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Abstract

BACKGROUND: Subjective cognitive decline (SCD) as an early
pathological manifestation of brain aging has become more
prevalent among older adults.

OBJECTIVES: We aimed to investigate the associations of
subjective cognitive decline (SCD) with the combined risk of
cognitive impairment and dementia.

DESIGN: We performed a systematic review and meta-analysis
via searching Embase, PubMed and Cochrane electronic
databases from January 1 st 1970 to June 4th, 2020.

SETTING: Prospective cohort studies

PARTICIPANTS: Healthy individuals were recruited from
community, clinics and population.

MEASUREMENTS: Healthy individuals with SCD were
classified into exposure groups, while those without were
considered as the reference group. Adjusted relative risks (RR)
were estimated in a random-effects model. Both primary and
subgroup analyses were conducted.

RESULTS: Of 28,895 identified studies, 21 studies containing
22 cohorts were eligible for inclusion in the meta-analysis. SCD
increased the risk of subsequent cognitive disorders (RR=2.12,
95% confidence intervals [CI] =1.75-2.58, 12=87%, P<0.01). To
be specific, SCD conferred a 2.29-fold excess risk for cognitive
impairment (RR=2.29, 95% CI=1.66-3.17, 12=83%, P<0.01) and a
2.16-fold excess risk for dementia (RR=2.16, 95% CI=1.63-2.86,
12=81%, P<0.01). In subgroup analyses, participants with SCD
in the subgroup of 65-75 years old, long-education (>15 years)
subgroup and subgroup of clinics showed a higher risk of
developing objective cognitive disorders.

CONCLUSIONS: SCD is associated with an increased combined
risk of cognitive impairment and incident dementia and should
be considered a risk factor for objective cognitive disorders.

Key words: Subjective cognitive decline, cognitive impairment,
dementia, systematic review, meta-analysis.

Introduction

Longer life expectancy has led to the growth of the

older population, and older adults might account
for nearly 16% of the world’s population by 2050
(1). Disorders of aging, especially neurodegenerative
changes, which eventually result in dementia, has become
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an increasing concern, in recent years (2). With a lack
of curative treatments for cognitive impairment and
dementia, many studies have focused on identifying
risk factors at the prodromal and preclinical stages of
Alzheimer’s disease (AD) (3). As an early pathological
manifestation of brain aging, subjective cognitive decline
(SCD), has become a research hotspot (4).

An international working group called the Subjective
Cognitive Decline Initiative (SCD-I) focusing on advances
in related research has been established (5). SCD could
be defined as a self-experienced persistent decline in
cognitive capacity in comparison with a previously
normal status, which is unrelated to an acute event.
Moreover, normal age-, sex- and education-adjusted
performance on standardized cognitive tests is used to
classify mild cognitive impairment (MCI) (6, 7). SCD has
several alternative names, including subjective cognitive
complaints (SCC) (8, 9), subjective memory decline
(SMD) (10) and subjective memory complaints (SMC)
(11). A previous systematic analysis provided evidence
for the prognostic validity of memory complaints to
predict the risk for subsequent dementia and cognitive
impairment (12), while it might ignore the baseline
cognitive status of included individuals. Besides, healthy
controls without memory complaints should be taken
into the consideration as the reference group to ensure
the preciseness of analysis. Therefore, we conducted this
meta-analysis in healthy population with more strict
inclusion criteria. Our aim was to explore the association
of SCD with the combined risk of cognitive impairment
and dementia in longitudinal studies.

Methods

Search Strategy

This meta-analysis was conducted following
the guidelines of the Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) (13) and the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) (14). PubMed, Embase

277



and Cochrane databases were searched with the same
strategy ‘(subjective memory decline OR concern* OR
complaint® OR SCD OR SMC OR SMD OR SCC) AND
(risk OR association) AND (dementia OR cogniti* OR
alzheimer* OR MCI OR mild cognitive impairment)’ from
January 1st, 1970 to June 4, 2020. Conference abstracts
and unpublished studies were also reviewed. Additional
studies were identified by screening related reviews and
reference lists of studies. If full texts were unavailable, we
contacted corresponding authors.

Study Selection

The study selection process was described in Fig.1.
There were 28,895 studies from three databases, after
deleting duplicates in the EndNote. Studies which met the
following criteria were eligible: (1) studies investigating
the association of subjective memory complaints with
cognitive impairment or dementia (all-cause dementia
[ACD] or vascular dementia [VaD] or AD); (2) prospective
longitudinal studies with a follow-up of at least 6 months;
(3) studies including cognitively normal participants
at baseline who were divided into an exposure group
with subjective cognitive concerns (assessed by
various questionnaires) and a reference group without
complaints; (4) studies using recognized diagnostic
criteria for objective cognitive performance (including
cognitive impairment or dementia) as an end point of the
study, such as the criteria made by National Institute on
Aging-Alzheimer’s Association (NIA-AA). We did not
place language restrictions upon the eligibility criteria
of included studies. Randomized clinical trials were
excluded, as therapies, psychological suggestions and
interventions provided may influence the associations
of subjective memory complaints with cognitive
impairment and incident dementia. Moreover, people
with psychoactive medication use, neurological disease
(e.g. Parkinson’s disease, epilepsy, and multiple sclerosis),
history of brain lesion (e.g. infection and infarction), head
trauma or other systematic diseases of sufficient severity
to adversely affect cognition were also excluded. First,
after screening the titles and abstracts, we excluded the
articles unconcerned with our topic, and only included
topic related ones (n=165) for further selection. We then
read full texts of those potential eligible articles, searched
bibliographies of relevant reviews or meta-analyses, and
finally selected 21 articles based on the criteria mentioned
above.

Data Extraction

We extracted authors, year of publication, study
period, country, language, sample size, inclusion or
exclusion criteria, source of participants, age, numbers
of male and female individuals, education, follow-up
time, methods of diagnosis, count data, unadjusted and
adjusted estimates of odds ratio (OR), relative risk (RR),

SCD INCREASED RISKS OF MCI AND DEMENTIA

hazard risk (HR) and their 95% confidence intervals
(CI) for cognitive impairment or incident dementia. As
for we encountered some studies from same cohorts,
we chose the study with the largest number of included
participants at the baseline. Among effective values
reported in the studies, we chose the maximally adjusted
estimates. If effective values were not available directly,
we used RR calculated by the ratio comparing the of
incident rates of cognitive impairment or dementia
between exposed and reference groups. Information was
first extracted by one investigator, and then checked
independently by another two authors. Discrepancies
were resolved by discussion. When the data we required
were not available in the article, we contacted the
corresponding authors for original information.

Quality Assessment

The Newcastle-Ottawa Scale (NOS) has been used to
assess the quality of published non-randomized studies
in meta-analyses (15, 16). The NOS contains eight items
which can be categorized into three dimensions (selection,
comparability and outcome). A star system is employed
to allow a semi-quantitative assessment of study quality,
with a maximum of one star for each item except the
comparability item which allows the assignment of two
stars (17). The highest quality studies could be awarded a
maximum of nine stars.

Statistical Analysis

We mainly analyzed the pooled RR, showing whether
individuals with SCD at baseline were more likely
than those without to develop cognitive impairment
and dementia during follow-up in our study. Given that
ORs tend to overestimate the effect sizes compared with
RRs/HRs particularly when the incidence is not low, we
transformed ORs into RRs using the following algorithm
(18):

RRadjusted = ORadjusted /[(1 — P0) + (P0 x ORadjusted]

PO indicates the incidence of endpoint (dementia
or cognitive decline) in the non-exposed group of the
cohort. When PO is not available, the incidence rate of
total sample was used as a proxy (18). HR, compared
with RR, additionally considering the factor of time,
might be approximately equal to RR at a point in time.
Effective values across studies were combined to provide
overall estimates and their 95% CIs using random-
effects DerSimonian-Laird models (19). Participants
with cognitive disorders were additionally stratified into
cognitive impairment and dementia groups. Further
subgroup analyses (stratified by different age, sex,
year of education, follow-up time and source) were
also conducted to investigate whether other factors
would change the results using the same models.
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When calculating RR and 95%CI in subgroup analyses,
participants without SCD in each subgroup were
considered as the reference group. Each subgroup of
basic characteristics might include at least three studies to
ensure the reliability of subgroup analyses.

Heterogeneity between studies was assessed by 12
test statistics for each analysis. An 12 of less than
25% is considered as no statistical heterogeneity, 25%
to 50% as low statistical heterogeneity, 50% to 75% as
medium statistical heterogeneity, and more than 75%
as high statistical heterogeneity (20). Meta-regression
analyses (n=10) were also conducted with robust variance
estimation, assessing the potentially important covariates
that might exert a substantial impact on between-study
heterogeneity. Sensitivity analyses were additionally
carried out to explore the source of heterogeneity by
excluding one study at a time.

We also evaluated the potential publication bias with
funnel plots for the outcomes, the symmetry of which
was detected by Egger’s test. Egger’s test, also known as
linear regression method, uses standard normal deviate
and precision of included studies to establish regression
equation (21). Moreover, if statistically significant
publication bias was detected, the trim-and fill method
was used to adjust for bias. A two-tailed P values <0.05 is
considered as statistically significant. Statistical analyses
were conducted in R (R programming).

Results

Basic characteristics of included studies

A total of 21 studies (22-42) were selected for our meta-
analyses (Fig.1). In a study conducted by Snitz et.al (36),
both the individuals from communities and clinics were
divided into SCD and non-SCD groups. We consider
this study as two independent cohorts to include in our
meta-analysis. Therefore, 22 cohorts were ultimately
included in our meta-analyses. The basic characteristics of
included studies are presented in Table 1. A total of 47,805
individuals from the 22 studies were included at baseline.
The median of the mean age was 72.70 years old (ranging
from 62.8 to 83.31 years old), except one study (25) which
did not report its mean age. The female proportion of
included studies ranged from 46.46% to 100% and the
average years of education was more than 9 years. The
average length of follow-up across studies ranged from
2 to 18 years (mean: 5.4; standard deviation [SD]: 3.6),
showing an obvious difference among studies, which
might contribute to higher heterogeneity. Effective values
are also presented in Table 1, ranging from 0.20 to 70.10.

Methods for assessing SCD (eg. “Do you feel like
your memory is becoming worse?”) and criteria of
diagnosing cognitive impairment or dementia, like NIA-
AA, are presented in eTable 1 and eTable 2, respectively
(Supplementary materials). Bias assessment based on the
Newcastle-Ottawa Scale is provided in Supplementary

eTable 3. All the included studies were of high quality, as
they all got 7 or more than 7 stars (a maximum of 9 stars)
(43).

Figure 1. The flowchart of study selection
| PubMed Embase Cochrane |

(15.594) | | (15,228) | | (4.714)
L | |
¥
After deduplication
(28,895)

Excluded after screening title and
abstract (28,730)

Potentially eligible |

Searching from bibliography of
reviews and meta-analyses (15)

Full-text of studies available Excluded
(171) + Not longitudinal study (53)

Studies included*
@n

Data on same cohort (6)
Unavailable data (21)

+ Non-demented individuals (18)
* No group for reference (52)

I

13 i )
Dementia® (9) including

*  Alzheimer's disease (AD) (5)
+ Non-AD dementia” (3)

Cognitive decline (cognitive

Y
Cognitive impairment(9) impairment and dementia) (4)

*: A study contains two cohorts, &: two studies with specific data on both
cognitive impairment and dementia; #: Only three of five studies with specific data
of both Alzheimer’s disease and non-Alzheimer’s disease.

Results of primary analyses

In the primary analyses, SCD showed an increased
risk of developing subsequent cognitive impairment or
dementia in Fig.2 (RR=2.12, 95%CI=1.75-2.58, 12=87%,
P<0.01). Among the 22 cohorts included in our study,
11 cohorts with cognitive impairment as the outcome
showed that 1,481 out of the total 8,346 individuals
progressed into cognitive impairment at the last follow-
up visit, demonstrating a significant association between
SCD and cognitive impairment (RR=2.29, 95%CI=1.66-
3.17, 12=83%, P<0.01) (Fig.3). And among the participants
with SCD, the risk of developing dementia (RR=2.16,
95%CI=1.63-2.86, 12=81%, P<0.01) was similar to that of
developing cognitive impairment (Fig.3). Individuals in
four studies (24, 26, 29, 34) progressed to either cognitive
impairment or dementia. Moreover, two (24, 34) of the
four studies showed separate incidence rates of cognitive
impairment and dementia. The other two studies showed
incidence rate ratios of mixed cognitive disorders, which
made it difficult for us to get the numbers of individuals
who progressed to different types of cognitive disorders.

Results of subgroup analyses

For further analysis, all included studies were
stratified into subgroups based on their demographic
characteristics, including age, female proportion,
years of education, follow-up time and source of
participants (Supplementary eTable 4). We observed
that SCD conferred an excess risk of subsequent
cognitive impairment in the individuals aged 65-75
years old (RR=2.29, 95%CI=1.83-2.88, 12=87%, P<0.01)
(Supplementary eFig 1). SCD showed similar risks for
cognitive disorders in the two subgroups stratified by
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female proportion (Female>50%: RR=2.18, 95%CI=1.26-
3.75, 12=75%, P<0.01; Female<50%: RR=2.11, 95%CI=1.69-
2.64, 12=89%, P<0.01) (Supplementary eFig.2). There was
a trend for well-educated individuals (>15 years) to be
more strongly influenced by SCD (RR=3.71, 95%CI=2.10-
6.56, 12=79%, P<0.01) (Supplementary eFig.3). In the
subgroup with longer follow-up, individuals with SCD
had a nearly doubled risk of progression to cognitive
disorders (cognitive impairment and dementia) compared
to those without (RR=1.98, 95%CI=1.61-2.44, 12=89%,
P<0.01) (Supplementary eFig.4). In the subgroup
of different settings, individuals with SCD showed
approximately twice higher risks for cognitive disorders
in community (RR=2.08, 95%CI=1.58-2.75, 12=88%,
P<0.01) and population (mixed settings) groups (RR=1.93,
95%CI=1.37-2.72, 12=89%, P<0.01), as well as a four times
higher risk for cognitive disorders in clinics (RR=4.25,
95%CI=1.08-16.77, 12=85%, P<0.01), compared with those
without SCD (Supplementary eFig.5). The influence
of SCD on the risks of cognitive disorders in various
subgroups were summarized in eFig.6 (Supplementary
materials).

Figure 2. SCD shows a significant association with the
risk of developing objective cognitive disorders

Weight Weight

Study Risk Ratio RR 95%-Cl (fixed) (random)
Heser (2019) = 176 [140; 221] 65% 6.3%
Muller-Gerards (2019) rad 2.33 [1.60; 3.40] 24% 5.5%
van Wanrooij (2019) i 297 [227, 389) 46%  61%
Avila-Villanueva (2018) —_ 307 [1.23; 7.64] 04%  27%
Qi (2018) - 127 [0.90; 1.79) 28%  57%
Slot (2018) Ealt 1.08 [0.84; 1.38] 55% 6.2%
Snitz-Clinic (2018) i —+— 15.97 [6.07;41.98] 04% 26%
Snitz-Community (2018) ; 118 [1.00; 140] 119%  66%
Tomata (2017) 256 [2.30; 2.85] 283%  6.8%
Tsutsumimoto (2017) —— 565 [1.75:18.26] 02%  2.0%
Howieson (2015) " 1.80 [0.64; 5.09] 0.3% 23%
Kaup (2015) (=i 134 [1.07; 1.68] 6.7% 6.3%
Donovan (2014) i—'— 391 [222; 688] 11% 44%
Gifford (2014) f 232 [198; 271] 138%  66%
Verdelho (2013) - 220 [119; 4.09] 09%  41%
Nunes (2010) i 3.71 [0.20; 69.45]  0.0% 0.4%
Reisberg (2010) = 364 [181; 732] 07% 3.7%
Mol (2006) : 3.16 [0.65:15.38] 0.1% 12%
Wang (2004) & 247 (147, 414] 13%  47%
St John (2002) I~ 172 [1.11; 267) 17%  51%
Dik (2001) bt 135 [1.12; 163] 9.6% 6.5%
Geerlings (1999) - 255 [141; 460) 10%  42%
i
Fixed effect model ¢ 1.92 [1.81; 2.03] 100.0% -
Random effects model L 4 212 [1.75; 2.58] 100.0%
Prediction interval pr— [0.94; 4.78]
| e —

Heterogenetty: I = 87%, * = 0.1418, p < 0.01
01 0512 10

RR: relative risk, CI: confidence interval, SCD: subjective cognitive decline.

When we further divided cognitive disorders into
cognitive impairment and dementia, subgroup analyses
were also conducted and the results were shown in
eTable 5 and eTable 6 (Supplementary materials). In the
subgroup analyses of the 11 cohorts focused on cognitive
impairment, individuals with SCD had a higher risk
of subsequent cognitive impairment in the subgroup
of female proportion>50% (RR=2.64, 95%CI=1.61-4.33,
12=87%, P<0.01) (eFig.7) and in the subgroup of > 15 years
of education (RR=2.64, 95%CI=1.61-4.33, 12=87%, P<0.01)
(eFig.8). Additionally, the influence of SCD on cognitive

impairment showed nearly no marked difference between
individuals with and without the APOE &4 allelic gene
(APOE &4+, RR=1.67, 95%CI=1.07-2.61, 12=58%, P=0.07;
APOE ¢4-, RR=1.89, 95%CI=1.17-3.03, 12=85%, P<0.01)
(eFig.9). Individuals with SCD also showed higher risks
of cognitive impairment in subgroup of 65-75 years old
(RR=2.69, 95%CI=1.79-4.04, 12=83%, P<0.01), subgroup
of shorter follow-up (RR=3.49, 95%CI=2.14-5.69, 12=0%,
P<0.01) and subgroup of individuals from clinics
(RR=8.06, 95%CI=1.68-38.67, 12=66%, P=0.09). Results on
the influence of SCD on the progression into cognitive
impairment were summarized in eFig.10 (Supplementary
materials).

Figure 3. SCD shows significant associations with
cognitive impairment and dementia
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In the subgroup analysis of the cohorts which
progressed into dementia, SCD individuals in the
subgroup of short follow-up time showed a higher
incidence rate of dementia (RR=3.40, 95%CI=1.46-7.89,
12=34%, P=0.22) (eFig.11). Moreover, when we classified
dementia into AD and Non-AD groups, SCD showed a
significant association with AD (RR=2.39, 95%CI=1.00-
5.74, 12=76%, P<0.01), while it had a non-significant
association with non-AD dementia (RR=1.37, 95%CI=0.93-
2.03, 12=0%, P=0.73) (eFig.12). Results in subgroups
of 75-85 years old (RR=1.75, 95%CI=1.43-2.14, 12=0%,
P=0.93), female proportion more than 50% (RR=2.10,
95%Cl1=1.44-3.05, 12=85%, P<0.01) and individuals from
clinics (RR=1.77, 95%CI=1.41-2.22, 12=0%, P=0.62) might
need further investigation, since they were limited by the
numbers of included studies in the subgroups. Results on
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the influence of SCD on the progression into dementia
were summarized in Supplementary eFig.13.

Meta-Regression Analysis, Sensitivity Analysis
and Publication Bias

Based on the results of meta-regression analysis
(Supplementary eTable 7), the influence of the covariates
on heterogeneity, such as participant’s mean age (p=0.163;
95%CI, -0.100238 to 0.0181451; 12=0.1979), female
proportion (p=0.271; 95%CI, -3.221842 to 0.9562178;
12=0.2041), years of education (p=0.329; 95%CI, -0.068722
to 0.1892374; 12=0.3314) and length of follow-up (p=0.231;
95%ClI, -0.0968754 to 0.0248457; 12=0.1917) were not
statistically significant, as the two-tailed P values were all
greater than 0.05, ranging from 0.072 to 0.928.

The sensitivity analysis showed two studies
(36, 38) significantly influenced the heterogeneity
(Supplementary eFig.14). When each of the studies was
excluded separately, the heterogeneities still remained
at 84%. The funnel plot showed relatively bilateral
symmetry and the p value was 0.4557 (Supplementary
eFig.15), indicating no publication bias.

Discussion

SCD was associated with a higher risk of subsequent
cognitive disorders, which increased that SCD would
possibly elevate the risk. Individuals with SCD showed
higher risks of subsequent cognitive impairment and
dementia both of which were more than two-fold
compared with those without. When data were stratified
by their basic characteristics, participants with SCD
in subgroup of 65-75 years old, subgroup of female
proportion more than 50%, long education subgroup,
short follow-up subgroup and subgroup of individuals
from clinics had higher risks of objective cognitive
disorders. SCD participants showed significant higher
risk of developing cognitive impairment compared to
non-SCD participants, but there was nearly no marked
difference in the rate of progression to cognitive
impairment between individuals with/without the
APOE &4 allelic gene in SCD participants. Moreover, SCD
participants also showed a significantly higher risk of
developing AD dementia rather than non-AD dementia
compared with those without SCD.

Biological alternations induced by SCD could occur
before objective cognitive decline, such as gray matter
volume reduction (44). Individuals with SCD have also
been reported to have larger white matter hyperintensity
(WMH) volumes, hippocampal atrophy (45) and
increased p-amyloid (AB) deposition (46, 47), which are
typical characteristics of AD. Furthermore, some studies
illustrated that SCD was a subjective symptom reflecting
anxiety or depression about senility and health rather
than neurodegenerative causes (48, 49) and was just a risk
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factor rather than a mechanism underlying preclinical
AD or other neurodegenerative dementias (6), as many
participants with SCD might not develop subsequent
cognitive impairment or even dementia (50). Hence, SCD
was more likely to be a risk factor for cognitive disorders.
Previous studies also suggested that cognitively
unimpaired individuals with SCD were at a significantly
increased risk of future objective cognitive disorders
and clinical progression to symptomatic disease stages
(12, 36, 51) which was in accordance with our results
that SCD conferred excess risks of subsequent cognitive
impairment and dementia. Furthermore, individuals
with SCD were considered as high-risk individuals
and they need necessary interventions during stages at
which objective cognitive impairment remains clinically
unapparent (52).

What was more, Wang et.al found that age modified
the association between SCD and future cognitive
disorders, with HR decreasing from 6.0 at age 70 to 1.6
at age 80 (42). Though previous studies have proven
that older elderly are more likely to develop cognitive
disorders than younger elderly (12, 35, 53, 54), older
elderly may have a casual attitude towards their cognitive
conditions. Older elderly are less likely to worry about
themselves, so subjective complaints from younger
elderly are likely to be more predictive than those from
older elderly. Therefore, this might explain our result that
the influence of SCD was more obvious in the subgroup
of older elderly. In the subgroup analysis by female
proportion, individuals with SCD showed a nearly 2.5
times risk of developing cognitive impairment than those
without in the subgroup of female proportion more than
50%, which was consistent with the previous conclusion
that women were prone to cognitive impairment (27).
A previous study reported that education affected the
process of memory decline (55). Well-educated people
usually seem knowledgeable, and more concerned about
their health, suggesting their self-reported of SCD is more
accurate. For this possible reason, longer education may
contribute to an increased risk of progression from SCD
to cognitive disorders, which was in accordance with the
results of our subgroup analysis stratified by education
including the one of all 22 studies with the outcome of
cognitive disorders and the one of the 11 studies with the
outcome of cognitive impairment.

Individuals with SCD in the subgroup of follow
up>3years showed lower risks of developing cognitive
disorders, especially dementia, compared with the
subgroup of not more than 3 years, which might be
explained by the increased drop-out rate or increased
mortality of participants during longer follow-up.
Several studies (5, 36) clearly showed that settings
might affect the influence of SCD. In our study, SCD
showed the strongest association with cognitive disorders
in individuals chosen from clinics, as people might be
classified explicitly and diagnosed in clinical settings,
using available and easily measurable criteria and
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standard definitions of cognitive impairment or/and
dementia. Moreover, previous studies also illustrated
that patients in clinics were more likely to experience the
first sign or the preclinical stage of a neurodegenerative
disease (47, 56). A study found a significant effect of
APOEe4 on memory (57). And our result suggested
that SCD was a risk factor for cognitive impairment
independent of the APOEe¢4 gene, which was likely to
be limited by insufficient samples. Additionally, some
individuals with SCD showed gray matter volume
reduction (44) and greater similarity to an AD gray matter
pattern (58) compared with subjects without SCD, which
was consistent with our subgroup analyses.

There was considerable heterogeneity, which might
be due to the different characteristics of individuals.
Therefore, we conducted specific analyses, such as
subgroup analyses based on different characteristics of
studies and sensitivity analysis to find out cohorts which
were significantly different from others. Apart from basic
characteristics, measurements of SCD have also been
reported to influence the risk of developing cognitive
impairment (51). Cohorts included in our study used
different assessments of SCD, which might be one of the
factors leading to a bit higher heterogeneity. Recruiting
larger samples, comparing important characteristics
of participants, unifying the assessment of SCD and
searching for methods to lower drop-out rates are
necessary in future well-designed longitudinal studies.

The primary strength of our meta-analysis lies in
the unity in design of studies (prospective longitudinal
studies). The prospective longitudinal study minimized
the potential influence of recall and selection bias, which
might be inevitable in retrospective design. Besides, our
retrieval was comprehensive, since we screened the three
databases involving almost all available assays. Also, our
search term contained, as more as possible, expressions
of the same meaning we focus on (including SCD and
dementia), and used “OR” as conjunctions for expressions
of the same meanings, which could expand our retrieval
range. Furthermore, our studies had independent blind
assessments or reliable diagnostic criteria of outcomes
(cognitive impairment and dementia), which were
reflected in the Newcastle-Ottawa Scale questionnaire
(Supplementary eTable 3). Studies included are all of high
quality (Newcastle-Ottawa Scale > 6 stars) (43), without
having publication bias. Overall, the result that SCD
increases the risk of subsequent cognitive impairment and
dementia is reliable.

Limitations

There are some limitations in our meta-analysis.
First, various questionnaires had different criteria for
identifying SCD, which might contribute to a lack of
uniformity in diagnosis of SCD. In addition, due to the
association of patients and informants, the accuracy of
SCD detection could be easily influenced by informants’

expectations of being normal. Second, during the follow-
up, as time went on, more and more participants dropped
out. Those who are lost to follow-up usually tend to
be older, sicker, and have lower socioeconomic status,
which might lead to attrition bias. Finally, the reliability
of our subgroup analyses might be oppugned owing
to our insufficient studies in certain subgroups and the
possibility of type I error. Future studies are required
to reduce these limitations and make more reliable
inferences.

Conclusions

In conclusion, SCD is associated with an increased
risk of objective cognitive disorders, including cognitive
impairment and incident dementia. Individuals with
SCD in subgroup of 65-75 years old, subgroup of female
proportion more than 50%, longer education subgroup
and subgroup of individuals from clinics showed higher
risks of cognitive disorders. SCD deserve more attention,
as it could serve as a potential target for early intervention
trials in cognitive disorders.
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