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Abstract

Objective—Investigate the association of chronic depressive symptomatology (chrDS) with 

cortical atrophy rates and conversion to Alzheimer’s dementia (AD) over three years in mild 

cognitive impairment (MCI).

Design—Prospective elderly cohort study.

Setting—Multicenter, clinic-based cohort.

Participants—MCI participants were selected from the Alzheimer’s Disease Neuroimaging 

Initiative (ADNI) repository, based on availability of both serial structural MRI and chrDS 

endorsed on three depression-related items from the Neuropsychiatric Inventory Questionnaire 

(chrDS n=32 or no depressive symptoms n=62) throughout follow-up. Clinical and laboratory 

investigations were performed every six months during the first two years and yearly thereafter 

(median time of follow-up three years, interquartile range 1.5 to 4.0 years).

Measurements—Cortical atrophy rates in 16 predefined fronto-temporo-parietal regions 

affected in major depression and AD, and the rate of incident AD at follow-up.

Results—ChrDS in a single domain amnestic MCI sample were associated with accelerated 

cortical atrophy in the frontal lobe and anterior cingulate, but not with atrophy rates in 

temporomedial or other AD-affected regions. During follow-up 38 participants (42.7%) developed 

AD. Participants with chrDS had 60% shorter conversion time to AD than those without 

depressive symptoms. This association remained significant in survival models adjusted for 

temporo-medial atrophy rates and showed the same trend in models adjusted for frontal cortical 

atrophy rate, which all increased the risk of AD.

Conclusions—Our results suggest that chrDS associated with progressive atrophy of frontal 

regions may represent an additional risk factor for conversion to dementia in MCI as opposite to 

representing typical prodromal AD symptomatology.

Keywords

Depressive Symptoms; Mild Cognitive Impairment; Alzheimer’s Dementia; MRI; cohort study

INTRODUCTION

The amnestic forms of mild cognitive impairment (MCI), the most frequent cognitive 

impairment in elderly, may progress to Alzheimer’s dementia (AD) with variable rates due 

to different risk factors (1). Neuropsychiatric symptoms of depression are reported in 35–
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85% of elderly with MCI (2). Evidence has accumulated showing additional risk to convert 

to AD in MCI associated with symptoms of depression (3) and apathy (4). Depressive 

symptomatology not of the severity or frequency to meet criteria for depression, are the most 

commonly reported neuropsychiatric symptoms in MCI (5, 6). Clinical studies have also 

associated the persistence of less severe depressive symptoms to major depression, either as 

representing partially remitted major depression (7) or as increasing the risk of major 

depression in late life (LLD) (8). These studies did not, however, evaluate cognition. Some 

studies suggest that LLD may increase the risk of AD (9). Lately, even depressive symptoms 

in MCI have been conceptualized as representing either a co-occurring risk factor for AD or 

symptoms of an underlying neurodegenerative process (10).

Neuroimaging brain studies of depressive symptomatology in MCI hold significant promise 

to clarify the role that these symptoms may play in conversion to AD. To date, however, few 

studies have been conducted for this purpose. Nonetheless, neuroimaging studies of late life 

depression (LLD) have found cortical atrophy in frontal regions, most consistently in the 

anterior cingulate cortex (ACC), prefrontal and orbitofrontal cortex (11). Hippocampal 

atrophy has been shown in LLD with cognitive decline (12). A more distributed pattern of 

atrophy in frontotemporal as well as parietooccipital cortices has also been recently reported 

in LLD (13). In contrast to the rather non-specific findings in LLD, accelerated brain 

atrophy in hippocampus and entorhinal areas has been established as a reliable biomarker of 

amnestic MCI and conversion to AD (14). Atypical structural changes in frontoparietal 

cortices in MCI and early stage AD have also been reported but less consistently (15).

In a study of depressive symptoms assessed at baseline in relation to longitudinal brain 

changes in MCI, depressive symptoms were associated with accelerated cortical atrophy in 

ACC (16). A more recent study in MCI found that chronic, but not baseline depressive 

symptoms were associated with bilateral frontoparietotemporal white matter (WM) atrophy 

and consequently with an increased risk to develop AD (17). Although these studies focused 

on different brain structures, both suggest that cortical changes associated to depressive 

symptomatology may reflect progressive AD neuropathology. Moreover, these studies 

highlight that chronic depressive symptomatology (chrDS) in MCI may reflect different 

brain pathology than isolated episodes of depressive symptoms, yet the neurobiological 

underpinnings of these changes are not completely elucidated.

In order to better understand the relationship between chrDS and the putative AD-pathology 

in MCI, our main objective was to investigate the association of chrDS in MCI with rates of 

cortical atrophy in predefined regions associated with LLD (frontal lobe, anterior cingulate, 

temporal lobe, hippocampus, precuneus and cuneus) (11–13) and early stage AD (temporal 

lobe, parahippocampus, hippocampus, entorhinal cortex, posterior cingulate and precuneus) 

(14, 15). Since structural changes associated with chrDS in MCI are not clearly established, 

we also examined rates of cortical atrophy throughout the brain in relation to chrDS in 

exploratory analyses. Furthermore, to clarify the relationship between chrDS and conversion 

to AD in MCI, our secondary objective was to investigate the rate of incident AD in 

individuals with MCI and chrDS compared to those with no depressive symptoms (no DS). 

We hypothesized that: 1) chrDS will be associated with accelerated atrophy in frontal lobe, 
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ACC and hippocampus; and 2) chrDS will be associated with an accelerated rate of incident 

AD.

METHODS

1. Study design and participants

Data used in this article were downloaded from the Alzheimer’s Disease Neuroimaging 

Initiative (ADNI) database (adni.loni.usc.edu) during August, 2012, except revised data on 

WM hyperintensities (WMH) downloaded January, 2014. The ADNI was launched in 2003 

by the National Institute on Aging, the National Institute of Biomedical Imaging and 

Bioengineering, the Food and Drug Administration, private pharmaceutical companies and 

non-profit organizations. The overall goal of ADNI is standardization and validation of 

imaging and other biological markers for effective AD clinical trials (18). For up-to-date 

information on ADNI, see www.adni-info.org.

From ADNI we identified 94 participants with amnestic MCI, who underwent brain MRI at 

baseline and at follow-up (median number of scans 4.0, interquartile range (hereafter 

reported as ‘range’) 3.0 to 6.0), and provided consistent symptomatology on the informant-

based Neuropsychiatric Inventory Questionnaire (NPI-Q) (19) at least on two occasions 

(median number of assessments 6.0, range 4.0 to 7.0). Participants received clinical, 

cognitive and laboratory investigations including brain MRI every six months for the first 

two years and yearly thereafter between 2005–2012, after the initial screening (median time 

of follow-up three years, range 1.5 to 4.0 years). The amnestic MCI diagnosis (single and 

multiple domains) was based on Petersen’s criteria (20). Inclusion and exclusion criteria for 

ADNI have been previously reported (21).

The procedures for this study were approved by Institutional Review Boards of all 

participating institutions. Informed written consent was obtained from all participants at 

each site.

2. Neuropsychiatric assessment

Neuropsychiatric symptoms were assessed with NPI-Q (19). This approach was dictated by 

informant reports being a valid source of information in psychiatric settings, corroborated 

with previous observation that the self-reported scale Geriatric Depression Scale (GDS) in 

MCI individuals could not capture depressive symptomatology predictive of AD (6). Using 

the self-administered questionnaire, a knowledgeable informant reported the presence 

(yes/no) of 12 behavioral symptoms (delusions, hallucinations, agitation/aggression, 

depression/dysphoria, anxiety, elation/euphoria, apathy/indifference, disinhibition, 

irritability/lability, aberrant motor behavior and neurovegetative disturbances of sleep/

nighttime behavior and appetite/eating) over the last month. Informants were asked to rate 

the symptoms as 1=mild, 2=moderate, 3=severe. Participants were classified as “chrDS” if 

symptoms were endorsed by the knowledgeable informant at each available NPI-Q 

assessment on at least one of the three pre-defined depression-related items, as used 

previously (22): Depression/Dysphoria; Apathy/Indifference and Appetite/Eating 

Disturbances. The first two items converge on ‘depressed mood’ and ‘diminished interest’, 
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which are mandatory criteria for depression episodes according to the Diagnostic and 

Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), whereas neurovegetative 

items are often encountered in depressed elderly and may overshadow the cardinal 

symptoms (23). We did not include though ‘Sleep/nighttime behavior disturbances’ to avoid 

bias toward caregivers’ appraisal of nocturnal wondering, confusion and other types of 

disruptive behavior as opposite to sleep pattern disturbances expected in early stage AD (i.e, 

insomnia and excessive day sleepiness), a well-recognized ambiguity in the assessment of 

sleep disturbances in AD (24). Participants were classified as “no DS” if the informant did 

not endorse depressive symptoms at any assessment. Those with sporadic endorsement of 

any of the three depressive symptoms were excluded.

3. Incident AD diagnosis

AD was diagnosed at follow-up by a consensus panel of experts based on the National 

Institute of Neurological and Communicative Disorders and Stroke – Alzheimer’s Disease 

and Related Disorders Association (NINCDS-ADRDA) criteria (25). The diagnostic 

procedures have been described in ADNI General Procedures Manual (adni.loni.usc.edu/wp-

content/uploads/2010/09/ADNI_GeneralProceduresManual.pdf).

4. Image acquisition and analysis

A standardized 1.5 Tesla MRI protocol was used to acquire images using General Electric, 

Philips and Siemens scanners (adni.loni.usc.edu/methods/documents/mri-protocols/). The 

ADNI MRI quality control was performed at the Mayo Clinic (26). For the cortical atrophy 

we used automated measures of cortical thickness, except for hippocampus for which 

volumetric measurements were available. All measures were computed using FreeSurfer 

software longitudinal processing framework (http://surfer.nmr.mgh.harvard.edu/fswiki, 

package version 4.4) (27, 28). We used cortical thickness of eight predefined brain regions 

and their subregions that have been associated with LLD (11–13): frontal lobe (medial and 

lateral orbitofrontal, rostral and caudal middle frontal and superior frontal), anterior 

cingulate (rostral and caudal anterior cingulate), temporal lobe, precuneus and cuneus; and 

with incipient AD (14, 15): posterior cingulate, temporal lobe, parahippocampus, entorhinal 

cortex, precuneus. Thickness of left and right hemispheres were averaged, and summed 

when indicated, to a unique value for each cortical region of interest. Automatically 

extracted bilateral hippocampal volumes were also averaged to a unique value. Additionally, 

we analyzed nineteen exploratory regions throughout the rest of the brain (on the medial 

surface: frontal pole, paracentral, isthmus cingulate, pericalcarine, lingual, fusiform, and 

temporal pole; on the lateral surface: pars opercularis, pars triangularis, pars orbitalis, insula, 

supramarginal, precentral, postcentral, transverse temporal, bank superior temporal, inferior 

parietal, superior parietal and lateral occipital). For WM lesions visualized as 

hyperintensities (WMH) we used volumetric data based on proton density (PD), T1- and T2-

weighted images warped to a standardized elderly template as described at https://

ida.loni.usc.edu/pages/access/studyData. For data consistency with the cortical gray matter 

processing, we have also analyzed WM hypointensities computed by FreeSurfer (27, 29). 

The results were similar and thus we chose to present the widely accepted WMH data.
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5. Statistical analyses

Differences in demographic characteristics by chrDS category (no DS versus chrDS) were 

analyzed using Mann-Whitney tests for continuous measures (age, years of education, 

WMH volumes, and Mini Mental Status Examination (MMSE), informant reported NPI-Q 

and self-reported Geriatric Depression Scale (GDS) scores), and median values with 

interquartile range were reported. Differences in proportions were tested using Fisher’s 

Exact test (sex, APOE genotype dichotomized as carrier of at least one ε4 allele vs. non-

carrier, and presence of multiple domain impairments). A generalized linear mixed effects 

regression model (GLME) with a binomial outcome and Wald t-test derived p-values was 

used to test the demographics, APOE status and chrDS category effects on missing data. We 

then modeled repeated measures of cortical thickness in nine predefined regions and WMH 

by chrDS category using linear mixed effects regression (LME) with a random intercept and 

slope. Post-hoc analyses were run in seven subregions within the frontal lobes and ACC (as 

above). In exploratory analyses we examined additional 19 regions (as above). ChrDS 

category, time of observation and the interaction between chrDS category and time were 

included as predictors as well as the covariates age, sex and APOE status. There was no 

longitudinal association between WMH and rates of cortical atrophy and thus WMH were 

not used as covariates in the LME. LME models were assessed by an analysis of the 

residuals. P-values from Wald t-tests were adjusted for multiple comparisons by false 

discovery rate (FDR) correction. The number of tests for FDR correction corresponds to the 

number of a priori regions (n=10), sub-regions (n=7) and exploratory regions (n=19). 

Parametric survival models, assuming a Weibull distribution, were used to model the effect 

of chrDS on mean time to conversion to AD. In post-hoc analyses we also adjusted for rates 

of atrophy. Five hundred bootstrap samples were used to account for the initial step of 

estimating the subjects’ atrophy rates and to estimate the variance of the effect of atrophy 

and chrDS in the post-hoc survival models. All p-values were two-tailed and considered 

significant at the 0.05 level, including FDR corrected p-values. The statistical analyses were 

conducted with the R package (v. 2.8.1, The R Foundation for Statistical Computing).

RESULTS

The baseline characteristics of the sample, categorized by the presence or absence of chrDS, 

are presented in Table 1. There were no differences between groups regarding 

sociodemographics (age, sex, years of education), APOE status, MMSE score and WMH 

burden. Only four individuals exhibited multiple domains amnestic MCI in this sample, with 

no difference between groups. As expected, the chrDS group had higher GDS scores and 

higher scores on the remaining 9-items of NPI-Q than those without chrDS. In the GLME 

model, no association was found between missing data and demographics, chrDS category 

and the interaction chrDS category by time of observation (results not shown). However, 

participants carrying APOE ε4 allele were more likely to have missing data at follow-up (β-

estimate=1.053, standard error (SE)=0.519, Wald t=2.029, df=89, and Wald p=0.045).

Rate of cortical atrophy related to chrDS

ChrDS was associated with an accelerated rate of atrophy in the frontal cortex and ACC, but 

not in other main regions of interest based on LME models assessed by Wald test (Figure 1). 
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The associations remained significant after correction for multiple comparisons (Table 2). 

Post-hoc LME analyses with subregions of interest in the frontal lobes and ACC regressed 

on the interaction chrDS category by time of observation showed robust associations, except 

a trend in the lateral orbitofrontal cortex. The exploratory LME analyses showed no 

associations between chrDS and rate of atrophy in auxiliary cortical regions (Table 3).

Incident AD related to chrDS

Incident AD was more frequent in chrDS than in no chrDS group (62.1% versus 33.3%). 

The adjusted survival model estimated 60% shorter conversion time to AD in chrDS 

compared to those without chrDS (β-estimate= −0.865, SE=0.326, Wald t=−2.652, df=83 

and Wald p=0.008) (Figure 2). The same trend remained after adjustment for frontal atrophy 

rate (β-estimate=−0.533 with bootstrap estimated SEbootstrap=0.314, tbootstrap=−1.698, 

pbootstrap=0.093). However, the association chrDS and incident AD was removed after 

adjustment for ACC atrophy rate (β-estimate=−0.252, SEbootstrap=0.426, tbootstrap=−0.593, 

pbootstrap=0.555). ChrDS remained significantly associated with incident AD when further 

adjustments were made for hippocampal and entorhinal atrophy rates (rate of incident AD 

by chrDS category: β-estimate= −0.726, SEbootstrap=0.348, tbootstrap=−2.087, 

pbootstrap=0.040; and β-estimate= −0.699, SEbootstrap=0.325, tbootstrap=−2.148, 

pbootstrap=0.035, respectively). In the adjusted models the risk of incident AD was increased 

with progressive atrophy of frontal cortex (β-estimate=34.604, SEbootstrap=15.552, 

tbootstrap=2.225, pbootstrap=0.029), but not by atrophy rate in ACC (β-estimate=29.384, 

SEbootstrap=19.850, tbootstrap=1.480, pbootstrap=0.143). Hippocampal and entorhinal atrophy 

rates were associated with incident AD regardless of chrDS category (β-estimate=0.014, 

SEbootstrap=0.006, tbootstrap=2.391, pbootstrap=0.019; β-estimate=11.278, SEbootstrap=5.030, 

tbootstrap=2.242, pbootstrap=0.028, respectively).

DISCUSSION

The primary findings of the study were: 1) chrDS was associated with accelerated cortical 

atrophy in frontal cortex and ACC; 2) chrDS was not associated with rates of cortical 

atrophy in other brain regions; 3) chrDS was associated with an increased rate of conversion 

to AD; 4) the association between chrDS and incident AD was independent of cortical 

atrophy rates in the temporal regions, but not of cortical atrophy rates in frontal regions. 

Taken together these findings suggest that chrDS are associated with structural brain 

changes that may contribute to more rapid conversion to dementia in MCI. The biological 

underpinnings of our findings are discussed below.

As hypothesized, data supported a relationship between chrDS and atrophy rates in frontal 

cortex and ACC. This pattern of atrophy, previously encountered in LLD and possibly 

related to damage in the frontosubcortical neuronal circuits (30), could develop 

concomitantly with the ongoing neurodegenerative process in MCI. Although our sample 

expressed a very mild neuropsychiatric phenotype, due to major depression being an 

exclusion criterion in ADNI, chrDS seem to reflect a LLD atrophy pattern as confirmed in 

post-hoc analyses of subregions of interest. Nevertheless, neuroimaging studies of 

biomarkers of AD such as amyloid and tau protein aggregation in association with 
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neuropsychiatric symptomatology support the hypothesis of depressive symptomatology in 

elderly with MCI reflecting a common neurodegenerative pathway (31). It has been 

suggested that changes in the serotonergic system driven by neurodegeneration in adjacent 

cholinergic system may induce depression and accelerate cognitive impairment (32). Thus, 

our findings could also be explained by a progression of the underlying MCI 

neurodegenerative pathology, as previously suggested (16, 17). We cannot exclude, however, 

yet another explanation, namely that chrDS in MCI may represent an atypical 

neurodegenerative pattern with additional frontal and ACC atrophy, a line of thought 

supported by studies of atypical AD (33). Furthermore, without the pathological diagnosis of 

dementia we cannot exclude the presence of other neurodegenerative pathology that may 

affect frontal lobes (e.g. Lewy body degeneration, variants of frontal lobe dementias) (34).

Contrary to our hypothesis, our second main finding showed that chrDS was not related to 

accelerated atrophy in the hippocampus. In fact, we found no relationship between chrDS 

and rates of atrophy in the temporoparietal regions that may be affected by 

neurodegeneration in MCI (14, 15). The lack of association between chrDS and atrophy 

rates in typical AD-related regions in our MCI sample suggests that chrDS does not reflect 

or exacerbate the underlying AD pathology. Previous neuroimaging studies have also related 

hippocampal atrophy to LLD (12). In neuroimaging studies of LLD, however, dementia was 

not an outcome. Thus the cognitive decline with underlying hippocampal atrophy as part of a 

long preclinical stage of dementia could explain previous results (35). In our sample, 

hippocampal atrophy rate was associated with incident AD as discussed below.

The third main finding that chrDS was associated with incident AD expands on the previous 

findings using the ADNI repository that showed a trend between non-memory GDS items 

and development of dementia on a 2-year follow-up (6). However, the association of chrDS 

with incident AD was mediated by rates of frontal cortical atrophy. This effect may also be 

explained by the alternative explanations posited in relation to our findings above, namely 

that chrDS may reflect a) co-occurring frontosubcortical pathology, b) progression of 

underlying AD-pathology or c) an atypical neurodegenerative process. Longitudinal studies 

have suggested that chrDS in MCI may be a risk factor for AD by reducing the brain reserve 

and making the brain susceptible to additional neuronal damage (36, 37), although one large 

population study could not confirm an increased risk of dementia in individuals with MCI 

and depressive symptomatology (38). Other studies support the hypothesis that chrDS and 

cognitive impairment may share underlying neurodegenerative pathology (17). However, our 

last main finding showed that chrDS predicted the rate of incident AD after adjusting for 

rates of atrophy in hippocampal and entorhinal cortices. Moreover, hippocampal and 

entorhinal atrophy rates were associated with incident AD in the adjusted survival analyses. 

This further suggests that frontal atrophy-associated chrDS in MCI may accelerate 

conversion to AD by an additional process to the neurodegeneration-associated hippocampal 

and entorhinal atrophy.

The strength of this study consists in a long follow-up of a clinically well-described, 

homogenous MCI sample. Some methodological issues remain, however, to be discussed. 

First, the clinical significance of a complex depressive symptomatology that does not fulfill 

criteria for minor or major depression, with respect to treatment and functional 
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consequences remains open. Instead we have focused our analyses on evaluating 

longitudinal trajectories of brain atrophy in cognitively impaired patients who experience 

chronic depressive symptomatology frequently encountered in MCI. We used an inclusive 

definition of chrDS, as previously suggested by other investigators (22), to acknowledge the 

clinical observations of a large spectrum of depressive symptomatology in MCI (5, 6). Our 

participants classified as chrDS had higher scores in GDS at baseline than those without 

chrDS, which supports our classification. Low GDS scores at baseline in this MCI sample, 

considering that GDS scores >5 were used as exclusion criteria for major depression (21), 

may reflect insight in memory problems (6). Although an overlap of other neuropsychiatric 

symptoms cannot be excluded, by using only those participants with depressive symptoms 

that were endorsed across NPI-Q assessments we have ensured consistency of chrDS 

categories over three years of follow-up. The small sample size restricted the analyses of 

overlapping symptomatology. Moreover, the analysis of other putative biological markers of 

neurodegeneration, e.g, brain amyloid burden, was not possible due to insufficient data. 

Despite this drawback, the associations of chrDS and cortical atrophy rates were robust in all 

main and post-hoc analyses with FDR corrections. Another drawback of this small amnestic 

MCI sample was that it did not allow meaningful analyses of chrDS by subgroups with 

single vs multiple impairments. Secondly, the informant-based NPI-Q used to define chrDS 

was designed as a neuropsychiatric screening instrument for dementia. Although this may 

minimize the symptomatology in individuals with high cognitive functioning, we ensured 

similar levels of functionality between groups by focusing on a MCI sample. Moreover, 

informant reports are valid sources of information in psychiatric settings, especially in 

people with cognitive impairments when the accuracy of self-reported scales may be 

reduced (6). Thirdly, our sample had a high level of education. Therefore, the results may 

lack generalizability to elderly populations in the community. Also, due to evidence that 

chrDS in elderly may reflect the presence of cerebrovascular disease (39) we have also 

analyzed WMH in relation to chrDS, but did not find an association at baseline or 

longitudinally (results for the latter not shown). Further, participants with APOE ε4 were 

more likely to have missing data at follow-up, which may have biased the sample toward 

less susceptibility for AD. This could have reduced the effect size of the associations with 

AD. AD incidence rate of 43% over three years was though expected in a high risk MCI 

group (40).

In conclusion, we have shown that chrDS in MCI is related to the structural integrity of the 

frontal regions, most likely due to dysfunctional frontosubcortical circuitry as in LLD or due 

to an atypical frontal neurodegenerative pattern. Also, chrDS-associated frontal atrophy may 

hasten the cognitive decline to dementia. These findings that are stemming from an amnestic 

MCI single domain at baseline, suggest chrDS as an early marker of frontal cortical atrophy, 

which in turn may represent an additional risk factor for conversion to dementia in MCI, 

rather than a progressive stage of the AD neurodegenerative process. Further exploration of 

chrDS and its underlying biological mechanisms is therefore warranted.
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Figure 1. Cortical atrophy rate in frontal and anterior cingulate regions related to chronic 
Depressive Symptomatology (chrDS)
Cortical thickness (mm2 on y-axis) at follow-up (years on x-axis) by chrDS category in the 

two cortical areas for which atrophy rates were significantly associated with chrDS in linear 

mixed effects regression models with Wald significance testing. Different y-axis scales are 

due to inherent different thicknesses and intercepts. Solid black line represents no depressive 

symptomatology and solid red line represents chrDS.

Sacuiu et al. Page 13

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Parametric survival model by chrDS category with AD as outcome
Proportion of participants (y-axis) who developed Alzheimer’s dementia at follow-up (‘Days 

of follow-up’ on x-axis) by chrDS category according to the parametric survival model with 

Wald significance testing using age, sex, years of education and APOE status as covariates. 

chrDS Chronic Depressive Symptomatology. AD Alzheimer’s dementia. Solid black line 

represents no depressive symptomatology and solid red line represents chrDS.
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Table 1

Baseline characteristics of the amnestic MCI sample categorized by chrDS

Characteristics No DS
n=62

ChrDS
n=32

P-values

Women, n (%) 21 (33.9) 8 (25.0) 0.482

Age, median (range) 75.2 (68.5 to 80.5) 76.9 (71.2 to 79.4) 0.500

Years of education, median (range) 16.0 (14.0 to 18.0) 16.0 (14.0 to 18.0) 0.502

MMSE, median (range) 27.0 (26.0 to 29.0) 27.0 (25.0 to 29.0) 0.774

GDS score, median (range) 1.0 (0.0 to 2.0) 2.0 (1.0 to 3.0) 0.018

9-item NPI-Q score1, median (range) 0.0 (0.0 to 0.7) 2.0 (1.0 to 3.0) <0.001

WMH, median (range) 0.2 (0.1 to 0.5) 0.2 (0.1 to 0.6) 0.593

APOE ε4 carriers, n (%) 31 (50.0) 19 (59.4) 0.513

Amnestic multiple domains, n (%)2 2 (3.3) 2 (6.5) 0.601

AD at follow-up3, n (%) 20 (33.3) 18 (62.1) 0.008

1
Neuropsychiatric Interview Questionnaire (NPI-Q) score includes the 9 items that were not used to define chronic depressive symptomatology 

(chrDS).

2
Missing data on type of MCI in one individual in each group.

3
Incident AD cases that were used in the parametric survival model are indicated (no data available for diagnosis at follow-up in two individuals 

with chrDS and three with no DS) and p-value according to Wald significance test from the parametric survival model adjusted for sex, age, 
education and APOE.

The median value and interquartile range are reported for continous measurements. Differences in median values were tested using Mann-Whitney 
test. Differences in proportions were tested using Fisher’s Exact test.

MCI Mild Cognitive Impairment; MMSE Mini Mental State Examination; GDS Geriatric Depression Scale; WMH White Matter Hyperintensities; 
AD Alzheimer’s Dementia
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