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Abstract

While there is a multitude of studies on mild cognitive impairment (MCl; more than 80,000 articles), subjective memory
complaints (SMC) have received less attention as a prodromal stage of Alzheimer’s disease (AD; less than 2000 articles).
In this perspective review article, we argue that SMC should also be considered as another risk factor for the develop-
ment of AD, and perhaps a pre-MCl condition. This recognition of SMC could help clinicians to identify individuals at risk
of developing dementia and could provide protective treatment for them. Accordingly, in this perspective article, we
review key studies that outline the nature of SMC, discuss how SMC is measured, explore SMC in MCl, introduce some
approaches to SMC treatment, and we discuss future directions for SMC research. Overall, we argue that, like MCl, there
should be more research on SMC as a risk factor for developing AD. Consequentially, we aim to highlight the need for
further research on SMC and the condition’s role as a potential neuroprotector against AD (e.g., early-stage marker).
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1 Introduction

Alzheimer’s disease (AD) is a neurodegenerative disorder with an insidious onset that progresses through cognitive, func-
tional, and behavioural impairment [1, 2]. AD is the second leading cause of death in Australia, accounting for 70-80%
of dementia diagnoses [3]. Generally, by the time AD is diagnosed, the neurological damage caused by amyloid plaques
and neurofibrillary tangles is deemed irreversible [4]. Despite the overwhelming burden of disease, the cause of AD is
unknown, and treatments are largely unsuccessful [5]. Therefore, as the population continues to age, society is increas-
ingly faced with an impending public health crisis [6]. Consequently, there is a critical need for AD detection methods
that can identify at-risk individuals early in the disease progression and help facilitate effective treatment.

In the literature, researchers often focus on pre-dementia conditions, such as mild cognitive impairment (MCl), to
observe AD progression and identify at-risk individuals. MCl is the transitional stage between normative aging and
dementia, where an individual can maintain most functional abilities despite evidence of neuropsychological impairment
[7,8].In turn, MCl is recognised as an important risk state for AD [7]. The prevalence of MCl in adults over the age of 65 is
reported to be anywhere between 3 and 36% [7, 9]. Individuals diagnosed with MCl are at higher risk of progression to
dementia, with an estimated 11-33% of individuals progressing to AD dementia within two years [6, 7]. Accordingly, MCI
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enables researchers to easily study a large sample of individuals that will progress to AD. In turn, there is a vast literature
that examines MCl as a predictor or transitional stage of AD. For Example, psychological tests have been devised that
selectively focus on the cognitive domains affected by MCl and dementia to separate healthy individuals from those
with clinical symptoms [9, 10]. Nonetheless, evidence suggests that MCl is not the earliest stage of prodromal AD and
that earlier disease detection is necessary for significant intervention [11, 12].

In 2018, the National Institute on Aging and Alzheimer’s Association (NIA-AA) included subjective experiences of cogni-
tive decline as a transitional phase between healthy cognition and preclinical dementia [4, 13-15]. Increasingly, evidence
suggests that subjective memory complaints (SMC) may represent the first preclinical manifestation of AD or capture a
‘pre-MCl'stage [11, 12]. Accordingly, SMC s a critical area of research that could help researchers to better understand,
predict, and treat AD. However, SMC lacks substantive research in comparison to other similar conditions such as MCI.
For example, a search for MCl returns approximately 80,000 results in the PubMed database while the term SMC nets less
than 2000 results. Accordingly, in this perspective article, we review key papers associated with SMC and the prediction of
MCI or AD. These articles were chosen via our research team for review in summer 2021 while situated at Western Sydney
University. Each article was found using online databases (e.g., PubMed) and was included via reviewer consensus if the
paper discussed SMC as a predictor or prodromal stage of MCl or AD. Accordingly, this perspective review aims to discuss
SMC as a precursor to dementia and argue that it is a critical area of AD research. In turn, we outline the nature of SMC,
discuss how SMC is measured, explore the presence of SMC in individuals with MCl, introduce some approaches to SMC
treatment, and discuss future directions for SMC research. Consequently, we aim to highlight the current literature on
SMC, discuss how SMCiis a risk factor or transitional stage for MCl and AD, and stress avenues for future research.

2 What is SMC?

Many individuals report noticing subtle changes in memory and cognitive function before the detection of cognitive
impairment (e.g., MCI) [16]. SMC has therefore been highlighted as important for diagnosing prodromal AD [17, 18]. SMC
is defined as the subjective perception of cognitive decline compared to previous levels of functioning in individuals
with normal cognition [17, 19]. Individuals with SMC experience subjective problems or changes with their memory
that are rarely measurable by traditional cognitive tests [20]. These complaints can be present in individuals with cog-
nitive impairment, such as those with amnestic or non-amnestic MCl, as well as in people with no objective cognitive
decline. However, individuals with these complaints usually have greater objective memory decline, as well as lower
overall cognitive performance and perceived health than individuals without SMC [21]. The relationship between SMC
and actual memory function is not always clear. This lack of understanding may occur because SMC represents subtle
cognitive changes that are small enough that they cannot be detected by standard cognitive assessments [22]. SMC is
described elsewhere in the literature as subjective cognitive decline (SCD), subjective memory impairment (SMI), and
subjective cognitive complaint (SCC). All these terms are different definitions of the same concept and generally refer
to an individual’s subjective rating of their cognitive ability [23]. In this paper, we use the term SMC to encompass the
overarching subjective experience of cognitive decline.

SMCiis relatively common in older adults and increases in numbers and severity as people age. A review by Brigola et al.
[24] found that approximately 50% of people aged 50 to 59 experience SMC, as do 63% of 80 to 100-year-olds. Brigola
et al. [24] also found that there is an association between SMC and cognitive impairment. Specifically, they found that
in some individuals, SMC was predictive of dementia at a two year follow up. In another study, Palmer et al. [25] found
that 51% of people who developed dementia had SMC at baseline. Accordingly, it is suggested that SMC may be predic-
tive of a progression to dementia. For example, Parfenov et al. [19] found that individuals who reported SMC were 2.15
times more likely to develop MCl and 2.17 times more likely to develop dementia than healthy controls. Furthermore,
when compared to healthy controls, individuals with SMC have a greater risk of AD-associated biomarker abnormalities,
regional brain hypometabolism, and atrophy of the medial temporal lobe [19, 26-28].

In a meta-analysis, Mitchell [14] showed that SMC is found in 42.8% of individuals with dementia and 38.2% of those
with MCI, compared to a rate of 17.4% in healthy controls. The rate of SMC was significantly higher in dementia than in
MCI. This meta-analysis also determined that the presence or lack of SMC alone could be an effective way to rule out a
diagnosis of dementia or MCl. This discernment of dementia could be an important clinical application of SMC. How-
ever, it is difficult to draw such a causal link because SMC-related decline can also be related to other factors such as an
individual’s emotional functioning and personality [29]. SMC research is further complicated by an estimated 60% of
people who have cognitive impairments but do not report SMC [18]. It is unclear whether these missed reports are a
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mistake (e.g., lack of awareness of SMC) or because these individuals do not perceive SMC-related changes as significant
or requiring attention.

Current epidemiological studies have found SMC prevalence to be 88% in individuals aged over 85 years, 25 to 50%
in individuals over 65 years, and 20% in individuals under 65 years of age [23]. Evidence also suggests that SMC is linked
to increased risk of MCl and AD [30, 31]. Accordingly, SMC must be further studied as a transitional stage or risk factor
for AD. In turn, advancements in SMC research could lead to the development of detection methods that can identify
individuals with SMC and direct future treatment [32]. Research into SMC is also important to other domains beyond
AD treatment and progression. For example, research into SMC could also contribute to other topics of interest such as
memory decline, AD biomarkers, and disease prediction. Further research may also be beneficial not only to those with
memory or cognitive impairments but also to individuals who experience SMC without associated cognitive decline or
impairment. For example, Miley-Akerstedt et al. [32] found that individuals with SMC and no objective cognitive decline
had more years of education, more sleep problems, and a lot to do in their daily lives when compared to those who had
SMC and objective memory problems. These participants also had increased beta-amyloid levels in their cerebrospinal
fluid, indicating they had a biomarker profile that was nonpathological. Accordingly, SMC must be further researched
to understand the condition and its links to AD.

3 Measuring SMC

Measures of SMC are generally neuropsychological tests in which individuals rate their current memory, compare cur-
rent and previous memory performance, or rate their memory in comparison to peers [18, 30]. Tests of SMC have been
found to predict accelerated cognitive decline; however, research into the relationship between SMC and objective
performance on cognitive measures is limited [10, 27]. Nonetheless, longitudinal testing has shown that individuals with
SMC are more likely to progress to MCl and dementia than those without SMC [33, 34].

While it is well researched that MCl precedes AD, the significance of SMC in the continuum remains unclear [19]. This
is due, in part, to the fact that SMC is not clearly defined or uniformly measured in the literature [30]. Assessments of
SMC generally include brief questions regarding an individual’s perceived memory function as well as how changes in
memory may be affecting daily living [18]. However, these measures are not always comparative and may ask individuals
to perform various tasks such as rating their current memory, comparing current and previous memory performance,
or rating their memory in comparison to peers [30]. This variability makes comparing study results difficult and can lead
to the interference of other variables such as anxiety and depression [30, 35, 36].

Rabin et al. [36] conducted a systematic review of self-report measures of SMC. Their results found that 34 different
self-report measures were used in SMC research and that studies varied significantly in the method, range, format, and
timeframe when assessing the condition [36]. They also found that the Memory Complaint Questionnaire (MAC-Q) [37] and
the Measurement of Everyday Cognition (ECog) [38] were the most common tests used to assess SMC. In another study,
Opdebeeck et al. [35] compared the agreement of five different SMC measures in identifying individuals over the age of
65 with SMC. Opdebeeck et al. [35] found that there was limited overlap in the ability of tests to identify individuals with
SMC. Critically, they found that only one individual (out of 204 participants) with SMC was identified by all five measures.
This finding highlighted that no scale fully encapsulates SMC and that different measures address different symptoms
of the condition. These results are worrying as SMC measures are used interchangeably in clinical practice and research.
Accordingly, there is conflicting evidence regarding the ability of neuropsychological tests to measure SMC. We suggest
that this contention may occur due to a lack of consistent definition and operationalisation of SMC.

While there is some argument about the validity of some SMC measures, there are also some tests that are known to
accurately detect SMC. For example, some scales—such as the Subjective Memory Complaints Questionnaire (SMCQ)—have
been specifically developed to evaluate the level of cognitive impairment in people presenting with memory complaints
[39]. However, these measures are not widely used because most SMC research is conducted in reference to AD. In turn,
valid tests such as the SMCQ are disregarded for popular tests of AD or MCl (e.g., MMSE). Accordingly, it is important to
use valid tests for SMC when possible; however, it is also important to determine if more commonly used tests can detect
behavioural, clinical, and cognitive differences between those with SMC and individuals in the later stages of cognitive
decline. By understanding the capacity of current AD tests, researchers would be able to know whether they can assess
SMC, MCl, and AD with one test or whether separate scales for SMC are required. These findings would drastically improve
the validity of SMC and AD research.
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4 SMCin MCI

Individuals with SMC experience subjective problems or changes in their memory. These complaints can be present in
individuals with cognitive impairment, such as those with amnestic or non-amnestic MCl, as well as in people without
MCI. One of the greatest differences between MCl and SMC is that, while memory complaints can be present in indi-
viduals with both conditions, objective memory decline can only be conclusively determined in those with MCI [14].
Accordingly, SMC is proposed to precede MCl and both conditions are recognised as prodromal phases of AD [40]. In
the literature, SMC is regularly used as a measure when detecting MCl in research studies [18]. However, the inclusion of
SMC in MClI definitions is deemed controversial, with research highlighting that SMC measures may lack sensitivity and
specificity as a criterion for MCI [41]. Accordingly, definitions of MCl also require a measure of objective impairment in
cognition, intact general cognitive functioning, and absence of dementia [18]. The inclusion of SMC in the classification
of MCl reduces the prevalence of MCl as research has found that up to 62% of patients experiencing cognitive decline do
not report SMC [18]. Explanations for this discrepancy include an individual’s ability to adapt to and cope with cognitive
decline, where some people do not perceive change as significant [18].

One key area of research involving SMC and MCl is the effects of neuropsychiatric symptoms on the progression of
these conditions. For example, Yates et al. [18] conducted a study to clarify the relationship between mood and SMC in
people with MCI. They also sought to determine whether SMC is a prominent feature of MCl and whether SMC should
be included in the definition of MCI. Yates et al. [18] assessed both mood and SMC in participants from the First Cognitive
Function and Ageing Study funded by the Medical Research Council (MRC-CFAS). SMC was self-reported by the participant
and included memory problems like difficulties with memory or increased forgetfulness. At baseline, 557 out of 1344
participants reported SMC. Moreover, all participants with MCl reported SMC, and there were no SMC present for individu-
als who had MCl without SMC due to study definitions. Yates et al. [18] showed that there was a significant relationship
between SMC, MCl, and anxiety or depression at baseline. Specifically, they found that the presence of anxiety or depres-
sion (at baseline and at follow up) had a significant relationship, depression was associated with a change in cognitive
status, and anxiety was not related to a change in cognitive status.

However, there is some contention concerning the relationship between SMC and neuropsychiatric disorders when
assessing for MCl. In the same studly, Yates et al. [18] found that anxiety and depression were more strongly related to SMC
than objective cognitive impairment. Accordingly, Yates et al. [18] concluded that SMC may be a symptom of anxiety and
depression, rather than related to objective cognitive function (e.g., MCI). As a result, Yates et al. [18] questioned whether
SMC should be a criterion in the definitions of MCl. Consequently, this research highlights the need for the standardisation
of SMC measures and definitions. Researchers should also seek to longitudinally research neuropsychiatric symptoms
and their association with preclinical AD, SMC, MCl, and AD dementia.

5 SMC treatment

The identification of SMC could play a crucial role in the treatment and diagnosis of AD [32]. For example, individuals
with SMC may not require a full AD or dementia evaluation and could be referred to treatment. We hypothesise that
treatment for SMC would likely include psychological interventions targeted at reducing stress, improving sleep, and
trying to reduce their workload. If modifying these factors does not resolve SMC, an AD or dementia assessment could
then be warranted. In turn, these SMC screenings could reduce the need to refer all patients with memory concerns to
specialist dementia clinics, could reduce the costs of unnecessary procedures, and may lead to an improvement in their
symptoms regardless of the presence of cognitive impairment.

Given the potential of these SMC diagnoses to improve AD screening, it is also important to investigate interventions
for individuals with SMC. There is lacking research on interventions for SMC, yet some studies do exist. For example, Met-
ternich et al. [42] investigated the effect of memory training (MT) and expectancy change interventions (EC) on SMC.
MT and EC are aimed at changing an individual’s beliefs and attitudes about their memory through psychoeducation,
cognitive restructuring, or physical training. Metternich et al. [42] demonstrated that EC interventions had significant
effects on SMC compared to those on a waitlist or in a placebo group. However, they did find discrepancies between the
treatment conditions. Specifically, Metternich et al. [42] concluded that EC interventions are likely to be more effective
than MT in improving subjective memory. However, MT was the only intervention type that positively affected objective
memory performance. Accordingly, Metternich et al. [42] suggested that MT does have some benefit as an intervention
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for those with memory difficulties. MT was also shown to be the preferred intervention by individuals with SMC compared
to psychological interventions like EC, or medication. These results may demonstrate that a combination of MT and EC
is likely to be more effective for SMC treatment. This study also establishes the need for further research into SMC and
its treatment, as it is important to understand whether treating neuropsychiatric symptoms in those with SMC, treat-
ing SMC alone, or both, has benefits for those with SMC, and whether treatment impacts on progression to MCl or AD.

6 Conclusions and future directions

In this paper, we have outlined the concept of SMC, discussed current measures for SMC, discussed SMC in MCl, and
touched on some approaches to SMC treatment. Throughout all these topics there has been a constant theme of promise
and contention. Specifically, prior research indicates that SMC is a promising marker of early-stage AD that could be used
to progress dementia research; However, corresponding research also states that SMC is poorly understood, measured,
and investigated. In this study, we present both the contention and promise of SMC to encourage further investigation.
As a conclusion to this paper, we will discuss areas for further research.

To progress SMC research, four main problems must be overcome. Firstly, there is a lacking standardisation of SMC.
As previously discussed, SMC has multiple names and definitions throughout the literature. These different definitions
can affect the generalisability and the operationalisation of SMC research. In turn, SMC-like concepts must be properly
defined and consistent throughout the literature. Such standardisation could result in more valid, generalisable, and
reliable research. Secondly, there is a lack of longitudinal SMC research. Longitudinal research is required to understand
the progression of the condition, its comorbidities, and its role in AD progression. Without this long-term investigation,
there will continue to be confusion about the role of SMC in cognitive and neurodegenerative decline. Studies such as
Opdebeeck et al. [35] have also suggested that longitudinal studies could help standardise SMC definitions.

Thirdly, clinical tests for SMC are often misused and misunderstood. Further research is required to understand the
ability of tests to measure SMC and AD-related disorders (as discussed in Sect. 3). Significant research is also required to
identify which tests should be used to diagnose and monitor SMC. In turn, innovations in SMC testing could resultin a
better understanding of the condition as well as stronger screening and treatment strategies. Finally, the last common
limitation of SMC research is that it lacks an understanding of the condition’s comorbidities and relationships. For exam-
ple, it is understood that SMC is a precursor to AD, however, the relationship between SMC, MCl, and neuropsychiatric
disorders is not understood. Accordingly, there is a critical need for research that investigates the interactions between
SMC and markers of AD. Moreover, there is also a need to understand the role of SMC in the AD continuum and its rela-
tionships to the stages of AD.

In conclusion, the standardisation, longitudinal analysis, development of testing material, and investigation into SMC's
relationships are all key areas of research. We hope that future investigation can properly detect, treat, and understand
SMC as part of the AD continuum. We also hope that further research can use SMC to detect early-stage AD and help
improve the lives of individuals with dementia.
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