable was kept as continuous
in the multivariate analyses. Sex was recorded as male
or female. The participants’ educational background was
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assessed with the question: “What is the highest level of
education you have completed?” There were six options
available: primary school, 1-2 years of upper second-
ary school, 3 years in upper secondary school, certificate
of apprenticeship or journeyman’s certificate, college/
university less than 4 years, College/university 4 years
or more. These educational levels were categorized into
three groups: “Primary education’, “Secondary educa-
tion” and “University education”

Living with spouse or partner was assessed by the
question “Who do you live with?“, with one response
option indicating “Spouse or partner”. Those indicating
“partner/spouse” were categorized as “living with spouse
or partner’, while non-response and responses indicating
living with others were categorized as “no spouse or part-
ner”. Body mass index (BMI) was categorized into three
groups: <25, 25-30 and > 30 kg/m2. Furthermore, insom-
nia was evaluated using two specific questions: “How
often during the last three months have you had difficulty
falling asleep at night?” and “How often during the last
three months have you woken up too early and couldn’t
get back to sleep?” Response options were “Never/sel-
dom,” “Sometimes,” and “at least three times a week”.
Participants who responded with “Never/seldom,” and/
or “Sometimes,” were classified as having ‘no insomnia’
Those who responded “at least three times a week” to one
or both questions were considered as having ‘insomnia’

For smoking status, response options were “Never
smoked,” “Former smoker,” “Smokes daily,;” and “Smokes
occasionally” They were subsequently categorized into
three smoking status groups: “Never smoked’, “Current
smoker” and “Smoked previously”

Statistical analysis

Statistical analyses were conducted using SPSS version
28. Initially, descriptive statistics were used for all vari-
ables, including means and standard deviations for con-
tinuous variables and frequencies and percentages for
categorical variables. To analyze the relationship between
LTM and STM complaint scores and the independent
variables, independent sample t-tests were utilized for
dichotomous variables (sex, living with spouse or partner,
insomnia, anxiety and depression) and one-way analyses
of variance (ANOVA) for variables with more than two
categories (age group, education level, BMI, smoking sta-
tus and physical activity). LTM and STM problems were
cross-tabulated with the independent variables for each
time point. In the ANOVA pairwise comparisons, the
Bonferroni correction was applied to explore significant
differences between group means and adjust for inflating
Type I error rates. Multivariable linear regression analy-
sis was conducted to evaluate the associations between
PA and LTM/STM complaint scores, while adjust-
ing for potential confounders, including only variables
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demonstrating a relationship with p<0.30 from the ini-
tial (unadjusted) analyses. Linear regression models were
constructed for predicting LTM and STM complaint
outcomes with HUNT3 and HUNT4 data, respectively.
The models included age, sex, education level, living
with spouse or partner, BMI, insomnia, anxiety, depres-
sion, smoking status, and PA as independent variables
(provided p<0.30 in bivariate analyses). In the analyses,
all independent variables were included together, thus
resulting in measures of associations adjusted for the
influence of all other variables. In the final iteration of
the analysis, relevant variables from HUNT3 were used
in the longitudinal prediction of LTM/STM complaint
scores observed in HUNT4, while also adjusting for the
relevant LTM/STM complaint scores from HUNTS3.
Results with p-values<0.05 were considered statistically
significant.

Ethics

This study received ethical approval from the Regional
Committee for Medical Research Ethics (No. 624669).
The HUNT was also approved by the Norwegian Data
Inspectorate. Each participant in the HUNT surveys
signed a written informed consent regarding the collec-
tion and use of data for research purposes. Participants
can demand to have their data deleted from the HUNT
database at any given moment. All research in HUNT is
in accordance with the guidelines of the Regional Com-
mittee for Medical Research Ethics (REK), Data Inspec-
torate and applicable law. The study adhered to the
Declaration of Helsinki.

Results

Sample characteristics

Table 1 presents the characteristics of participants in both
the HUNT3 and HUNT4 studies. The baseline character-
istics of participants in both samples were similar, with
few major differences observed. Among the participants
in HUNT4, a larger proportion reported to be former
smokers, and a smaller proportion were current smokers,
compared to participants in the HUNT3 dataset. In addi-
tion, while about 60% were classified with an intermedi-
ate PA level in both HUNT3 and in HUNT4, the HUNT4
participants had a smaller proportion of individuals with
a low level of PA and a higher proportion with a high
level of PA. Similar proportions were classified with low
levels of anxiety (92%) and depression symptoms (95%-
96%) in HUNT3 and HUNT4, respectively.

Memory complaints in different subgroups

Table 2 presents the LTM and STM complaint ratings
of the participants within subgroups for both waves of
data collection. In HUNT3, and compared to their coun-
terparts, higher LTM complaint ratings were shown for
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Variables HUNT3 (n=9226) HUNT4 (n=6986)
n % M (SD) n % M (SD)

Sex Female 4850 52.6% 3706 53.0%

Male 4376 47.4% 3280 47.0%
Age 593 (74) 69.3 (6.6)
Education Primary education - - 1037 14.9%

Secondary education - - 3397 48.8%

University education - - 2520 36.2%
Relationship status No spouse/partner 2247 24.4% 1422 20.4%

Spouse/partner 6979 75.6% 5564 79.6%
BMI [kg/m?] 2703.7) 26.8(39)
Insomnia No insomnia 6873 85.3% 5810 85.9%

Insomnia 1187 14.7% 956 14.1%
Anxiety Low anxiety 7293 92.1% 5385 91.9%

High anxiety 623 7.9% 474 8.1%
Depression Low depression 7549 94.9% 5670 95.6%

High depression 407 5.1% 258 44%
Smoking status No 3904 43.1% 2854 41.0%

Former 3398 37.5% 3603 51.7%

Yes 1757 19.4% 511 7.3%
Physical activity Low 2179 27.7% 1130 18.1%

Intermediate 4605 58.6% 3761 60.3%

High 1078 13.7% 1344 21.6%

LTM refers to Long-Term Memory complaints, STM to Short-Term Memory complaints, and BM/ to Body Mass Index

Valid % is reported. Missing data ranging between 0% and 16.1% for the variables. In the HUNT3 dataset, education level had too many missing values to be

meaningfully employed

men, those aged 70-79, and those reporting insomnia
and high levels of anxiety and depression. Consistent
non-smokers had lower LTM complaint ratings than cur-
rent and former smokers. Regarding STM complaints,
higher ratings were shown for men, those who were over-
weight (BMI 25-30), those with insomnia, and those with
high levels of anxiety and depression, compared to their
counterparts. Consistent non-smokers had lower STM
complaint ratings than current and former smokers,
while those with low PA had higher STM complaint rat-
ings than those with intermediate levels of PA.

In HUNT4, higher LTM complaint ratings were shown
for men, those over 80 years of age, those with insom-
nia, and those with high levels of anxiety and depression.
STM complaint ratings were higher for men, increased
linearly across age groups, and decreased linearly across
levels of education. Compared to their counterparts,
STM complaint ratings were also higher among those liv-
ing without a spouse or partner, those with higher BMI,
those with insomnia and those with higher levels of anxi-
ety and depression. In addition, STM complaint ratings
were higher among former smokers compared to con-
sistent non-smokers, and higher among individuals with
low levels of PA compared to those with intermediate
and high levels.

Adjusted associations with memory complaints

Table 3 presents the cross-sectional direct associations
between the independent variables and LTM and STM
complaints assessed in the HUNT3 study. Higher LTM
complaint ratings were associated with male sex, higher
age, insomnia, and high levels of anxiety and depression
symptoms. There was also a relationship between smok-
ing and higher LTM complaints. Higher STM complaint
ratings were associated with the same variables.

Table 4 presents the cross-sectional direct associations
between the independent variables and LTM and STM
complaints assessed in the HUNT4 study. Higher LTM
complaint ratings were associated with male sex, higher
age, insomnia, and high levels of depression symptoms.
Higher STM complaint ratings were associated with
male sex, higher age, lower education level, in addition to
higher levels of anxiety and depression.

Table 5 presents the direct prospective associations
between independent variables assessed in HUNTS3,
and LTM and STM complaints assessed in the HUNT4
study. Higher LTM complaint ratings in HUNT4 were
predicted by male sex and higher levels of LTM com-
plaints 11 years earlier. Higher STM complaint ratings in
HUNT4 were predicted by male sex, higher age, high lev-
els of depression, and higher levels of STM complaints 11
years earlier.
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Table 2 Subgroup differences in LTM and STM complaints in the two waves of data collection

Variables HUNT3 HUNT4
LT™M STM L™ STM
M (SD) p M (SD) p M (SD) p M (SD) p
Gender Female 6.7 (1.8) <0.001 49(1.2) <0.001 6.2(1.2) <0.001 52(1.7) <0.001
Male 6.9(1.8) 52(14) 6.5 (1.3) 56(1.7)
Age 60-69 6.8 (1.8) <0.001 50(1.3) 011 6.3(1.3) <0.01 52(1.7) <0.001
70-79 7.2(1.6) 51(1.3) 6.2(1.2) 55(1.8)
80+ 6.6 (2.0) 52(14) 6.5(13) 59(1.9
Education level Primary educ. - 6.3(1.3) 0.74 57019 <0.001
Secondary educ. - 63(1.2) 54(1.8)
University educ. - 63(1.2) 52(1.6)
Relationship status No spouse 6.9(1.8) 0.25 1(1.3) 0.24 6.3(1.3) 0.35 55(1.8) <0.05
Spouse 6.8(1.7) 0(1.3) 63(1.2) 53(1.7)
BMI [kg/mz] <25 6.8(1.7) 0.08 0(1.3) <0.001 6.2(1.3) 0.30 53(1.7) <0.01
25-30 6.8 (1.8) 1(13) 6.3(1.2) 54(1.7)
>30 6.7 (1.8) 0(13) 6.3(1.2) 55(1.8)
Insomnia No insomnia 6.7 (1.7) <0.001 0(1.3) <0.001 6.3(1.2) <0.01 53(1.7) <0.05
Insomnia 74(1.8) 3(14) 64(14) 55(1.8)
Anxiety Low anxiety 6.7 (1.7) <0.001 5.0(1.3) <0.001 63(1.2) <0.05 53(1.7) <0.001
High anxiety 76(1.8) 58(1.5) 6.4 (1.3) 581(1.8)
Depression Low depression 6.7 (1.7) <0.001 50(1.3) <0.001 6.3(1.2) <0.001 53(1.7) <0.001
High depression 7.8(1.8) 6.0(1.6) 6.6(1.3) 6.2(1.8)
Smoking status No 6.7 (1.8) <0.001 50(1.3) 0.001 6.3(1.3) 0.25 53(1.7) <0.01
Former 6.9(1.7) 51(13) 6.3(1.2) 54(1.8)
Yes 6.8(1.7) 5.1(1.3) 6.3(1.2) 53(1.7)
Physical activity Low 6.8(1.7) 034 51(1.3) <0.05 64(1.3) 041 55(1.8) <0.01
Intermediate 6.8 (1.8) 50(1.3) 63(1.2) 53(1.7)
High 6.7 (1.7) 50(1.3) 6.3(1.2) 54(1.7)
LTM refers to Long-Term Memory complaints, STM to Short-Term Memory complaints, and BM/ to Body Mass Index
Valid % is reported. In the HUNT3 dataset, education level had too many missing values to be meaningfully employed
Table 3 Linear regression analysis showing cross-sectional direct associations with LTM and STM complaints (HUNT3)
Variables LTM (n=7340) STM (n=6374)
B 95% Cl p B 95% Cl p
Sex 0.25 0.18-0.33 <0.001 038 0.32-044 <0.001
Age (cont.) 0.01 0.03-0.04 <0.001 0.01 0.00-0.01 <0.001
Relationship status 0.05 -0.06-0.17 0.36 -0.03 -0.12-0.06 0.56
BMI [kg/m?] (cont.) -0.01 -0.02-0.02 0.12 -0.00 -0.01-0.01 0.88
Insomnia 0.55 0.44-0.67 <0.001 0.20 0.11-0.29 <0.001
Anxiety 0.58 0.42-0.76 <0.001 0.59 047-0.71 <0.001
Depression 0.79 0.60-0.97 <0.001 0.78 0.63-0.93 <0.001
Smoking status 013 0.12-0.29 <0.001 0.05 0.01-0.09 <0.05
Physical activity - - - -0.03 -0.08-0.02 0.18
Explained variance 6.7% <0.001 7.1% <0.001

LTM refers to Long-Term Memory complaints, STM to Short-Term Memory complaints, and BM/ to Body Mass Index

Cont. indicates continuous variables

Categorical variables are coded as follows: Sex (female is 0, male is 1), insomnia (no is 0, yes is 1), anxiety (low level is 0, high level is 1), depression (low level is 0, high
level is 1), smoking status (non-smoker is 1, former smoker is 2, current smoker is 3), physical activity (low level is 1, intermediate level is 2, high level is 3)

Attrition analysis

Finally, the sample used in the longitudinal analysis was
compared with the initial sample at baseline (HUNT3).
Gender differences were not statistically significant, but
compared with the HUNT3 sample, the sample used
in the longitudinal analysis were younger (M=57.9

years vs. 61.1 years, p<0.001), had lower BMI (M =26.7
vs. 27.3, p<0.001), had a higher proportion of partici-
pants living with a spouse or partner (77.5% vs. 73.3%,
»<0.001), and a lower proportion with insomnia (12.5%
vs. 17.6%, p<0.001), anxiety (6.7% vs. 9.3%, p<0.001)
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Table 4 Linear regression analysis showing cross-sectional direct associations with LTM and STM complaints (HUNT4)
Variables LTM (n=2639) STM (n=4882)

B 95% Cl P B 95% Cl P
Sex 032 0.23-0.42 <0.001 045 0.35-0.55 <0.001
Age (cont) 0.01 0.00-0.02 <0.05 0.03 0.02-0.04 <0.001
Education level - - - -0.18 -0.25--0.11 <0.001
Relationship status - - - -0.08 -0.20-0.05 0.23
BMI [kg/m?] (cont.) - - - 0.01 -0.01-0.02 040
Insomnia 0.15 0.03-0.28 <0.05 0.08 -0.06-0.22 0.24
Anxiety 0.15 -0.01-0.31 0.07 043 0.25-0.62 <0.001
Depression 0.29 0.09-0.48 <0.01 0.57 0.31-0.82 <0.001
Smoking status 0.03 -0.05-0.11 042 0.04 -0.04-0.12 033
Physical activity - - - -0.05 -0.12-0.03 0.25
Explained variance 2.7% <0.001 4.7% <0.001

LTM refers to Long-Term Memory complaints, STM to Short-Term Memory complaints, and BM/ to Body Mass Index

Cont. indicates continuous variables

Categorical variables are coded as follows: Sex (female is 0, male is 1), education level (primary school is 1, secondary school is 2, university is 3), insomnia (no is 0, yes
is 1), anxiety (low level is 0, high level is 1), depression (low level is 0, high level is 1), smoking status (non-smoker is 1, former smoker is 2, current smoker is 3), physical

activity (low level is 1, intermediate level is 2, high level is 3)

Table 5 Linear regression analysis showing prospective associations between HUNT3 predictors and LTM and STM complaints 11

years later
Variables LTM (n=1443) STM (n=3146)

B 95% Cl p B 95% Cl P
Sex 0.39 0.28-0.51 <0.001 0.21 0.10-0.32 <0.001
Age (cont.) -0.01 -0.02-0.02 012 0.02 0.02-0.03 <0.001
Relationship status -0.10 -0.27-0.08 0.27 -0.16 -0.33-0.01 0.06
BMI [kg/m?] (cont.) 0.01 -0.01-0.02 043 0.01 -0.01-0.02 0.28
Insomnia -0.02 -0.19-0.14 0.77 -0.08 -0.25-0.08 0.32
Anxiety -0.06 -0.28-0.16 0.60 -0.13 -0.36-0.10 0.28
Depression 0.16 0.09-0.41 0.20 0.31 0.04-0.59 <0.05
Smoking status 0.02 -0.06-0.10 0.56 0.07 0.00-0.15 0.05
Physical activity -0.05 -0.14-0.05 032 -0.04 -0.12-0.05 037
LT™M 0.33 0.30-0.37 <0.001 - - -
ST™M - - - 0.52 0.48-0.57 <0.001
Explained variance 20.8% <0.001 17.6% <0.001

LTM refers to Long-Term Memory complaints, STM to Short-Term Memory complaints, and BM/ to Body Mass Index

Cont. indicates continuous variables

Categorical variables are coded as follows: Sex (female is 0, male is 1), insomnia (no is 0, yes is 1), anxiety (low level is 0, high level is 1), depression (low level is 0, high
level is 1), smoking status (non-smoker is 1, former smoker is 2, current smoker is 3), physical activity (low level is 1, intermediate level is 2, high level is 3)

and depression (4.3% vs. 6.1%, p<0.001). This sample
were less inclined to be smokers (17.9% vs. 21.3%) and
had a higher proportion who had never smoked (44.9%
vs. 40.8%, p <0.001) and were more inclined to have high
levels of PA, compared to their counterparts (14.7% vs.
12.5%, p<0.01).

Discussion

The aim of this study was to assess possible relationships
between PA, MH and concurrent and subsequent mem-
ory complaints among adults and older adults. While ini-
tial subgroup comparisons showed higher levels of STM
and LTM complaints among those with lower levels of
PA, this association was no longer significant — neither
cross-sectionally, nor longitudinally — after adjustment

for sociodemographic and MH-related variables. Instead,
male gender and poorer MH, particularly higher lev-
els of depressive symptoms, stand out as factors associ-
ated with concurrent and subsequent STM and LTM
complaints.

Our study found that poorer MH, especially higher
levels of depressive symptoms, is linked to current and
future memory complaints in older adults. Depression,
anxiety, and apathy are common among individuals with
mild cognitive impairment, and evidence suggests that
the combined impact of these psychopathological symp-
toms may accelerate cognitive decline and increase the
risk of developing dementia [41, 58]. Furthermore, clini-
cal studies have shown that patients with mild cognitive
impairment have higher rates of depression [59], have
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worse memory functioning [60, 61], and have higher
conversion rates to dementia [41]. This aligns with
research showing that depression is associated with vas-
cular changes in the brain, such as white matter hyperin-
tensities, which are linked to cognitive decline [62, 63].
Importantly, previous research has demonstrated that
subjective memory complaints are only weakly related to
objective memory impairment. Our findings suggest that
depressive symptoms may influence how individuals per-
ceive their memory functioning, contributing to greater
subjective complaints irrespective of any objective mem-
ory deficits. This highlights an important opportunity:
subjective memory complaints may serve as early warn-
ing signs for cognitive decline and be a valuable target for
timely intervention, and attention among healthcare per-
sonnel towards older adults’ perceived memory problems
may be particularly important in the case of previous or
concurrent depressive symptoms.

Our results suggest a directional influence from MH
to subjective memory complaints and potentially to
later memory function, rather than these factors merely
reflecting simultaneous manifestations of underlying
brain changes. Beyond biological mechanisms, depres-
sion can affect cognition through reduced social engage-
ment. Depressed individuals often experience social
withdrawal and lowered motivation, leading to par-
ticipation in fewer mentally and physically stimulating
activities—behaviors that are essential for maintaining
brain health [21]. This reduced engagement may worsen
subjective memory complaints and accelerate cognitive
decline in the long run. Conversely, memory perfor-
mance, even as a subjective perception, is central to per-
sonal identity and social functioning. Self-perceived and
objective declines in memory lead to increased depen-
dency, social isolation, and MH problems such as psy-
chological distress, depression, and anxiety [5, 35, 36].
Therefore, improving MH and promoting socially and
physically active lifestyles may help protect memory in
older adults. Moreover, subjective memory complaints
may serve as an early warning signal, offering a valuable
opportunity for timely intervention.

In our study, higher level of subjective memory com-
plaints was observed among males. Previous research
shows mixed findings regarding gender differences in
cognitive performance and memory impairment [42,
44, 45, 64, 65]. Higher levels of subjective memory com-
plaints in males likely reflect a combination of biological,
lifestyle, and sociocultural factors. Biologically, males and
females differ in brain structure and function; for exam-
ple, females tend to have a larger and more active hippo-
campus, which is crucial for memory, and benefit from
the neuroprotective effects of estrogen [66—68]. Gender-
related differences in cognitive abilities, including the
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types of information men and women remember best,
may also contribute [44].

However, non-biological factors may also contribute
significantly. Males experience higher rates of cardio-
vascular disease, substance use, and other health condi-
tions that negatively affect brain functioning, while also
being less likely to seek medical care or engage in cog-
nitively protective activities. Educational background,
occupational exposure, and levels of cognitive stimula-
tion may differ by sex and influence memory resilience.
Sociocultural norms might also play a role as men may
underreport early cognitive symptoms. This introduces
the possibility of measurement bias and suggests that
the prevalence of memory complaints among men may
be even higher than observed in this study, highlighting
the need to target this group with specific interventions
to support cognitive health and prevent further decline.
Taken together, these biological vulnerabilities, environ-
mental influences, and sociocultural factors help explain
why men in our study reported higher scores on subjec-
tively experienced memory complaints, even if objective
memory performance does not always reflect these self-
reports [16].

Surprisingly, although individuals with lower levels
of PA reported more STM complaints in both HUNT3
and HUNT4, these associations were no longer signifi-
cant after adjusting for sociodemographic and mental
health-related variables. No significant associations were
observed between PA and LTM complaints either. Our
findings are consistent with those of some previous stud-
ies [20, 26, 69], suggesting weak or non-existing associa-
tions between PA and subjective memory complaints.
However, they contrast with the findings of other studies
[24, 25, 70]. More specifically, some studies focusing on
aerobic exercise have reported that higher levels of aero-
bic activity are more strongly linked to improvements in
LTM than STM complaints [7, 23, 71]. However, those
studies focused on acute or specific PA intensities and
did not account for long-term habitual PA, limiting the
comparability to our findings. The divergence between
our results and previous studies may also reflect method-
ological differences, particularly in how PA and memory
complaints were measured, as well as differences in study
populations and designs.

Given the 11-year interval between data collection
waves, our findings do not support the idea that the PA
during mid-adulthood contribute to building better “cog-
nitive reserve” with long-lasting benefits on subjectively
perceived memory—whether short-term or long-term.
This discrepancy may be due to differences in study
design, follow-up duration, population characteristics,
or measurement approaches. Although our observational
design limits causal inferences, the consistency of asso-
ciations between MH - particularly depressive symptoms
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- and memory complaints over time suggests a robust
and enduring influence. This highlights the importance
of addressing MH in adult and older adult populations
as a potentially modifiable factor that may have implica-
tions for the concurrent or later experience of cognitive
concerns. Nevertheless, research has shown that higher
levels of PA decrease the risk of anxiety [72], and reduce
the risk of depression in children, adults and older adults
[73]. Similarly, an overview of systematic reviews has
demonstrated the substantial benefits of PA in reduc-
ing symptoms of depression, anxiety, and psychological
distress across diverse adult populations—including the
general population, individuals with diagnosed MH con-
ditions, and those with chronic illnesses—highlighting
its significant therapeutic potential [74]. Thus, regardless
of any direct effect on subjective memory complaints,
PA should be encouraged due to its numerous benefits,
including MH.

Study strengths and limitations

This study has several notable strengths. First, it utilizes
data from the large and well-established HUNT Study,
which offers a robust population-based sample of older
adults. The HUNT cohort enhances the generalizability
of the findings to the broader Norwegian population,
and potentially to other populations with similar demo-
graphic profiles. The inclusion of both cross-sectional
and longitudinal analyses provides a more nuanced
understanding of how PA and MH relate to both con-
current and future STM and LTM complaints. Further-
more, the study controls for a broad range of relevant
confounders, including gender, age, and mental health-
related variables, thereby strengthening the validity of the
observed associations. By examining both STM and LTM
complaints specifically, the study also contributes impor-
tant depth to the literature on subjective memory decline
in older adults.

Nevertheless, several limitations should be acknowl-
edged. The primary limitation is the reliance on self-
reported measures for PA, MH symptoms, and STM
and LTM complaints, which may introduce bias due to
recall inaccuracies or subjective interpretation. Previ-
ous research has shown that the correlation between
subjective memory complaints and objective memory
impairment is generally weak [16]. However, as noted
earlier, subjective memory complaints can serve as an
early indicator of cognitive changes, providing valuable
information for identifying individuals at risk and guid-
ing early interventions. Additionally, the PA assessment
in the questionnaire refers only to activity over a typical
week and does not distinguish between long-term and
recent engagement in exercise. As a result, individuals
who recently adopted active lifestyles may be grouped
with those who have exercised consistently for years,
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potentially affecting the interpretation of the findings.
However, the use of self-reported measures also offers
strengths, such as the ability to capture data from a large,
naturalistic sample without altering participants’ every-
day routines, which could influence PA behavior and
MH. Moreover, self-report is a widely used method in
epidemiological studies examining PA, MH and cognitive
function in aging populations [29, 75]. While the study
adjusted for several key variables, we did not have access
to disease-specific risk factors for dementia, such as
stroke and hypertension [21], and the impact of such risk
factors on LTM and STM complaints in the current study
is therefore unknown. The cross-sectional design of the
primary analyses restricts causal interpretations, and fur-
ther studies are needed to establish causal relationships.
Although longitudinal data were included, these analyses
were limited by a substantial loss of data as the analyses
required valid responses on each included variable. As
demonstrated by the attrition analysis, the longitudi-
nal analyses were performed on a younger and healthier
subsample, compared to the initial sample assessed at
baseline (HUNTS3), which limits the possibility to gener-
alize the longitudinal associations to the general popu-
lation. Other relevant factors—such as medication use
and social connectivity—were not assessed and may also
impact both MH and memory performance.

Implications for practice and further research

The persistence of depressive symptoms as a predictor in
both cross-sectional and longitudinal analyses highlights
the critical need to address MH as a modifiable risk fac-
tor for SMI. SMI may serve as an early warning sign for
cognitive decline, and the strong association with depres-
sive symptoms suggests that intervening in MH could
have protective effects on memory function. In practice,
this underscores the importance of routine screening for
depressive symptoms in individuals reporting memory
concerns, as well as the integration of targeted interven-
tions. Similarly, the identification of smoking as a longi-
tudinal predictor of poorer STM complaints reinforces
the importance of public health strategies targeting
modifiable lifestyle behaviors to support cognitive health
in older adults. While the direct and independent effect
of PA on subjective memory complaints appears limited
in this population-based sample, PA remains strongly
recommended for healthy aging due to its well-estab-
lished physical and psychological benefits—particularly
its positive influence on MH, including the prevention
and reduction of depressive symptoms. Moreover, older
males may require closer monitoring for memory com-
plaints, not only because they are often less likely to
report symptoms, but also because they appear to experi-
ence higher levels of SMI. Early recognition and targeted
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support for this group could play an important role in
mitigating cognitive decline.

Future studies should investigate whether interven-
tions aimed at improving MH, particularly preventing
and reducing depressive symptoms, could help mitigate
memory complaints and possibly delay or prevent the
onset of more serious cognitive impairments. Incorpo-
ration of objective neuropsychological testing, neuro-
imaging, and biological markers (e.g., vascular health,
hippocampal volume) to better understand the mecha-
nisms linking depression and memory. It would also be
valuable to explore the role of apathy and anxiety in more
detail, given their growing recognition as early indicators
of cognitive decline. Finally, future research should aim
for more diverse and representative samples to ensure
generalizability across populations.

Future research should use objective measures of PA
in real-time settings to better understand its impact on
STM and LTM complaints. Ideally, randomized con-
trolled trials will be conducted to establish causality.
These studies should examine how different levels and
types of PA influence the encoding, consolidation, and
retrieval processes associated with STM and LTM com-
plaints over both immediate and extended timeframes.

Conclusion

This population-based study found no independent
association between PA and SMI after controlling for
sociodemographic and mental health-related variables.
Instead, depressive symptoms consistently emerged
as the strongest predictor of both STM and LTM com-
plaints, both concurrently and, to an extent, over time.
Male sex also stood out as a significant and persistent fac-
tor associated with higher levels of memory complaints,
highlighting older men as a potentially underserved and
at-risk group. These findings point to the need for greater
clinical awareness and proactive monitoring of memory
complaints among those with higher levels of depressive
symptoms and among older men, who may be less likely
to seek help yet more likely to experience SMI.

While PA did not show a direct effect on memory
complaints, its established benefits for MH—espe-
cially in reducing depressive symptoms—underscore its
continued importance for healthy aging. Public health
strategies that prioritize MH support and target modifi-
able risk factors such as smoking and depressive symp-
toms. Future research should explore whether improving
MH—particularly reducing depressive symptoms, apa-
thy, and anxiety—can mitigate memory complaints and
delay cognitive decline, using diverse and representative
samples. Incorporating neuropsychological testing, neu-
roimaging, and biomarkers will help clarify the mecha-
nisms linking MH with STM and LTM complaints.
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MH Mental health

PA Physical activity

STM Short-term memory

LT™M Long-term memory

HUNT study  Trendelag Health Study in Norway
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