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Abstract

Objectives: Subjective memory complaints (SMCs) are among the key concerns in the elderly, but their role in detecting
objective cognitive problems is unclear. The aim of this study was to clarify the association between SMCs (both
prospective and retrospective memory complaints) and neuropsychological test performance in older adults at risk of
cognitive decline. Methods: This investigation is part of the FINGER project, a multicenter randomized controlled trial
aiming at preventing cognitive decline in high-risk individuals. The cognitive assessment of participants was conducted at
baseline using a modified neuropsychological test battery (NTB). SMCs were evaluated with the Prospective and Retro-
spective Memory Questionnaire (PRMQ) in a sub-sample of 560 participants (mean age, 69.9 years). Results: Having
more prospective SMCs was associated with slower processing speed, but not with other NTB domains. Retrospective
SMC:s were linked to poorer function on NTB total score, processing speed, and memory. Executive function domain was
not associated with any PRMQ ratings. Depressive symptoms and poor quality of life diluted the observed associations
for NTB total score and memory. However, the association between PRMQ and processing speed remained even after full
adjustments. Conclusions: Our results indicate that self-reported memory problems, measured with PRMQ, are associated
with objectively measured cognitive performance. Such complaints in healthy elderly people also seem to reflect reduced
mental tempo, rather than memory deficits. Slowing of processing speed may thus be negatively related to memory self-
efficacy. It is also important to consider affective factors among those who report memory problems. (JINS, 2018, 24,
1099-1109)

Keywords: Subjective memory complaints, Prospective memory, Retrospective memory, Cognitive performance, Memory,
Processing speed

INTRODUCTION

Subjective memory complaints (SMCs) are usual concerns
expressed by old people, but not all complainers have deficits
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people aged 65-74 years reported SMCs, whereas the pre-
valence was as high as 88% in those older than 85 years
(Larrabee & Crook, 1994). With the aging of populations the
number of persons with dementia will increase rapidly
(Alzheimer’s Disease International, 2015). The relationship
between SMCs and objective cognitive performance is
pivotal in the early detection of dementia and Alzheimer’s
disease (AD), and in identifying people for early preventive
interventions and disease-modifying therapies.

Findings on associations between SMCs and actual con-
current or future cognitive functioning are mixed. In some
studies, SMCs have been related to worse objective
neuropsychological performance (Amariglio et al., 2012;
Hohman, Beason-held, Lamar, & Resnick, 2011; Jacinto,
Brucki, Porto, Martins, & Nitrini, 2014; Reid & MacLullich,
2006), brain changes occurring in early AD (Jessen et al.,
2006; Meiberth et al., 2015; Schneider, Arvanitakis, Leur-
gans, & Bennett, 2009) and prodromal stages of AD (Lehrner
et al., 2014), but in other studies such relationships have not
been found (lliffe & Pealing, 2010; Jungwirth et al., 2004;
Studer, Donati, Popp, & von Gunten, 2014). According
to a recent meta-analysis (Mitchell, Beaumont, Ferguson,
Yadegarfar, & Stubbs, 2014), older people with SMCs but
without objective cognitive problems are twice as likely to
develop dementia compared with those without SMCs.

Differences between studies may to some extent be
explained by differences in study population characteristics
and methodological factors (Crumley, Stetler, & Horhota,
2014). Longer questionnaires assessing memory abilities
yield larger relationships with objective memory perfor-
mance (Crumley et al., 2014). Little is known as to how
SMCs relate to cognitive domains other than memory.
Steinberg and colleagues (2013) suggested that lower fre-
quency of SMCs may be associated with better scores on both
memory and executive function tasks.

The interrelationships among SMCs, depression, and
cognition are complex (Iliffe & Pealing, 2010; Reid &
MacLullich, 2006; Ronnlund, Vestergren, Méntyld, & Nils-
son, 2011) and SMCs may relate to affective and personality
traits more than to actual memory performance (Hénninen
et al., 1994; Reid & MacLullich, 2006; Steinberg et al.,
2013). SMCs have also been found to be associated with
poorer quality of life (Mol et al., 2007; Montejo, Montenegro,
Fernandez, & Maestu, 2011; Steinberg et al., 2013), older
age, female sex, lower education (Iliffe & Pealing, 2010),
poorer perceived health, and less physical activity (Lee,
2014; Sargent-Cox, Cherbuin, Sachdev, & Anstey, 2011).
Furthermore, SMCs have been proposed to reflect low
memory self-efficacy beliefs rather than memory impairment
(Ponds & Jolles, 1996). In some studies, APOE &4 allele has
been associated with increased SMCs and subjective cogni-
tive concerns (Samieri et al., 2014; Small et al., 1999; Stewart
et al., 2001).

Studies of aging-related cognitive changes and dementia
have typically focused on retrospective memory (RM), which
involves remembering learned information or events that
have happened in the past, and its decline both with age and

https://doi.org/10.1017/5135561771800053X Published online by Cambridge University Press

L. Vaskivuo et al.

in AD is well documented (Maylor, Smith, Della Sala, &
Logie, 2002). Prospective memory (PM), the ability to
remember to perform a planned action or intention in the
future (McDaniel & Einstein, 2011) has been shown to be an
important determinant of independent living (Bisiacchi,
Tarantino, & Ciccola, 2008; Crumley et al., 2014; Kliegel &
Martin, 2003; Salthouse, Berish, & Siedlecki, 2004;
Woods, Weinborn, Velnoweth, Rooney & Bucks, 2012), and
contribute to prediction of AD (Jones, Livner, & Béckman,
2006).

Some previous studies have reported that people have
more subjective PM than RM complaints (Crawford,
Smith, Maylor, Della Sala, & Logie, 2003; Kliegel &
Jager, 2006; Piauilino et al., 2010; Ronnlund, Méntyla, &
Nilsson, 2008). However, studies on the relationship
between SMCs and cognitive function have usually not
assessed PM and RM complaints separately. Studies where
this has been done have found stronger links for PM com-
pared with RM (Crumley et al., 2014; Zeintl, Kliegel, Rast,
& Zimprich, 2006). In one study, however, (Ronnlund
et al., 2011) in a population-based sample of older adults
subjective PM and RM problems did not show relationships
with objective memory abilities or general cognitive func-
tioning as assessed by the Mini-Mental State Examination
(MMSE). In another study, Eschen, Martin, Gasser, and
Kliegel (2009) found associations between both subjective
PM and RM complaints and executive function in healthy
older adults.

The relationship between SMCs and objective cognitive
performance remains unclear. The aim of this study is to
examine the association between different types of SMCs
(PM and RM) and neuropsychological test performance in
different cognitive functions (global cognition, executive
functions, processing speed, and memory) in older adults at
risk of cognitive decline. A large number of variables (e.g.,
demographic factors, APOE €4 status and self-reported
measures of depressive symptoms, quality of life, subjective
health, and physical activity) are taken into account as
potential confounding factors.

METHODS

Study Design

The current study is part of the Finnish Geriatric Intervention
Study to Prevent Cognitive Impairment and Disability
(FINGER). The protocol and main results from the FINGER
project have been described elsewhere (Kivipelto et al., 2013;
Ngandu et al., 2015). In brief, FINGER is a multi-center
randomized controlled trial aiming to lower the risk of cog-
nitive impairment in older adults at increased risk of cogni-
tive decline (ClinTrials identifier NCT01041989). The
intervention consisted of nutritional guidance, exercise,
cognitive training, social activity, and management of meta-
bolic and vascular risk factors. The control group received
regular health advice. The primary outcome was cognitive
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performance. FINGER has been approved by the Coordi-
nating Ethics Committee of the Helsinki and Uusimaa
Hospital District. Human data included were obtained in
compliance with the Helsinki Declaration.

Participants

Participants were 60—77 years old at the start of the study.
They were recruited from previous random, population-
based, non-intervention surveys that can be considered
representing well the Finnish population (Saaristo et al.,
2007; Vartiainen et al., 2010). Participants were prescreened
with the CAIDE Dementia Risk Score (Kivipelto, 2006), and
those scoring at least 6 points were further screened with the
Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) neuropsychological test battery (Morris, 1988).

Inclusion and Exclusion Criteria

For inclusion, people had to fulfill also at least one of the fol-
lowing criteria: (1) Word List Memory Task learning score (10
words x 3) <19 words; (2) Word List Recall <75%; or (3)
MMSE (Folstein, Folstein, & McHugh, 1975) <26/30 points.
These criteria selected persons with cognitive performance at
the mean level or slightly lower than expected for age accord-
ing to Finnish population norms (Hénninen et al., 2010), but
without substantial cognitive impairment (Ngandu et al., 2014).

Exclusion criteria were conditions affecting safe engage-
ment in the intervention: malignant diseases; major depres-
sion; previously diagnosed dementia/substantial cognitive
deficits; suspected dementia after clinical assessment by
study physician at screening visit; MMSE less than 20 points;
symptomatic cardiovascular disease; revascularization within
1 year; severe loss of vision, hearing, or communicative
ability; conditions preventing cooperation as judged by the
study physician; as well as coincident participation in any
other intervention trial (Ngandu et al., 2014).

Screening was completed in December 2011 when the
intended recruitment target (n=1260) was achieved. After
completing the baseline measurements, randomization into
intervention or control groups was performed. These groups
were equal in size (Kivipelto et al., 2013).

To measure SMCs, The Prospective and Retrospective
Memory Questionnaire (PRMQ) was added to the study pro-
tocol after study onset, and this information is thus available for
participants (n =560) who were included after August 2010.

Cognitive Assessment

Cognitive performance was measured at baseline using a
modified Neuropsychological Test Battery (NTB) known to
be a reliable and sensitive measure for mild cognitive chan-
ges (Harrison et al., 2007). Additional tasks to detect also
executive dysfunction were included. The assessment was
made by trained psychologists. All baseline information was
collected before randomization.

The NTB consisted of 14 tests that represent three different
cognitive domains: The memory domain included Visual
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Paired Associates immediate (score range, 0—18) and delayed
(score range, 0-6); Logical Memory immediate (score range,
0-25) and delayed (score range, 0-25) of the Wechsler
Memory Scale-Revised (WMS-R) (Wechsler, 1998); and
Word List Learning (score range, 0-30) and Delayed Recall
(score range, 0-10) from the CERAD test battery (Morris,
1988). The executive function domain included Category
Fluency (Morris, 1988), Digit Span (Wechsler, 1998),
Concept Shifting (CST; Van der Elst, Van Boxtel, Van
Breukelen, & Jolles, 2006a) (condition C), Trail Making Test
(TMT), shifting score B-A (Reitan, 1958) , and a shortened
40-item version of the original Stroop test, interference score
from condition 3-2 (Golden, 1978). The processing speed
domain included Letter Digit Substitution (van Der Elst, van
Boxtel, van Breukelen, & Jolles, 2006b), Concept Shifting
(condition A), and Stroop (condition 2).

Zero-skewness log-transformation was applied to skewed
NTB components, and standardized Z-scores were calculated
for each test using the mean and standard deviation of the
current population. NTB total score and domain scores for
executive functioning, processing speed and memory were
obtained by averaging individual NTB component Z-scores.
Because of missing values the minimum number of required
NTB components was set to 8/14 for calculating NTB total
score, 3/5 for executive functioning, 2/3 for processing speed,
and 3/6 for memory.

In addition to the NTB, a PM task (PMT), modified from
the Rivermead Behavioural Memory Test (Wilson, Cock-
burn, & Baddeley, 1985) was used. In PMT, at the beginning
of the test session, participants were told to remind the psy-
chologist that he/she must give a binder from the table to
them at the end of the session. The scoring was as follows:
remembering the task without a cue (score = 3), remembering
with one cue (score=2), remembering with two cues
(score = 1) or not remembering at all (score =0). In the ana-
lyses, PMT was divided into two groups: <2 or 3 points.

Assessment of Subjective Memory

PRMQ is a 16-item self-report measure of memory failures in
everyday life, the only instrument available that assesses sub-
jective PM and RM in equal depth (Crawford et al., 2003). Eight
of the items enquire about PM and eight about RM. PRMQ has
been shown to have acceptable reliability and validity (Crawford
et al., 2003; Ronnlund et al., 2008). Participants evaluate how
often each of the situations occur in everyday life on a 5-point
scale: very often, quite often, sometimes, rarely, and never. The
minimum total score is 16, and the maximum is 80. Higher scores
indicate more SMCs. PRMQ was translated into Finnish by the
research team. Participants completed the PRMQ at 6-month
visits. Those (n=26) who did not complete the whole PRMQ
were excluded from analyses.

Other Questionnaires and Measures

Subjects completed several questionnaires inquiring about
lifestyles, health status, mood, and quality of life at the
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baseline visits. Depressive symptoms were assessed by the
Zung Self-Rating Depression Scale (Zung, 1965), which
includes 20 items scored from 1 to 4. The range is 20 to 80,
with higher scores indicating more depressive symptoms.
Quality of life was evaluated by the RAND-36, which
includes 36 items assessing eight aspects of health-related
quality of life. A summary score is derived from those eight
scales. The questionnaire is validated in the general Finnish
population (Aalto, Aro, & Teperi, 1999).

Data on subjective health status were collected using
a 5-point Likert-scale (1 =very good; 5=very poor). Self-
reported frequency of leisure-time physical activities causing
sweating and breathlessness lasting at least 20 min at least twice
a week was regarded as being active. Education was measured
as number of years of schooling. Genomic DNA was extracted
from venous blood samples with Chemagic MSMI1 from
PerkinElmer using magnetic beads. APOE genotyping was
determined by polymerase chain reaction using TagMan gen-
otyping assays [Applied Biosystems (ABI), Foster City, CA]
for two single-nucleotide polymorphisms (rs429358 and
rs7412) and an allelic discrimination method on the ABI 7500
platform (De La Vega, Lazaruk, Rhodes, & Wenz, 2005).

Statistical Analyses

All statistical analyses were performed using IBM SPSS
Statistics version 22. Level of significance was set at p =.05
in all analyses.

Descriptive statistics were used to characterize the study
population. First, the NTB scores at baseline were compared in
relation to PRMQ scores at six months. Bivariate associations

Table 1. Baseline characteristics of the participants
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between participant characteristics and PRMQ scores were
analyzed using Pearson correlation coefficients, ¢ tests, and
analysis of variance as appropriate. Linear (NTB and its sub-
domains) or logistic (PMT) regression models were used to
analyze associations between neuropsychological performance
and PRMQ scores. NTB domains and PMT were entered as
dependent variables and PRMQ (total, PM, and RM) as inde-
pendent variables. Variables considered as potential con-
founders based on prior work and/or observed bivariate
associations were introduced into the analyses as follows:
model 1 included age, sex, study site, and years of education.

In model 2, the Zung depression scale was added; in model
3, marital status (married/cohabiting), subjective health, and
physical activity were also entered; and in the final model 4,
APOE status (¢4 vs. non &4 carrier) was added. Because of a
strong correlation between the Zung depression scale and
quality of life (RAND36), the latter was modeled in a sepa-
rate regression analysis with two blocks. The first model was
adjusted by a block including age, sex, study site, education,
and quality of life, and the second model included a block
with full adjustments (without depression score).

RESULTS

Characteristics of the Study Population

There were 560 participants (284 men; 276 women). The age
range was 60.8—79.8 (men: mean age =69.2 years, SD =4.92;
women: mean age =70.5 years, SD =4.8). The mean score on
the total PRMQ was 36.30 (n =560; SD =7.9; range, 16-66).
For the prospective subdomain, the mean was 18.0 (SD =4.3;

Characteristics at baseline N M/ % SD
Demographic characteristics
Agey 560 69.9 4.9
Sex (% men/ women) 560 50.7/49.3
Education (y) 559 10.0 3.4
Married / cohabiting (%) 559 72.5
Self-reported measures
Zung self-rating depression scale 502 34.1 7.6
Quality of life (RAND-36) 495 75.8 17.9
Subjective health (quite good or very good, %) 557 58.2
Physically active (%) 553 72.3
PRMQ
Total score 560 36.3 7.9
Prospective memory subscale 560 18.0 4.3
Retrospective memory subscale 560 18.3 4.2
Other
Study site:
Helsinki (n, %) 72 12.9
Vantaa (n, %) 84 15.0
Kuopio (n, %) 201 359
Turku (n, %) 203 36.3
APOE ¢4 carriers (n, %) 169 324
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Table 2. Cognitive performance at baseline
Neuropsychological test n Mean SD
Memory
WMS-R Logical Memory (immediate) 558 10.9 35
WMS-R Logical Memory (delayed) 558 9.3 3.7
CERAD Word List Learning 558 18.1 32
CERAD Word List Recall 557 54 1.7
WMS-R Visual Paired Associates (immediate) 553 9.4 3.6
WMS-R Visual Paired Associates (delayed) 552 34 1.8
Executive Function
CERAD Category Fluency 558 22.2 5.6
WMS-R Digit Span (total) 558 11.4 2.9
CST (condition C)* 532 64.8 36.7
TMT shifting score (B-A)? 533 105.7 654
Stroop test interference score (3-2)* 556 353 20.2
Processing speed
LDST 558 21.6 5.7
CST (condition A)* 558 32.8 9.4
Stroop test (condition 2)* 557 29.2 6.5
Other
Prospective memory task (%) 2 < points 200 36.3
3 points 351 63.7
MMSE 559 27.0 22

“Timed task where lower scores indicate faster performance/better test results. In other tasks, higher numbers indicates better results.
WMS-R = Wechsler Memory Scale-Revised, CERAD = Consortium to Establish a Registry for Alzheimer’s Disease, CST = Concept Shifting Test, TMT =
Trail Making Test, LDST = Letter Digit Substitution Test, MMSE = Mini-Mental State Examination.

range, 8-34), and for the retrospective subdomain, the mean
was 18.3 (§D =4.2; range 8-33). Thus, complaints were quite
comparable for PM and RM. Subject characteristics are repor-
ted in Table 1 and their cognitive performance in Table 2.

In bivariate analyses, higher total PRMQ ratings were asso-
ciated with more depressive symptoms, lower quality of life,
and worse subjective health. Higher PM ratings were associated
with more depressive symptoms, lower quality of life, physical
inactivity, and worse subjective health. Higher RM ratings were
linked to more depressive symptoms, poorer quality of life,
lower education, older age, and worse subjective health.

SMCs and Neuropsychological Performance

Results from the linear regression models (regression coeffi-
cients B and p-values) and logistic regression models (esti-
mated odds ratios) are presented in Tables 3 and 4. Having
more subjective complaints was related to poorer perfor-
mance on the cognitive tests. Total PRMQ scores were
associated with NTB total and slower processing speed, but
not with other NTB domains or the PMT (Table 3). The
associations were significant after controlling for the effects
of age, sex, study site, and education. After controlling for
depression, the association with total NTB was no longer
significant. By contrast, the association with processing
speed remained significant after full adjustments (model 4).
In the models adjusted with demographics and quality of life,
PRMQ total score was only associated with processing speed.
This association also remained after full adjustments (Table 4).
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Performance

PM problems were associated with slower processing speed,
but not with NTB total, memory, executive function, or the
PMT. The association with processing speed remained after
full adjustments (Table 3) and also in the model adjusted for
quality of life (Table 4).

Subjective RM Complaints and
Neuropsychological Performance

Perceived RM problems were associated with poorer func-
tion on the NTB total, processing speed, and memory after
controlling for the effects of sex, age, study site, and educa-
tion (Table 3 and Table 4). Depression and quality of life
diluted the observed associations with NTB total and mem-
ory. The association with slower processing speed remained
nearly significant (p =.051) after adjusting for age, sex, study
site, education, depression, marital status, subjective health,
and physical activity. Executive function domain as well as
the PMT were not related to perceived RM problems.

DISCUSSION

Attempts to identify early signs of memory disorders have
increased the interest in studying SMCs. Yet, the association
between SMCs and objective cognitive performance is still
controversial. The aim of this study was to clarify the
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Table 3. Relationships (regression coefficients [f] and p values) of PRMQ (total score and subdomains) to NTB and prospective memory
performance (PMT), adjusted for confounding factors

Model 1

Model 2

Model 3

Model 4

Total PRMQ complaints

NTB total

Processing speed

-0.003 (0.021)
-0.008 (0.000)

Executive functions -0.002 (0.366)

Memory -0.002 (0.248)

PMT* 0.992 (0.482)
Prospective memory complaints

NTB total -0.004 (0.059)

Processing speed -0.015 (0.000)

Executive functions -0.004 (0.282)

Memory
PMT*

Retrospective memory complaints

NTB total

Processing speed
Executive functions

Memory
PMT*

-0.001 (0.838)
0.972 (0.172)

-0.006 (0.012)
-0.014 (0.000)
-0.003 (0.458)
-0.005 (0.047)

1.002 (0.938)

-0.002 (0.224)
-0.005 (0.019)
-0.001 (0.806)
-0.001 (0.484)

1.005 (0.684)

-0.002 (0.526)
-0.009 (0.033)
-0.001 (0.870)
0.001 (0.726)
0.995 (0.827)

-0.004 (0.142)
-0.009 (0.040)
0.000 (0.954)
-0.005 (0.109)
1.024 (0.329)

-0.002 (0.146)
-0.006 (0.015)
-0.002 (0.473)
-0.001 (0.534)

1.002 (0.857)

-0.002 (0.397)
-0.009 (0.025)
-0.002 (0.583)
0.001 (0.680)
0.991 (0.708)

-0.004 (0.101)
-0.009 (0.037)
-0.002 (0.651)
-0.005 (0.134)

1.018 (0.474)

-0.003 (0.076)
-0.006 (0.018)
-0.002 (0.454)
-0.002 (0.260)

1.004 (0.745)

-0.003 (0.227)
-0.009 (0.026)
-0.003 (0.513)
0.000 (0.933)
0.997 (0.890)

-0.005 (0.063)
-0.008 (0.051)
-0.002 (0.673)
-0.006 (0.056)

1.019 (0.459)

Note. PMT results are based on logistic regression models, all other data are based on linear regressions. Model 1 adjusted with age, sex, study site. and
education. Model 2 adjusted with age, sex, study site, education. and depression. Model 3 adjusted with age, sex, study site, education, depression, marital status,
subjective health. and physical activity. Model 4 adjusted with age, sex, study site, education, depression, marital status, subjective health, physical activity, and

APOEH4 allele.
ICoefficients are estimated odds ratio from logistic regression models.

Table 4. Relationships (regression coefficients [f] and p values) of
PRMQ (total score and subdomains) to NTB and the PMT adjusted
for confounding factors including quality of life

Model 1 Model 2

Total PRMQ complaints

Total NTB -0.002 (0.209)

Processing speed
Executive functions

Memory
PMT"

Prospective memory complaints

-0.005 (0.030)
-0.001 (0.783)
-0.001 (0.451)
0.993 (0.605)

-0.002 (0.075)
-0.005 (0.028)
-0.002 (0.431)
-0.002 (0.256)
0.993 (0.580)

Total NTB -0.002 (0.398) -0.004 (0.156)
Processing speed -0.008 (0.048) -0.008 (0.046)
Executive functions -0.002 (0.595) -0.004 (0.297)
Memory 0.000 (0.869) -0.001 (0.781)
PMT* 0.974 (0.262)  0.977 (0.329)

Retrospective memory complaints

Total NTB -0.004 (0.159) -0.005 (0.083)
Processing speed -0.007 (0.080) -0.007 (0.090)
Executive functions 0.001 (0.865) -0.001 (0.830)
Memory -0.005 (0.098) -0.006 (0.062)
PMT* 1.004 (0.855) 0.999 (0.972)

Note. The PMT results are based on logistic regression models, the others are
based on linear regressions. Model 1 adjusted with age, sex, study site,
education, and quality of life.

Model 2 adjusted with age, sex, study site, education, quality of life, marital
status, subjective health, physical activity, and APOE4 allele.

ICoefficients are estimated OR from logistic regression model.
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relationship between SMCs and cognitive performance in
older adults at risk of cognitive decline, with special focus on
the role of PM and RM memory complaints.

SMCs, as assessed by the PRMQ, were associated with
objectively measured cognitive performance. More specifi-
cally, the PRMQ total score was linked to total NTB and
processing speed. PM subscale showed associations with
processing speed only while RM subscale showed associa-
tions with all measured cognitive domains except for execu-
tive function. In line with much previous research depressive
symptoms and quality of life diluted several of these asso-
ciations. Importantly, however, the association between
PRMQ and processing speed remained after full adjustments.

The fact that SMCs showed the strongest association with
processing speed was somewhat surprising, as the ques-
tionnaire items did not specifically focus on mental tempo.
Although the magnitude of age-related cognitive deficits vary
considerably across individuals, reduced processing speed is
strongly related to age (Salthouse, 2000), and accounts for
significant parts of impairment across multiple cognitive
domains (Finkel, McArdle, Reynolds, & Pedersen, 2007;
Lemke & Zimprich, 2005). Reduced processing speed has
also been shown to be associated with changes in brain white
matter integrity (Kuznetsova, et al., 2016; Penke et al., 2010),
as well as hippocampal integrity (Aribisala et al., 2014) and
may thus represent early steps of neurodegenerative pro-
cesses. Processing speed also plays an important role for
functioning in everyday life and health status in aging
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(Owsley, Sloane, McGwin, & Ball, 2002; Rosnick, Small,
Graves, & Mortimer, 2004).

The current data suggest that SMCs are more a sign of
slowing down rather than reflecting memory problems in this
cognitively fairly healthy population. It is possible that SMCs
might be the first signals of cognitive impairment even in this
population; however, longer follow-up studies are still nee-
ded to verify how large portion of subjects suffering from
SMCs will later progress to neurodegenerative diseases.
People express different kinds of cognitive difficulties often
in terms of memory failures. Slowing may thus be negatively
linked to cognitive self-efficacy. Current societal demands
where time-limited performance is increasingly important for
functional independence and quality of life further under-
scores the importance of processing speed.

After adjustments for several potential confounding fac-
tors, we found a significant association between the RM
subscale and memory. Adding APOE to the last model dilu-
ted the effect a bit suggesting a biological component to both
RM and memory performance. Neither total PRMQ scores
nor the PM subscale showed a similar relationships to
memory. In a meta-analysis Crumley et al. (2014), the rela-
tionship between SMCs and objective memory performance
was varied and inconclusive. In that analysis, several demo-
graphic and study characteristics were related to the strength
of the association. The absence of widespread associations
between SMCs and objective memory performance may
partly be due to the methods used. Commonly used memory
tests as those used in our study are retrospective in nature and
may tap RM complaints more accurately than PM com-
plaints. If SMCs would include PM complaints, associations
may be better examined using objective PM measures rather
than traditional RM measures. That said, we included a single
PMT, which alone failed to show associations with PRMQ.

In past research, executive functions have shown associa-
tions with PM complaints (Eschen et al., 2009; Steinberg
et al., 2013). This may reflect the fact that PM problems are
more easily observed in everyday life, and that PMTs rely
more on executive processes than RM tasks (Méantyld, 2003).
Our study did not confirm this notion. We did not find asso-
ciations between executive functioning and the PM subscale
or to total PRMQ score. The mixed evidence may partly
reflect methodological differences. Many different tests are
used to measure executive functions and the effect of pro-
cessing speed is not always separated from the outcome.

Eschen et al. (2009) found PM scores to be related to one
out of three executive function tests (3rd plate Victoria-Stoop
Test), but not with two other tests (Digit Span Backward and
TMT-B/A). In another study, PRMQ scores were related to
executive function, evaluated with subtest of CogState com-
puterized cognitive test battery (Groton Maze learning task;
Steinberg et al., 2013). We analyzed executive function as a
cognitive domain score including five different tests and
considered processing speed separately. It may also be that
there are executive processes that are missed by our standard
measures. One study (McDaniel & Einstein, 2011) high-
lighted several components of PM, and hypothesized that
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some are more related to frontal functioning whereas others
rely more on medial-temporal regions. Thus, measurements
capturing the full range of executive processes potentially
related to PM performance are warranted (Martin, Kliegel, &
Mcdaniel, 2003).

The role of depression is important in SMCs. Among
elderly people, depressive symptoms are common and their
interrelationship with cognition is complex. In earlier studies
with healthy elderly persons, findings have been mixed.
SMCs have been found to relate more to depression or poor
quality of life than to objective cognitive performance.
One study (Ronnlund et al., 2011) examined predictors of
SMCs using PRMQ and found SMCs to reflect more strongly
mood state and personality factors than objective memory
performance.

In the present study, affective factors diluted the observed
associations with all cognitive domains, except processing
speed. That particular association remained even after full
adjustments. Whether SMCs are symptoms of depression
or whether depression is a consequence of worries about
subjectively perceived memory problems remains to be
determined (Crumley et al., 2014; Iliffe & Pealing, 2010).
Often, associations between SMCs and objective memory
impairment have disappeared after adjusting for depression
(e.g., lliffe & Pealing, 2010; Jorm et al., 2004). However, in
some studies SMCs have been related to cognitive status,
independent of depressive symptoms (Lehrner et al., 2014;
Reid & MacLullich, 2006). Conceivably, variability of
assessment methods for SMCs, depression, and cognition
may be a key reason behind these inconsistent findings in this
domain of inquiry (Reid & MacLullich, 2006).

Most previous studies using PRMQ in healthy populations
indicate that perceived PM failures are more common than
RM memory failures (Crawford et al., 2003; Kliegel & Jager,
2006; Mintyld, 2003). Contrary to those studies, but in line
with the results of Eschen et al. (2009), subjective PM and
RM deficits were equally expressed in our study population.
Age might be one possible factor behind the contradictory
findings, as our sample as well as that in the study by Eschen
et al. (2009) were somewhat older than samples in the other
studies. Transition from working life to retirement and the
use of external memory aids may reduce PM requirements in
everyday life among older adults.

In addition to age, also other variables, such as affective
and personality variables matter (Kliegel & Zimprich, 2005)
and PM performance has been suggested to constitute a
reliable predictor of PM complaints only when depressive
symptoms are low (Zeintl et al., 2006). It has also been sug-
gested that the length of the method used may play a role.
Longer assessments may reflect SMCs more accurately than
shorter assessments (Crumley et al., 2014). PRMQ is a
16-item self-report measure assessing PM and RM failures in
everyday life.

This study has several strengths. The study population is
drawn from earlier population-based studies, and with the
inclusion criteria used, it is representative of the normal
Finnish population with some risk factors for dementia and
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cognitive function at the average or slightly below the
average level of this age group (Hinninen et al., 2010).
Self-reported cognitive concerns become less reliable as
individuals progress toward dementia (Buckley et al., 2015;
Jorm, Christensen, Korten, Jacomb, & Henderson, 2001).
Our inclusion criteria for cognition at the screening visit were
used to select a high-risk population, and to exclude both the
individuals whose cognitive performance was above the
mean level for their age and those with substantial cognitive
impairment or dementia (Ngandu et al., 2014).

The large population-based study ensures sufficient power
and good generalizability of results to older adults at-risk. The
amount of data collected also allowed for adjusting for many
possible confounding factors. In assessing neuropsychological
performance we used a comprehensive and standardized
NTB comprising of measurements of several critical cognitive
domains and psychometrically validated (Crawford et al.,
2003; Ronnlund et al., 2008) method for assessing SMCs.

A limitation of the study is the timing of the subjective
memory assessment. Participants completed the PRMQ for
the first time 6 months after neuropsychological testing. At
that point in time, participants in the intervention group had
received some dietary advice and the physical-activity inter-
vention had started. However, no major changes in memory
functions or their subjective assessments are likely to have
occurred during this time period. It may also be an advantage
that the experience of the cognitive testing did not immedi-
ately precede the evaluations of subjective memory pro-
blems. NTB scores applied in the FINGER study covered the
most essential cognitive domains (memory, executive func-
tions, and processing speed) typically affected in normal
aging, MCI and early dementia. However, it did not cover all
possible cognitive domains.

FINGER targeted the at-risk segment of the general elderly
population, not patients in a clinical setting. However, due to
the long pre-dementia stage, neuropathological alterations
may have started (Dubois et al., 2016; Jack et al., 2013), and
some participants may already have had dementia-related
brain changes, although no one was diagnosed with dementia
at baseline. The mean cognitive performance was less than
0.5 SD below the average level for the cognitively normal
Finnish population. Our results may, therefore, not be gen-
eralizable to older persons performing above the mean level
or to those who are severely impaired. The Finnish translation
of PRMQ was used in this study for the first time. Although
there are no previous Finnish validation studies or norms for
the Finnish population, PRMQ is widely used internationally
and overall can be seen as culturally neutral. Furthermore, the
mean PRMQ scores observed in our study resemble closely
those found previously (Crawford et al., 2003).

In conclusion, this study clarifies the relationship between
SMCs and objective cognitive performance. The results were
in line with previous findings on the association between
subjective and objective cognitive functioning (Hohman
et al., 2011; Jacinto et al., 2014; Steinberg et al., 2013), and
indicate that SMCs should be taken seriously. They may help
to identify persons who require further clinical examination.
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SMCs often involve both PM and RM problems and, based
on our results, their associations to tests commonly used for
measuring the cognitive function may differ. Additionally,
processing speed seems to play a significant role in SMCs. It
is also important to consider affective factors among people
who report SMCs and persons with depressive symptoms
should be closely monitored.
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