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Objective: There is a long-standing debate in the literature whether depressive symptoms increase the
risk of dementia in older with mild cognitive impairment (MCI). We aim to conduct a meta-analysis
of studies that evaluated the risk of dementia in subjects with MCI and depressive symptoms compared
with subjects with MCI and no depressive symptoms.

Methods: We calculated the relative risk of progression to dementia in subjects with MCI and depressive
symptoms compared with subjects with MCI and no depressive symptoms using a generic inverse var-
iance method with random effect models.

Results: Eighteen studies were included in the meta-analysis, with a sample size 0of 10,861 MCI subjects. The
pooled relative risk of progressing to dementia was 1.28 Clyso, [1.09—1.52] (p =0.003) in the group of MCI
subjects with depressive symptoms compared with the MCI subjects with no depressive symptoms.

Discussion: Our results provide additional evidence that depressive symptoms determine an additive
risk effect to the progression to dementia in subjects with MCI. The comorbidity between depression
and cognitive impairment can be an intervention target for prevention of dementia in MCI subjects.
Copyright © 2015 John Wiley & Sons, Ltd.
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Introduction cerebrospinal amyloid-£ level, increased brain deposition

of amyloid-f in molecular imaging, or hippocampal

Mild cognitive impairment (MCI) is a common disorder
in the elderly (Forlenza et al., 2013). It is defined by the
objective impairment of one or more cognitive domains,
with no or minimal impairments of the performance on
instrumental activities of daily living and no global cog-
nitive impairment (Albert et al., 2011). Older adults with
MCI are at increased risk of progressing to Alzheimer’s
disease (AD) and other dementia syndromes. The risk
is greater in those who present with abnormalities in
biomarkers related to clinical AD, for example, reduced

Copyright © 2015 John Wiley & Sons, Ltd.

atrophyinstructural neuroimaging (Forlenzaetal.,2010).

Depressive disorders are very common in older adults
and have a complex relationship with neurocognitive
disorders (Panza et al., 2010). History of major depres-
sion in young and older adults significantly increase
the risk of Alzheimer’s disease and vascular dementia
(Ownby et al., 2006; Diniz et al., 2013a, 2013b) and
MCI (Geda et al., 2014). The occurrence of depressive
symptoms in subjects with MCI has been associated with
higher risk of progression to dementia compared with
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MCI subjects with no depressive symptoms (Modrego
and Ferrdndez, 2004). However, the relationship is con-
troversial as case-control and cohort study did not find a
significantassociation (Rosenbergetal.,2013; Steenland
et al., 2012) or even found a protective effect of depres-
sive symptoms in the progression from MCI to demen-
tia (Vicini Chilovi et al., 2009). Such inconsistent results
may be due to several reasons. Methodological differ-
ences among studies, such as study settings, patients’
recruitment, depressive symptoms assessments, evalua-
tion of cognition, and follow-up length can explain, in
part, the different results. (Table 1)

It is important to understand if depressive symp-
toms moderate the risk of progression from MCI to
dementia. This can lead to the development of tailored
interventions aiming the prevention of dementia in
this group of patients. For example, long-term antide-
pressant use was associated with reduced risk of
dementia in a registry-based study (Kessing et al.,
2011). Donepezil treatment reduced the risk of cogni-
tive decline and progression to dementia in subjects
with MCI and depression, in particular in the first year
of treatment (Reynolds et al., 2011). Antidepressants
or low-dose lithium carbonate can modulate the me-
tabolism of the amyloid protein precursor and reduce
the production of amyloid-§ peptides, thus being
potentially protective against the development of
dementia (Diniz et al., 2013a, 2013b).

Therefore, we aim to carry out a systematic review
and meta-analysis of the literature to evaluate whether
the presence of depressive symptoms increases the risk
of dementia in older adults with MCI.

Methods

This meta-analysis followed the preferred reporting
items for systematic review and meta-analysis guide-
lines for conducting and reporting systematic reviews
(Moher et al., 2009).

Search strategy

We conducted a comprehensive search of potentially
relevant articles that reported the association between
depressive symptoms and the risk of progression of
dementia in older adults with MCI. Literature search
was performed using the electronic databases Medline,
Scopus, and PsycINFO. These are the largest databases
with comprehensive coverage and indexing of bio-
medical journals worldwide. We also carried out a
careful review of references from reviews and original
studies to search for additional relevant publications.

Copyright © 2015 John Wiley & Sons, Ltd.
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The literature search was conducted in November
2014 and updated in February 2015. The search was
limited to articles published after 01/01/1999, and there
was no language restriction. The reason for the limita-
tion of search dates was because the operationalization
of the diagnostic criteria for MCI was first established
in the year of 1999 (Petersen, 1999).

We conducted research in the electronic database
with the following terms: (mild cognitive impairment
or cognitive impairment no dementia), (depression
or depressive), (dementia or Alzheimer’s disease),
and (risk, conversion, or progression). These terms
were used according to the Medical Subject Heading.

Study selection and quality assessment

The criteria for inclusion of studies for data extraction
were the following:

1 Longitudinal studies;

2 Diagnosis of MCI according to the criteria of the
Mayo Clinic (Petersen, 1999; Petersen, 2001) or
other diagnostic criteria validated for the diagnosis
of MCI in the initial evaluation;

3 Information about the presence of depressive symp-
toms at baseline assessment and the progression to
dementia in the longitudinal evaluation;

Study quality was performed using the scale
“Newcastle-Ottawa Scale for Quality Assessment of
Observational Studies” (Wells et al., 2013). This scale
assesses methodological aspects of non-randomized
observational studies such as selection criteria for
inclusion of cases and controls, comparability of
population ascertainment of exposure to risk, quality
of case ascertainment, and outcome assessment.

Two investigators (R.J.M. and G.M.) indepen-
dently reviewed the title and abstract of each article
retrieved from the literature search to identify
potentially relevant studies. The selected articles were
revised to verify whether they fulfilled the inclusion
criteria for data extraction. If there was any disagree-
ment in the study selection, a third investigator (B.S.D.)
made the final decision on the inclusion of the selected
article. If different publications reported data from the
same population, we included the data from a publica-
tion with the larger sample size.

Data extraction and statistical analysis
Data were extracted by two independent investigators

(R.J.M. and G.M.) using a standardized data extraction
form. The following data were extracted for each study:
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Literature search: 1997 articles
retrieved

Pubmed: 1001

Scopus: 869

PsycINFO: 126

Other sources: 1

R. J. Mourao et al.

1689 articles for screening

v

308 duplicate articles removed

Exclusion due to:

12 — were not original studies
1173 — progression from MCI to
»| dementia was not the main aim

40 articles for full text revision

of the study

200 — lack of clear
methodological description
264 — cross-sectional studies

Exclusion due to:

v

16 articles included in the meta-analysis

6 — did not report data on NPS in
the baseline assessment

18 — did not provide data on
conversion from MCI to dementia
/ calculation of the risk
association was not possible.

v

Figure 1 Flowchart of the article selection and inclusion in the meta-analysis.

year of publication, country, study design, depression
assessment method, demographic variables, sample
size, and the risk of dementia in the MCI subjects.

We calculated the pooled relative risk (RR) for pro-
gression to dementia in MCI subjects with depressive
symptoms compared with those without depressive
symptoms. We assessed heterogeneity in the analysis
with the Q-test and I? index. If the p-value was equal

to or below 0.05 in the Q-test and/or the I index was
higher than 50%, the pooled analysis was considered
significantly heterogeneous. Random or fixed effect
model was used based on the statistical evidence of
heterogeneity in the analysis. We performed sensitiv-
ity analyses by excluding one study at a time and
recalculating the overall effect to evaluate whether
the pooled RR was biased by any individual study.

Statistics for each study

Risk ratio and 95% CI

Study name Comparison

Risk Lower Upper

ratio limit limit
Artero, 2008 Cohort 2,333 1,774 3,067
Beaudreau, 2013 Case-control 0,920 0,508 1,665
Chan, 2011 Cohort 1,871 1,089 3,214
Chilovi, 2009 Case-control 0,261 0,084 0,811
Gallagher, 2011 Case-control 0,864 0,589 1,270
Houde, 2008 Case-control 1,067 0,991 1,148
Lee, 2012 Case-control 1,363 0,963 1,929
Modrego, 2004 Case-control 2,597 1,827 3,690
Panza, 2008 Cohort 1,420 0,478 4,215
Peters, 2013 Cohort 1,122 0,733 1,717
Ramakers, 2010 Case-control 0,784 0,571 1,077
Richard, 2012 Case-control 1,739 1,302 2,321
Richard, 2013 Case-control 1,451 0,909 2,317
Rosenberg, 2013 Case-control 1,470 1,172 1,843
Steenland, 2012 Case-control 1,210 1,001 1,462
Palmer, 2007 Cohort 0,900 0,569 1,423
Palmer, 2010 Case-control 0,700 0,222 2,213
Pink, 2015 Case-control 1,476 1,100 1,981

1,286 1,088 1,520

Z-Value p-Value
6,066 0,000
-0,276 0,783
2,269 0,023
-2,323 0,020
-0,743 0,458
1,729 0,084
1,748 0,081
5,321 0,000
0,632 0,528
0,532 0,595
-1,504 0,133
3,752 0,000
1,559 0,119
3,336 0,001
1,974 0,048
-0,449 0,653
-0,606 0,544
2,595 0,009
2,945 0,003

0,01 0,1 1 10
MCI + Normal Cognition ~ MCI + Depression

100

Figure 2 Forest plot for the risk of dementia in subjects with mild cognitive impairment and depression.

Copyright © 2015 John Wiley & Sons, Ltd.
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We addressed whether mean follow-up was a signif-
icant covariate for the risk of progression to dementia
in this analysis with a mixed effect meta-regression
model (method of moments). Publication bias was
ascertained by visual inspection of a funnel plot and
the classic fail-safe N analysis. All analyses were per-
formed with the Comprehensive Meta-Analysis Soft-
ware version 2.2 for Windows (Englewood, NJ, USA).

Results

Eighteen studies met criteria for inclusion in the meta-
analysis (13 case-control and 5 cohort studies), with a
sample size of 10,861 MCI subjects. Figure 1 shows the
flowchart for study search and selection for inclusion
in the meta-analysis.

Because of high heterogeneity in the analysis
(Q=86.9, df=17, p<0.001; *=80%), we carried out
all analyses with random effect models. The pooled RR
of progressing to dementia was 1.28 Clyso, [1.09-1.52]
(p=0.003) in the group of MCI subjects with depressive
symptoms compared with the MCI subjects with no
depressive symptoms. Figure 2 shows the forest plot
for the pooled RR. Sensitivity analysis did not reveal a
significant impact in the pooled RR after removing any
specific study from the analysis.

Mixed effect meta-regression analysis (method of
moments) did not show that mean follow-up time
(point estimate=—0.02, SE=0.08, p=0.7) nor study
quality (point estimate=—0.09, SE=0.05, p=0.1)
were significant moderators of the pooled RR. Visual
inspection of the funnel plot and the classic fail-safe
N analysis showed evidence of significant publication
bias in the studies included in the meta-analysis
(p<0.001) (Supporting Information Figure S1).

Discussion

In the present meta-analysis, we found that the pooled
RR of progressing to dementia is 28% higher in MCI
subjects with depressive symptoms compared with
those without depressive symptoms. This result suggests
that the co-occurrence of depressive symptoms in
subjects with MCI has an additive risk for progression
to AD. This study provides additional support to the
growing body of evidence linking depression in older
adults and risk of cognitive decline and dementia.
Depression and neurocognitive disorder have a
complex and bidirectional relationship. Cognitive
dysfunction is common during a depressive syndrome
in younger and older adults, usually persists after
antidepressant response, and is associated with worse

Copyright © 2015 John Wiley & Sons, Ltd.

short-term and long-term prognosis (Koenig et al.,
2015; Rock et al., 2014). Depression increases the risk
of incident MCI, AD, and vascular dementia (Diniz
et al., 2013a, 2013b; Geda et al., 2014; Steffens et al.,
2014). The finding that higher depressive symptoms
increases the risk of progression from MCI to
dementia suggests that depressive symptoms can be
considered genuine state markers risk instead of an
affective or behavioral reaction to the perception of
progressive cognitive decline in older adults. Nonethe-
less, it is worth noting that several epidemiologic stud-
ies did not find evidence of increment of depressive
symptoms in the years preceding the diagnosis of
dementia (Wilson et al., 2008), suggesting that
depressive symptoms are trait markers for the risk of
dementia in older adults with or without MCI.

Subgroup analysis showed a distinct pattern for the
association between depression and the risk of pro-
gression to dementia according to the study setting.
The risk was significantly increased in the case-control
studies, while not in the cohort studies. Different
study setting is one of the possible explanations of
the large variability of the progression rates from
MCI to dementia (Petersen et al., 2014). Clinical and
case-control studies usually show higher progression
rates in contrast to cohort and population-based stud-
ies. Case-control studies usually suffer from sampling
and recruitment biases that can lead to inclusion of
more diseased individuals and inflating the association
between two conditions. Therefore, differences in the
pooled RR observed in the current meta-analysis can
be due to methodological differences between case-
control and cohort studies included.

The present results be viewed with caution. The
studies included in the meta-analysis were methodo-
logically heterogeneous; depressive symptoms were
assessed by different scales (e.g., GDS) or by subitems
of scales that evaluated global neuropsychiatric symp-
toms (e.g., NPI); and the psychiatric history of the
subjects was poorly characterized (e.g. no information
on presence of past episodes). These factors can lead
to large variability in the estimates of depressive symp-
toms and of the association between depression and
the risk of progression to dementia in different studies.
We did not address the association of depression and
specific MCI subtypes. Previous studies showed that
progression rates to dementia differ according to the
MCI subtype, with amnestic multiple-domain MCI
showing the highest risk (Forlenza et al., 2009). There-
fore, the relationship between depression and MCI
may differ according to the MCI subtype. We did
not address the moderating role of genetic factors in
the risk of dementia in MCI+ depression subjects.

Int ] Geriatr Psychiatry 2015



However, alarge community-based study found that the
presence of APOEe4 found that moderates the risk of de-
mentia in subjects with MCI and depression (Gedaet al.,
2006). Additional studies are necessary to address the
role of apolipoprotein E (APOE) and other genetic
markers as moderating variables of the risk of dementia
in subjects with MCI and depression. We found a signif-
icant evidence for publication bias in the studies
included in the meta-analysis. This may lead to an over
estimation of the risk of dementia in the meta-analysis
because non-significant results might have not be
published and, thus, not be included in the current
analysis. Finally, we did not evaluate the association
between other neuropsychiatric symptoms and the risk
of dementia. Nonetheless, recent studies showed that
neuropsychiatric symptoms like anxiety and apathy
can also increase the risk of progression to dementia in
subjects with MCI (Vicini Chilovi et al., 2009)

Depression and mild cognitive impairment are het-
erogeneous conditions and secondary to abnormalities
in several neurobiological cascades. A recent study
showed that subjects with late-life depression (LLD)
and cognitive impairment showed significant abnor-
malities in several biological pathways related to
immune-inflammatory control, neurotrophic cascades,
protein homeostasis, lipid metabolism, and clotting
processes (Diniz et al., 2015). Another study showed a
progressive and significant decline in peripheral brain-
derived neurotrophic factor (BDNF) levels in subjects
with LLD and cognitive decline compared with subjects
with LLD and no cognitive impairment or healthy older
subjects (Diniz et al., 2015). Similar abnormalities have
been observed in subjects with Alzheimer's disease and
mild cognitive impairment and can predict the progres-
sion from MCI to AD (Forlenza et al., 2015; Ray et al.,
2007). Thus, we can hypothesize that depression and
MCI share several biological abnormalities that help to
explain the elevated risk of progression to AD in older
adults with depression and mild cognitive impairment.
Despite that the current work did not directly evaluate
any biological marker, future studies need to include
the assessment of biomarkers to evaluate whether ab-
normalities in distinct biological cascades can improve
the identification of subjects with depression and MCI
at higher risk to progress to AD upon follow-up.

In conclusion, our results reinforce the association of
depressive symptoms and the risk of dementia in older
adults. We showed that subjects with MCI and depres-
sion have a greater risk of progressing to dementia upon
follow-up. The current study provides a strong rationale
for the need of studies aiming to treat depression in
subjects with MCI and to evaluate whether depression
treatment can reduce such risk in these individuals.

Copyright © 2015 John Wiley & Sons, Ltd.
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